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ABSTRACT: This study aims to investigate the effects of various polishing parameters (TiO, concentration, pH value, H,0,
concentration, polishing pressure, polishing pad rotational speed, and polishing slurry flow rate) on the material removal rate
(MRR) and surface roughness (Ra) of Ga-face GaN substrates during the ultraviolet light-catalyzed chemical mechanical
polishing (CMP) process. Based on the optimization of polishing process parameters, an efficient and low-damage polishing

process was developed. Single-factor and orthogonal experiments were designed to investigate the effects of the aforementioned
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polishing parameters on the polishing effects of GaN substrates while satisfying the requirements for material removal rate and
surface roughness. During the polishing process, three different polishing methods (non-illuminated polishing, illuminated
polishing pad polishing, and illuminated polishing slurry polishing) and the effects of different factors such as TiO,
concentration, pH value, H,O, concentration, polishing pressure, polishing pad rotational speed, and polishing slurry flow rate
on the polishing efficiency of GaN substrates were compared

In the orthogonal experiment, the polishing process parameters were optimized and the MRR and Ra values under different
process parameter conditions were measured to explore the polishing effects on the Ga-face of GaN substrates. The experimental
results showed that using a self-made polishing slurry with the addition of nano-TiO, photocatalytic abrasive and adopting the
illuminated polishing slurry method could achieve good polishing effects and a low-damage, high-quality ultra-smooth surface.
Furthermore, under the ultraviolet light-catalyzed polishing condition, according to the results of the orthogonal experiment, a
pH value of 11, an H,0, concentration of 4wt.%, a TiO, concentration of 3wt.%, a polishing pressure of 16 000 Pa, a polishing
pad rotational speed of 30 r/min, a polishing slurry flow rate of 2.5 mL/min, and an illuminated polishing slurry polishing
method were selected for the polishing optimization experiment. The removal rate of GaN substrate could reach 698.864 nm/h,
which significantly improved the polishing efficiency compared with the unilluminated polishing method. In addition, the
surface roughness Ra value of the ultra-smooth GaN crystal surface could be obtained by observing with a white light
interferometer, which was 0.430 nm in the sub-nanometer range.

Based on the comprehensive experimental results, it is believed that ultraviolet light-catalyzed chemical mechanical
polishing is an efficient and low-damage surface quality polishing method for single crystal GaN substrates. It can promote the
rapid removal of Ga,0O; generated on the GaN surface and improve the polishing efficiency. By using the illuminated polishing
slurry method, the polishing efficiency of the Ga-face of the GaN substrate can be greatly improved. Considering all of these
factors, it is concluded that based on the ultraviolet light-catalyzed GaN substrate Ga-face chemical mechanical polishing
experiment, the composite polishing method of ultraviolet light-assisted combined with chemical mechanical polishing can
achieve efficient and low-damage polishing for single crystal GaN substrates. TiO, concentration, pH value, H,O, concentration,
polishing pressure, polishing pad rotational speed, polishing slurry flow rate, and illuminated polishing method can all affect the
polishing effects of GaN substrates. The experiment shows that TiO, concentration, pH value, and illuminated polishing method
have a relatively significant impact on the polishing effects of GaN substrates.

KEY WORDS: GaN; UV photocatalysis; polishing; MRR; Ra; single-factor test; orthogonal test
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Tab.1 Single-factor test protocol
Factors Way/Parameter
Light polishing way No light, light polishing liquid, light polishing disk
pH value 3,5,7,9,11
H,0, concentration (mass fraction)/% 2,3,4,5
TiO, concentration (mass fraction)/% 1,2,3,4
Polishing pressure/Pa 5500, 10 500, 16 000, 21 000
Polishing disk speed/(r-min”") 15, 30, 45, 60
Polishing fluid flow/(mL-min ") 1.5,2.0,2.5,3.0
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2 Light polishing liquid 9 16 000 30
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—4— Ra Tab.3 Orthogonal test protocol and results
~ 600 | 118 Number of test groups Test results
= Test Fact
g g numbers actors Syre/(nm-h ™) Ra/nm
E q16 £ A B C D
L =
= 400 1 1 1 1 1 77.429 25
114 2 1 2 2 2 154.859 18
200 | 3 1 3 3 3 619.435 24
. ‘ . oy 4 2 1 2 3 387.147 17
15 20 25 3.0 5 2 2 3 1 232.288 15
Polishing fluid flow/(mL-min™")
6 2 3 1 2 464.576 14
P13 TR VB k% R A5 11 2 TR R i 7 3 1 3 2 542.005 16
PR RER AR 8 302 13 309717 13
Fig.13 Effect of different polishing fluid flow
rates on the MRR and Ra of GaN 9 3 3 2 ! 1084.011 12
K4 BENHER
Tab.4 Extreme analysisresults
Factors A B C D Total
K, 283.908 335.527 283.907 464.576
K,» 361.337 232.288 542.006 387.147
K, 645.244 722.674 464.576 438.766
3 871.467
Excellent level As Bs G, D
R, 361.336 490.386 258.099 77.429
Factor priority B>4>C>D
K, 22.333 19.333 17.333 17.333
K, 15.333 15.333 15.667 16.000
K3 13.667 18.333 18.333 18.000
154.000
Excellent level As B, G, D,
R, 8.666 4.000 2.666 0.667
Factor priority A>B>C>D
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Fig.14 Effect of process parameters on GaN

3.9 MUKBERKRSH

FRHE b B R 23R 06 K 1 32 3 6 0 UL B il ok
RORBIELI , FETE L GaN i B AR 5 2 3 R
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BRI UE 152 i, = 4EIE S5 & 15b Fis .
OGS GaN R EAEEEE Ra {Hy 0.430 nm ( I+ 1 AR
1 87.463 umx87.463 um), MKEERFE MRR {HH
698.864 nm/h,

20.000 pm
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Tab.5 Optimization of polishing process parameters

Factors Way/Parameter
Light polishing way Light polishing slurry
pH value 11
TiO, concentration (mass fraction) 3%
H,0; concentration (mass fraction) 4%
Polishing pressure 16 000 Pa
Throw disc speed 30 r/min
Polishing fluid flow 2.5 mL/min

Ra: 0.430 nm
S:: 0.661 nm
Sq: 0.842 nm
Sz: 12.573 nm

303540 45505560 65707580 85
X:87463 pm
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Fig.15 Comparison of 2D and 3D morphology after GaN Ga surface polishing:
a) 2D morphology; b) 3D morphology
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Fig.16 Changes in EDS and contents of major elements before and after polishing test:
a) before polishing; b) after polishing
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