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Effect of Chemical Action on Material Removal Behavior During AIN Crystal Lapping

HUANG Chuanjin', GU Bin®, ZHOU Hai', FENG Wei'
(1. College of Mechanical Engineering, Yancheng Institute of Technology, Yancheng 224051, Jiangsu, China;
2. Nasurfar Biomaterial Technology Co., Ltd, Changshu, 215500, Jiangsu, China)

Abstract: AIN crystal is a typical brittle and difficult-to-process material. To prepare AIN crystal substrates with a high efficiency and
a high quality, slurries with different chemical compositions were designed to lap AIN crystals, and the mechanism of chemical
action-assisted material removal was investigated by laser confocal microscopy and X-ray photoelectron spectroscopy. The results
show that the alkaline slurry is beneficial to obtaining the optimum lapping results, the material removal rate is 23 um/h, and the
surface roughness (R,) is 122 nm. The diamond abrasive particles in the slurry have a good dispersibility in alkaline environment. The
alkaline solution can corrode the crystal surface, form a metamorphic layer containing basic aluminum salts, and cause some changes
in the surface morphology. In the lapping interface, the metamorphic layer produced by chemical etching on the surface of AIN
crystal is more conducive to the mechanical removal of abrasive particles, which can lay a foundation for improving the lapping
efficiency and quality. The result obtained can provide a reference for optimizing the ultra-precision processing technology of AIN
crystals.

Keywords: aluminum nitride single crystal; lapping; etching; metamorphic layer
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Table 1 slurries for lapping experiment

Sample No. Compositions pH value
S1 Diamond and acidic silica sol (NY-13) 4.5
S2 Diamond and neutral silica sol (MT-2) 7.3
S3 Damond and alkaline silica sol (NS-24) 9.5
S4 Diamond and water 7.2
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Table 2 Lapping Parameters

Parameter Plate rotate speed/(r-min”") Plate diameter/cm

Load/(g cm™)

Process time/min Shurry flow rate/(mL-h™)

Conditions 60 18

120 45 150
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Fig. 1 Material removal rate (Ryrr) with different slurries
during lapping
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(j) 3D image of AIN under sample S4

B2 RO AIN BRI B
Fig.2 LSCM images of AIN under different lapping conditions
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(d) Abrasive dispersion under sample S4
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Fig. 3 LSCM images of abrasive dispersion under different
conditions
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Fig. 4 Schematic of contact among wafer—abrasive—plate in

lapping process
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Fig. 5 LSCM images of AIN after etching

Fe 2
H,0 \ l P
. %‘——'ﬂ*\
‘%z | HPO P2p
= 30y
3 IO WU S R T VY
=
Before etching &
1000 800 600 400 200 0

Bonding energy/eV

Bl6 ZItE AIN SRR XPS ik
Fig. 6 Wide-survey XPS spectra of AIN after etching
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Fig. 7 High-resolution XPS Al 2p spectra of AIN after etching
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