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ELID Grinding and CMP Compound Processing Technology for
Sapphire Substrates
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Abstract: The machining principles and characteristics of ELID grinding and CMP were analyzed, a new
technology integrated with ELID grinding and CMP was applied to machine ultra smooth and nano-precision
sapphire substrates. At first, the critical depth of cut was calculated through the theory analyses, the ductile
and brittle processing ways of sapphire substrates discussed by different particle sizes of the grinding wheels.
The high-quality machined surfaces were obtained by a series of ELID grinding experiments with these
grinding wheels, and the sub-surface damages of ground surfaces were measured by the magnetorheological
finishing (MRF) method; as the final finishing, CMP was used to decrease subsurface damages and to further
improve surface quality, and the sub-nanometer of surface roughness was achieved.

Key words: sapphire substrate; electrolytic in-process dressing (ELID) grinding; chemical mechanical

polishing (CMP) ; compound processing technology
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Tab.1 The physical parameters of the

sapphire substrate
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3.98 19.6 ]0.25~0.30 145 345 0.003

10 56 1 ) O 4 ST R BT R S 3 1Y A D) 1 R
JE o ARG RRE UL ) B R DI TR EE 28 30T LA
B0 AN TRASE BE 9 120 8 7 16 2 1R T A e R DD IR
(R R R R A0 SN E RO | S A WA=

4vw a %
b =G [ ) (2)

o, v, BT v b B R LR 5 d AR
HAZ; C bR B i A A BB RLE ;o IR ; r
HVVEI AL — R D) B 9 SR E AL, — B 10~
20, TEA OB A 10,

JIT 3% FH A D 56 BLAR d 3598 145 mm, 1P 58 5%
4 1000 v/min, ELID J 5 BT 56 F (10 80 8 3 A
SRR T 26 AF 2 2 s

&2 ELID BHIRRERSEHINMIT &M
Tab.2 The parameters of ELID grinding wheel and

machining conditions

SIRGEA | R AR | B A4 | TR |
bR d(pm) Bk C v, (mm/s)|  a(pm)
SD320 47.0 27.59 6.4 3
SD1200 13.0 49.91 32 2
SD4000 3.1 99.85 2.4 1
SD8000 1.6 147.83 1.6 1
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Fig.1 The maximum cutting depth of different

particle size grinding wheels
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Fig.2 The sapphire substrate of ELID grinding
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Fig.3 The microscopic morphology of sapphire surface

by different particle sizes after grinding
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Tab.4 The different depth of subsurface damage after

grinding by particle size of grinding wheels
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Tab.5 The experimental conditions of CMP polishing
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Fig.8 The surface roughness and microstructure of

machining surface after coarse and fine CMP
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