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Research Status and Development Trend of Ultra Precision Machining of
Aluminum Nitride Ceramics

PAN Fei, WANG Jianbin, XU Huimin, YAO Jinjie, WANG Qiaoyu

(School of Mechanical Engineering, Anhui Polytechnic University, Wuhu 241000, Anhui, China)

Abstract: As a new semiconductor material, aluminum nitride ceramics have the characteristics of ultra wide band gap, high
thermal conductivity, thermal expansion coefficient matching with silicon, excellent electrical properties (low dielectric
constant, good dielectric loss), good mechanical properties, non toxicity, fast optical transmission speed, etc. They are ideal
materials for preparing high-performance ceramic substrates and packaging. The basic structure and performance
characteristics of aluminum nitride are summarized. The current application fields and application prospects of aluminum
nitride ceramic materials are described. The current research status of ultra precision machining at home and abroad is
described in detail. Several common surface processing methods, such as chemical mechanical polishing, magnetorheological
polishing, ELID grinding and plasma assisted polishing, are summarized. Nano level smooth surfaces are obtained. The future
development direction of aluminum nitride ceramic precision machining is prospected.
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Fig. 1 Crystal structure of aluminum nitride

1.2 ®mAILsaRIMERE

RACER B B T Aokl 7=l , DR B4
FITH e AR — 2 H R L, B IR B ez
PERE . Fb2APERE . MUMCPERESE, JF HA BURHEEE
AR B % A AR AR B R St A, AR
7 N RE (W BARSECR U E an s o

PeEPERE: AN (EHSIGRN 320 Wom KT
A HARBHASZRG90 Wem K YIS, S2B5 |, AT
#HI L AN G R h10 Wm K ~
260 W-m K", IR G R AEEN 10~15
fff, LT BeOB350 W-m K, HAl, #JELE
SRR EE NN TR &, YEREST
200 °CHY, FHPERE AL TS 7F 25 °C~
400 °CHIJL I N, 4 AIN BBk R 80k
4.4x10°K™", SREMPUEIKRE 3.4x107° KA
o S B HEMEREL L RAL R AR 228 FE 25747 b1
ek Hp AT Rk e B AR SR AR

MUBRIERE : BERHESEER N FH FR b sk B2 SR LA



=210 - P‘;}%

2

2023% 4R

PERE, ZALRFRERPERE S T 2A K, Ak
PEEAE SR T A F2MERE R 1 s, AUk 4E
[RBERED 12 GPa, HUBEHIEREEZ) 350 MPa ~
400 MPa, R R 310 GPa, HA R IZEAERE
AR : RIERR R R RAFAY Rl TR g
T, AGER. LR . SRR R e RIRIE, WAk
FEHAERER RS E AEAE AR 1 RlER) s AIN By
SRAUAIARYE, R 52 BRI s 1R
A, R R BRI R A LI D 700 °C ~ 800 °C;
WH T, AINAZE, T0HE7E 2260 °C ~ 2500 °CHY
BRI o TERIERNEE T 5 T AR A2 A i
WG, T IRSERE R I AR 28R
HABYERE : ZALH P EAH L T 2 ALK (GaN) |
BN EAT(ALO)FEA AR, b BA
R R R B BIRE . R e S PR RE
®1 BETERUBERPONAERSH
Tab. 1 Mechanical property parameters of aluminum nitride
substrate at room temperature

Nature Numerical value Unit
Density 3.26 gem !
Microhardness 12 GPa
C,1410+10
Elastic constant 2% C;3 389+10
Cyy 125£5
Bulk modulus *! Bs 210 GPa
Young’s modulus Yo 308 GPa
Portrait C; 334
Modulus of elasticity *2 Tangential Cg GPa
131
Shear modulus 8.25 x 10" dyn-cm?

Poisson with different {0001} 0.287
crystal orientations [2*! {1120} 0.216
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Fig. 2 Working principle of chemical mechanical polishing
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Fig. 3 Working principle of magnetorheological polishing
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Fig. 5 Working diagram of laser processing principle
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Tab. 2 ELID grinding process parameters at home and abroad

Mechanism Material size R, Wheel mesh size Feed rate Grinding fluid
#30000Cast iron o Chemical solution
RIKEN o 0.008 pm bonded diamond 2 pm-min type grinding fluid
Tohoku 2.54 mmx2.54 mm 0.039 um SD8000V 2 wm-min " Soluble type
DLUT 10.00 mm x 10.00 mm x 0.38 mm 0.003 um #5000 diamond 3 um-min"" Deionized water

cup wheels
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Fig. 6 Schematic diagram of plasma assisted polishing
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Tab. 3 Comparison of various processing methods of aluminum nitride ceramics

Processing method Processing effect

Processing characteristics

Material removal mechanism

R, < 8nm, removal rate is

hemical hanical 2
Chemical mechanica 3.1 pm-h™', subsurface

lishi .
polshing damage is 0.5 pm
Magnetorheological Minimum R, is 0.6 nm,
polishing removal rate is 2.8 pm-h™'.

R, reaches 3 nm,
the depth of damaged layer
is 0.3-0.5 pm
No microcracks and
trimming defects

ELID Grinding

Laser processing

R, is 3 nm and removal

Ion assisted polishing rate is 500 nm-h"!

Simple operation, large
processing area, high quality,
subsurface damage

High polishing precision, no tool
wear and blockage and high cost

High efficiency simple process,
uneven machined surface

No contact processing,
high-accuracy, low controllability

Strong applicability, high
efficiency and strong
applicability, low removal rate

Chemical and mechanical
synergy to remove materials.

Gradient magnetic field
causes shear force of
magnetorheological fluid
Combination of grinding
wheel dressing and
grinding process
Material removal by focusing
on photothermal effects
First radiate the surface, then
remove it mechanically by
ultra-low pressure or
soft abrasive
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