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Research Status of Ceramic Substrate Polishing Technologies

YAO Zhongying, CHANG Yiwen, CUI Ge, ZHANG Hongbo, REN Ruikang, REN Jiale, KUANG Fenghua

(Ceramics Science Institute, China Building Materials Academy, Beijing 100024, China)

Abstract: With the rapid development of integrated circuit and semiconductor industries, ceramic substrates with high surface
accuracy and low roughness have become the best choice for packaging substrates, where the polishing process, as the most
critical step in the production process, determines the overall quality of the of ceramic substrates. Focusing on the basic
principles and application scope of common polishing technologies for ceramic substrates, including chemical mechanical
polishing, abrasive flow polishing, ultrasonic vibration assisted abrasive flow polishing, electrophoretic polishing, electrolytic
polishing, and magnetorheological polishing, this paper was aimed to summarize the commonly used polishing technologies
and their research status for ceramic substrates, such as alumina, silicon nitride, silicon carbide, beryllium oxide and aluminum
nitride. Besides, the development trend of ceramic substrate polishing technology will be discussed.
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Fig. 1 Schematic diagram of CMP polishing process
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Fig. 4 Schematic diagram of electrolytic polishing device
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Fig. 5 Schematic diagram of PAP processing
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Fig. 6 Schematic diagram of PAP technology
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Tab. 1 Different polishing methods for ceramic substrates
Ceramic Characteristic Polishing method Ra
substrate
CMP 8.00 nm
ALO High mechanical strength, high hardness, high Single/double sided grinding and polishing 10.00 nm
273 temperature resistance, corrosion resistance Picosecond polishing technology 0.32 um
Fracture peeling technology 2.18 um
Low density, low dielectric constant, high flexural . L o
BeO strength, high thermal conductivity, and toxicity Double sided grinding and polishing 0.08 pm
Excellent thermal conductivity and high-temperature Decreased b
SiC wear resistance, good chemical stability, low density, CMP y
. . 37.8%
and low coefficient of thermal expansion
Non toxic, low dielectric constant, high Fracture
Si3Ny toughness, high temperature resistance, corrosion CMP 3.39 nm
resistance, strong impact resistance
) o . CMP 7.00 nm
AIN .ngh thermal .condu_ctwlty, excellent corrosion . MRF 37 80 nm
resistance, low dielectric constant and loss, non-toxic
PAP 3.00 nm

[FRs, A CE AR AR 1S T ALO; P&
W, BGBOD A B L BRF AR, &
T 2 RSOGO AR IR T R4S i o ORI
YRR TIAACESS A , TERRE R N — 8% 4
anitl), SECRITHBEEE IR, ANETRSMEO LT
HeHAR, BRI SO IR b2 i
ZFER, Ml K T — R A
HOIHE IR SR . XFER KT IHES
SLS R R ARSI L), Zhang 200K
WOGRE RSB ERELE 5.09 J-om 2, YHEHEGHEE N
800 mm-s~' . ARG 10 pum i, & B ALO; P
FMPHLREE Ra M 1.8 um R3] 0.32 um. 75— J5 1
T X T A TR oK, R R S
Bl e B AR W) N HE ALO; B E M
Zhang ZUIHESE T R A IRIE B ALO; FRTE
RS Bt R BT, ki

F2 ALO;BEEWE RN X

Tab. 2 Common polishing methods for Al,O;
ceramic substrates

Polishing method Polishing effect

Single sided grinding and
polishing machine
(W0.5 SiC abrasive)

Ra reaches 10 nm

Ra decreases first

and then increases

as the ultrasound
amplitude increases

Ultrasonic vibration
assisted polishing

Ra from 1.8pum

Picosecond polishing technology drops t0 0.32 um

Laser controlled fracture peeling

technology for polishing Ra reaches 2.18 pm

I FRTHRRE B Ra Bl 75 B MR K2 SN 5
BREFaE, YN, Yan MSER F—RhE R IC I H0
ot ALO; FHB 7 iAo A il ) W 2434 25 R il
ot ALO; Mg %, SEIZEREN], B AW LISE S
EBRUIEIFRE FER)E . OGRS,
HA 53 AL O EE A, I HLIE 2% i i A
FEJE Ra ik%) 2.18 pm,

2.2 BeO MEERHH

BeO Fij & AR T I & A B 2 —,
BAMRERE . AR SRz mdis
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e, # AT ESER . SRR, EiRiE
W, X T AR (R BeO B & A R 52
X B A B R f AR, BRIILBR I T ek
WL HAT, EEESEREER BeO M M A
FERE PR, AR AR AR E A R R O E
Rl BeO B %8 AR .

T AR G IO AR HRE AR A 3R THRLRE FE Y
0.08 pm (1Y BeO P % HepR , 2 KL 2 BeO fL
B, BURMEZE, DR, Pt 2
Dy XI5, e LA AMOR G B DT I A R
(% Bk o T W45 LR U A B 4 e AL %
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NI I e ek oM, 5 oR A WOl kite
%) 45 WA DG SR R e B IS A A D, R
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Tab. 3 Common polishing methods for SiC
ceramic substrates

Polishing method Polishing effect

Material removal rate
CMP increased by 105% and Ra
decreased by 37.8%

Reduce the hardness of oxidized
samples and facilitate the
processing of soft oxide layers

Anodizing assisted
polishing

Ultrasonic vibration
assisted grinding
technology

Improve surface quality and
reduce sub surface damage depth
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