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Preparation of nano SiO;/CeQO; composite particles and
their applications to CMP on sapphire substrates
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Abstract; SiO; /CeO; composite abrasives were synthesized by homogenous precipitation method. The phase com-
position and morphology of the as-prepared composite nano-spheres were characterized by a X-ray Diffractomer
(XRD), a Transmission Electron Microscopy(TEM), and a Fourier Transfer Infrared( FT-IR) spectrometer.
The as-prepared composite nano-spheres were used as polishing abrasives for Chemical Mechanical Polishing
(CMP) of a sapphire substrate, then the surface roughness of sapphire substrate after polishing with the compos-
ite abrasive slurry was measured by a Atomic Force Microscopy (AFM). The results show that the average
roughness of the polished sapphire substrate is 0. 32 nm and the material removal rate is 16. 4 nm/min for com-
posite abrasives, however, those are 0. 92 nm and 20. 1 nm/min for SiO, abrasive. It demonstrates that the mate-
rial removal rate of composite abrasives is less than that of the Si0,, but it has a good surface quality. These re-
sults mean that the Si0,/CeQ); composite satisfies the technical requirements for sapphire Light Emission Diode
(LED) substrates.
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i A (- AL O) HA W BURIL 27 1R AR E
BCHELE EA G IS A LS 92 A GaN 2
RN SNERT R . B AT GaN WA K 3=
SR 4 B A DL b 2 SAR TR T2 78 88 5 A k)
JEah R B A BRI & A 3R DG O
i) . SRARAR O T TG S B e R, A
T4 25 Fon T2, H Ak 2= AL G T2 4
YT B N C AR o R THVHLRS B2 TSR 9K 2, HL
Je A ME — 1] LS B 4 R 57 3 AR A Oy ikt

JE B A 2= HURARL G Hh ALABAE FH i) S it 25 A
i . BERLRL T IR AR B B Ok KN Bk AR
G341 55 P RE #6852 ) Ak 7 AL Al O (Chemical
Mechanical Polishing, CMP) i #il 5 $2 Bt & %
P HATA K SRR R A A A R T
PLBHE G . Niu 28 "R 15~25 nm SiO, fE N
FEAL, WFSE T W E A S A SO A HLEE DL & pH H
X W 5 A0 dn R R 2 B AR b 3R TR R B (Y 52
Wi s Zhu 25 ) 8198 T Al O, . Mono-diamond ., Po-
ly-diamond & B& BL XT ¥ 5 A dn A Ak 2= BIL A D'
14 52 ) 5 T B — 1) TS ATL B ) A3 13 45 AN 21 e £ 1) i
R BUCRRS, CMP #5008 56 F 5% 45 L R 0
VS r T it 3R 1A i OGS 2R T 0 R bk,
A 5 KRR R T 3 2 O B B 5 Singh 2000 i
5% 3¢ W 70 A8 32 265 v MR R T AL — )2 B )
JoT AT L9 /0 9 5 ) IR A T T A5 R 5 R A IR A
I A T A A S0, /CeO, Fl CeO,/ H K
LA ERIF ST T B X RE A6 S AL ' 52
W, Si0,/CeO, &G BRME S — R A 5 L H A
A B BN E F A fh 1 CMP |, AR SR
P FHVITE . JEd 90Kk SIO, FR B F T & FH
Bl B 5 R S & B ITTE R M P Y
fili B 7 JURE 2R 18 B BT VE P, DT A5 40 oK
Si0,/CeO, E & B, JF HBEF T 98K Si0,/
CeO, & A BRI W 5 A b i 194k 22 AL ' P

e .
2 KBSy

2.1 #k CeO, ¥l B H i 5 i B9 1l &=

gk CeO, MR HI 4 FL il 200 mL ¥R E N
0.1 mol /L ) Ce(NO;); (I 25) % . 165t
FEAAMETS . BB MW 0.3 mL L 2L

MR 2Y), SR P AR A 300 mL ¥k A 0.1
mol /LI ( NH,),CO; ( LR ZDER . # =k
M DLTE U8, MR 28 KR S BV % 2 K,
o R E N N R I N NI B Gl
400 °C F#ALFE 2 h, BIF5 5] CeO, ¥k,

CeO, Hil G 1 25 45 145 19 CeO. 3 AL
il B A3 B 100 BB TR, I Y 4
FIGSAmBERR AN 2% A 7 (an EDTA) 54k 7] (it
W), A AW pH 8 10~
11, P4k a8 o0,

2.2 #k SiO, #SE KA H &

I — & SO, (g3 298 TR A TR
O A TR BT A RO 1 YR BRI, IAGE &
AT EDTA) VE ALK GE IR ) . A
AALER W pH fEN 10~11, fiEFEE A 4
.

2.3 4K SiO,/CeO, ¥l & & H b % & 1
#l &

g4k S0, /CeO, By A il £ - 7 B 200 mL J&i
HAEUCH 5 Y0 SiO, (LB 2 90 i F R A BR
PNED BRI, TERFESE T B A 20 mL ¥k
JE°4 0.6 mol/L #y CO (NH,), ( I E 25) % K
A1 20 mL ¥ EE 4 0. 3 mol/L fJ(NH,),Ce(NO; )
(W EZDER . R IR AR A = DR
o, HERERS MM E 100 °C, I H s HE
TRBERE . AR 7 b, RN SEERS I EER ., B
OB I R B R PRE 3 Ik, B THE IR TR
F180 CHET, WFEE1S 2R 2 ARk,

Si0, /CeO, il 3 W 1 6l £ - K i 15 19 445 >k
Si0, /CeO, B il B 5T i 73 200 126 1B T2, N
GE B B XN e 85 R 6D L 45 5 77 (an ED-
TA) VEAER GE B BR £ . B & S AL E 185 %
W pH MHN 10~11, #tPk)E & 0.

2.4 MHEHRIE

K H A H A4 P2 A D/max 2500 PC & X 5}
KA 5 (X-Ray Diffraction. XRD) {43 #7£E 5 09 9y
MZER, FH B R 10~80%; R H AW FhE=R
24t A 77 JEM-2100 %% &t H 5% (Transmission E-
lectron Microscope, TEM) W 22 ¥% 5 2§ s % H 35
[ J8 5 /1 4\ 5] 42 7 Nicolet 6700 7 {d B - 75 46 41
AMETEA CET-TR) X 5 (1 2T MR 4700 22
2.5 EVHMETE

5 3 5 7E TN R IR g ok A R A F) A
Nanopoli-100 B S6HL 347, 358 F vk BH AR £ 6l
WA RS R A = P-PAD B4 5G4, ik
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FE A AR 50,9 mm, JEE 0.6 mm 1% 5475
R WYCHEARS K 2R 0.5 bar, T & 55H
4 50 rpm /min, G IRHE N 60 ml/min, EE

K L i s AR AN KR A A IR A R A TR Y
Micro Nano D-5A i HEF B U5 A T ' )5 15

EARMAEEE R, ( FEEHFRN 0.1 nm, K
PR 0.2 nm, HAEIEH 5 pm X 5 pm)fE

A KA ' i 5 B = 4 SR R TS S SR i
JE1004 BUKGBES 0. 1 mg B HL 570 A1 K1l 4 52
WA JE A R B Gl AR AR S
A A OB R BRI R

3 %R5H#®

3.1 E/EK XRD 2

B 1 iR A SiO, , CeO, Al SiO,-CeO, &£ 4
Rl XRD . BB 1 AT, A B R AT G
HEUE (20= 28.5,33.1,47. 8 Fl 56. 2°) ({5 ‘& FIAH
X 5B EE 5 CeO, BFRHER (JCPDS card, No 34-
0394) A —3%%, 43X R T (11D, (200), (220)
AT A TA , Fh I W] R0 52 3 I R vh A7 7R 57 7 5
AR CeO, . TEM A BRI AT HHFFIENE 20 =

s0nm

(111)

100 20 30 40 50 60 70 80
20/(° )

Bl 1 SO, CeO, Fil SI0,-CeO, & 43 BERLIN XRD %
Fig. 1 XRD patterns of SiO,, CeO, and SiO./

CeO, composite particles

22.5° Ze 47 B SR SIO, (AR & AT et I
AR T Si0,, XAREEH T CeO, WETE SiO,
FTE YT 15 . XRD [ 32 0 & 4 85 kL v £
TEH CeO, I SIO, PiFpH) R,
3.2 E/EK TEM 5347

Kl 2 Brs B Si0, (b)), CeO; (a) and SiO,-
CeO,(c, OEEER M TEM BH ., K 2(a) ]

20 nm

100 nm

2 CeOz(a), SiO; (b) Al Si0;/CeO; (¢, HEAEER. TEM JE }
Fig. 2 TEM photographs of CeO.(a), SiO.(b), and SiO,/CeO; (¢, d) composite particles
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A, CeO, TURLAY ZN WL 5L B HE IR 2%, AR A
) A A S B R, (E RS 43 R A A AN S
BRI . ATRE & i T 0K A A SR, b 22
H I 2(b) AT AL, SiO, ks 523K B, BLARTE 30~40
nm A7, SHECME R B E 2o 5K 2(dD AT A,
Frfil %5 1 CeO./Si0, B Gk RERIE . K27
40~50 nm A7,/ LLEH SiO, FHEE—EE
FEZI M 10 nm B CeO, HEJR,
3.3 EH8ERN FT-IR 41

3 iR CeO, . SiO, P& SiO,/ CeO, &
AR FT-IR 3%, w50, 7€ 3 416 cm™ ' &b X}
N KA F O-H 804k gh, 1619 cm™ "X
FHKA TSR, mAE 1109 em ', 805
em ', 481 em AR A3 X R Si-O-Si B B9 AS X
B P 3 | $r 4k 4% 3h A il g sh 0. A
Si0,/ CeO, & & Bk 1 FT-IR B & & A
960 cm " BRHIT HY B T — N A IR0, X AT RE 2
T Ce-O-Si RN FIA A, M Si0,/ CeO,
BABRE FT-IR Gkl LUE t Si0, i BT A fif
a4 3h W W, 15T A B B R RE G TR A AE SIO, .
TE 1392 e A AT VBRI 6 Ry Ce-O B 4 4k
WS EIARE S P AEAE CeO, . H AT RLIE W
W T Si0,/ CeO, B A BEFL,

CeO,
N\ S0, -
‘n\ TN

Si0, / Ce0,

. . ) 11094 .
4000 3500 3000 2500 2000 1500 1000 500

Wave numbers/cm '

B3 Si0s, CeOs il SiO.-CeO, & A BRI 214N 61T
Fig. 3 FT-IR spectrum of SiO;, CeO, and SiO,/CeO,

composite particles

3.4 3 MEBRXNIEERR R K EVR ISR R0
Pl 4 FT 7R S 76 R ) v B2 R A [m] B b ) i 5 A
mn P OGET S RIEIES . mE 4 AT LLE 1, 0
W 520 i R0 B AR 22 (R, =32. 67 nm) , £
AN T B RO 5 S A 3R TR B B B A A
A, A2 B R0 O 5 2% TH R B B AL TR AR, SR
Sk, T B EK (R, =0.32 nm); M CeO,(a),

(@)CeO, B
(a) Polished by CeQ,

R=0.32nm

(¢)Si0,/CeO Ml i
(¢) Polished by SiO,/CeO,

R =32.67 nm

(AL i
(d) Unpolished

Bl 4 CeO.(a), SiO, (b)Fl SiO,/CeO, () PG LA K I EHT () W 5 A 1 2 1w I 51
Fig. 4 AFM photographs of sapphire substrate unpolished (d) and polished by different abrasives

CeO: (a), SiO; (b) and SiO,/CeO; (¢)
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FUARLLL, 252 Si0, /CeO, 73 BERL Y ] 45 B 78 W 5 A0 & 7 4 ' v #9 2H 1293

(R,=1.69 nm) 8% Si0, (R, =0. 92 nm) B ¥l
TR I 2% T O AR X 2%

Bl 5 FT /s b 76 ) v B AN [R) B R ) i 58 A
Al A IR 25 B R R O S5 3 e RS R . R B AT
A, SiO, B9 & B 3% B s (MRR = 20. 1 nm/
min), B & BEHR K Z (MRR=16.4 nm/min),
CeO, HME(MRR=13.9 nm/min), F 200
TR M SiO,/CeO, EHFLTF. CeO, FEE L
Yy BRI B 6 AL T SI0, R, 7E Sio, #
HE—ZEEZA R 10 nm 1 CeO, W, HILTE
WA AR 52 A R R B il KR, kA
PUBAE S CeO, TR S AR, HTE
HEERSEZHE CeO, EEAL 10 nm, FHHAA
VR W A T R R TR B /N, AT AR
oA 0K 1) 2 T RELRS BE () o T Ce O, 1Y) 25 [ A JE
KT SiO.", Hi SiO, RPLMAIE K T2 & 8
BLIHLIAE FE 3 AT RE L2 52 A B R I A R 5 BR
ML T SiO, W EHE , 0T CeO, B RE L,
WURLRL AR K /NG R A VB BRI AT 4 BRI
HA BRI A FAR (i CeO., (1) TEM B8 1] LU
G, HEARHE ™ E), 558 0T A~
T P LR A

WA I AR 2E DU ' 5 R R A k2
EIPIESURRTiIN ®5I PR SN I A= 37 DA K=V
i, OB R ERE T S ANES SR
REHATF RN, FEAAAR S A A RE T
Az B T K I IR AR TR AR B 1 5 FEBLAR B 1245 B

1.0+

0.5

Roughness average/nm

DN\
A\

/

C{:O2 Si()! Si0,/Ce0,
(@) AR S HI I 5 2 7 - e L
(a) The roughness of sapphire substrates after polished with
different abrasive slurries
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Fig. 5 Relation between abrasive and roughness of

sapphire substrate after polishing.material re-

moval rate
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Preparation, quality characterization, service per-
formance evaluation and its modification of sapphire

crystal for optical window and dome application
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