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5 . LR ILEERSER &R R AREE 2K M5 (Ploystrene, PS)MIEK Ay A%, LURSERAHAIS I FH AL U i [
kRO L2 s AT e 4511 PS-CeO, HATHMER. I X HLEATHIUXRD) &4 T BB TEM),
Yy RS B BL(FESEM) . 8 BLIH-HE3 21 AP A (FT-IR) A EE 0T A (TGAY ST RE B K85 WA S5 H . TR 3.
FiAE A S A TR DA T RAL o K JITihil 5 1) PS-CeO, A TERAE A B R T ULEEN TR A= WU, F R
T BT AFM)ML SO G R T S, TR RIRERE . 2500 Tl 3 Bl PS Ak 52 s 43 ok )
BRI, BLARsr 512024 1204 170 FH 240 nm; 3 Ft PS-CeO, & AR BAT 52454, Kidd 3212 140, 190 Fl 260 nm,
CeO, 57254920 10 nm. BEH PS-CeO, H A BRI, MG R IMHDRERE B2 FEIK, Z08F 0 F1 065 RI7E
10 pum X 10 pm THIFRTE ) PYRRE FE A1 S8 (R,) M LB 5 MR (Re) 73590 4 0.372 F11 0.470 nm.
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Preparation, characterization and performance of
core-shell PS-CeQ, composite abrasives with different particle sizes
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Abstract: Polystyrene (PS) microspheres were prepared by soap-free emulsion polymerization method. Core-shell
structured PS-CeO, composite microspheres were synthesized by liquid phase process using cerium nitrate and
hexamethylene tetramine as raw materials. The composition, phase structure, morphology, grain size and agglomeration
of the as-prepared composite microspheres were characterized by XRD, TEM, FESEM, FT-IR and TGA. The as-prepared
composite microspheres were collocated into polishing abrasives for chemical mechanical polishing (CMP) of silicon
dioxide dielectric layer. The morphologies of the dielectric layer after polishing by the composite abrasives were
investigated by AFM. The results indicate that the three kinds of PS microspheres are monodispersive and uniform, and
the particle size of PS is about 120, 170 and 240 nm, respectively. The particle size of the three kinds of the as-prepared
PS-CeO, composite microspheres is about 140, 190 and 260 nm, respectively, and the thickness of CeO, shell is about 10
nm. After CMP, the surface roughness of SiO, dielectric layer decreases with the decrease of the particle size of the
composite microspheres. The average roughness R, and root mean square of roughness Ry, of dielectric layer polished by
PS-CeO, composite abrasives in the area of 10 um X 10 um are 0.372 and 0.470 nm, respectively.
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T TR OB 1 L (UTS L) il v — S AL RE A iR
E AL AR E(CMP),  HEAT il 6 Rt
FUEIFEAL S, B UISL SRS e mte, 2%
PERIRFIE RS R R WAOR L GRS, X THRHIE
JUSF2 0.35 pm S BUR #841, ATRH CMP HoAR1E
AL, TTH—) CeO, BERIEM G R 5
7 AL G B ORSURE P E F 14) RIR R TR 46 25 i
TR BAD 520, IR AL SR A T e R I R

WAk, HARGEEMMAI I ES BRI IT
R S FoAr CMP H )8 U287 1l CMP AH SGH A A
B MY A . CECIL 2560045 T —Flokide Ay
800 nm iAWY HIE GIER, %5 G RURLIN R
B 48 BRI SRR RT I 20 TR IR e ) 2% DY R T, 3R
TEHLA R Ak CeO, WKL, I H T4 464 CMP,
SERRM, AN E GRS H T N AR
ARMINT % UUMHE 267 BoA7 1% 6 45 1 1 2R B
PMMA/SiO, Z 4 BERL, I T RN 02 B A
ML, AT T REF PGB, #9507 e T
S HON & R s R E B . (H
ARMINI'" 25 % PMMA/CeO, & 45 BRI R
FEANERAL, 40K CeO, ki fE PMMA A% 2 1HI AL B 1R
ABE), REWE, XSG ERMIR R I L 0
R . HHERIE, ARMINI 22 mrse b BRI, &
RRLAR B4 B B T e I HE SR P ek, gk
PRI T S BAT S D R R TR, R ATIRA
PR LR A

AN 1 e ULTC B ILIBER Gl s AN R AR 1)
TR LIF(PSYHER, I LA IR Al AN 7S 0 2 DY e Ay Jit
K BLPS Glask oy A%, R L 2% HA AN
BRAZI) PS-CeO, AR, XIFEMIAH. B &S
FIEATRAE, IR T PS-CeO, AR T
FALIES T Z IO

1 K8

1.1 JER
JRBL 2K 0% (styrene, St) A Lkghk, HIEH

F1 HTHl# PS ek L& 24

Table 1 Technical parameters for preparing PS microspheres

5%NaOH(J5it £ 73 %0 7K DR EOR B 22 BRLER ), I
MTEK CaCl, T4, AR ZAMAHEE T 4 CIK
FA IR DR A 45 H

T B B (K S20s) K 23 BT 2, 7 560 Ik 1 R B 7
40 CHRITIE, MM AKAHD, Tugdigh i, JFLlk
KBEE, HAENIR RIS, TR EREE
S W R L g ST A N IO o S NN RN i = B
AT, e EIRRIR A S H

T OIHEHEIR(Cro )y a- HAEENIRTR(C4Hs02)s 7
IK IR 4l (Ce(NO3)56H,0)+ 75 MV 5 PU % (CeH 1Ny,
HMT). | e % 4 (SDBS) Az /K 40 11
E R MR AE R A F], R, HHAAH .

1.2 PS fEkayHl&

WG 2K — 5 R AIZE LIR(St)s IE I — a3k
KA - FIEPIIFIR I N 250 mL A5 E R EE . Bl
PR E R AR E M O, BRAEE T
I B R AE] — e A, 10 min 5 ISR
ERRA AT 10 mL Z&808K ), SN — B i) i Bl
AIA3E) PS FLAKL T HOR . Hiles L&A FmE 1 pr
Fl, FARAHI) PS TERFE AR ChRIC 4 P1. P2 HITP3.

1.3 PS-CeO, E & HEkBIHIEZ

23 & HL PS FLESH(P1~P3) 4 mL i A %] 200 mL
ZRNBK A B 75 43 HL 10 min 543NN 2.443 3 ¢ HMT
A 1.513 6 g Ce(NO3)y6H,O, ¥4 1l J W %% ¥
Ce(NOs)3-6H,O 1 HMT HIEE/REE 1:5. K P Rc il
SN AE SRS ST 75 ‘CIRMN 2 h, B ITED)
BN RS GERKYEM R . oK LR vE— k),
HTO80 CEi MR R, B4 B FL A A
PS-CeO, HATUER, Ptk bsidy F1. F2 Fi
F3.

1.4 HEEIFRIE

K T 2% Philips 2 7] 2E 771 Tecnai—12 2437 5 H1
BE(TEM) I FF S O SR 58 2 (0 )28 s R H
A Hitachi 2% £ S—4800 IT 7437 & S04 Hi 6%

Sample V(St)/ V(CyoHyg)/ M(C4HgO,)/  m(KyS,0g)/  W(distilled water)/ Tempf:rature/ Time/ N, protection
No. mL mL mL g mL C h
Pl 10 0.5 0.75 0.125 60 75 6 Yes
P2 20 2 1 0.500 100 125 2 No
P3 20 2 1 0.250 100 125 2 No
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(FESEM)MLEEAE b IFPRLAR R /N R TESAN ARG s
K HASH 2470 5] 42 7% () D/max 2500 PC 4 X 5 2477
SHUXRD) M TAE i A 250 s SR 55 5] Nicolet 2
F]2E P 1F) Nicolet Avatar 370 ZU{a FLINAE 32T ARG 1R
(FT-IR)XS FF ity I LL AN T s R SEE TA 2
F]4E SDT Q600TA #H /R 2= H #E #UY(TG-DTA)
W58 A A BE

1.5 #kitig

3 A T £ 1R PS-CeO, B ATk (F1~F3) L il
B 1%(BTE 548, R EDIIPGRE, FIA 0.5 %
SDBS(Jst & 73 #O M A4 7 R,  F 2R3 pH
A 10, gt T2tk 149, 0.028
MPa. A 90 r/min. FEFEH Y 120 t/min.
PGSBS 1 min PEEHR R 100 mL/min) 54T,
i P+ 4 Struers & # /£ ;= ) TegraForce—1/
TrgraPol—15 BURE AP EH U E AL Fr GEAL)2 R
290 1 pm)HEAT GRS, Y6 E A 55 MD Chem(FF
% Struers A A7) KHIUICSE B FESEYE. B
T J5 H 2E [ DI 2\ 427 [#) Nanoscope 111a 284 J5i 77 &
TUBE(AFM) ML J5 & (R 3 T 4R =4 B30,
T A TR 5 M T e R 2k

2 HR5ITR

2.1 PS {§¥k#I FESEM M 22

K11 BT A BTl 46 PS B8askAE i P1~P3 (1) FESEM
%, WTLAE L, Pl & PS ek S ANERIE, P1~P3
(IR LA 1205 170 1240 nm, FURL2 18] (1)
T, SRS, R AT

2.2 HMSH FT-IR 9547

B 2 s ok il 4 PS SBkAT PS-CeO, & 7Bk
FEfh FI~F3 Y FT-IR J6it . BRI EE Ao 1
ANTRIA T ANEHFE(—CH) A1 1 AN B (—CH) 4L R
TR _EA AR SR B (=CH) A 5 1 2 (C=C),
4 AU 1 ANRER, TELF R 5 ANAUIRIRE . A PS 1
BRI FT-IR Vi ] LA H:2 922.2 850 Al 1 470 em ™
Bk (1 B A U S et 2SI R 14D 5 ) R A 45 41 )
W SRR AR B IR FRES iR 0E: 3 100~3 000
em Ak (R B SR S BRI RN B S SE [
TZEHRBNIE; 3 000~2 800 cm ™" Ab Xk Tk FHE R i 4
Pl 1450~1 600 e ™' Xof T I H 42 C—=C ffh
¥R ; 770~730 cm ' A1 710~690 cm ! X N T IEFRCGE

A

S TS
/ ))3 ))) ))),)')3;
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Fig.1 FESEM images of PS microsphere samples: (a) Sample
P1; (b) Sample P2; (c) Sample P3
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Fig.2  FT-IR patterns of PS and PS-CeO, composite

microsphere samples
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R_EARE 5 AN B AN MBS 1 T A2 ),
HE A%, eI RR L. M PS-CeO, 52 A1k
F1~F3 1) FT-IR )G o] LA PS (1) B il 4 4 3l e
U, X P A ERAE AR E R R L. A,
PS-CeO, H A THERFE S 1 FT-IR Y6l 4 690 cm ™ T
HILT Ce—0—Ce MIfRBNIE!, 7F 400 em™ B
BT Ce—O M hadeahig "%, IXPLHIRE S, A7AE
CeO,, HILFTLLIEWIERL T PS-CeO, H 544K

2.3 HEMET XRD S#f

Kl 3 s A BTl PS fBk. 4li CeO, Fil PS-CeO,
FATUER FI~F3 ] XRD . M PS-CeO, 5 G TERFT:
i) XRD % ] DUR 21— RPNIBLI AT, 3R
FESh 45T R AT 425 JCPDS £ A xR, & BURE R
T SR AR AU W PR A7 5 R X 5 J8E 389 5 87 g i A S5 RA )
CeO, F#UER(ICPDS, No. 34—0394) V45 K UT, 43 5l
I F-(111). (200). (220) A1 (311)d&41H, H.(222). (400).
(331)FH(420)%% it AR AR B &, 150 BHAE S A7 A 45
SEAEI CeO,0 AL, S ATIRAT il (1) XRD 1% 7 26=20°
AR T 1 ARG AR S AT I, X RT RE 2
SEFEMTR PS WARE R, R T Pl &R
i H A ot S .

(111)

100 20 30 40 50 60 70 80
200(°)

B3 PSR, 4l CeO, Ml PS-CeO, B AMERI XRD i
Fig.3 XRD patterns of PS, pure CeO, and PS-CeO,

composite microsphere samples

2.4 PS-CeO, E 51Fk#Y FESEM X 52

Kl 4 Fios k4 PS-CeO, HATHER FI~F3 [
FESEM 18, M 4 TLLE H, FE5 F1~F3 352 K00
BRI, HRiAR M2k 140, 190 A1 260 nm. S& 1
XFECRT AL, AR AR T RENT PS ok
MRLERTE, JORAREISG R, HARTmS AR, X
ATHESE CeO, AIKIRIAE PS BRI (1 1078 P it ik
(19, TR T MR e S5

El4 PS-CeO, EATEKAY FESEM f&
Fig.4 FESEM images of PS-CeO, composite microsphere
samples: (a) Sample F; (b) Sample F,; (¢) Sample F3

2.5 PS-CeO, E GTHEKHT TEM Y22

Kl 5 B b Bl 46 PS-CeO, B A ERFE M F1~F3
1) TEM 5. I 5 a7%n, ook S EkieE,
A WERER T B A BARZ ) 5 nm [f] CeO, 41K
WKL, TP 7 A PS A%, T &gt
BRI R CeO, 7E )=, X UL I3 E Gk
HAFeHM, PS WkRINBESE CeO, 572/,
BG4, CeO, 7= M EEZ14 10 nm.

2.6 HEMAETI TGA o#f

Kl 6 s il 4 PS Tk AT PS-CeO, H A1k
Fffh FI~F3 1) TGA #hek. wTLLE e FFE SRR
KA AABY B, S Bak oy 80~180 °C, W
DA Ay g 5 it 2 TR R B /K P i e 58 — B Bl B
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(2)

(b)

50 nm

5 PS-CeO, LATMERI TEM 14
Fig.5 TEM images of PS-CeO, composite microsphere
samples: (a) Sample F1; (b) Sample F2; (c) Sample F3

300~500 C, XZFEaTEREY PS WAL it
. 500 Ca, MZRIKPIR, XRIFES RS
MIC LA iRoe 4. M TGA Al HFES F1. F2 A1 F3
o CeO, AL 13 20N 64.62%-47.08%F1 46.21%,
HIHFEIHIER T CeO, IR T E 1R (LY 6.62%).

100
80
x
‘g 60 - F1
S
% F2
2 40
2 F3
= ol
ok PS

1 1 1 1 Il
0 100 200 300 400 500 600
Temperature/C

6  PS Bk PS-CeO, L ATHERM TGA 2k
Fig.6 TGA curves of PS and PS-CeO, composite microsphere

samples

2.7 R FREAY AFM WER

7 FtaR gy il A PS-CeO, A BE B FI~F3 $il10% Ji5
TEAREEAN SR LY R AFM AR R i e
FBEREX e 4 F1 B AR NS, Hrhppr ey
FEYI 10 nm. ATLUEH, SARFRRARE A B R
JCEIRE R, ToRIR, ¥R T BRA gk
IR RRERE o

8 Fion A4l CeO, BERLCRLR A 5~10 nm) PG /5
TAALREN TUZR L AFM 5. RTLUE R, FE
A T B LA, R AR T — S BRI, A
LLA AT X R A% e 85 0 52 45 B R — AN i 2 A
AR, HBE S G EERAR RN,
DGR T PRI RHAR B R ok ]y, 2 T 6 ot 4t B A 1
ZF, IXULWIRIEE T, RN FICKIARZ N 140
nm) PG5 FHTAE 10 pm X 10 pm Vi [ P3RS 2 71y
B R, 4 0.372 nm, ARG A7 HE Y 0.470 nm, il
SR JF 35k 2%

ATDAHED, =5 R RSN A E AR 2
GEER R IUEA e, RN TR CeO, 49K
Wit e, SE BRI EA MR R, il
PPN IR G A I (R WL (5e) R 25 B R
HATMRR 1) A A [ 07 2. B4, CeO, i H
12 M IO, Ce®'/Ce* (AR A —id J5US AT — AR Atk
N TUZIR,  [RINEIL G itk 28 23 (4 2
T, ZAEALREA UZ K Y i Ce—O—Si) 44 & Wk
ibﬁ/{],_:[IQ—ZO]O

AR, IR E S B R T R A
B R AR I, I AT LA R g S i A
FEIB AP CIRTIT, X LR p 0Tk > Pl 2 i KR A
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Fig.7 AFM images of silicon dioxide dielectric layer polished by different composite abrasives: (a;), (a,), (a3) Polished by
composite abrasive F1, R;,,=0.470 nm, R,=0.372 nm; (b)), (b,), (bs) Polished by composite abrasive F2, R,=0.549 nm, R,=0.426 nm;
(c1), (¢2), (c3) Polished by composite abrasive F3, R,;=0.718 nm, R,=0.585 nm
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Fig.8 AFM images of silicon dioxide dielectric layer polished by CeO, abrasives: (a) 2D; (b) 3D

L BRARGRBE AT AL, AR LT fr il
BT SR AN G G IR R TR AT 5T

3 Zig

1) RHTEIABRAERET 3 My iurek
JE PS Bk, FLRiAR5 490 1204 170 F1 240 nm.

2) L PS BB ML, SR L 2H&HA 3
Pk MR 78 S5 F A% 5e 8 PS-CeO, G ER, LRI
745y W24 140, 190 F1260 nm, CeO, 7¢/2/EEZ N
10 nm, Fif24)% 5 nm [¥] CeO, FURLE PS flERFE HIHL
B,

3) £ PS-CeO, HAMWEKIOGM — b B =
KPR, TRR, B3R1 T HAT WA K ZoR RS B2 11
PR, H B RS ERDRAR kN, DGR T
FHRS B2 B2 BRAIC, SR mmmie i iiare. &
FESL FICKIARZ 0 140 nm)3Ot 5 2 1 i AL7E 10
pum X 10 pm 0 F A PR FE IR BME Ry ML TR
{H Runs 39124 0.372 1 0.470 nm.
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