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Controlled synthesis of strawberry-like PS/SiO, composite
abrasives and their polishing behavior
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2. Department of Chemistry and Bioengineering, Suzhou University of Science and Technology, Suzhou 215011, China)

Abstract: The polyvinylpyrrolidone (PVP) modified polystyrene (PS) microspheres were first synthesized by soap-free
emulsion polymerization method, and the SiO, nanoparticles were subsequently coated on the surfaces of the PS cores by
sol-gel method in alkaline NH4OH/ethanol solutions. The silica content of composite microspheres can be controlled by
adjusting the concentration of tetraethoxysilane (TEOS) in the reaction system. The oxide chemical mechanical polishing
(CMP) behavior of as-prepared PS/SiO, composite abrasives was investigated by atomic force microscopy (AFM). The
effect of non-rigid mechanical property of organic/inorganic composite abrasives on the CMP behavior was also
discussed. TEM results show that the composite microspheres exhibits core/shell structure with strawberry-like
morphology, and the silica shell is composed by SiO, nanoparticles. Thermogravimetric analysis (TGA) results indicate
that the silica contents in the composite microspheres range from 12% to 69% (mass fraction). AFM tests results indicate
that there is obvious effect of the silica content of the composite abrasives on the roughness values, topographies and
profilograms of the polished wafer surfaces.
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Fig. 1 FT-IR spectra of PS microspheres(a) and PS/SiO,

composite particles(b)
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Fig. 2 TEM images of PS microspheres
and PS/SiO, composite particles: (a) PS;
(b) CM-1; (c) CM-2; (d) CM-3; (e) CM-4
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Fig. 4 AFM topographies of oxide wafer surfaces before and after CMP: (a) Before CMP; (b) Polished with SiO, abrasives;

(c) Polished with CM-1; (d) Polished with CM-2; (e) Polished with CM-3; (f) Polished with CM-4
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b B Ry, 209000 B4 BRI S AR AT AR L5
Ey Alv, 7353 A E (S P BT AA L o

HiZ @) IR, B R ERC E, A, R
LR 18] AT RO AR B B BHZ FEAG. BEAF,
MA@ PRIV, AT RER R Eyy M FARAEAI0
TR RIS Fop B, ST BRI A 2]
i A TR 6, N (KD PrR), [N IEAS IR JRIR
JE R URSE T IG5 R RIS B ™. o TR e
AT IR & R AT AR R PR s, L&k
P B AR AR SR HLEE R, A, AEAEH]
R E G ROR A TI0ET, AT RURHE I 7 S IR
AL IR, AEAFHEARY S FRAG, R PR
T ARG AN BB R T IR AR 6, o AL
PR ITHIRE LT LARRAR, 3845 A7 A Tk D IR
RIZWi

i ZHRHAE, BRI TIATH CMP %
i A3 AR, e R ORE SR G R MRS B B, X R
FEN iR BRRIE S, 50 . AR, BALGERINIPE
TR, AENITEA BT & R B 5 )2
R PR 2 B SR B P/ R A R = T R
fltR7Zs, AL, AERY BRI (R A B BOR 2 R 2B AR
KRR o TG EAERN T MR AR A 5 ) AR R (5
AT LR TR 45 AR Bl L, 3 BRI 9 HAOU
G- J1 AR E- I PEREZ M A ESC R, T #R 7R
HY AR IR 525 BEORHRE IR (R %/ e 2 R AE AR 25 Bt R
HH AR B TR K G e e i e LRI

3 Zig

1) AH] TOES /K filt 5 2 i) A AL RERR I 2 55 1R 1

LRI 2 PS TERZ MM RRBRIEH, #l%% T B
/7o 8546 PS/SiO, H ATk . TEM 25 FF ] : fE At
SN, Pl G MER L AR 45,
JAH SiO, KRR T A ;TG AT B, #fanth
FALEE & BAE 12%~69% 2 18573 40 -

2) IGIRE Bor, B4R AR B
S b R T T3 KRS S RN 50 iih £ BAT 80 B
SN . A RS T (3 1%) I, A 3R
MR P28, £E 10 pmX 10 pm 5 FH PHIEESE R,
AT Rys TEZM 514 0.235 F10.308 nm. #E—HH1%
B, K%/ 5 A U TCHLE A BRI AR ) 2R
X iy F R THT HE SRR S RIAEDRES 5 L A7 SRR

REFERENCES

[1] FENG Xiang-dong, SAYLE D C, WANG Zhong-lin, PARAS M
S, SANTORA B, SUTORIK A C, SAYLE T X T, YANG i,
DING Yong, WANG Xu-dong, HER Yie-Shein. Converting ceria
polyhedral nanoparticles into single-crystal nanospheres[J].
Science, 2006, 312: 1504—-1508.

[2] KRISHNAN M, NALASKOWSKIJ W, COOK L M. Chemical
mechanical planarization: Slurry chemistry, materials, and
mechanisms[J]. Chemical Reviews, 2010, 110(1): 178-204.

[31 DANDU P R V, PENTA N K, BABU S V. Novel
a-amine-functionalized silica-based dispersions for selectively
polishing polysilicon and Si(100) over silicon dioxide, silicon
nitride or copper during chemical mechanical polishing[J].
Colloids and Surfaces A: Physicochemical and Engineering
Aspects, 2010, 371(1/3): 131-136.

[4] DANDU P R V, PENTA N K, PEETHALA B C, BABU S V.
Novel phosphate-functionalized silica-based dispersions for
selectively polishing silicon nitride over silicon dioxide and
polysilicon films[J]. Journal of Colloid and Interface Science,
2010, 348(1): 114-118.

[S] LEI Hong, WU Xin, CHEN Ru-ling. Preparation of porous
alumina abrasives and their chemical mechanical polishing
behavior[J]. Thin Solid Films, 2012, 520(7): 2868—2872.

[6] LI Hu, LEI Hong, CHEN Ru-ling. Preparation of porous
Fe;03/Si0, nanocomposite abrasives and their chemical
mechanical polishing behaviors on hard disk substrates[J]. Thin
Solid Films, 2012, 520(19): 6174-6178.

[77 LEI Hong, JIANG Lei, CHEN Ru-ling. Preparation of
copper-incorporated mesoporous alumina abrasive and its CMP
behavior on hard disk substrate[J]. Powder Technology, 2012,
219:99-104.

[8] LI Yan, GONG Meng-lian, RAMIJI K, LI Yu-zhuo. Role of
Cu-benzotriazole

formation[J]. Journal of Physical Chemistry C, 2009, 113(42):

nanoparticles  in  passivation film



%23 B 10 4 M M, 55 BRRIR PS/SiO A BERHK AT & O AL TEfE 2969
18003—-18013. high concentration of tetra-ethyl-orthosilicate[J]. Journal of

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[17]

ARMINI S, WHELAN C M, MAEX K, HERNANDEZ J L,
MOINPOURC M. Composite polymer core-silica shell abrasive
particles during oxide CMP: A defectivity study[J]. Journal of
the Electrochemical Society, 2007, 154(8): 667—671.

ARMINI S, WHELAN C M, MOINPOUR M, MAEX K.
Copper CMP composite polymer core-silica shell abrasives: A
defectivity study[J]. Journal of the Electrochemical Society,
2009, 156(1): 18—-26.

ZHANG Lei, WANG Hai-bo, ZHANG Ze-fang, QIN Fei, LIU

Wei-li, SONG Zhi-tang. Preparation of monodisperse
polystyrene/silica core-shell nano-composite abrasive with
controllable size and its chemical mechanical polishing

performance on copper[J].
258(3): 1217-1224.
MU Wei-bin, FU Meng. Synthesis of non-rigid core—shell

Applied Surface Science, 2011,

structured PS/SiO, composite abrasives and their oxide CMP
performance[J]. Microelectronic Engineering, 2012, 96: 51-55.
KARTSONAKIS I A, LIATSI P, DANIILIDIS I, KORDAS G.
Synthesis, characterization, and antibacterial action of hollow
ceria nanospheres with/without a conductive polymer coating[J].
Journal of American Ceramic Society, 2008, 91(2): 372—-378.
MENSHIKOVA A Y, EVSEEVA T G, SKURKIS Y O,
TENNIKOVA T B, IVANCHEV S S. Monodisperse
carboxylated polystyrene particles: Synthesis, electrokinetic and
adsorptive properties[J]. Polymer, 2005, 46(4): 1417-1425.
RISLAE, THELA, AR, S, BT, RILR/AK A
AT T AT 52 B AR IR 4 R B (0] b Ak TR 2 4,
2007, 35(1): 66—69.

LIU Li-zhu, MA Hong-jie, ZHU Xing-song, JIN Zhen-gao, FAN
Yu-jiang. Preparation and properties of polylactide/nano-silica in
situ composites[J]. Journal of Beijing University of Chemical
Technology, 2007, 35(1): 66—69.

STOBER W, FINK A. Controlled growth of monodisperse silica
spheres in the micron size range[J]. Journal of Colloid and
Interface Science, 1968, 26(1): 62—69.

WANG Xiao-dong, SHEN Zheng-xiang, SANG Tian, CHENG
Xin-bin, LI Ming-fang, CHEN Ling-yan, WANG Zhan-shan,

Preparation of spherical silica particles by Stober process with

(18]

[19]

[20]

[22]

(23]

[24]

[25]

Colloid and Interface Science, 2010, 341(1): 23-29.

af AR, Spn o g TR PS/SIOr AR E AR IR
HFHRAL]. W7 T2, 2009, 3: 268-272.
ZOU Hua, WU Shi-shan, SHEN Jian. Prepration and
characterization of PS/SiO, nanocomposite microspheres[J].
Acta Polymerica Sinica, 2009, 3: 268—272.

a8 A, A, = PR L SiO) PIKTERI G
ERAL[T. fh2i2E4), 2009, 67(3): 266—269.
ZOU Hua, WU Shi-shan, SHEN Jian. Synthesis and
characterization of monodisperse hollow SiO, nanospheres[J].
Acta Chimica Sinica, 2009, 67(3): 268—272.

MR B REW/SI0, AHL-TEHLAR S S MERIH % 5 RAL
[D]. kg EHK¥, 2006.

CHEN Min. Preparation and characterization of polymer/SiO,
organic-inorganic nanocomposite sphere[D]. Shanghai: Fudan
University, 2006.

ARMINI S, WHELAN C M, MAEX K. Engineering polymer
core-silica shell size in the composite abrasives for CMP
applications[J]. Electrochemical and Solid-State Letters, 2008,
11(10): H280—H284.

Vi 0, B, BEEREE. 741 PS/CeO, AT Bk M
I AFM IE[T]. BEH 2R, 2012, 32(1): 7-13.

CHEN Yang, MU Wei-bin, LU Jin-xia. Determination of elastic
moduli of composite PS/CeO, core-shell microspheres by atomic
force microscope[J]. Tribology, 2012, 32(1): 7—13.

WACHTEL E, LUBOMIRSKY I. The elastic modulus of pure
and doped ceria[J]. Scripta Materialia, 2011, 65(2): 112—-117.
ARMINI S, VAKARELSKI I U, WHELAN C M, MAEX K,
HIGASHITANI K. Nanoscale indentation of polymer and
composite polymer-silica core-shell submicrometer particles by
atomic force microscopy[J]. Langmuir, 2007, 23(4): 2007-2014.
FKOt. FET AT PR AU A R BR LR ) B 18
FAIWEF[D]. JoH: {LFI K%, 2008.

WANG Yong-guang. Experimental and theoretical study on the
material removal in the chemical mechanical polishing at
molecular scale[D]. Wuxi: Jiangnan University, 2008.

(4mig  FTHBLD)



