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8 050 T NaCl 2(NaPOs)e 1AL Bl LN ZF7 2 S Ml OG IR AR £ BRI (MRR) KOs R KR J~ R T Zeta
HIA RISV A E PR, 9K, I NaCl i CeO, FBHWHOGH A FIE, 1M (NaPOg)s NI I 72442 5 MRR; [
A NaCl F1(NaPOs)s % MRR {EA7 B 2 i b RIS s 7 . 00 @Al T B K MRR {E(351.26 nm/min)#JHi
JGYEFE MR TR BE R, 0 0.799 nm, 58 4% T LA A2 i ST s IO 2k, LEA A A% MRR(199.36 nm/min) il
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PTBCH G A 1AL 1700 mL.
2.2 MR RSt BRI

kiR TH Zeta HAAL IR 52 KA IS94H AR
WA RECF B AR R AR ), R A
J3 25°C, pH=7.0(pHS-2C RIFRETHIE). JKEHAETTF
PR TE I W 5 OB RO FEE B e 1 IS R PR AR AR TEAAT
W52 I RNR E y 3%(w), H] TU-1800/1800S 714K 4k~
AL 43 66 BE TE (A m 3 bl AR A IR A D) T 480
nm A 5E AN RIS )R RO RE . ZF7 62 B oG rE
UNIPOLS802 H sk 2 ik BE Jl C MLk B B A =) 3k
17, P&t I 25°C, HLEhFEE 100 r/min, &
71 6.60 MPa, B[H] 2 h. 3 ik e PG i 5 G2 3 iR
75 R RA IO T AR v SO A ) 2 Bk
# (Material Removal Rate, MRR), A4 MRR=
(Me—m)/(ptA), Ferfr, mo HMCHTBIEE, m hibk
JEWHE R, p PR, t IPOGRTE, A IR
R WO 5 B RS KR E SR Veeco NanoScope3a+
Enviroscope [l J7 BB o M. BRET AR Ok $ ik
X, FfRATEH 5.0 umx5.0 pm, R 1.0 Hz.
7] 73 HE% 0.03 um/div, 1723 HE% 1.0 pm/div.

3 ERGU®R

3.1 NaCl #0 (NaP0,) ¢ iR Xt Ce0, 32 ZF7 S F 3538

=0p=A 0]

14T CeO KEMIG ZF7 D't B I 7E AN [R]
NaCl FI(NaPOg)e < FE T AR L B, &5 KM, 7
JE(NaPOy)s I, MRR 5 NaCl ¥ ik & i fe H, 24 NaCl
WEEA 0.50 mol/L I MRR 24 144.44 nm/min, LGN
iR 199.36 nm/min Y-y 27.55%, ERA 45| NaCl
XPRPREL R AT R A E . mAEAR I NaCl I inA
(NaPOs)s 1] B 425 MRR, H A — e & 0.86%(w),
Ik MRR 35 263.14 nm/min, EEARES s 1) 199.36
nm/min £&5 32%. 4k E N NaCl #1(NaPO3)s
I}, (NaPOs)s JH 55 MRR {12 [8] ()28 fk % 5 I NaCl
IZEABL, fH MRR ARALIREE R, H (NaPOs)e 5 H
W1 % 1.05%(w). 7E(NaPO3)e W BEAG IS, NaCl Xt
(1) A7 THT 52 M e LAY s B A (NaPOg) W B 4K 242 i
AMXGEHEFR NaCl i isgm, 1ff o MRR &4 5K
JEI$E R, NaCl i R m i RIS 5 . S HR N
0.50 mol/L I, X§ MKk MRR B4 351.26 nm/min,
I (NaPOg)s e A 1.05%(w). 576 NaCl I i ok
MRR[263.14 nm/min, (NaPOs)s0.86%(w)]HILL, #4 N
33.49%; LG NaCl F1(NaPO3)s I ) 199.36 nm/min #2&5
76.2%. NaCl 75 i1 >4 0.20 mol/L i+ )5 K MRR(340.15

nm/min)tB tb 1 NaCl F1(NaPOs)s I HE5r 70.6%, LG
NaCl I KMl = 29.27%. ATLAIA A, #576)(NaPOs)s
7 1.05~1.33%(w), %501 NaCl 34 5EHAS bh 4 in
(NaPOg)e 5 L Ffl 24 R

% 1 KR NaCl #1(NaPOs)s i & T i £ H MRR &

Table 1 MRR values under different concentrations of sodium
chloride and sodium hexametaphosphate (nm/min)

NaCl Sodium hexametaphosphate (%, @)
(mol/L) 0 0.31 0.62 0.86 1.05 1.33 1.64

0 199.36 211.61 252.83 263.14 226.53 205.41 203.12
0.10 196.19 19240 274.02 27494 301.44 327.61 289.36
0.20 164.63 172.83 17390 274.80 340.15 33594 289.46
0.50 144.44 285.27 291.77 303.77 351.26 302.87 295.11

3.2 NaCl A (NaPOs) ¢ ;R & Xt SR Bl R E L f L F 3R H Zeta

R A=A

# 2 54 T 175 NaCl 224 0 F110.50 mol/L It CeO,
Fi 1210 Zeta FAT PG ZF7 Y624 FE MRR fH. W]
UL, fET(NaPOg)s I, A NaCl 2 ffiki v Zeta FELALFE
fik, MRR &K, 17E NaCl I, [#(NaPOs)g ¥ )
80, Ky Zeta FAA SE KM 5 R, 75(NaPO3)s
F 3tk 0.86%( o) St 5 K E, 5 MRR {E AR LG
ARREL ZIBPHAT NaCl I, B (NaPOs)s H1, hi 13
Tl Zeta FEAV A2 S48 iy J FRA, (R E R, HH B
RSB IN XS 2 ¥ (NaPOg)s HI IS K42 1.05%(w), 5
MRR AR . B 1 SR TRt
Fi 111 Zeta FEAZ S MRR [#¢ R (R>0.97). nJ kI3 it
1 38K CeO, PR 12 f Zeta HUAL S (E i AT R4 &
HXF ZF7 Y623 O i MRR A A JE AT A IR .

£ 2 %Rl Ce0, fiIF Zeta B{IS MRR BIX R

Table 2 Relationship between Zeta potential and
MRR value of the slurry (nm/min)

NaCl ( mol/L)
(NaPO3)s (%, w) 0 0.5 0 0.50
Zeta potential (eV) MRR (nm/min)
0 -18.29 -15.27 199.36 144.44
0.31 —-20.36 -25.07 211.61 285.27
0.62 -22.18 —-28.52 252.83 291.77
0.86 —-23.89 —-27.23 263.14 303.77
1.05 -21.17 —29.78 226.53 351.26
1.33 —-20.32 —27.48 205.41 302.87

3.3 NaCl F0 (NaPO.) ¢ ;R E X Ce0, 3 1 E 252 E 14 AY 2N

I 2 & NaCl [l 52 4 0.5 mol/L I A 7] (NaPOs)e i S5
SORLAE AN [ A ) A R O . IR,
(NaPOg)s Ff H kv A e PR AR IR 4, L Zeta HLAT B 471
VTR MR, P P ORI e B S A
T T AR, AN FZRORM 7 Ae e M 22 S AN A2 LA
S MR A AL R -5 BOMRE 22 B T8 0.
I, MRR R i B JH TR 2 T FAS 36 K 5 80U b 1
E YOG 3B R 2R T B 400 T T A B A g 3.
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Fig.3 AFM analysis of ZF7 glass surface polished by the slurry with 3%(w) CeO,, 1.05%(w) (NaPOs)s and 0.50 mol/L NaCl for 1 h
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Fig.4 AFM analysis of ZF7 optical glass surface polished by the slurry with 3%(@) CeO, for 1 h

3.4 NaCl #A (NaP0.) , 33 B B8 R T /R = RY 5211

h T %% MRR KR 5 3 v 6 30 38 22 THI D0 o &1
e, R AR BT I 1.05%(w)(NaPO3)s
% 0.50 mol/L NaCl 1] 3%(w) CeO, JEI%f ZF7 27 3 1

W5 R TREAT T 0. 1 3 AT 4 J& Firil R I 1) — 4
M s K. AL, i 2 Rl Rk
3 PR 3B B A T PR B T RRE . R (E 23004 1177 1
1.166 nm, FKHAFIKERE R, 207124 0.799 F1 0.754 nm, Ry
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AR AN S AN T 0.943%5F1 5.97%, (HESFF A6
P R, U I 5N IE B AR ORI 43 AT L
TE LR AL Y 2R TH1 T 2 SR (R A48 T HUA s i R 25
BRid A (e 76.2%), AU OI: BE PR B AR ).

4 R
CeO, PR ¥ AEAETEMR el 1B BB 2 i
o, X ZF7 ARAFHIICRCR. Rz TER T A
NaCl, 17~ Na™#¢W bt mfaoki & 1i0 Zeta AL SE R
B, OGHCRFEAR, 1A (NaPOs)e T AEHY KKL- 13 1H
¥ Zeta HEAL, fHIOXT ZF7 SLAA B RI0OGRE J) 1,
AN 5N 0.86%(w). 24 A IS i A NaCl 5
(NaPOg)g I}, fEiE— 20 B2 R AR ZF7 Jese
PR L BRIEE. 51N NaCl HAAE(NaPO,)s Hi it
LR R AR, FOR RSO 1.05%(0). H
FEf U E T, PUOCTRE R 1 P AR /N, B
T R DGV T AR R SR TR B AT UR) AR X
CeO, JHAT AR MK NaCl {2ik(NaPOg)s X CeO, il
JEH RIS L MRLEBREER BOR AR T Zeta HLAZ A
[ (10 £ P 5% R U WX bk 2 A1 P 2 B o o bz 1 3R 1
(R JZ S5 AN Zeta FEATRSEBLEY. 3X—EE R AT DL B
TR ILE 2 1) i R SRR R AR 224K s
S Z 3T
[1] Luo Q, Ramarajan S, Babu S V. Modification of the Preston Equation
for the Chemical-Mechanical Polishing of Copper [J]. Thin Solid
Film, 1998, 335(1): 160-167.
[2] Ming J, Nelson O W, Komanduri R. On Chemo-mechaniacal
Polishing (CMP) of Silicon Nitride (SisNs;) Work Material with

Various Abrasives [J]. Wear, 1998, 220: 59-71.
[3] Wang L Y, Zhang K L, Song Z T, et al. Ceria Concentration Effect on

Chemical Mechanical Polishing of Optical Glass [J]. Appl. Surf. Sci.,
2007, 253: 4951-4954.

[4] Feng X D, Sayle D C, Wang Z L, et al. Converting Ceria Polyhedral
Nanoparticles into Single-crystal Nanospheres [J]. Science, 2006, 22:
1354-1361.

[6] %73, WSt ZKGE, A5 SR EOROE A0 A AL BT HLRAG
N L [ T EA (4B AR, 2003, 3(13): 783-787.

[6] MRS, ZEk%s, FEEM, 2, CeO,~Zr0, H&AMMAIHI%H M
PhFEfiEPERE [3]. JEHLAL 444, 2006, 22(7): 1354-1358.

[7] S5W1ER, #ARRZR, IR, 4, SiO—CeOp 4Lt il & Sl
JetERE [ TEHUEE AR, 2007, 23(4): 623-629.

[8] Ng D, Kulkarni M, Johnson J. Oxidation and Removal Mechanisms
during Chemical-Mechanical Planarization [J]. Wear, 2007, 263:
1477-1483.

[9] Seo Y J, Kim N H. Electrochemical Corrosion Effects and Chemical
Mechanical Polishing Characteristics of Tungsten Film Using Mixed
Oxidizers [J]. Microelectron. Eng., 2006, 83: 428—433.

[10] Bernard P, Kapsa P, Coud T, et al. Influence of Surfactant and Salts
on Chemical Mechanical Planarization of Copper [J]. Wear, 2005,
259: 1367-1371.

[11] FBBRAR, ZEfh, ZoKkgh, S5 wndlifotks i it A8y i
ke tEmEST [J1. %1, 2007, 28(1): 12-16.

[12] #F5t, 2B, S0, & SAREIREHRAR T []. 6
1, 2005, 26(3): 76-78.

[13] Fazl, Ak, b, 55 RDui R i LI RE BRI A [3].
YIFL244R, 2000, 29(10): 610-614.

[14] Luo Q L. Stabilization of Alumina Polishing Slurries Using
Phosphonate Dispersants [J]. Ind. Eng. Chem. Res., 2000, 39,
3249-3254

[15] Zhang R, Somasundaran P. Advances in Adsorption of Surfactants
and Their Mixtures at Solid/Solution Interfaces [J]. Adv. Colloid
Interface Sci., 2006,123/126: 213-229.

[16] Kim S, So J H, Lee D J, et al. Adsorption Behavior of Anionic
Polyelectrolyte for Chemical Mechanical Polishing (CMP) [J]. J.
Colloid Interface Sci., 2008, 319: 48-52.

[17] Li Z, In K, Lefevre P. Determining the Effects of Slurry Surfactant,
Abrasive Size, and Abrasive Content on the Tribology and Kinetics of
Copper CMP [J]. J. Electrochem. Soc., 2005, 152(4): 299-304.

Synergistic Enhancement of Sodium Chloride and Sodium Hexametaphosphate in
Ceria Slurry to Material Removal Rate in Polishing of ZF7 Glass

WEI Liang-hua, FU Mao-sheng, LI Yan-hua, ZHOU Xue-zhen, ZHOU Xin-mu, JIAO Xiao-yan, LI Yong-xiu

(Res. Center Rare Earths & Nano/micro Functional Mater., Inst. Adv. Study, Nanchang Univ., Nanchang, Jiangxi 330031, China)

Abstract: NaCl and (NaPOs)s were adopted as dispersants of ceria slurry to enhance the polishing performance of ZF7 glass in terms of
material removal rate and surface quality. The addition of NaCl into ceria slurry resulted in MRR decreasing, whereas the introduction of
(NaPO,)g evidently increased MRR. However when NaCl and (NaPOs)s were co-added into ceria slurry, synergistic enhancement to
MRR was observed. MRR for the slurries of pure ceria and ceria with 0.5 mol/L NaCl and 1.05%(w) (NaPQO3)s were 199.36 and 351.26
nm/min. The corresponding surface roughness R, of as-polished ZF7 optical glass was 0.754 and 0.799 nm, which can meet the need of
optical application. The linear relationship between MRR and Zeta potential of ceria particles in slurries shows that the increase of MRR
is attributed to the increase of minus surface Zeta potential, indicating that the polishing ability of ceria can be greatly enhanced by
adjusting surface Zeta potential of abrasive particles using sodium chloride and sodium hexametaphosphate as dispersants.

Key words: ceria slurry; NaCl; (NaPOs)s; polishing; ZF7 glass



