26 4% 3 b B X @ L B Vol. 26 No. 3
201346 H CHINA SURFACE ENGINEERING June 2013
doi: 10.3969/j. issn. 1007-9289. 2013. 03. 005

IOK M st T 44 = AL AR 3 ¢ B %5 A >
E OB, BRI, FOKT S SCR . B, L

CERUTA R ALz 5 TR Zfh Skl 243002)

O A ARG BT T E B R 1A Z 91 6 W P Bk ik CGimidazole, C HL N ) ¥ B R pH R X6 47 1 41
FETR AR FE R . R A2 34T TR XS4t e T RE AN (XPS) 43 HT T 2% falt 37 ok nae of J63 At 02 114 52 il 5 R
FEF 1 808 (AFND WL ST v T O ORI A . 34 465 SR 22 B < 4 T 67 74 SR o A Ik s (1) s 1% 1 2 0 6 0
6 R B N 6.2 nm/min, S BPHURE BE (Ra) 2 10. 7 nm; i 78 3 5% 38 ol A BRI IS T RO I O R
3.9 nm/min, F B MRS (ROFFZE 1.0 nm, PREEFMA, B T B MIOLGER . BREG T 2B H W
Fermi . B ot T 4 JE T 2 i Bl Ak S A A A AR T4 T BT A o e 3 L ) T B S R
R 47 mkmk s fLoERLARMLOL s HL AL R I
FESEE: TGI75.3 XEKFRIZAD: A XERS: 1007-9289(2013)03-0025-06
Effect of Imidazole on the Chemical Mechanical Planarization of Ruthenium

WANG Jie, CHU Xiang—feng, DONG Yong-ping, SUN Wen—qi. YE Ming-{u, BAI Lin-shan
(School of Chemistry and Chemical Engineering, Anhui University of Technology , Ma'anshan 243002, Anhui)

Abstract: The effect of imidazole (C; H;N,) concentration and pH value on the material removal rate (MRR)
in H; PO, slurries was investigated. The effect of inhibiter on the corrosion behavior was investigated by electro-
chemical methods and X~-ray photoelectron spectroscopy (XPS). The surface roughness of the polished Ru disk was
characterized by atomic force microscopy (AFM). The results show that the MRR can attain 6. 2 nm/min and the
surface roughness (Ra) of the polished Ru disk can reach 10. 7 nm when Ru is in the H; PO, slurries without
imidazole. After adding imidazole, the MRR can reach 3. 9 nm/min and Ra decreases to 1. 0 nm. Imidazole can

reduce the MRR of Ru, and obtain better surface quality. Polarization curves suggest that imidazole can pro-

mote the formation of the passive film on the surface of Ru, decrease the corrosion current and inhibit the cath-

ode reaction.
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Fig. 1 Schematic diagram of the corrosion test during CMP
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Fig. 2 Polarization curves of Ru in the slurries of various

imidazole concentrations without and with abrasion
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Fig. 3 Nyquist plots of Ru in the slurries of different pH
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Table 1 Fitted results of EIS
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Initial 59.53 138.8 1.058
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Fig. 5 Variations of OCP of Ru with time in the slurries

of different pH values
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Fig. 6 Static nyquist plots of Ru in the slurries of various
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imidazole concentrations
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Table 2 Fitted results of EIS

Imidazole concentration/ Error of fitting

R/ Q R./Q

(107 mol/L) of Ro./(%)

0 59.53  138.8 1. 058
0.5 62.99 176. 2 1. 007
1.0 48.15 110. 6 1. 206
3.0 53.56 120.6 0. 846
5.0 52.61 121. 8 0.948
10.0 62.15 138.0 0.862

0.17
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Fig. 7 Variations of OCP of Ru with time in the slurries

of various imidazole concentrations
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Fig. 9 Effect of imidazole concentration to MRR
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Fig. 10 XPS spectra of Ru in the slurries with imidazole

AR B AN S &, ATULE S 0.5X
107 mol/L Bk, pH {4 8. 0 B4l 56 iz e
15 min Ji » )& £7 R W AFAEZ A DU S 5T
22 H 4 Y6 VR R A0 4 J 1 T AR AL B Y A
MIER A AR TAIX S B2 o 5 5, Al g
W N4 EET R AAAE Ru.RuO, 1 RuO;,

* 3 XPS EiL s Ru.O MIEM B S E
Table 3 Position of the peak and the peak intensity of Ru
and O

Name Peak BE a/%
Ru3ds,, Scan A 280. 43 31. 36
Ru3d;,; Scan B 281.23 10. 49
Ru3d;,; Scan C 282. 80 3. 20

Ols 531.18 54.95

B 11 () J2 4 @ AT ot i i i AFM JE 50
B 11D F 11 (o) SR FEH G R J7 6. 9 kPa, F% # 50
r/min J G L I 50 mL/min (4544, & 11(b)
SR FH B 56 9 TG Wk e, pHL {2 8. 05 18] 11(e) 2k
FIHBIEI A 0. 5107 mol/L W, pH 15 Hy
8.0, HEl 11 Ca) AT F0, 4 5% A & 18 M1 i AR B
SR B (Ra) 2 84, 1 nm, & WPl G AT #Y 4
JEET R R AECH RS . BB 11D ATHL: 42 )8 Ru
AN DR A O S5 A 3R TR AR R B Ra Oy
10.7 nm, HE 11()TH .48 RuZfd 0.5X
107 mol /L WK w41 50 W 9 ' 5 19 3R DG 3 -3
AR /N Ra 2l 1.0 nm, )5 4 )8 Ru FKH
FEURE B2 ] SR B, B0 5 3R BT AT . IR I AE
PR I AR e S5 X 4 SR £T #EAT CMP, Al LI
AR AV 4 T T 1 % THDRELRES J32 , AR5 B 4 i R 1T



30 2 B X @wW L E

2013 4F

(a) Before polish (b) Polish without imidazole (¢) Polish with imidazole
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Fig. 11 AFM photographs of the Ru before and after polish
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