Journal of Electrochemistry

Volume 28
Issue 6 Special Issue on Electronic
Electroplating (1)

2022-06-28

An Investigation on the Interface Corrosion Behaviors of Cobalt
Interconnects in Chemical Mechanical Polishing Slurry

Kai-Xuan Qin
Peng-Fei Chang
Yu-Lin Huang
Ming Li

Tao Hang
School of Materials Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240;,
hangtao@sjtu.edu.cn

Recommended Citation

Kai-Xuan Qin, Peng-Fei Chang, Yu-Lin Huang, Ming Li, Tao Hang. An Investigation on the Interface
Corrosion Behaviors of Cobalt Interconnects in Chemical Mechanical Polishing Slurry[J]. Journal of
Electrochemistry, 2022, 28(6): 2104471.

DOI: 10.13208/j.electrochem.210447

Available at: https://jelectrochem.xmu.edu.cn/journal/vol28/iss6/8

This Article is brought to you for free and open access by Journal of Electrochemistry. It has been accepted for
inclusion in Journal of Electrochemistry by an authorized editor of Journal of Electrochemistry.


https://jelectrochem.xmu.edu.cn/journal
https://jelectrochem.xmu.edu.cn/journal/vol28
https://jelectrochem.xmu.edu.cn/journal/vol28/iss6
https://jelectrochem.xmu.edu.cn/journal/vol28/iss6
https://jelectrochem.xmu.edu.cn/journal/vol28/iss6/8

-
[Article]

5
J. Electrochem. 2022, 28(6), 2104471 (1 of 9)

DOI: 10.13208/j.electrochem.210447

A

N

o E AL A S R S P T MR 5

Pt w MR EARAR E B A %
(VRS Rep R R 5 T AR AR, _F 1 200240)

W % K Bk B AT E AR L (CMP) B b B A B WS ER Y L E R TR ENEER
Fo AXESHAMA LB A (KPS) | 46| 2 B (Gly) fn 2 1k Al K BF = A4 (BTA) Hy#OL R R P, M E %
SREWRAERATARTTHR, EREF, BANA KPS AL E R AR P T REELZ AL KR EHMN,
FEH—F 5N BTA UIMH TG, BSFELREHE T EMENELET, BTA A BB REA R
T Ak PR R R, IR R R RS T 3£99.02%,, L P A X AT SOt T i
BT T AR ENIE: Gly A N T DUE AR R B I R =M A, R KPS R By H AL & BTA 5 A&
KN 3 A oA Ak T AR b P A A e B, AT 30 AR A O T R S ik
KW s E A LRI Bk, HER; K=

15| 5

=1

SRR R R, SR B A R A
P00 LR AR S R T R 2 S A A HES B =
HELER 5 HL T RN S B R 4l R Y SRR
M, 52 RSF RN | 4 i FE AR A Jig , Herp
SREH T HE/MYR TP A B, SPiRiE

FISP-AEAR D0 AR, Ay B R A 22 L i T
Mot , AN G0 B PE D oA 2 T —UELE

TR, AT LG 1 R AR SR A
B Btk 2, H S 2EEs DR
T I, RIS B i B, B R T
BUBEBRIEF , sk SRR F O Th i He
T CMP T8 — kR R JEIAS T Fi7E
S0 P ok ) 0 5 5V 5 i 5 e R
FHORAEREESS, TFEmMsEEmEEy R
S HUT0IE 04 T3 U2 4 Hh BT A T4 X
NP | R s B L T T A b3
AU G (CMP)J B 5 7085 30
T AR, AT LA FE R B 7 ot oh 2 1 2 b
Kb, I BRAT K 5 RS 40T 18T, B 20 B 5 1

BRI CMP JEH P A AL, LUE
SR PERER AR Z —9, CMP FORZRG 1L

N
Il JE AR . H RTRG HL % CMP il 2 LA
AL A (HO) M AL H H0, 5y 7232 Ak

Je ]

BRETAAESNE T, Kiks s KW A7
5 AE2
YRR RIHUAAE T, e B m ot R b, & s

FHAEILC IR 7 4 B9 R I AR & T

B
VA A B T S o 1) MG P S A IR, 4 T 7 A S

FEAAIRZE S AR THDERCR IS E
TN BE AR I T A2 R, B8R B R A, X

PERLES R R, I H HO, B AL PEAH XS 8555, M
PATE S i S AL 2 sl il )=, X B SRR h

ARG, N AR SRR AR A T I F

— i B R IE B AL S SC B T R 2 R ARG 2 BR

ek, B H,0,, Tsuyoshi SRS T 48 1k

ik BRR B2 (APS ) X Hil B 7% CMP (5200, A1 LT

H,0, AR BYFRHE [, S BRI AR 70 A= O B

Cite as: Qin K X, Chang P F, Huang Y L, Li M, Hang T. Investigation on the interface corrosion behaviors of cobalt interconnects

in chemical mechanical polishing slurry. J. Electrochem., 2022, 28(6): 2104471.
KA R 2R G TR H (No. 51991374) %t Bl

Wk H 9. 2021-11-05, #&TT H . 2021-12-14. * J@IRAEH, Tel: (86-21)34202748, E-mail: hangtao@sjtu.edu.cn




HLAk2 (). Electrochem.) 2022, 28(6), 2104471 (2 of 9)

congave

cobalt

oxide

Before planarization

cobalt

oxide

After planarization

B 1 JLhiEmEESURER . (MARRE)

Figure 1 Schema of pattern wafer before and after planariza-

tion. (color on line)
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Figure 2 Effect of pH on cobalt corrosion rate in different so-

lutions. (color on line)
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Figure 3 SEM images of cobalt immersed in solutions, (A) without BTA, (B) with BTA
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Figure 4 Potentiodynamic polarization curves of Co in vari-

ous solutions. (color on line)
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Table 1 Fitting electrical parameters based on potentiodynamic polarization curves in various solutions

Composition E../V Teor/ (WA - cm?) /%
0.25wt% KPS 0.105 393.46
0.25wt% KPS + 0.1 mol-L* Gly -0.438 398.84
0.25wt% KPS + 0.1 mol-L" Gly + 0.1wt%BTA -0.362 67.41 83.10
0.25wt% KPS + 0.1 mol-L" Gly + 0.2wt% BTA -0.346 24.34 93.90
0.25wt% KPS + 0.1 mol-L" Gly + 0.3wt% BTA -0.335 11.76 97.05
0.25wt% KPS + 0.1 mol-L"! Gly + 0.4wt% BTA -0.321 3.89 99.02
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Figure 5 (A) Nyqusit plots and (B) Bode plots of Co electrode in various solutions. (color on line)
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Table 2 Fitting electrical parameters by equivalent circuit models in solution of 0. 25wt% KPS + 0.1 mol-L" Gly

CPE, CPEy
Re(Q2ecm?) R (Q-cm?) R(Q-cm?)
CPE-T (mF-cm?) CPE-P CPE-T (mF-cm?) CPE-P
135.20 44.88 65.53 39.14 0.91 0.44 0.63
R 3 ETEA R A0 L SRS S5
Table 3 Fitting electrical parameters by equivalent circuit models in various solutions
CPE
Composition Ry (Q-cm?) R.(Q2-cm?)
CPE-T (pnF-cm?) CPE-P
0.25wt% KPS + 0.1 mol-L" Gly + 0.1wt% BTA 123.8 862.1 41.1 0.74
0.25wt% KPS + 0.2 mol-L"' Gly + 0.2wt% BTA 112.9 1998 325 0.79
0.25wt% KPS + 0.1 mol-L" Gly + 0.3wt% BTA 90.77 6434 12.87 0.85
0.25wt% KPS + 0.1 mol-L" Gly + 0.4wt% BTA 81.15 15354 14.91 0.81
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Figure 6 Equivalent circuit models of the metal-solution in-
terface (A) without BTA; (B) with BTA. (color on line)
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Figure 7 High-resolution XPS spectra of Co 2p immersed in various solutions, (A) 0.25wt% KPS;(B) 0.25wt% KPS + 0.1 mol-L"
Gly; (C) 0.25wt% KPS + 0.1 mol-L" Gly + 0.4 wt% BTA. (color on line)
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Table 4 Co 2p;, spectral fitting parameters in

various solutions

Sample Co (%) Co* (%) Co* (%)
A 11.45 6.01 82.54
B 16.45 19.78 63.77
C 10.14 19.21 70.65
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An Investigation on the Interface Corrosion Behaviors of
Cobalt Interconnects in Chemical Mechanical Polishing Slurry

Kai-Xuan Qin, Peng-Fei Chang, Yu-Lin Huang, Ming Li, Tao Hang’
(School of Materials Science and Engineering, Shanghat Jiao Tong University, Shanghai 200240)

Abstract: Cobalt is widely regarded as the most promising interconnect material for 10 nm node and beyond. The development
of a chemical mechanical planarization (CMP) slurry suitable for cobalt interconnect is a critical component for the application of
cobalt interconnect. During CMP process of the interconnect layer, the achievement of high-quality surface after planarization is
greatly challenged by the metal corrosion in CMP slurry. In this contribution, the corrosion behavior of cobalt in a slurry with potas-
sium persulfate (KPS) as an oxidizer, glycine as a complexing agent, and benzotriazole (BTA) as an inhibitor was investigated. Stat-
ic erosion rates (SER) of cobalt in the slurry at various pH values with and without the inhibitor were examined. The result showed
that SER of cobalt increased slightly with increasing pH, whereas BTA clearly inhibited the corrosion of cobalt in the slurry. Scan-
ning electronic Microscopic analysis revealed that BTA could improve the morphology of cobalt surface which was deteriorated
due to corrosion in planarization slurry of pH = 9. Electrochemical corrosion measurements were conducted to further investigate
the effects of BTA. The potentiodynamic polarization curves indicated that as the BTA concentration increased, the corrosion po-
tential increased, while the corrosion current density decreased. The corrosion of cobalt was effectively inhibited by adding 0.4wt%
BTA in the slurry, with an inhibition efficiency of 99.02%. The electrochemical impedance data showed that the Nyquist plots of
cobalt contained two rings in the slurry without BTA. The high-frequency ring was formed by cobalt oxide, and the low-frequency
ring was formed by double layers. While in the BTA-containing slurry, the Nyquist plots contained only one ring at a high frequen-
cy formed by double layers, with a significantly larger diameter than that in the slurry without BTA. It can be concluded that BTA is
capable of preventing cobalt from forming an oxide layer, and thereby, reducing electrochemical corrosion. Finally, the X-ray pho-
toelectron spectroscopy was implemented to quantitatively analyze the surface's valence composition of cobalt in various solutions.
The results showed that when the KPS was added as an oxidizer, a double-layer of passivation was formed on the surface of cobalt,
with a Co* rich inner layer and Co* rich outer layer. The addition of glycine resulted in the dissolution of the outer layer oxide, re-
ducing the content of Co*" in the passivation layer. The addition of BTA could suppress the oxidation of Co by KPS, and lowered
the Co™ content on the cobalt surface. It can be demonstrated that the CMP slurry developed in this work effectively inhibited the
corrosion of cobalt in an acid solution, which may solve the problem of galvanic corrosion between the cobalt interconnect and bar-

rier layer in CMP process.

Key words: cobalt interconnects; chemical mechanical planarization; corrosion; glycine; benzotriazole
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