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ABSTRACT: As the technology node of integrated circuit (IC) progressively shrinks, the critical dimension approaches the
physical extremes of the interconnect metals. This trend is accompanied by a set of increasingly severe issues, notably the RC
delay stemming from copper (Cu) interconnects. Cobalt (Co) emerges as a competitive alternative for Cu for the sub-10 nm

nodes, and it is expected to replace Cu as new interconnect metal. This study explored the nucleation mechanism during the Co
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electronic electroplating process on a TiN surface. Janus Green B (JGB), a leveler commonly used in the Cu electroplating
process, was used to improve the film quality during the Co electroplating. Multiple methods such as the electrochemical cyclic
voltammetry and current transient analysis, together with the scanning electron microscopy (SEM) and X-ray diffraction (XRD)
characterization were applied to fully reveal the nucleation mechanism during the Co electroplating. Cyclic voltammetry curves
were used to determine the reaction composition of the system as well as the appropriate reduction potential. Transient currents
were utilized to evaluate the extent of the electrode reaction, and the Volmer-Weber3D method was used to back-convolute the
transient current curves to predict the form of Co reduction nucleation at the electrode surface. SEM was used to observe the
microstructure of the film layer to evaluate the filling uniformity and gaplessness of the substrate. XRD was used to characterize
the crystal information related to the surface of the film layer. Results showed that in the JGB-free accession system, the
nucleation mode was dominated by instantaneous nucleation, supplemented by progressive nucleation. At more positive
potentials, a part of progressive nucleation was slightly increased, but still dominated by instantaneous nucleation. The
introduction of JGB promoted the hydrogen precipitation reaction of the system and changed the nucleation characteristics,
including the size and number of nuclei, which lead to the improvement of the electrodeposition quality and the realization of
higher coverage of thin film deposition. JGB with the proton together with the diffusion of the cathode surface of the
combination of the electron break N==N double bond got product a. Product o and the two protons continued to occur electrode
reaction to get product 3 and product y. Product y due to the unsaturated N atoms (positively charged), would be preferentially
adsorbed to the tip of the cathode or the protruding place, y molecule residual C—H—N structure could hinder the new Co
atoms nucleation at the point of its adhesion, which could hinder the nucleation of new Co atoms at their attachment sites, thus
enhancing the flatness of the reduced deposition on the electrode surface and making the grain growth more uniform. This
uniform growth was reflected in the increase of grain size on the one hand, and on the other hand, a uniform grain structure was
produced, which lead to the increase of substrate coverage and the grain boundaries were no longer obvious, and the quality of
the metal electrodeposited films was improved. The adsorption of the product y ended with the disappearance of the tip on the
electrode surface. The electrode surface without added JGB remained tip-retained point active, exacerbating the inhomogeneity
of the film layer. The research results are of great theoretical value for the development of a new process of ultra-smooth and
defectless plating of Co interconnect metals at nodes of integrated circuits below 10 nm.

KEY WORDS: cobalt (Co); electronic electroplating; interconnection metal; integrated circuit (IC); leveler; thin-film
technology
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cyclic voltammetry curves in the weakly polarized region in Fig.a (b), cyclic voltammogram curves for Na' replacement
system with different concentration of JGB a scanning rate of 20 mV/s (c), normalization comparison of anodic spalling

for cyclic voltammograms at different JGB concentrations (d)



- 184 -

* m o R

2024 4F 12 A

—Current/mA

N CHECHs
CHZCH3
(JGB)

e N—O—N—N /@ N’
O

+2H* / +2e l

/@E O\ -CH,CH
N—@—NH—N e
CH,CH,

Qe

+2H" / +2e l

B N_@_NHZ N /QN O\ CH,CH,
@ CH,CH,
(2]

K5 JGB TEHU b W25 AR N 7R B IR
Fig.5 Schematic diagram of two-step electrode
reaction of JGB at the electrode

XA AR5, JGB A — @ R ], (A2
S JEA R I A IE 2, A TH AR DL B A RS AZ Sk =8 1)
BB,

& 7a~c —1.2 V HLIE T HBE 60 min J5 R R
T ROWIES . AT LVE 3, 2858 1 h iYIEFE, 50 mg/L JGB
AV ISE I T B JE B AE ST (& 7b), 100 mg/L
JGB MWLM T 5t 2B EsE (K 7a), 1Mt
KA G M PR (B 7e ) X R A TR 4% Bt
RK. "TLUKEL JIGB AN AR (E SR AR R . B
KL 1 pm 3 K3 3 um 2247, BALSRE B 78 55 1 AR
R MIFRE) 9 ff o BRILZ b, JGB Ay A R LITEA]
) SR 2 ] B AR PR G, R RS A,
FATLUAK JGB I A A NN AKH H AR A e T 45 1)
SEPE R, A% bR [ A R SEAS AR ], (A IR
LA TN —3, FH R AL BB I

Lopb 14fc — OmglL
12 F —— 20 mg/L
0.8F —— 50 mg/L
~--- O0mg/L EIO' —— 150 mg/L
0.6 | -- 20 mg/L
j -~ 50 mg/L 2081 200 mg/L
~ 04 -~ 100 mg/L 506 L
i -~ 150 mg/L Q
1.6 — O0mg/L — 20mg/L 0.2 -~ 200 mg/L 04 !
|/  ——50mg/L —— 100 mg/L —— Instantaneous nucleation !
1.4 —— 150 mg/L —— 200 mg/L 0 —— Progressive nucleation 02 |
12 L . . ) . . A . . . . 0 A . : . :
0 10 20 30 40 50 60 0 05 10 15 20 25 3.0 0 50 100 150 200 250 300
Time/s Htrax Time/s
K6 ARl IGB WE FHBESHTIIME (HAEA-1.2V (vs.Ag/AgCl)) (a), EHEFUG AR JIGB W T K

H—feBrS il (b) LN TR B R B TRk B i HL i RS it 2k ()
Fig.6 Transient current curves at different JGB concentrations with a constant potential of -1.2 V (vs.Ag/AgCl) (a),
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(All the films were deposited at a potential of -1.2 V for 60 min), and coverage calculated based on the SEM images (d)
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