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Table 1.1. Formula and functional groups of glycine, EDTA, and citric acid.

Species Formula Functional group

O
Glycine HZN\)LOH Amino group, carboxylic acid (-NHz, -COOH)

o
HO._ _O

\f HJ\OH
HO.

EDTA N/\/N;\ Amino group, carboxylic acid (NR3 -COOH)
[e] OH
(o]
Os__OH
0 0
Citric acid HOJJ\;)LOH Hydroxyl group, carboxylic acid (-OH, -COOH)
OH

19
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Figure 3.1. CV plots of Co oxidation (a) from -1.5 V to 1.0 V and (b) from -1.0 V to -0.2
V (enlarged).
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Figure 3.2. (a) LSV plots of Co oxidation in the presence of complexing agents and (b)

correlation between each peak of specific oxidation and the current density.
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Figure 3.3. XRD peak spectra (Mo Ka) obtained from Co(II) hydroxide powder in glycine,

EDTA, and citric acid.
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Figure 3.4. Schematic diagram for the oxidation path of Co toward Co(Il) and Co(III)

compounds in different pH and complexing agent conditions.
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Figure 3.5. Estimated dissolution thicknesses of Co wafer while dipping in the

complexing agent solutions (a) without and (b) with 0.8 wt% H,Ox.
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Figure 3.6. Estimated dissolution rates of Co surface while dipping in the complexing

agent solutions with and without 0.8 wt% H,O,.
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Figure 3.7. (a) Nyquist plots of Co electrode and (b) equivalent circuit in the complexing

agent solutions.
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Figure 3.8. Estimated reciprocal value of double layer capacitance for Co electrode in the

complexing agent solutions.
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Figure 3.9. ICP-MS result of Co dissolution of surface Co(Il) compounds in the

complexing agent solutions with and without 0.8 wt% H>O..
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Figure 3.10. UV-Vis spectra of Co(II) compounds in the complexing agent solutions.
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Figure 3.11. Estimated solubility of Co(II) compounds in the complexing agent solutions.
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Table 3.1. Formation constants LogK; of Co(II)-glycine, EDTA, and citric acid®.

Formationconstant  Glycine EDTA Citricacid

Log Ky (Co(ll)) 5.23 16.31 4.8
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Figure 3.12. UV-Vis spectra of Co(Il, III) compounds in the complexing agent solutions.
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Figure 3.13. ICP-MS result of Co(ll, III) compounds in the complexing agent solutions.
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Figure 3.14. Surface SEM images of Co wafer after dipping in the complexing agent

solutions containing (a) glycine, (b) EDTA, and (c) citric acid.
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Figure 3.15. XPS results of Co 2p1» region after dipping in the complexing agent solutions.
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Figure 3.16. Estimated Co, Co(II) and Co(III) proportion after dipping in the complexing

agent solutions (a) without and (b) with 0.8 wt% H»Os.
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ABSTRACT

As the semiconductor process becomes complex and scales down, the high resistivity
of conventional W contact has become a significant problem. Researches have been
conducted to use Co as a new contact material. Thus, the importance of planarization and
cleaning process has been increased to produce a uniform Co contact. In this research, the
oxidation of Co and the effect of and complexing agent, which consists of the post-CMP
(chemical and mechanical planarization) cleaning process was analyzed. According to the
result of electrochemical analysis and X-ray diffraction, there were differences in the
oxidation path of Co(Il), Co(ILIII), and Co(Ill) in the presence of complexing agent. -
Co(OH), was formed and oxidized to CoOOH in the presence of glycine and EDTA,
whereas a-Co(OH), was formed and oxidized to Co30s in the condition with citric acid.
The oxide layer of Co and solubility was monitored in response to the species of
complexing agent which affects the dissolution rate and mechanism during cleaning
process. Since the dissolution of Co consists of two different step, oxidation and
complexation, an oxidizer was added to remove oxidation rate limitation. As a result,
glycine dissolved Co surface faster than the other complexing agents without oxidizer,
followed by EDTA and citric acid. In the presence of oxidizer, EDTA showed the fastest
dissolution rate. Glycine formed the thickest oxide layer, while EDTA could remove
oxidized Co surface by better complexation capability. However, citric acid deteriorated
Co surface to Co(Ill) oxide due to low capability of complexation. As a result, the overall

dissolution rate of Co was proportional to the oxidation rate of Co surface and
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complexation capability. Glycine showed faster oxidation rate, and EDTA had better

complexation capability while citric acid deteriorated Co surface.

Keyword: Cobalt, Post-CMP cleaning process, Complexing agent, Surface oxidation

property, Complexation property, Dissolution rate
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