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Abstract : The transition of interconnection metal from aluminum alloy to copper has been introduced to meet the
requirements of high speed, ultra-large scale integration, and high reliability of the semiconductor device. Since cop-
per, which has low electrical resistivity and high resistance to degradation, has different electrical and material char-
acteristics compared to aluminum atloy, new related materials and processes are needed to successfully fabricate the
copper interconnection. In this review, some important factors of multilevel copper damascene process have been
surveyed such as diffusion barrier, seed layer, organic additives for bottom-up electro/electroless deposition, chemical
mechanical polishing, and capping layer to introduce the related issues and recent research trends on them.
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Fig. 1. Process sequences of (a) single damascene and (b) dual
damascene.
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Fig. 2. Cross sectional TEM image of sample Cu 20 nm/ALD TaN
10 nm/Si (Reused with permission from Y. Y. Wu, A. Kohn, and M.
Eizenberg, Journal of Applied Physics, 95, 6167 (2004). Copyright
2004, American Institute of Physics (Ref. 4)).
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Fig. 3. Cross-sectional FESEM images of (a) PVD Cu seed, (b)
electrodeposited Cu on PVD seed, (¢c) HCHO-ELD Cu seed, (d)
electrodeposited Cu on HCHO-ELD seed, (¢) Co-ELD seed, and (f)
electrodeposied Cu on Co-ELD seed (Reproduced by permission of
ECS-The Electrochemical Society (Ref. 18)).
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Fig. 4. Cross-sectional FESEM images of electrodeposited Cu on Pd
activated MOCVD Ru substrate. Electrodeposition consists of
seeding step with no additive and filling step with additives. (Reused
with permission from Sung Ki Cho, Soo-Kil Kim, Hee Han, Jae
Jeong Kim, and Seung Mo Oh, Journal of Vacuum Science &
Technology B, 22, 2649 (2004). Copyright 2004, AVS The Science &
Technology Society (Ref. 12)).
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Fig. 5. Examples of (a) sub-conformal deposition, (b) conformal
deposition, and (c) super-conformal deposiotion.
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Fig. 6. Modeling of feature filling with accelerator-pretreated
surfaces. Initial accelerator coverage is (a) 0.00054, (b) 0.0054, (c)
0.054, (d) 0.44, and (e) 0.88. (Reprinted with permission from IBM

(Ref. 35)).
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Fig. 8. Cross-sectional SEM images of electroless Cu deposition by
(a) Shingubara et al. with SPS and PEG (Ref. 55) and (b) Lee et al.
with SPS and 2, 2°-dipyridyl (Ref. 58). (Reproduced by permission
of ECS-The Electrochemical Society). Note that SEM picture of (b)
was taken after thermal annealing.
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Fig. 9. Schematic diagram of chemical mechanical polishing.
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