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Abstract
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Electroplating is an attractive alternative deposition method for copper with the need for a conformal and

conductive seed layer. In addition, the Cu seed layer should be highly pure so as not to compromise the effective
resistivity of the filled copper interconnect structure. This seed layer requires low electrical resistivity, low levels of im-
purities, smooth interface, good adhesion to the barrier metal and low thickness concurrent with coherence for ensur-
ing void~free fill. The electrical conductivity of the surface plays an important role in formation of initial Cu nuclei, Cu
nucleation is much easier on the substrate with higher electrical conductivities. It is also known that the nucleation
processes of Cu are very sensitive to surface condition. In this study, copper seed layers deposited by magnetron sput-
tering onto a tantalum nitride barrier layer were used for electroplating copper in the forward pulsed mode. Prior to
electroplating a copper film, the Cu seed layer was cleaned by plasma H. and N.. In the plasma treatment exposure
time was varied from 1 to 20 min and plasma power from 20 to 140W, Effects of plasma pretreatment to Cu seed/Tan-
talum nitride (TaN)/borophosphosilicate glass (BPSG) samples on electroplating of copper (Cu) films were investigat-

ed.
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Fig. 1. Process flow for the specimen preparation and character-
ization
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Fig. 2. SEM micrographs (x5,000) of Cu films electroplated with the plasma pretreatment at vari-
ous rf-powers (exposure time : 10 min)
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Fig. 3. SEM micrographs (X 10,000) of Cu films electroplated with plasma pretreatment at various

plasma exposure times (rf- power : 100W)

Fig. 4. A cross-sectional SEM micrograph { x 20,000} of the Cu
film electroplated with the plasma H, pretreatment (rf-
power : 100W, exposure time : 10 min)
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Fig. 5. AFM micrographs of the Cu seed layer/ TaN samples with (a) no pretreatment (b) plasma H,
pretreatment (c) plasma N, pretreatment (rf-power : 100W, plasma exposure time : 10 min)
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Fig. 7. RMS roughness of the Cu seed/TaN film deposited with

Fig. 6. RMS roughnesses of the Cu seed/TaN film deposited  plasma H, and N, pretreatments at various plasma exposure
with plasma H, and N, pretreatments at various plasma powers. times. (rf-power : 100 W)
(plasma exposure time : 10 min)
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S = 2/7.96 nm

Fig. 8. AFM micrographs of the Cu films electroplated with (a) no pretreatment, (b) plasma H. pre-
treatment and (c) plasma N pretreatment (rf- power : 100W, plasma exposure time : 10min)
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Fig. 9. RMS roughnesses of the Cu films electroplated with
plasma H, and N, pretreatments at various rf-powers. (plasma
exposure time : 10min)
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Fig. 10. RMS roughnesses of the Cu films electroplated with
plasma H, and N: pretreatments at various plasma exposure
times. (rf- power : 100W)
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Fig. 11. XRD spectra for varjous types of electroplated Cu films
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Fig. 12. The XPS C 1s peak (284.5eV) of the Cu seed layer on
the TaN substrate. (rf- power : 100W, exposure time : 10min)
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Fig. 13. The XPS O 1s peak (531.0eV) of the Cu seed layer on
the TaN substrate. (rf-power : 100W, exposure time : 10min)
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Fig. 14. The XPS of Cu 2p peak of the Cu seed layer on the
TaN substrate. (rf- power : 100W, exposure time : 10min)
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