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The Application of High Pressure Annealing to Damascene-fabricated Cu

Interconnections in ULSI Devices
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The concept and effects of a new high-pressure damascene fabrication technology annealing process for Cu
interconnections are described in this paper. Results indicated that high-pressure annealing is effective for
precisely injecting Cu into minute via holes and trenches. These results, supported by thermal elasticity and
plasticity analysis using the finite-element method (FEM), indicated that a large portion of the additional
external pressure acts to push the Cu film into the via holes. The process was also confirmed to be effective
for preventing the occurrence of minute voids, thereby improving the adhesive strength between the Cu and
TaN barrier layers, and the distribution of the poly-crystalline (111) orientation.
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Fig. 1 A typical structure of Si semiconductor devices
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Fig. 2 Fabrication process of dual-damascene Cu interconnections
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Fig. 3 Cross-sectional microstructure of
as-deposited Cu interconnections
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Fig. 4 A sketch of set-up for samples in pressure vessel
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Photo 1 Appearance of a high-pressure anneal unit (HiPA-HIP mini 820)
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Table 1 Depositing conditions of Cu films

Base chamber pressure | 1x 10”° Torr
Ar gas pressure 2x 107° Torr
PVD Distance S/C 55 mm
Power density 3.2 W/em?
Substrate temperature RT (Water cooled)
Seed layer PVD-Cu (tO0 50 nm)
Plating bath EEJA Microfab CU-100
ECD Bath temperature 250
Current density 17 mA/cm®
Distance A/C 20 mm
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Fig. 7 Stress distribution of Cu interconnections in axial direction heated to 4000
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Temp.
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PVD-Cu 120 MPa NG NG NG j=n=
Press. 150 MPa NG NG NG 855
200 MPa NG NG Partly good Good
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Via size[] 0.28u m in diameter, 2.4y m in depth
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Fig. 8 Mises equivalent stress distribution of Cu interconnections at the completion of annealing
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