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Embedding Effects of the High-pressure Annealing Process Via Minute
Holes and Trenches in Dual Damascene Copper Interconnections

(= = - 4y
- =
oooO0f%ooo oooogoe oooooe ooogoeos oooglen ooogeoen
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The embedding effect of Cu films in a high-pressure annealing process was investigated for application to dual-
damascene fabrication technology for Cu interconnections in LSIs. The thermal elasticity and plasticity
analysis based on a finite-element method (FEM) predicts that additional external pressure acts to push Cu
films into the via holes. This analytical result agrees well with the actual hole filling performance. Additional
external pressure reduces the incremental creep strain of Cu during the heating and holding step and reduces
the stress transition point during the cooling step. This indicates that the high-pressure annealing process is
effective for perfect Cu filling into holes and in suppressing the siphoning phenomenon in Cu from holes.
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(a) Via hole opening
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Fig. 1 Fabrication process of dual-damascene Cu interconnections
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Fig. 2 Conceptional schematics view of novel fabrication process of Cu interconnections
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Table 1 Depositing conditions of Cu films

Base chamber pressure|1x 10”¢ Torr
Ar gas pressure 2x 10"2 Torr
Sputtering Distance S/C 55mm
Power density 3.2W/cm?
Substrate temperature | RT (Water cooled)
Seed layer PVD-Cu (tO 50nm)
Plating bath EEJA Microfab CUO 100
Electroplating | Bath temperature 250
Current density 17mA/cm?
Distance A/C 20mm
Gas inlet (100-200MPa) Top closure

L 71
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Fig. 3 Cross sectional 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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Fig. 4 Measured stress-temperature curve of electroplated Cu films
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Fig. 5 Contour map of the strain rate for Cu films
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Fig. 6 Simulation model for thermal elasto-plasticity calculation at
via portion
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Table 2 Physical constants of SiO,, Si, Cu used for thermal elasto-plasticity calculation

Temperature | Young's modulus Poisson ratio Thern_qa!l expansion
(d) (MPa) coefficient (O ")
50 64 190
100 63 210
150 61 740
Cu 200 60 760 0.348 16.8x 10"°
250 59 780
300 58 310
350 56 840
Sio, | 149 000 0.200 3.50x 10"°
Si 0 73100 0.170 0.35x 10"°
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Fig. 8 Stress-temperature curves for the Cu blanket films
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Fig. 7 Model structure of Cu blanket films for thermal elasto-plasticity calculation
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Value,o /MPa
[03.78x 10?
03.47x 10?
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09.62x 10
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0214

02.29x 10

1
(a) Normal anneal process (4000 , 0.1MPa)

CL Value,o /MPa
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| . D02.78x 10?2
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02.16x 102
[01.85x 102
01.54x 10*
01.23x 102
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(b) High-pressure anneal process (4000 , 150MPa)
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Fig. 9 Stress distribution of Cu interconnections in axial direction heated to 4000
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Photo 2 Cross-sectional SIM images of Cu interconnections in via holes 0.28y m in diameter and 1.0y m in depth
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(a) Normal anneal process (0.1MPa)

1

(b) High pressure anneal process (150MPa)

Value,o /MPa
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Fig.10 Stress distribution of Cu in the axial direction during the cooling process
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Fig.11 Typical position used for the calculation of stress hysteresis
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Fig.12 Temperature-pressure applying patterns used for the
calculation of the stress hysteresis
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during the process cycle
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Fig.14 Grain size dependence of stress hysteresis of the portion X
in the axial direction during the process cycle (normal
anneal)
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Fig.15 Stress hysteresis of portion A in the axial direction during
the process cycle
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