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Pt/Al Reaction Mechanism in the FeRAM Device Integration
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Abstract The capacitor contact barrier(CCB) layers have been introduced in the FeRAM integration to prevent
the Pt/Al reaction during the back-end processes. Therefore, the interdiffusion and intermetallic formation in
Pt(1500A YAI(30004 ) film stacks were investigated over the annealing temperature range of 100~500°C. The
interdiffusion in Pt/Al interface started at 300°C and the stack was completlely intermixed after annealing over
400°C in nitrogen ambient for 1 hour. Both XRD and SEM analyses revealed that the Pt/Al interdiffusion
formed a single phase of PtAl, intermetallic compound. On the other hand, in the presence of TiN(1000A)
barrier layer at the Pt/Al interface, the intermetallic formation was completely suppressed even after the
annealing at 500°C. These were in good agreement with the predicted effect of the TiN diffusion barrier layer.
But the conventional TiN CCB layer could not perfectly block the Pt/Al reaction during the back-end processes
of the FeRAM integration with the maximum annealing temperature of 420°C. The difference in the TiN
barrier properties could be explained by the voids generated on the Pt electrode surface during the integration.
The voids were acted as the starting point of the Pt/Al reaction in real FeRAM structure.
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Fig. 2. SEM images of the Pt/Al reaction observed on the Pt electrode after metalization process.
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Fig. 3. Both cross-sectional and plain view SEM images of Pt/Al film stack annealed at various temperatures: (a) as-deposited,
(b) 300°C/30 min and (c) 400°C/30 min, (d) 500°C/30 min.
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Fig. 4. TEM images of Pt/Al film stacks annealed at various temperatures: (a) as-deposited, (b) 300°C/30 min, (c¢) 400°C/30 min
and (d) 500°C/30 min. i
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Fig. 5. AES depth profiles analysed in PY/Al film stacks annealed at various temperatures: (a) as-deposited, (b) 300°C/30 min, (c)
400°C/30 min and (d) 500°C/30 min.
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Fig. 6. XRD patterns obtained in Pt/Al film stacks annealed at
different temperatures; (a) as-deposited and (b) 500°C/30 min.
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Fig. 7. SEM images of PUTIN/Al film stacks annealed at
various temperatures: (a) as-deposited, (b) 300°C/30 min, (c)
400°C/30 min and (d) 500°C/30 min.
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Fig. 8. TEM images of PUTIN/AI film stacks annealed at various temperatures: (a) as-deposited, (b) 300°C/30 min, (c) 400°C/

30 min and (d) 500°C/30 min.
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Fig. 10. XRD patterns obtained in Pt/TiN/Al film stacks
annealed at different temperatures: (a) as-deposited and (b)
500°C/30 min.
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Fig. 9. AES depth profiles analysed in PUTiN/AI film stacks annealed at various temperatures: (a) as-deposited, (b) 300°C/30 min

and (c) 400°C/30 min, (d) 500°C/30 min.
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Fig. 11. AFM analyses on Pt surface of both the Pt/Al and Pt/
TiN/Al film stacks annealed at various temperatures.
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Fig. 12. Surface morphology observed on Pt electrode during
integration: (a) before depositing the TiN CCB layer and (b)
after metalization with annealing at 350°C/30 min/N,.
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