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Abstract

: As complementary metal-oxide semiconductor (CMOS) is scaled down to achieve higher chip density, thin-film

layers have been deposited iteratively. The poor film uniformity resulting from deposition or chemical mechanical planarization

(CMP) significantly affects chip yield. Therefore, the development of novel fabrication processes to enhance film uniformity is

required. In this context, high-pressure deuterium annealing (HPDA) is proposed to reduce the surface roughness resulting from

the CMP. The HPDA is carried out in a diluted deuterium atmosphere to achieve cost-effectiveness while maintaining high

pressure. To confirm the effectiveness of HPDA, time-of-flight secondary-ion mass spectrometry (ToF-SIMS) and atomic force

microscopy (AFM) are employed. It is confirmed that the absorbed deuterium gas facilitates the diffusion of silicon atoms,

thereby reducing surface roughness.
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Fig. 1. The cross-sectional view of the SiO: thin film: (a) before, (b) after CMP, (c¢) measured film thickness at each spot using an ellipsometer,

and (d) summarized film thicknesses.
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Fig. 2. Photograph of the chamber used for the high-pressure
deuterium annealing (HPDA).
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Flow of Experiments
p-type silicon 8 inch wafer (100)

520 nm of SiO, deposition (TEOS, PECVD, 8.2 torr, 400 °C)

1st AFM measurement before CMP

CMP: 40 nm of SiO, polishing (Polishing Target: 40nm)

27 AFM measurement after CMP

High-pressure deuterium annealing (HPDA) (10 bar, 400 °C, 1 hour)
31 AFM measurement after HPDA

Fig. 3. Summary of the experimental procedure.
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Fig. 4. Extracted ion intensity of the polished SiO: film using time-of-flight secondary-ion mass spectrometry (ToF-SIMS): (a) before CMP
without HPDA and (b) after CMP with HPDA.
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Fig. 5. Measured the surface roughness in a 3D profile using AFM: (a), (b) before and (c), (d) after CMP, and (e), (f) after HPDA to reduce
the surface roughness.
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