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This thesis contains a study on deposition of Hf-based dielectric layers by photo-assisted metal-organic chemical vapor
deposition (MOCVD) and electrical characterization of HfO,/Ge structure passivated by fluorine (F) and nitrogen (N). The main
purposes are to decrease deposition temperature of Hf-based dielectric layer and passivate interfacial defects such as germanium
(Ge) dangling bond and oxygen vacancy (V,) of HfO,/Ge structure. HfO, and Hf-silicate dielectric layers have been deposited by
photo-assisted MOCVD.

As the result of molecular orbital calculation for optical absorption spectra of Hf(O-t-C4Hg)s and Si(O-t-C4Hs)s precursor,
optical absorption spectra appear at ultraviolet (UV) region (110~180 nm) so, deuterium lamp which emits UV light of 100~200
nm wavelength was used for photon irradiation source. HfO, and Hf-silicate dielectric layers were deposited successfully at
relatively low temperature, 250°C by photo-assisted MOCVD. The HfO, and Hf-silicate dielectric layers prepared with UV light
irradiation showed improved electrical properties (C-V and J-V), thermal stability and decreased carbon contamination and
interface state density (D;,) due to effective decomposition of precursors even at 250°C in comparison with that deposited without
UV light irradiation. It is believed that this improvement of various properties is originated from effective decomposition of
precursors by UV light irradiation.

To predict the usefulness of F and hydrogen (H) for Ge surface passivant, theoretical analysis has been performed by molecular
orbital method. F-Ge atomic bond shows higher binding energy about 3 times than that of H-Ge atomic bond, so F is expected to
be attractive Ge surface passivant instead of H. And H-Ge bonds are unstable on Ge surface, so H-passivation of Ge surface is
ineffective. On the other hand, F-Ge bonds form simultaneously by reaction of F atoms and Ge surface, and Ge dangling bonds
are passivated by F. These results indicate that the F-passivation of Ge surface is useful method to make stable and low-defective
substrate for high-k dielectric/Ge MOS structure.

HfO,/Ge gate stack has been fabricated on F,-treated Ge surface by photo-assisted MOCVD. F was incorporated into interfacial
layer between HfO, and Ge substrate by I;-treatment of Ge surface prior to HfO, deposition. Hysteresis of C-V curve, gate
leakage current and D;, of HfO,/Ge gate stack were decreased by F,-treatment of Ge surface. It is believed that Ge dangling bond
and V| in interfacial layer were passivated by F, so electrical properties were improved.

Post nitridation of fluorinated-HfO,/Ge gate stack has been performed by N radical treatment. HfO, dielectric layer was
converted into HfO,N, dielectric by N radical treatment and HfO,N, dielectric layer played role of out-diffusion barrier for F
during post metallization annealing. Dielectric constant was increased by N incorporation, so capacitance equivalent thickness of
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1.1 nm was accomplished by N radical treatment at 200°C. Significantly J-V characteristics are improved by N radical treatment
and sample nitrided at 200°C showed the lowest value of D;, It is believed that bulk and interface traps such as Ge dangling bond
and V, were passivated by co-doping of F and N, which play similar role of H-passivation accomplished by forming gas
annealing on Si-based gate stack. F,-treatment and N radical treatment are candidates for good HfO,/Ge gate stack, improving
dielectric property, gate leakage characteristic and D;,.
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