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Abstract

We have investigated the optimum condition of tve-tlimensional
epitaxial recrystallization of an amorphous Si lageown on clean Si
(100) substrates aiming at the formation of thegoaéd silicon-on-
insulator structure. The amorphous Si layers wastlyf deposited on
the clean flat crystalline Si substrates with ~I% thick using an
electron bombardment evaporator in the ultrahigtuuan environment
at room temperature (RT) to 5%0 The crystallinity of the deposited Si
surface was evaluated by a reflection high enefggtron diffraction.
As a result, the deposited Si layer was fully alfizted during
deposition at substrate temperature of°€153Ne then attempted the
recrystallization of the RT-deposited samples bybeam irradiation at
substrate temperatures of 300 to %0 The crystallinity of the
deposited Si layer was measured by a Rutherforcksoattering
spectrometry and the surface morphology was obdeoyean atomic
force microscope. As a result, The RT-deposited I&jer was
recrystallized with about 12 nm by ion beam irréidiaat 300 to 70%TC.

It is supposed that the crystalline grains of (1@@entation were
preferentially formed in the amorphous layer by leam irradiation.

I. Introduction

Si-on-insulator (SOI) structure consists of a stefarystalline Si (SOI) layer
separated from a Si substrate by a buried oxideX(Bfayer. The electric devices
fabricated on this structure have the excellentctete properties of high-speed
performance, low-energy consumption and high-razhathardness compared to those on
the conventional bulk Si structure.

We aim at forming the patterned SOI substrates @hatcomposed of both SOI
(SOI/BOX thicknesses of 10-20 nm) and bulk regiasshown in Fig. 1). This structure
is expected as a high-speed and power-saving rafadoass-memory by forming trench-
capacitor circuits on the bulk region and accesssistor circuits on the SOI region [1, 2].
However, it is difficult to form these hybrid sttuces using a wafer-bonding SOI process.
We then prepared a thin patterned S&ructure formed on Si by photolithographic
process substrate in advance and synthesized arttorphous Si layer covering the SiO
patterns by an electron bombardment (EB) evapor8tdrssequently, we recrystallized the
amorphous layer on both the Si@attern and the bulk crystalline Si by conventional
furnace annealing or high-energy ion-beam-irradratinnealing [3, 4] (Fig. 2).

In this study, we investigated the optimum condisimf the two-dimensional epitaxial
recrystallization of an amorphous Si layer growrctaan flat Si (100) substrates.
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Fig. 1. Schematic image of patterned SOI substrate.
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Fig. 2. Formation method of patterned SOI structure

[1. Experiment

We prepared the clean Si(100) surface by a ty@baiaki method as follows. We
first chemically treated the Si(100) surface tem@d by a thin oxide layer by the
modified RCA method and immediately introducednitoi an ultrahigh vacuum (UHV)
chamber. The sample was heated at°@9fdor 80 sec in order to eliminate the thin
chemical oxide. The reflection high energy electddifraction (RHEED) pattern showed
a clean Si(100)-(2x1) structure, which is well kmoas one of the clean Si(100) surfaces.
Next, an amorphous Si layer was deposited on #encsurface with ~15 nm thick using
the EB evaporator in UHV environment at the substr@amperatures of room temperature
(RT), 350, 415 and 55Q. The crystallinity of the deposited Si surface weaaluated by
RHEED. We then attempted the recrystallizationhef RT-deposited sample using an ion
beam irradiation by 180 keV Aions with a fluence of SXIgions cm? at the substrate
temperatures of 300, 500 and 700°C. Finally, ttystallinity of the deposited Si layer
was measured by a Rutherford backscattering speetrp (RBS) and the surface
morphology was observed by an atomic force micrps¢@FM).

[11. Resultsand discussion

Figure 3 shows the RHEED patterns for the sampiestich the thin Si layer was
deposited at the substrate temperature of (a)8581%, and (c)55C. The pattern of the
350C-deposited sample depicted in Fig. 3 (a) showsllaviaattern corresponding to
amorphous structure. On the other hand, the sitigigtal Si pattern was observed from
the 415C- and 550C-deposited samples (Figs. 5 (b) and (c)). It isidatkd that the
homoepitaxial growth took place at 405o0r higher temperatures. In addition, the two-
dimensional single-crystal Si pattern was confirnoadthe 418°-deposited surface (Fig.
3 (b)); however, the diffraction pattern in Fig( changed to a transmission diffraction
pattern. It is indicated that the higher temperatdeposition significantly promotes an
island like growth.

Figure 4 shows the minute surface morphology of4b®C-deposited sample by
AFM. The average roughness was estimated to bet @®uam, indicating that the sample
surface is found to be very flat. Figure 5 showsSR&ectra for the RT- and £(5
deposited samples. From the spectrum observedh®r4i5C-deposited sample, we
confirmed that the deposited Si layer was almogstallized comparable to the bare Si
substrate. Consequently, we decided the optimum depositionditiom for two-
dimensional crystallization to be the substrateperature of 41%_.



Fig. 3. RHEED patterns of deposited Si surfacetwnucally cleaned Si (100)
[Substrate temperature (a) 360 (b) 415C, (c) 550C]
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Fig. 4 Surface morphology of the 41%-deposited Fig. 5. RBS spectra of the 415deposited sample.
sample observed by AF.

Figure 6 shows RBS spectra for the RT-depositedtsaties followed by annealing
at 300, 500, and 700 with or without AF ion irradiation. Figs. 6 (a), (b) and (c) show
RBS spectra with the ion irradiation, and Figs.dj, ((e) and (f) do those without
irradiation. It is found that the recrystallizatioh the deposited Si layers followed by the
ion irradiation occurred at all substrate tempeegufrom 300 to 700¢. From these
spectra, we obtained the recrystallization thickrefs~12 nm and the recrystallization rate
of 0.8 A/min in all samples.

We discuss the reason why the similar recrystaibnathickness and rate were
observed in all irradiated samples. The interfatdhe deposited Si/substrate moved
towards the surface with about 12 nm. In addittbe, scattering yields around the plateau
region significantly decrease with respect to theleposited sample (see Figs. 6(b) and
(c)). It is supposed that the crystal grains of(tt@0) orientation were likely to be formed
in the deposited layers by the*Aon irradiation.

From the above considerations, the recrystallipatwocess by the ion beam
irradiation should be different from that by theatireatment. In the ion beam irradiation
process, the crystal grains having the (100) caieori were preferentially formed along
the Ar" ion direction. With increasing the fluence, thdwoes of those domains fairly
grow larger and three-dimensionally and then l#ifecannect with neighboring grains.

In order to validate the evidence of radiation effeve also tried thermal annealing
without ion beam irradiation under the same coaddiof temperature and duration in the
ion beam irradiation treatment. Figs. 6(d),(e),$how the RBS-channeling spectra
observed for the Si-deposited samples on cleaneidcsss before and after thermal
annealing at 300-700°C in vacuum (=1Pa), which corresponds to the same condition in
the ion beam irradiation treatment. It is cleardes that the deposited Si layer was not
recrystallized at 30@, whereas the deposited Si layers were recrystdlier 500C.

These recrystallization rates were B4nin and 0.8/min, 500C and 700C, respectively.
It is indicated that the recrystallization rate eegs on the substrate temperature.
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Fig. 6 RBS spectra of the irradiated samples ((a)(b)(ahd the non-irradiated
samples((d)(e)(f)). [sample temperature (a)(d)°B0Qb)(e) 500C, (c)(f) 700C]

V. Conclusions

In this study, we investigated the optimum conditiof the two-dimensional
epitaxial recrystallization of Si grown on flat ale Si (100) substrates. As a result, the
deposited Si layer at substrate temperature of@ s two-dimensionally crystallized.
On the other hand, the RT-deposited samples wene mo less recrystallized at all
substrate temperatures from 300 to CO0However, the recrystallization thickness was
about 12 nm in all irradiated samples. It is supgoghat the crystal grains of (100)
orientation were preferentially formed in the anfwps layer by ion beam irradiation.
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