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In-situ Observation of Growth Processes of Titanium, Silicon, Aluminum Nitride Thin Films due to
lon Implantation
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Abstract

Nitrogen ions (N2*) with 62keV were implanted into the 100-nm-thick Ti films of both hcp-Ti and TiHx held at room

temperature in the 400kV TEM equipped with EELS, connected to an ion accelerator at QST-Takasaki.

Different from

the formation of TiNy by nitriding TiHx without changing the Ti sublattice, hcp-Ti sublattices are epitaxially transformed
into fcc-Ti sublattices during the formation of TiNy due to the occupation by N atoms, partially inheriting the specific

atomic arrangements of hcp-Ti.

The growth processes of TiixAlxN thin films have also been characterized.
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Figure 1. Variation of EELS spectra with the N-
concentratin (a) in TiHx region and (b) in hcp-Ti
region. Solid triangles and solid lines indicate
the energy loss peaks due to plasmon excitation
and due to the Ti 3p-3d resonant photoemission.
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Figure 2. Variation of the energy loss peaks due to
plasmon excitation with the N-concentratin (a)
and in TiHx region and due to electron exitation of
Tizp (L23) .
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Figure 3. Variation of the difference of the net
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Figure 4. The parallelogram prisms BKFE-
LMNO and JPKB-RQML are a unit cell of
hcp-Ti with two Ti atoms, respectively.
Solid circles and an open circle represent Ti
atoms and a N atom, respectively.
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Figure 5. (a) Schematic illustration of the
Tiye cluster without a nitrogen atom
indicated by an open circle G, and TiN
cluster with a nitrogen atom, G. (b) the
contour map of the electron density of the
Tiw cluster, which are drawn for the
{21-0} plane including Ti atoms denoted
byA, L, FandJin (a). (c)the contour map
of the wavefunction of the mainly Ti3d-N2p
bonding orbital with the energy eigenvalue
of -5.9715 eV, which are drawn for the
{21-0} plane including Ti atoms denoted
by A, L, Fand Jin (a). Atoms denoted by
A-L correspond to the same ones in (a)-(c).
Solid and broken lines indicate plus and
minus signs  of the wavefunction,
respectively.
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Figure 6. The position of the peaks corresponding
to cubic Tii AN (222) in X-ray diffraction
pattern.
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Figure 7. Surface morphologies of the layers
fabricated on monocrystalline AIN at (a) 800°C, (b)
900°C, (c) 1000°C and (d) 1200°C observed by
FEG-SEM.
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Figure 8. The cross section TEM image taken from the
layer fabricated at 1200°C on monocrystalline AIN.
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Figure 9. Surface morphologies of the layers
fabricated on monocrystalline AIN at 1200°C with H2
gas flux fixed at (a) 100 sccm, (b) 1000 sccm, (c) 2000
sccm observed by FEG-SEM.
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