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

Nitrogen ions (N,") with 62keV were implanted into the 100-nm-thick Ti films of both hcp-Ti and TiH, held at room

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

Different from

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

atomic arrangements of hcp-Ti.
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Figure 1. Variation of EELS spectra with the
N-concentratin (a) in TiHy 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

BUERHRE LUy FIOERH R RIS S BT
H > DY RS o OIS B S DWW T ORI R
2155,

3. WBREEE

3.1 K5 Ti RO ZE{LiEFE T BELS #1452
TIWCHIRTHEL Ti BFEICEHLTEALE
& EDEELS A7 MDZALZRT, (a), (b)IE

ARTZIX (110) Bl TiH, & (03-5)Alimds & 0 (21-0)

BL D hep-Ti BZNEIUELE LTV - fEIk D 515



[16013]

LNTEbLOTH S, WK E D Tidp-3d TRIHEAE
— 27 ($947eV) 1% Ti ® 3p & 3d DEFITL A
WL A, T7bb |
Ti3p°3d? — Ti3p°3d® — Ti3p°3d* +e”
WCEBEDOTHAY, O —IiEIZIZE AL
LRI N &b, %%&Aﬁ%@ﬁawpuT@
Wik 1 O IRRBITIZE L 20 E I S v s,
l1@ﬂ®$&A®XA7kwKﬁﬁézawvmﬁ
T — 2% Ti 3d & Hls WEORESMEEN S/ 5
MELEOEFOTSFAELE—7THY, ZOF
— 7 IXEFREAOHIHELED N/Ti=0.02-0. 07 D
H&fﬁ@%lzw%~w WCBEIL TS, i
I, MNENZ XD Ti 3d & H1s 12k AFEAM#LE DS
T AE A PERE IR S v, H A Ti 2 SAREE L Ti
EHOBAIENED L, 77 X VEEICHS T
5%%ﬁﬁwbt:kmiayﬁtm&%ﬁbéH
FALOMEEREBICEI-TT I XELDODE—I RNE
AFIvIi ”ﬁﬂﬂ“é MG Ti EEANLT &
OREBREZMABIEL D EEZDLND,
anamm77z%/%t LA —7 17.5eV 1%
X 1 (b) D hep-Ti FEBORIENBEETO ST L€
t TOEEFLTHY, Ti IZHEE LIZABREEN
FIERL RO TWVWDHZ L ERLTWD, 728, 17. 5eV
@E%E%7HT1@NW77?X%V@%EKi

Implantation at RT
Impantation at RT N/Ti
Tidp-3d  N/Ti 1
|

0'9‘62 __/\ 0962
@ ! _/\ 0.899

2 ~
5 I o g _/\ 0.839

H

. 5
5 I 0714 | & _/\ 0.714

> S
5 I 0581 z 0.581
8 2 0.448
= | o448 | £ 0294
| 0.247 0.247
0.084

0.084
0.000
0.000
0 20 40 60 80 440 450 460 470 480 490

Energy loss(eV) Energy Loss(eV)

(a (b

=

Figure 2. Variation of the energy loss peaks due to
plasmon excitation with the N-concentratin (a)
and in TiH region and due to electron exitation
of Ti2p (Lpa) .
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Figure 5. (a) Schematic illustration of the
Tiy cluster without a nitrogen atom
indicated by an open circle G, and TiyN
cluster with a nitrogen atom, G. (b) the
contour map of the electron density of the
Tiye cluster, which are drawn for the
{21-0} plane including Ti atoms denoted
by A, L, Fand J in (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, F and J in (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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