Stabilities and Electronic States of Incorporatéadgen other Sj=N-H in the SiQ. The dissociation of the H
Atoms at the Interface of Si(100) atoms generates the gap states that work as hole or

electron trapping sites depending on the Fermigner

level. By annealing, the interface,SNe configurations

will be more stabilized by substituting the N atfon an

interface dangling-bond-Si atom if it exists arouadfor

one of substrate Si atoms. Thes=Bl configurations

In the fabrication processes of MOS devices with ~ occurred in the substrate region, however, gendrale
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very thin gate insulators of S}ON atoms are introduced trapping sites in the Si atoms near the N atorraugile
into the SiQ region to improve device characteristics. N configurations that accelerate NBTI are thesg!bi
The control of concentration, position and coortoraof configurations in the substrate close to the iatf

N atoms is very crucial to cope with both prevemtid B
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interface to understand the mechanisms of the gatiom
of N atoms at the interface and of the degradath
hole trap site generation. The method we have isstte

first-principles molecular-dynamics method basedthuan Tridymite-Si02/Si(100) Quartz-Si04/Si(100)
density functional theory and employing Td - ~ A B
~ I | ~ ~

pseudopotentials. «?.ﬁ»_}};;
Two perfect Si@Si interface structures, i.e.
tridymite- and quartz-SiggSi models [2], are prepared to
form Spb=Ne and SjH=N configurations by substituting
an N atom or an N-H for an O atom in the modelgeHe
denotes a dangling bond. The substitution of antd¥na
for an O atom hardly changes surrounding atomic
positions. SENe configurations at the interface are the
most stable, and SiNe becomes less stable as it goes far
from the interface (Fig. 1). We can assume fronmsehe
results that a $¥Ne around the interface have a tendency
to move in to the interface by thermal annealinig=ISe
configurations cause gap states, which trap arireteor
a hole depending on the Fermi energy level. Tertiwna
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Fig. 1. Labels of the O sites which are substititg@n
N atom to form S,=Ne configurations in the tridymite-
SiO,/Si (left) and in the quartz-SiBi (right) interface
structures. Relative energies of (T-b), (T-c) ahdl] to

of the dangling bond with an H atom eliminates ¢jag (T-a) are +0.38, +1.00 and +1.05 eV, respectivang
state. We have, then, estimated dissociation ezexfiH those of (Q-b), (Q-c) and (Q-d) to (Q-a) are +0.51
atoms in the SH=N configurations (Fig. 2). Interface +1.19. and +1f01 eV. respectiv. ’

SibH=N configurations have smaller H-N dissociation
energies. SH=N becomes stable as it goes deeper in the
SiO, region.

We have also optimized three ;8\, one 6.0
SibO=N and one @EN configurations. Matrices for these < Tridymite-Si0, .~ - =
configurations are interface defect structures weith Si I Quartz-SiO, !
atom having a dangling-bond [3], which are modeigd 5.5+ -
modifying the tridymite-Si@Si structure. The SN ;n:i
configurations are more stable compared to th©=h W e q |
by 0.6-2.4 eV. Among three SN, the interface $&N is 5
the most stable, and it has no gap states. OtheNSi S —
configurations generate dangling bonds at Si atoes E 450 . Iﬂ 4
the N atom, which originate gap states and workale A / E[si-N~gi]+ E[H] - Elgj-N~g;]
trapping sites. Termination of a dangling bond véthH a d
atom eliminates the gap states. - 4.0 (T|Q)-a (T]Q)-b @MQyc_ (TjQ)d
We can figure out mechanisms of the
segregation of N atoms and of trap site generatdmen Fig. 2. F-N dissociation energies of ,H=N
incorporated N atoms come to near the interfaceutitr configurations. H energy E[H] is taken from theuel
the SiQ layer, they prefer energetically to form,<Sie of H in a SjN,O crystal. Here, merely relative energy
configurations at the interface. Dangling bondsttie values among the configurations are meaningful.

Sib=Ne configurations can be eliminated with H atois.
atoms in the interface SiN-H configurations dissociate
with relatively smaller activation energies compghite






