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Introduction

Interfaces of silicon for thin film growth
SI;N,: good thermal stability and dielectric property

Epitaxial Si;N, thin films on Si(111):
|attice mismatch is ~ 1.1% between Si;N,(0001)/Si(111)

Thermal nitridation:
Expose S wafersto NH;, NO, N, N plasma, ...




Experimental : STM

electron sea electron sea ,
\ X piezo

Z piezo :
Z piezo

-

1 -
(W A
\ -
A ' [-' h 2
/ | /
i - - .
] I =
/ ’ 1eZ0
/ — P

y piezo

: adsorbate

Tunneling current
| oc F(VS) e k2




Experimental N e

'
1
i

]
i

SI(111)-7x7 surface:
DAS model
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Adsorbed sites on 7x7 surface




Review

Dissociative adsorption:
NH; + S surface — NH,-Si ;) + H-Si
Sy and Si,) are apair of adjacent A-R dangling bond.

(1) R ismore reactive than A.
(11) Reacted ratio: Ae/Ao >4,
originating from electronic structure.

STM results
[PR B 39(89)5091]




Question remained:

Thex of NHx (x =0 ~2) and NHXx adsor ption sites

Theoretical:
(1) No site selectivity
(i1) NH, preferson A site

Experimental:
(1) NH, isadsorbed at R site,

8 + 7% of the NH, isadsorbed at A site
(i1) NH, 1sadsorbed at A site




Results and Discussion
An NH; is dissociated and adsorbed on an A-R pair.

A reacted R site:

H-adsorbed R site
at 340°C




Distribution of reacted adatom sites

in-situ cumulative exposure
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In-situ + (empty and filled state images) exclude defect sites.
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Scanning direction: up to down and left to right.




Adsorption states of NH, on A site
(D, D)
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Transformation by tunneling electrons: D — B1 — B2




Model of D, B1, and B2 adsorption states

Probability of NH, on A = X %; on R = (1 - X)%.




Theoretical support (Fluz A28 92 FE)
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Full 7x7 DAS model
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Potential energy levels of NH, on A and R

Potential
energy (eV)




Distribution of adsorbed fragments




M echanism behind the transformation
— Adsorbate-induced state resonance

) adsorbate-
) induced

. states
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Negative sample bias
Positive ion resonance

Tunneling electron’s energy — vibrational energy of NH,-ad
— conversion to NH,-Ins




Conclusion:

(a8) NH; Isdissociatively adsorbed at a pair of A-R dangling
bonds.

(b) NH,, is adsorbed at rest atom (R) with probability (1 — X)
%, while X % at center adatom site (Ae).

(c) NH,-ad-Aeis stimulated to transform into NH.-ins-Ae
which 1s a metastabl e state of NH-In-Ae.

(d) The STM-induced transformation is fulfilled by a
positive ion resonance




Work 1n the future

Determination of n-electron process

—a— Desorption

--e-- Dissociation
C6H5C1 desorption
at +3.0 or-2.0V 2

o
" Cl dissociation
f at3.0V

10
Tunnelling current (pA)

Chlorobenzene on Si(111)-7x7 at RT
Desorption: one-electron process
Dissociation of Cl: two-electron process

From Nature 434 (2005) 367
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