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Mechanism of Si Laser Atomic Layer Bpitaxy Using the Adsorption
and Thermally-induced Reactions of SizIIo on Si(100) 2 x 1
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The conbined technique of SizHs dosing and ArF-laser irradiation for a Si(100)
2x1 surfaee is expected to realize Si atornic-layer epitaxy (ALE) on the basis of
the investigation by eleetron energy loss speetroscopy (EELS) and reflection
high energy electron diffraction (RHEED). ArF-Iaser irradiation is effective to
evolve hydrogen without ehanging the time-averaged surfaee tenperature. The
adsorption process produces a Si(100) (lxl)::2H dihydride surface and is self-
liniting at roon tenperature. Therefore, hydrogen plays an important role on
this technique, having a potential to grow Si at low temperature.

I. INTRODUCTION

Atonic-layer epitaxy (ALE) is a thin film
growth technique nhich contains a self-liniting
process and realizes a single atonic layer
controllability. This technique has been mainly

applied to III-V and II-VI compound film gronth

so far, because alternating layer deposition of
each elenent leads to the self-limiting process,

and then ALE. Thus, relatively fen resultsr) have

been reported on fV group ALE. In a previous paper
2t , we proposed a nethod for achieving Si ALE

using ArF Exiner laser on Si(100)2xl from SizHo,

which has a potential to grow Si epltaxial film
at low temperature. In this paper, we emphasize

the role of hydrogen on this growth technique and

dicuss the key steps involved in it, discribing
recent results obtained in further investigation
by electron energy loss spectroscopy (EELS) and

reflection high energy electron diffraction
(RHEED).

2. EXPERII.IENTAL PROCEDURE

The EELS speetroneter consisting of a

f
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cylindrical-nirror analyzer (CUA) and RHEED

system used in these experinents were contained

in a ultra-high-vacuum chamber with a base

pressure of 2xl0 -t0 Tom. EELS speetra Here

obtained using prinary bean energies (Up) of 75

and 100 eV, and RHEED patterns were obsereved with

a 17kV electron bean and a glancing angle of
approxinately 2 o . The Si substrates were 6 x 2O

x 0.4mn in dinension cut from p-type 3-4Q-cn
Si(100) wafers. The sanples, cleaned by the
heating proeess up to 1275K, exhibited 2x1

reconstructions typical of Si(100) 2x1 surfaces.

99.98f pure SirH5 H8s introduced on the sanple

surfaces through a gas doser for the adsorption

and gronth experinents.

3. EXPERI}IENTAL RESULTS AND DISCUSSION

A typical EELS spectrun from a clean Si(100)

Zxl surface with a primary energy (gp) of 100 eV

is shown in curve (a) of Figure l. The

assignnents are based upon the first report by

Rowe and Ibach. E, and Ez are associated nith
bulk-band transitions whlle iws and tnp are due

to surface and bulk plasnons, respectively, Sl

peak has been ascribed to the dangling-bond states
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Figure l. EELS spectra from a Si(100)2xl
surface after exposure at 300K to a
SizHe dose of (a) 0, (b) 9xlOrr cm -2,
(c) 5.5x10 I 5 cm -2 , (d) 2.4x10r 7 cm - 2 .

in the 2x1 reconstruction surface, and

transitions Sz and SB are assoeiated with back-

bond states.

fncreasing the exposure of a Si(100) clean

surface to SizHe at 300K, features of SH, SHt, and

SH" appeared in the EELS spectra (Figure I ). The

SH peak originates due to Si-H bond. The origin of
SHn peak is not c.Lear. However, this might be

attributed to the transition fron -14.7 eV peak3)

in the He II energy distribution curve (EDC)

obtained from a Si(100) (lxl)zzZH dihydride
surface. In the early stage of SizHo adsorption
(curve (b)), the S, peak decreased drastically,
and the half-order RHEED diffraction spots
decreased in intensity with respect to the
integral spots. After exposing the Si(100)2xl
surface to saturation doses (Z4OxtOr 5 cm -2) of
SizHu at 300K, the RHEED patterns became sharp 1x1.

The S-H peak position of 8 eV in the corresponding

EELS spectrun (curve (d))is assigned to the
dihydride phaser). The spectrum is also in good

agreement nith the previously reported spectrums)

obtained fron the dihydride surface formed using

atomic-H. These results strongly suggests that the

initial adsorption sites are the dangling-bonds

and the dimer bonds are graduatly ruptured with
increasing exposure. rn the saturation dose of
SizHo, uniform dihydride phase is formed at room

temperature. Therefore, the SHt is also
considered to be attributed to the dihydride
surface structure. The SH peak intensities,
normalized using the intensity at the saturation
coverage, are plotted as a function of SieH6 dose

in Figure 2. Even after the nearly saturation
exposure of a 5.5x10r5 cm -2 dose, about fifty
times as large as this dose was further required
to obtain the lxl RHEED pattern, implying that
the maximum number of the adsorption layer is
eontrolled to be almost one. Therefore, the
hydrogen, terminating on the dihydride surface,
tends to prohibit multiple layer adsorption of Si.
Figure 3 shons side views of a Si(100) surface in
the SizHe adsorption process discribed above.

After reaching the saturation coverage, the
sanple surfaces annealed at progressively higher
temperatures for 12 or 15 minutes (Figure 4).
Heating the samples up to 6l5K resulted in the
reduction of the SH peak intensity and shift up

to 8.7 eV from 8.0 eV. This surface corresponds
prinarily to Si(100) (2x1)::H monohydride surface
r) (Figure 3 (d)), Si(100) surfaces exposed to
atomic-H at above 5T5K for 1 min6) or at 5Z5K for
I nin3) have been reported to exhibit also nrainly
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Figure 2. Change in the SH EELS pea\
intensity and the RHEED pattern as afunction of Si,H, dose. These SH
intensities are normalized using the
intensity at the saturation coverage.
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Eonohydride phase. Therefore, changes in the SH

peak intensities between curves (c) and (d) in
Figure 4 signals the evolution of hydrogen frorn

the surface with mainly nonohydride phase. This

process linits epitaxial growth rate in a

SizHs/Si(100) system. Figure 5 shows EELS spectra

obtained frorn Si(100) surfaees exposed to SizH6 at

various tenperatures. At T25K' Si nas grown

epitaxially evidenced by the retention of the

initial clean-surface EELS spectra together nith
the observation of a 2x1 RHEED pattern.
Considerable hydrogen still renains on the

surfaces grolrn at under 575K (curves (d) and (e)).

The ArF-laser irradiation with a single 20 ns

pulse is found to be very effective to evolve the

hydrogen. Figure 6 shows EELS spectra obtained

after exposing a Si(100)2xl surface at 300K to
Si2H6 and then ArF-Iaser irradiating it nith I

pulse at 300K or 525K. t{hile the sanple was heated
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Figure 4. EELS spectra from (a) a SieHe-
exposed Si(100) surface, and from a
SizHe-exposed Si(100) surface following
(b) a 12 min anneal at 475K, (c) a 5 min
anneal at 575K and (d) a 5 min anneal
at 615K.
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Figure 3. Side viens of a Si(100)
surface in the SiaHe-adsorption and
annealing process; (a) clean 2x1, (b)
initial stage of SizHo adsorption, (c)
dihydride phase formation after SizHo
saturatlon exposure, (d) monohydride
phase fornation after annealing the
dihydride surface at around 600K for 5
nin. Perpendicular directions to the
side views are indicated below each
title.

Figure 5. EELS spectra from (a) a
Si(100)2xl surface, after exposing a
Si(100)2x1 surface to a SizHe dose of
1xl0r6 em-z at (b) 725K, (e) 625K, (d)
575K and (e) 525K.
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at 525K, 1 pulse 120 mJ cn -z ArF-laser
irradiation evolved the hydrogen completely
(curve (d)). The reestabLishnent of the initial
clean-surfaee EELS spectra, together with the

observation of a 2x1 RHEED pattern, indicates
that monolayer of Si was epitaxially grown. The

rise in tenperature during the 20 ns ArF-laser

irradiation with a power density of 120 mJ cn -z

is calculated to be 300K with the order of I f"
decay time. Thus, even if this irradiation is
repeated, for example, at around 1 Hz, the time-

averaged temperature rise is negligeble. CompJ,ete

hydrogen evolution from the monohydride phase

using the pulsed ArF-laser means the second layer

is ready to start growing. If the surface is again

exposed to the SizHu saturation dose, dihydride
phase, which provides the second layer of Si,
will be forned. These two key steps are expected

to lead to low temperature Si ALE.

4.SNI.II,IARY AND CONCLUSIONS

After exposing a Si(100)2xl clean surface to
SizHe of 2.5x10t? cm -z dose, a uniform dihydride

Figure 6. EELS spectra fron (a) a clean
Si(100) 2x1 surface, (b) after exposing
a Si(100)2x1 surface at 300K to SizH6

surface is formed. This adsorption process is
found to be essentially self-limiting at room

temperature. Hydrogen evolution from a

monohydride phase converted from the dihydride
phase is a rate liniting process for Si epitaxy
in a SiaHe/Si(100) systen. In order to evolve the

hydrogen effectively from the SizH5 eXposed

surface, at least T25K thermal heating is
required. 0n the other hand, pulsed ArF-Iaser
irradiation is very effective to evolve the
hydrogen keeping the average surface temperature

alnost constant. The combined teehnique of the
self-limiting adsorption of SizHe on Si(100)2xl

and ArF-Iaser irradiation is suggested to provide

Iow temperature Si ALE.

5. REFERENCES

l) Y.Takahashi, Y.Sese, and T.Urisu; Extended

Abstracts (Ttre 36th Spring Meeting; The Japan

Society of Applied Physics and Related Societies,

1 989)p.254.

2) Y.Suda, D.tubben, T.Motooka and J.E.Greene, to
be published in J. Vac. Sci. Teehnol.,
Sep./0ct. (1989).

3) Ciraci, R.Butz, E.M.0elling and H.lfagner, Phys.

Rev. 830, 711(1984).

4) Y.Suda, D.Lubben, T.Motooka and J.E.Greene, to
be published in J. Vac. Sci. Technol.

5) H.H.Madden, Surf. Sci. 195, 129fi981).

6) J.A.Schaefer, F,Stueki, J.A.Anderson,
G. J. Lapeyre and I{. Gtjpel, Surf . Sei. 14.O,

20T fie84) .

ILIt
g'
z

G|

?

1 pulse, lAlmJrbnP, 5251(

[c] | pulse, 120mfcrP,3(X]l(
(b) Z.Orl0lBcms Sbfb, 3flK

60


