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Atomic force microscope images and X-ray photoelectron spectra confirm that the self-as-

sembled monolayer (SAM) films of octadecanethiol (ODT), C[(CH2),'SH, are formed on the

cleaved GaAs (110) surface in an ethanol-diluted ODT solution. However, there exist circular

depressions in the surface whose area increases with immersion time, indicating that the trace of
water in the solution may oxidize GaAs followed by removal of ODT molecules. The oxidation in
pure ethanol is faster than that in ODT solution, showing that the SAMs prevent GaAs from oxida-

tion.

I..INTRODUCTION

Self-assembled monolayer (SAM) films consist of
organic molecules spontaneously adsorbed onto sub-
strates. Since SAMs are energetically-favored and or-
dered, these films exhibit uniform and robust structures
of nanometer-scale thickness. Moreover, these films
show a wide range of surface physical and chemical prop-
erties, distinctly different from the bare substrate materi-
als. In principle, SAMs can provide "designer" surfaces
by selecting molecules formed on the substrates. There-
fore, SAMs have been of intense interest in the past few
years, but actual examples of highly organized films have
been limited almost exclusively to those formed on oxide
and coinage metal substrates.l)-7) Recently, it has been re-
ported that the SAMs of alkanethiols could be formed on
the GaAs (001) surface.8) However, there still exist many
problems in SAMs such as nanometer size defects e), sur-
face oxidation, film non-uniformity. In order to over-
come these problems, it is necessary to clarify the forma-
tion mechanism and properties of SAMs from the
atomistic/molecular point of view. Atomic force micro-
scope (AFM) provides a good mean to investigate SAMs
on the molecular scale resolution.

Here, we fabricate ODT CH"(CH,),"SH, SAMs on
the GaAs (110) surface and observe the'films by using
AFM. In this paper, we shall show their AFM images and
compare them with the results from X-ray photoelectron
spectroscopy (XPS).

2. EXPERIMENTAL

We used cleaved GaAs (l l0) (Zn doped, l-2.5 x
1gle .r-3 ) surface as the substrate for SAMs since it ex-
hibited an atomically flat surface. In order to avoid oxida-
tion during film formation, the substrate was cleaved in a
1.0 mM ODT solution in ethanol and the solution was
preserved in an argon purged flask to prevent ODT mol-

s-r-4-3

ecules from oxidation. After keeping the samples for a
certain period of time, the wafers were rinsed with pure
ethanol solution for 5 min and dried with pure argon gas.

The films were imaged with a commercial AFM in
both contact and non-contact modes using a 20 pm scan-
ner. All the films were observed within 3 hours after
taken out from the solution. In the case of contact mode,
both normal and lateral deflections were detected by an
optical beam deflection method with a four-segment pho-
todetector to observe topographic and frictional force, re-
spectively. A silicon nitride cantilever with a spring con-
stant of 0.09 N/m was used. Typical force was set to be
less than 0.5 nN to minimize the modification of film sur-
faces. In the case of non-contact mode, a silicon cantile-
ver with an average spring constant of 19 N/m was used.
Typical modulating amplitude and frequency w_ere of the
ordler of 20 mV and 137 kHz, respectively. We found that
the non-contact mode of operation provided more consis-
tent and accurate data on the depression depth of the
films. This is reasonable since in the contact mode, the
AFM tip presses on the surface with a certain force result-
ing in effoneous height values from the topographic im-
ag-es. No damage to the films was observed even after
multiple scans with both AFM modes.

XPS measurements were also performed to investi-
gate the composition and chemical bonding of the sur-
faces before and after the ODT immersion. The samples
were immediately introduced into the loadlock chamber
after taken out from the solution in order to avoid oxida-
tion of the surfaces. The spectra were obtained with 250
W of Al-/ccx X-ray using a cylindrical sector field ana-
lyzer, with a base presslre oi less than 5 x 10-10 Torr.
XPS spectra were acquired by setting the work function
of the specimen to 4.5 eV.

3. RESULTS AND DISCUSSION

We measured at least four images with sizes larger
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Fig. I f$! images of ODT monola-yers immersed for a certain period of time, (a) as cleaved GaAs ( I I 0) surface, @) 2days' (c) 13 days, (d) 20 days, (e) 29_days, and (f) 2.5 months inirnersion. straighi fin"s in t-n" nguri denote that atomic
steps exist on the cleaved GaAs (l l0) surrace. tn 1b;-1e), dark spots are depreiions of SAMs. 

-

We also performed lateral force microscopy (LFM)
measurement to ascertain SAMs on GaAs (110), which is
9\own ilFig-. ?.Th" frictional force is four rimes larger
(about 10 nN ll'12); on the depressions than on the flat
parts of the surface (SAMs). The frictional force reflects
the physical and chemical properties of the surfaces, i.e.,
difference of composition andchemical binding between
these two regions.

The surface chemical bonding and compositions
were examined for two cases by using XpS, (a) a surface
immersed in pure ethanol solution for one day and (b) one
immersed in ODT solution for two days. The results are
shown in Fig. 3. In the case of (a), the As2p,,.,spectrum is
split into two peaks assigned as meral anO biiOd at l3ZZ.4
and 1325.6 eV, respectively.13) Ga2p.," spectrum is com-
ggggd_ot_metal p,eak at 1116.5 eV "iid- oxide peak at
1117.6 eV, but only one peak is observed due to tlie small

Fig.Z An LFM image of SAMs on
was immersed in ODT solution for

than I pm2 for each sample to ensure real surface fea-
tqres. f'1gure I shows typical AFM images of the surfaces
after different immersion time. Figure-l (a) is an AFM
image of a freshly cleaved surfac6 and exhibits atomic
gleqs w1!h a hqiqh! 9t 0? nm, i.e., monolayer height of
GaAs. Figure 1 G)-(e) show the images foi the suifaces
immersed in ODT solution. In thes6 images, step-like
structures originated from the monolayei steDs of the
GaAs substrate which are still visible. It is foun'd that the
area of circular depressions (10-300 nm in size) increases
with immersion.tipe-. However, these circular depres-
liott.r have surprisingly a consrant depth of 1.3+0.3 nm
(indicating a close packed, tilted ODT monolayer). These
features have been observed with scanning turineiing mi-
c.roscg!.y in other 

-slstems.e) After a prolonged immeision
time (Fig.l (0), the surface has no-longeiany clear de-
pression, but monolayer steps of substrate are siill visible.
These observations indicate that SAMs are really formed
on the-Gu4r (110) surface and the depressions may come
{rom the desorption of oDT molecule from the iurface
due to either the degradation of the solution or the trace of
water in the solution.

In the non-contact mode, we observed almost the
same images as those in the contact mode and the mea-
sured depths of the depressions are approximately 1.4 nm
except smaller sizes. (The depth measurements are some-
what inaccurate due to the fihite apex of the AFM tip in
the case of small.depressions.) Th6se values are in gbod
agreement with the thickness of SAMs estimated fr6m a
molecular model, where no substrate reconstructions oc-
cur and the oDT molecules selectively chemisorb on the
As atoms to form a centeredZx2 cloie-packed arrange-
menL tilted 57.4" with respect to the surface normal.ffi)

GaAs (110) which
29 days, the same
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sample as Fig. I (e).
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Fig.3 Typical photo-elec$on spectra on p-type GaAs (110). (a) after irhmened in pure ethanol solution for one day, (b)
after immersed in ODT solution for two davs.
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binding energy shift and natural width of X-ray source. O
ls peak (531.0 eV) is also appeared, while no C ls peak is
detected. On the contrary, in the case of (b), no oxygen
peak is observed even after two days immersion in the
ODT solution, while a carbon peak appeared at 285.0 eV.
The full width at half maximum of Ga Zpr,rspectrum de-
creases, indicating very little oxidized component of gal-
lium. From the above results, we can conclude that ODT
molecules spontaneously chemisorb on As atoms of
GaAs (110) surface before oxidation.lO) This means that
SAMs play an imponant role in preventing oxidation of
the GaAs surface. However, we could observe no sulfur
peaks due to ODT molecules. It is partly because transi-
tion probability of sulfur photoelectron is limited and this
peak piles up on the large and broaden Ga 3s peak. An-
other reason is that sulfur atoms exist at the interface be-
tween GaAs substrate and long molecules of ODT (2.6
nm), and therefore sulfur photoelectrons attenuate
through the molecules.lO) When immersed in ODT solu-
tion for two months, oxygen and oxide peaks appeared,
while carbon peak decreased. This indicates that ODT
molecules desorb from the GaAs surface and the bare
GaAs surface is oxidized.

4. CONCLUSIONS

We observed octadecanethiol SAMs on GaAs
(110), and investigated their desorption mechanism using
AFM and XPS. The AFM results reveal that there exist
characteristic depressions with nanometer size in SAMs
which increase in both size and number with immersion
time. The XPS studies revealed that no detectable oxygen
except carbon exist on the SAMs covered surface, while
significantly less carbon and oxygen exist on the bare
GaAs substrate. For the SAM immersed longer period,
e.9.,2 months, the carbon signal decreased while oxygen
increased. We concluded that the SAMs are formed on
GaAs (l l0) surface where surface oxidation was less,
and that the depressions observed in AFM images are due
to the oxidation of the substrate in the degraded solution
and resulting desorption of ODT molecules.

We thank T. Shimizu and H. Y. Nie for their assis-

tance with the AFM measurements. This work was per-
formed under the management of a technological re-
search association, the Angstrom Technology Partner-
ship (ATP) in Joint Research Center for Atom Technol-
ogy (JRCAT) partly supported by New Energy and In-
dustrial Technology Development Organization
(NEDO).
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