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We studied the molecular 1,4-cyclohexadiene (CHD) adsorption at room temperature on a Si(100)-2 X 1
surface, from the first stages up to saturation [about half a monolayer (ML)] at two different deposition rates.
The chemical configuration of the adsorbed CHD on the silicon surface was obtained by valence band and C 1s
core level photoemission analyses. Such a molecular adsorption, at the earlier stages and low rates, showed
only weak features of chemical bonding with Si; at higher coverages (6>0.3 ML) and higher deposition rates,
a chemisorption occurred with an upright structure of the molecule, in which one out of the two unsaturated 7
orbitals reacted to form a bond with the silicon dimer. The whole investigation is based on an accurate
determination of the strongly asymmetric C 1s core level components obtained by means of an angular re-

solved photoelectron diffraction analysis.
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I. INTRODUCTION

Adsorption of organic molecules on a Si(100)-2 X 1 sur-
face has been recently studied to incorporate the functional-
ization on a semiconducting surface.! Organic molecules are
also widely used as buffer layers to grow chemisorbed mo-
lecular organic films? of very recent interest for moletronics
applications. Another motivation is the use of hydrocarbons
as precursors for chemical vapor deposition of silicon car-
bide and diamond film growth.’= In all this investigations,
particularly intriguing is the role of the interface between the
organic film and the substrate.

One class of interesting system to study is represented by
the unsaturated organic molecules on Si surfaces. Unsatur-
ated organic molecules can react with one Si dimer (di-o
bonding) through a [2+2]-type cycloaddition,® in which one
C=C double bond is saturated; alternately, two opposite
C=C double bonds can be saturated by two adjacent Si
dimers (dual [2+2]).” The former reaction leads to an up-
right structure, while the result of the latter reaction is a more
planar configuration. Reactions known as [4+2] or “Diels-
Alder” cycloadditions can also be obtained by interaction
with one Si dimer to form a six-membered ring of carbon
atoms® as in the case of benzene adsorption on Si(100).3

The demand of experimental investigations of adsorbed
hydrocarbon systems is far from being unjustified as theoret-
ical predictions in local density approximation are often
challenged by (1) localization and/or delocalization of the
cyclic molecules interacting on the solid surface, (2) the
huge unit cell volume, and (3) the van der Waals forces char-
acterizing such systems.

Quite recently, great interest was drawn by the adsorption
of 1,4-cyclohexadiene (CHD) on a Si(100)-2X 1 surface.
Theoretical studies®!! were performed to assess the structure
of such a system. From the total energy point of view, the
favored structure is pedestal-like, in which both the 7 bonds
are saturated by two adjacent silicon dimers (dual [2+2]).
Nevertheless, no hint of bridge or pedestal adsorption is
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found by experiments using techniques such as ultraviolet
photoelectron spectroscopy (UPS), low energy electron dif-
fraction (LEED),'” high-resolution electron energy loss
spectroscopy,'>'* and scanning tunneling microscopy.'>'®
While all these methods confirmed quite qualitatively an up-
right structure of the molecule, a more quantitative confirma-
tion of this structure has been obtained by x-ray photoelec-
tron diffraction (PD).!”!® Immediately before the submission
of this paper, we acquired knowledge of the work of Kato er
al.'® They observed the coexistence of both upright and ped-
estal configurations on a Si(100)-2 X 1 surface when CHD is
chemisorbed at room temperature (RT) and at low coverages,
while a weakly bound m-complex state was discovered at
lower temperatures (85 K).

Considering the above scenario, it can be argued that the
dependence of the adsorption mechanism on the deposition
rate and coverage is likely playing an important but still
unclear role. In fact, as specifically described for the present
system by Cho et al.,'” the effects of the kinetic barriers to
reaction paths on the surface should be taken into account for
an accurate description of the adsorption process.

We present below a different experimental investigation
by means of photoelectron spectroscopies from both core
(C 1s) and valence band (VB) states of the RT behavior of
1,4-CHD deposited at two different rates on a Si(100)-2
X1 surface. For the core level analysis, we took advantage
of a previous PD'® experiment for the part concerning the
cumbersome decomposition and assignment of the atomic
origin of each component of the spectrum.

The work is organized as follows: Sec. II reports an ex-
perimental description of the several stages of the sample
preparation. Section III reports the study of the VB spectra of
CHD molecules adsorbed on the Si(100). Section IV is a
brief discussion about the correct deconvolution procedure
necessary to obtain a reliable fit in the C 1s core level spec-
tra. In Sec. V are reported the results of the C 1s asymmetric
peak fits obtained following the indications of Sec. IV. The
VB and the C 1s fit results are finally compared and dis-
cussed in Sec. VI. Conclusions will follow in Sec. VII.
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II. EXPERIMENTAL DETAILS

Synchrotron radiation photoelectron spectroscopy mea-
surements were performed at the beamline BC-13C at
KEK-PF facility in Japan and at the VUV beamline at
Elettra, Italy. VB and carbon 1s core level photoelectrons
were collected by using photons with energies of 50 and
330 eV, respectively. The electric field was linearly polarized
in the plane containing the photon beam and the detection
direction. A Si(100) substrate was flashed at 1250 °C and
annealed at 1000 °C until a sharp 2 X 1 reconstruction was
obtained at LEED. After that, sufficient time (1-2 h) was
necessary for the sample to cool down to RT. Then, the sur-
face was exposed to the CHD gas (purity better than 99%),
purified by freeze-pump-thaw cycles before the exposure.

In the first experiment, a quasi-single-domain 2
X 1-Si(100) surface (80% domain ratio) was prepared to in-
crease the angular anisotropy and the signal-to-noise ratio of
the PD experimental data.'® In such an experiment, a high
dosing rate was provided by a pulse valve connected to a
tube for an efficient delivery of the gas to the sample. The
PD experiment on the quasi-single-domain consisted of a
large data set with almost 400 spectra taken at high resolu-
tion along different 6 angles (between 30° and 80° from the
normal to the surface) and ¢ angles (between 0° and 120°
from the dimer bond direction [110]). The vacuum during the
gas dosing was kept in the 107!° Torr range to minimize
molecule decomposition by pumps or gauges. A mass spec-
trometer was used for gas partial pressure measurements dur-
ing the deposition. The 2X 1 LEED spots were observed
even after saturation of CHD adsorption, suggesting that the
dimers on the silicon surface and the domain ratio were pre-
served.

In a second experiment on a double-domain surface, the
gas was dosed through a leak valve, which precisely con-
trolled the gas inlet. We deposited CHD in two steps: (1) in
the first stage at low rate (8 X 107 L/s), up to a coverage of
0.3 ML; and (2) in the second stage, by increasing the depo-
sition rate up to 8 X 10 L/s and to a coverage of about 0.5
ML, close to saturation conditions (1 ML is defined as one
molecule adsorption per Si dimer). After that, the sample was
heated resistively at a temperature of 200 °C; in doing so we
obtained the same chemisorbed phase of the first experiment
on a single domain.'® The temperature was measured by
means of an optical pyrometer for 7>250 °C, while below
such a limit, an extrapolation from the pyrometer data as a
function of the sample current was used. In the final stage,
the sample was heated to 400 °C for 10 min.

VB and core level photoemissions reported below are re-
lated mainly to the double-domain experiment at different
coverages and deposition rates.

III. VALENCE BAND RESULTS

Here, we present the UPS results for the relevant surfaces
obtained during the experiment, namely, (i) the clean
Si(100)-2 X 1 double-domain surface, (ii) the surface after
adsorption of 0.3 ML of 1,4-CHD at a low deposition rate,
and (iii) the surface after a total coverage of 0.4 ML at high
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deposition rate, obtained as a result of short (10 min) anneal-
ing at 200 °C. It is important to stress that in the latter case
(iii), the same conditions can be achieved either directly, by a
high rate deposition, or, starting from surface (ii), by depo-
sition at a high rate and annealing at 200 °C for 10 min.

Figure 1 shows from (a) to (d) the VB spectra taken with
electron emission normal to the surface (NE) (photoelectron
polar angle 6=0°), and from (e) to (g), the normal photon
incidence (NI) spectra at 6=45°. All the spectra are taken
along the [110] direction on the surface (photoelectron azi-
muth angle ¢=0°) corresponding, because of the double-
domain surface, either to a Si dimer bond or to a dimer row
direction. Only curve (b) is taken along the [100] direction
(¢p=45°). Spectra (a) and (e) are taken on the clean 2
X 1-Si(100) surface, where the peak A, at a binding energy
(BE) of 0.8 eV, corresponds to the silicon dimer states.??!
Such a state is seen to persist up to spectra (b)—(c) and (f),
which are taken after depositing 0.3 ML of CHD. Finally,
spectra (d) and (g) are obtained after depositing CHD for a
total amount of 0.4 ML at a higher deposition rate and an-
nealing at 200 °C. In normal emission from (a) to (d), both
the in-plane and out-of-plane components of the electric field
along the [110] direction are present; in (b) the in-plane com-
ponent is directed along [100]. Spectra from (e) to (g) have
only in-plane components of the electric field oriented along
the [110] direction.

A visual inspection of Fig. 1 puts in evidence the presence
of two electronic states at 2.3 and 4.0 eV, which can be
related to the highest occupied molecular orbitals of the un-
saturated CHD [Figs. 1(a)-1(c) and 1(f)], and are partially
saturated at the increase of the coverage and subsequent an-
nealing. As a consequence, a single unsaturated state is ob-
served at 3.8 eV in Fig. 1(g) as reported in literature.'? All
these observations point toward the existence of a previously
unnoticed weakly bonded absorption state of CHD on silicon
before the onset of chemisorption.

IV. C1s CORE LEVEL DECONVOLUTION

The line shape analysis of the C 1s core level (at the pho-
ton energy of 330 eV) has been performed considering the
asymmetry on the high BE side of the core levels as a sig-
nature of the inelastic effects. Such effects must be carefully
included to avoid unjustified higher BE core level compo-
nents. We follow the work of Yamashita et al.?? to describe
the high asymmetry of the photoemission core levels within
the Frank-Condon scheme as due to vertical transitions be-
tween the initial core electron ground state to the electroni-
cally and vibrationally excited state. In the linear coupling
approximation, an asymmetric component is obtained by a
linear composition of Voigt functions (Gaussian line shape
convoluted to a Lorentzian function), equally spaced (hw)
and whose intensities are In=e‘SS”/n! for n=0, 1, and 2. The
S factor is defined as 62,uw/2ﬁ, where o, u, and w, are
respectively the normal coordinate of the core excitation, the
reduced mass, and the vibrational frequency.22 In the case of
ethylene on Si, the latter frequency has been demonstrated,
by the isotope effect, to be close to the value of the C—H
stretching vibration.?
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FIG. 1. Valence Band spectra taken on the C¢Hg/2 X 1-Si(100)
surface in NE from (a) to (d), and in NI from (e) to (g). In (a) and
(e) are reported the spectra of the clean Si(100)-2 X 1 surface; (b),
(c), and (f) report the spectra of weakly bound adsorption on the
silicon surface (0.30 ML); and (d) and (g) report the spectra of
C¢Hg chemisorbed on silicon with a coverage of 0.4 ML after an-
nealing at 200 °C. The electric field, due to the double domain, is
equally directed along the dimer rows [1-10] and the dimer bond
direction [110]. In (b), the component of the electric field in the
plane is directed along the [100] direction. The photoelectron direc-
tion has an angle 6 of 45° with respect to the surface normal.
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FIG. 2. Plots of a single asymmetric component simulated using
three Voigt functions according to the model of Ref. 22. A fixed
Lorentzian FWHM (Wy) at 0.1 eV is used, while the Gaussian
FWHM (W) is varied from 0.2 to 1.3 eV. The inset reports the
shift observed in the peak maximum position.

In order to reduce the arbitrariness in the decomposition
of the core levels, we aim at estimating the importance of the
asymmetric components in the core level peak for the values
of the signal-to-noise ratio and the energy resolution of the
present experiment.

For simplicity, we simulated in Fig. 2 only one chemical
component under the realistic hypothesis that the C—H
stretching vibration has an energy of 400 meV and the S
parameter has a value of 0.4,'82? then, for each Frank-
Condon component, we plotted the spectrum obtained con-
sidering one Voigt line shape, i.e., the convolution of a
Gaussian and a Lorentzian component.

In a photoemission spectrum, the Lorentzian width is re-
lated to the mean lifetime of the core hole and represents a
physical characteristic of the system, while the Gaussian
width is related to the thermal broadening and the experi-
mental resolution from both monochromator and electron
analyzer. In the hypothesis of an S parameter equal to 0.4
(Ref. 22) for every chemical shift component, we approxi-
mate the linear combination with the first three terms, i.e., by
three Voigt line shapes of intensity [, separated from each
other by 400 meV.

For the chosen values of S and %w, we have plotted in
Fig. 2 the curves obtained for a Lorentzian full width at half
maximum (FWHM) Wy of 100 meV and a Gaussian FWHM
W varying between 0.1 and 1.3 eV. The zero of the relative
BE is fixed at the maximum of the elastic photoemission
peak. In Fig. 2, we can observe how, by increasing the Wg, it
is no longer possible to resolve the three peaks while the
curves become strongly asymmetric. Increasing again the
W, the curve shape loses the asymmetry and becomes simi-
lar to a Gaussian line shape. Another important effect that
can be observed is the shift of the curve maximum to a
higher value of BE (see the inset in Fig. 2). This shift
amounts to 0.15 eV for a W of 1.3 eV and must be taken
into account if a symmetric Voigt function is used for the
chemical shift component.
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FIG. 3. (A) Results of the fits of the three Voigt simulated components (circles) using one Voigt function (solid line). (B) Values of W
and W; FWHM (solid symbols) obtained by fitting the line shapes of Fig. 2 with a single Voigt function. For comparison, the nominal values
of Wg used in Fig. 2 are reported as empty symbols. (C) Relative error of the approximation of the fitting of the three Voigt simulated
components using one Voigt function at different values of the resolution (W).

It would be useful to know in which range the three-peak
curves of Fig. 2 could be approximated correctly by a single
component Voigt function with three free parameters: the
amplitude, the Gaussian FWHM (W), and the Lorentzian
FWHM (W,). We underline that W and W, are the param-
eters for the symmetric Voigt line shape, while only Wg and
W, have physical meaning related to the component of the
asymmetric core level. Figure 3(a) reports three curves at
different values of Wg equal to 0.3, 0.7, and 1.3 eV [curves
(a), (b), and (c), respectively].

It can be shown how by increasing the Wg, i.e., reducing
the experimental energy resolution, the difference between
the two models is reduced and a single component Voigt line
shape accurately fits the chemical shift component. On the
other hand, if the experimental noise is important, we can
make use of the symmetric Voigt line shape to fit the experi-
mental data. More quantitatively, Fig. 3(c) reports the rela-
tive error of the approximation (residual) normalized to the
peak maximum as a function of the W;. We can conclude
that a simple rule of thumb is that the experimental curve
might be approximated by a symmetric Voigt function in all
the cases in which the experimental noise at the given ex-
perimental resolution is above the curve in Fig. 3(c).

Furthermore, we establish how the W and W are related
to the parameters of the three Voigt line shapes (W and W ).
In Fig. 3(b) are reported the values of the W and W, ob-
tained by the fit. For comparison the Ws and W, of the

curves plotted in Fig. 2 are also reported on the y axis. By
this comparison, we observe that W is always larger than
Wg; this is due to the superposition of three Voigt line
shapes, leading to a wider peak, i.e., at low resolution energy
spectra, the W obtained by fitting is overestimated. On the
contrary, we can observe that the W, of the Voigt fit reaches
the same value of the W, at low energy resolution. The dis-
crepancy at high energy resolution is due to the bad quality
of the fit, as we can see from the fit (a) of Fig. 3(a).

Now we have all the elements to establish if our experi-
mental data must be fitted correctly with three Voigt compo-
nents or if it is possible to use simply one Voigt line shape
per component. For simplicity, the chemical shift compo-
nents obtained by a fit with three Voigt line shapes, related to
the parameters Wg, Wy, S, and hw, will be called “asymmet-
ric” components, while the chemical shift components ob-
tained by a fit with one Voigt line shape with parameters W
and W; will be called “symmetric” components.

The present experiment corresponds to a point below the
plot of Fig. 3(c) where the experimental relative error is 2%
and the overall resolution is 0.25 eV. As a consequence, the
C 1s photoemission peaks must be mandatorily fitted with
asymmetric components. In Figs. 4(b) and 4(c), we report the
fit of a core level taken at #=45° and ¢$=0° using three
asymmetric and symmetric components, respectively. While
the quality of the fit is comparable [Fig. 4(a)], the results we
obtain in the case of an asymmetric or a symmetric line
shape deconvolution are quite different as reported in Figs.
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FIG. 4. C 1s core level shift decomposition obtained with asym-
metric and symmetric chemical shift components, respectively.
From top to bottom, we find (a) total signal, (b) decomposition with
asymmetric line shapes, and (c) decomposition with symmetric line
shapes.

4(b) and 4(c), respectively. We observe that the main conse-
quence of using symmetric line shapes is the appearance of a
third minor component at high BE [see Fig. 4(c)]. Such a
component is necessary to fit the high BE tail of the spectra.
On the contrary, using three asymmetric chemical shift line
shapes, we obtain components with comparable intensities
[Fig. 4(b)] as expected considering the number of the non-
equivalent C atoms of the molecule.

The deconvolution procedure might take advantage of the
structural analysis performed by means of multiple scattering
calculations® of the core level angular anisotropy.'® In fact,
the PD anisotropy, defined by normalizing the photoemission
intensities (I) for each @ polar angle of collection as (7
=1 ! (Ly0c—Lin), must point to the same atomic structure
for each resolved chemical shift component. This is a strong
constraint to be fulfilled, and makes the core level compo-
nent analysis reliable and the interpretation free of faults.

Figure 5 shows, from top to bottom, the C 1s photoelec-
tron diffraction intensities'® resolved into components at the
binding energy reported in the figure after a standard residual
minimization procedure, obtained with three asymmetric line
shapes (left panel) and three symmetric line shapes (right
panel). The fits are based on more than 1000 core level spec-
tra. The plot showed how the angular anisotropies obtained
in Fig. 5 using the two procedures were different, leading to
inconsistent results for the structural problem.

V. C1s CORE LEVEL RESULTS

With the aim of understanding the problem of the adsorp-
tion by means of C 1s core level photoemission, in Fig. 6, we
report the spectra taken along the [110] direction with the
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photoelectron making an angle of 45° with respect to the
normal to the surface. All the spectra are normalized to the
core level component at 284.0 eV BE.

At a coverage of 0.3 ML, deposited at slow rate [Fig.
6(b)], only two C 1s components separated by 0.42 eV are
obtained by the fit analysis with asymmetric line shapes. On
this basis, we can assert that in this first stage, the molecule
does not experience any bonding with the Si surface. After
the saturation (0.50 ML), a third component at lower kinetic
energy (—0.28 V) appears [Fig. 6(c)]. However, only after
annealing at 200 °C as in Fig. 6(d) is the surface identical to
the one obtained, by a higher deposition rate and reported in
Fig. 6(a), on the quasi-single-domain surface. In Fig. 6(d),
the appearance of a small bump at 283.2 eV BE is due to
defect formation and C dissolution inside the silicon.?* This
effect is accompanied by a similar appearance of a minor
defect component in the Si2p core levels (not shown) at
101 eV BE.

Finally, Fig. 6(e) reports the C 1s fit after the annealing at
400 °C. A clear modification of the core level is observed,
probably due to the dehydrogenation with a consequent
strong reduction of the C—C single bond component in the
C 1s core level. From the peak area, the dissolution of car-
bon inside the Si is estimated to be about 20%.

VI. DISCUSSION

In order to interpret the valence band measurements, a
direct comparison with multilayers of physisorbed CHD
molecules makes us conclude that the two states correspond-
ing respectively to the orbitals 7C=C~ and wC=C"* (Ref.
12) are still present in the very fist stage of our experiment.

Such occupied states have an even symmetry with respect
to the plane perpendicular to the double C bond. To detect
this state, the electric field should lie perpendicular to the
nodal plane of the 7 states, i.e., perpendicular to the molecu-
lar plane. In the case of a planar adsorption of an intact
molecule, it would be possible to detect orbital states in NE
by means of the electric field component perpendicular to the
molecular plane. In fact, a sizable intensity in Figs. 1(b) and
1(c) of peaks labeled B and C (at the energies of 2.3 and
4.0 eV, respectively) is observed with respect to the normal
incidence case reported in Fig. 1(f). Furthermore, curves in
Figs. 1(b) and 1(c), taken along two nonequivalent direc-
tions, look very similar, indicating a minor anisotropy on the
surface.

If the molecule were chemisorbed upright, the electric
field should be either parallel or perpendicular to the dimer
rows as in the experimental geometry of Fig. 1(g), corre-
sponding to a coverage of 0.4 ML after annealing at 200 °C.
Such a spectrum shows, at variance with the previous case, a
single state (D) at 3.8 eV due to one out of two unsaturated
7r states which does not react on the Si(100)-2 X 1 surface.
Correctly enough, such a state is strongly suppressed in the
case of the spectrum in Fig. 1(d) (NE), where the electric
field is not completely perpendicular to the molecular plane.

It is worth noting that VB spectra resembling those of
Figs. 1(b) and 1(c) were measured in the case of benzene
butterfly-like adsorption on Si(100).823 Such spectra, show-
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FIG. 5. PD anisotropies of the C ls core level decomposition of 0.4 ML of 1,4-CHD on quasi-single-domain Si(100)-2 X 1 surface. The
panel on the left makes use of asymmetric component analysis, while the panel on the right makes use of symmetric components. The
direction ¢=0 corresponds to the minority dimer bond direction.

ing the conservation of the double 7 unsaturated orbitals can be excluded on the basis of the C 1s core level analysis
(valence states at 2.3 and 4.0 eV, respectively), could be a which will follow.

hint of possible dehydrogenation effects of the CHD mol- From the point of view of C ls core level measurements
ecule before adsorption. Nevertheless, the latter explanation consistent conclusions with VB results can be achieved. We
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FIG. 6. C 1s core level of 1,4-CHD at different experimental
stages. In (a) is reported the C 1s peak fit obtained in Ref. 18 on a
single-domain 2 X 1-Si(100) surface close to saturation and decom-
posed according to three asymmetric core levels. In (b) is reported
the fit obtained with 0.30 ML after a low rate deposition, (c) reports
the fit at surface saturation, (d) and (e) report the fit obtained after
annealing at 200 and 400 °C, respectively.

follow the study of Oltedal et al.?® about the C 1s core level
spectrum of the gas phase 1,4-CHD. In this work, the spec-
trum is considered made by a cyclohexanelike (C4H;,) com-
ponent due to single bond C—C carbon atoms, and one less
bound component (0.48 eV) due to the four C=C double
bond carbon atoms. In the case of adsorption on Si, a third
component is expected due to the bonding with Si dimers as
evidenced by the VB signature [D in Fig. 1(g)] of the unsat-
urated 7 state at the coverage of 0.4 ML following the an-
nealing at 200 °C.

Such a result is confirmed by the C ls core level analysis
of spectra reported in Fig. 6(d) on the basis of a proper
assignment of core level peaks of the surface formed on the
single domain surface [Fig. 6(a)].'®

For these two latter spectra [Figs. 6(a) and 6(d)], the C 1s
core level analysis can be summarized in Table 1. Two
chemical shifts with respect to the C=C component located
at 284.0 eV were considered; the chemical state of Si—C o
bond at lower energy (—0.28 eV) and the C—C single bond
at 0.42 eV higher BE, respectively. In Table I are also re-
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TABLE I. Line shape parameters for the deconvolution of the
C 1s core level taken from Ref. 18.

Component CcC—C C=C C—Si
Binding energy (eV) 284.42 284.0 283.72
S 0.48 0.42 0.40
fiw (eV) 0.37 0.37 0.40

ported the optimized parameters used to describe the asym-
metric core levels.

A very different scenario is observed before the onset of
the upright chemisorption [Fig. 6(b)]. In such a case, decon-
volution results exclude the presence of the Si—C formation
in the spectrum of Fig. 6(b) after 0.3 ML deposition. Any
attempt to obtain three chemical shift components (upright
chemisorption) or two components with an energy separation
of 0.70 eV between Si—C and C—C single bond compo-
nents (pedestal chemisorption) was unsuccessful. Analo-
gously, the possible configuration suggested by VB measure-
ments, with two unsaturated orbitals at 2.3 and 4.0 eV,
closely resembling benzene adsorption on Si(001) at low
coverages®? with C, (Si—C single bond) and C,, (C=C
double bond) components in the 2:1 ratio, can be ruled out.
In fact, a larger C 1s chemical shift (0.42 eV), compared
with that of 0.30 eV found by Kim et al.,® has been mea-
sured. Moreover, considering the evolution of the spectra
[Figs. 6(c) and 6(d)], a clear-cut assignment of the o Si—C
bond at a binding energy of 283.7 eV is made, while only a
negligible contribution of this component is found in Fig.
6(b).

Summarizing, while no apparent differences have been
recorded in the photoemission core levels at the two experi-
mental stages when a pulse valve supplying a high deposi-
tion rate was used either at low coverages (0.2-0.3 ML) or at
saturation (0.5 ML), the findings observed by Kato et al.'® on
the first stages of absorption of CHD/Si(001)-2X 1 surface
are someway confirmed using a slow deposition rate. In the
present work, we comply with the remarkable difference that
even at RT a clear signature of the Si—C bonding is lacking
in the presence of low deposition rates at low coverages;
such a character has been singled out by means of a core
level shift photoemission analysis. This is particularly rather
puzzling because chemisorption with a pedestal geometry,
predicted by the total energy calculation and observed by
Kato et al.,'® should be easily achieved in the case of a long
time scale!® of the experiment. Nonetheless, the hypothesis
that a pedestal molecule bonded to two Si dimers could show
a major change in the values of the core level shifts, some-
way upsetting the present adopted scheme, should not be
completely neglected, but should be taken into proper experi-
mental and theoretical considerations to elucidate still un-
clear aspects of the kinetics of the CHD-on-Si system.

VII. CONCLUSIONS

We have studied the 1,4-CHD adsorption at different
deposition rates and at RT. The analysis has shown a
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weakly bound adsorption at a rate of 8 X107 L/s and a
chemisorption at 8 X 10™ L/s or higher. Such an analysis
is based on valence band photoemission, showing at a low
deposition rate the presence of unsaturated C 2p orbital
states.

PHYSICAL REVIEW B 76, 165315 (2007)

Moreover, it is shown how, by means of a suitable model
of peak analysis with proper attention to asymmetric tails,
C 1s core level photoemission can provide information
which is remarkably complementary to the information ob-
tainable with valence band photoemission.
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