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X-ray photoelectron spectroscopy (XPS) studies of initial
stages of copper deposition from bis(hexafluoro-
acetylacetonato)copper(ll) (Cu(hfac),)

on Si(111)-7x7 at room temperature. Part C
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Organometallic chemical vapour depostion (OMCVD) of copper compounds is the preferred method for metallization of
semiconductors over physical vapour deposition. The advantages of CVD are selectivity and ambient conditions for
deposition (low vacuum and room temperature). UPS and XPS spectra of Cu deposited from Cu(hfac), via chemical vapour
deposition onto Si(111)-7x7 were studied for apparent exposures of 0.02, 0.04, 0.06, 0.08, 0.1 L at room temperature.
Cu(hfac), adsorption on Si(111)-7x7 at RT follows a ligand dissociative pathway with ligand fragmentation. At low
exposures (i.e. 0.04 L) the precursor adsorbs onto Si surface in the reduced form, probably as Cu(l). This is supported by
the absence of the shake-up features in the Cu XPS spectrum. Also Cu(ll) was accounted for 5% of the total amount of Cu.
The driving force for the reduction (Cu(ll) — Cu(l)) is the Si(111) surface in its 7x7 reconstructed form. The process takes
place at electron states on adatoms in Takayanagi’'s model. The reaction products at the end of deposition at the surface
are: ligands (L), fragmented ligands (L¢), Cu(l)(hfac) (Cu-L), and copper (Cu). The fact that the Cu(ll) intensity is constant
over all depositions while the Cu(l) intensity continues to grow from one depostion to the other suggests that Cu(l) is
associated with ligands or fragments of ligands. Cluster growth terminates via ligand saturation. This is our explanation to
the “magic “ number Cu cluster described by Horton et al. (6).
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1. Introduction

Organometallic chemical  vapour  deposition
(OMCVD) of copper compounds (1,2,3,4,5) was explored
for metallization of semiconductors in microelectronics via
the deposition of (hexafluoroacetylacetonato)copper(Il)
(Cu(hfac),), hfac” = [CF;O0CHCOCF;], a bidentate ligand
and the related Cu(I) compound hexafluoroactetylactonato
(1,5 octadiene) copper(I) ((hfac)Cu(COD)) (6, 7).

In our ultraviolet photoelectron spectroscopy (UPS))
study of the Cu(hfac), interaction with Si (111)-7x7 Part A
(8, 9,10, 35) we concluded that the peak at -17 eV is the
secondary electron peak and its variation with the
exposure reflects changes in the secondary electron
emission caused by the presence of Cu (I) and fluorinated
moities.

A previous study performed at various temperatures
(6) (below the Cu dissolution temperature) has shown that
the Cu(hfac), deposits on the Si(111)-7x7 showing a
physical separation between the Cu (which forms clusters
of 8-10 atoms) and the ligands which also appear to be
aggregated. The structure and hence the quality of the
metallic film is controlled by nucleation and growth
processes at the initial stages of growth. Our goal was to
understand the mechanism of initial stages of the

Cu(hfac), deposition at room temperature (RT). A number
of questions are addressed in the present study:

- In the case of a dissociative adsorption will the
ligand adsorb intact or it will adsorb as smaller molecular
fragments?

- In the case of a dissociative adsorption will the
growth of clusters terminate via saturation of Cu clusters
with ligands or fragments of ligands? In other words
which is the key to the formation of the so-called magic
number clusters reported by Horton et al. (6)

2. Experimental details

The experiments were carried out in a home built ultra
high vacuum (UHV) chamber which contains a
differentially pumped He-discharge lamp, XPS capabilities
and other standard surface science tools identical to those
on which we performed our previous UPS and XPS
experiments (34) (35). Si sample was processed using the
same recipe we employed for the UPS and XPS
experiments (34) (35). Prior to deposition the precursor
was conditioned in the same manner as for the previous
experiments (34) (35).

The Si sample faced the doser at a distance of ~5 cm
(similar to the one used for the previous Cu(hfac),
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deposition studied by UHV-STM) (11) and the dosing was
performed at room temperature in 21 sec. (i.e. 0.02 L)
increments, until the compound in the reservoir evaporated
totally. The amount deposited each time was
approximately the same since the increase in the pressure
during deposition was the same for each of the 5
depositions. The deposition time for each subsequent
exposure to Cu(hfac), was 21 sec. each time, and the
sample was not flashed in between depositions; thus the
coverage after the second deposition corresponded to an
exposure time of 42 sec. (i.e. 0.04 L), the third of 63 sec.
(i.e. 0.06 L), the fourth of 84 sec. (i.e. 0.08 L), and the fifth
of 105 sec. (i.e. 0.1 L) respectively.

3. Results and discussion

After flashing the sample, the XPS spectra (34, 35)
showed no Cls peak which would appear at 284.15 eV
suggesting a surface free of C as contaminant. XPS also
confirmed the absence of SiO,.

3.1 XPS experiments (Part C)

Wide scans were taken, followed by narrow scans
looking for an increase in the area under the Cu 2p;,XPS
binding energy signal with the deposition time. Then the
same procedure was done for C 1Is, F 1s and O 1s (35).
The signal for C Iswas weak throughout the entire
experiment (the C 1s XPS spectra are not presented here)
due to its small cross-section but enough to give semi-
quantitative information that was correlated to UPS data
(34).

The signal for Cu 2p;,, after the first deposition time
was also weak so we started our investigation from the
second deposition time (i.e. the 42 sec. deposition time or
0.04 L) and those data are presented here.

The overall deposition time was 105 sec. which
corresponds to an exposure of 0.1 L.

Our previous study concluded that most dissociation
of Cu(hfac), and ligand fragmentation occurs at the
beginning of deposition. At the end of the deposition,
fluorine is quantitatively retained; i.e. the ratio F:Cu is
close to that in the intact ligand. These observations
support the proposed dissociative pathway with ligand
fragmentation proposed for the Cu(hfac), deposition on
Si(111)-7x7 at room temperature (35).

One conclusion is immediate: at the end of the
deposition, fluorine is quantitatively deposited; i.e. the
ratio F:Cu is close to that in the intact ligand. The above
observation regarding F 1s is also consistent with previous
work of Cheng et al. (7). At T < 233 K their O 1s XPS
data indicate that the ligand remains intact; F 1s XPS data
for the same temperature indicates only slight changes in
the binding energy. Above 288 K, the temperature at
which we performed our experiments, ligand
fragmentation occurs, C-F bonds in CF3 groups are being
broken and the CF,groups are generated, and hence F
bonds to Si. Cohen et al. (13) reported ligand
fragmentation via X-ray decomposition of the ligand.

Ligand fragmentation was also reported by Donnely et al.
(14) and Parmeter (15).

The fact that F “sticks” more than oxygen on Si is
thermodynamically  consistent: the standard bond
formation energy AH for the Si-F bond is -135 kcal/mol
(or -564.84 kJ/mol) while that of Si-O is -108 kcal/mol
(or - 451.87 kJ/mol) (16, 17, 18, 19).

3.2 Deconvoluted XPS Spectra for Copper

The XPS spectra for Cu 2ps, (Figs. 1-4), O 1s (Figs.
5-8), and F 1s (Figs. 9-12) were deconvoluted using mixed
Gaussian-Lorentzian functions with a linear background
approach as provided by the XPS Peak Fitting Program
Version 4.1.

The Cu 2ps,» XPS signal for the 0.02 L was weak so
that we present here the 0.04, 0.06, 0.08 and 0.1 L data
respectively. We follow the same procedure for O 1s, and
F 1s XPS signal.

The Cu 2ps;, XPS spectrum for the 0.04 L exposure
(Fig. 1) shows after deconvolution four peaks:
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Fig. 1. Cu 2p3», XPS spectrum for a 0.04 L exposure of
Cu(hfac), on Si(111)-7x7at RT.
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Fig. 2. Cu 2ps; XPS spectrum for a 0.06 L exposure of
Cu(hfac), on Si(111)-7x7 at RT.

- 931.2 eV peak which disappears at exposure of 0.06 L
or greater. The assignment of this peak is uncertain, but as
it occurs at the lowest exposures, we tentatively assign it
to very small Cu clusters or even individual Cu atoms
bonded to Si;
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- 932.8 eV which corresponds to Cu metal deposited on
Si (20, 21, 22). Given the argument above, we assume that
the copper is present as larger clusters characteristic of Cu
metal on Si;
- 934.3 eV the main peak which corresponds to Cu(I)
adsorbed on Si as Cu(I)(hfac) complex (6, 7, 23) and
. 936.0 eV which can be assigned to Cu(ll) in
Cu(hfac), complex (6, 23).

The Cu 2ps3;, XPS spectrum for the 0.06 L exposure
(Fig. 9) shows after deconvolution three peaks:

932.8 eV - assigned as Cu metal (20,21, 22); it shows
a small increase in the intensity when comparing with the
corresponding peak for the 0.04 L exposure, possibly by
conversion of the copper responsible for the 931.15 eV
peak to larger clusters;

934.0 eV - the main peak which corresponds to Cu(I)
adsorbed on Si as Cu(I)(hfac) (6, 7, 33); it is more intense
(almost doubles) than the corresponding peak in the 0.04 L
spectrum; and
- 9353 eV - the Cu(Il) peak; it shows a very small
increase compared to the corresponding peak in the 0.04 L
spectrum (6, 23). The observation that the Cu(Il) intensity
stays almost constant while the Cu(I) intensity continues to
increase from one deposition to another, is clear evidence
that the Cu deposited in this exposure range is associated
with ligands.
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Fig. 3. Cu 2p3, XPS spectrum for a 0.08 L exposure of
Cu(hfac), on Si(111)-7x7 at RT.
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Fig. 4. Cu 2p3, XPS spectrum for a 0.1 L exposure of
Cu(hfac), on Si(111)- 7x7 at RT.

The Cu 2p;3, XPS spectrum for the 0.08 L exposure
(Fig. 3) shows after deconvolution three peaks:

932.9 eV associated with the Cu metal (30, 31, 32) ; it

shows an increase in the intensity compared to the
corresponding peak for the 0.06 L exposure;
. 9343 eV - the main peak which corresponds to Cu(I)
adsorbed on Si as Cu(I)(hfac (6, 7, 33) and which is now
almost six times more intense than the corresponding peak
in the 0.06 L spectrum; and

935.3 eV - the Cu(Il) peak (6, 23); it shows almost no
increase compared to the corresponding peak for the 0.06
L exposure.

The Cu 2p;, XPS spectrum for the 0.1 L exposure
(Fig. 4) shows after deconvolution three peaks:

- 932.9 eV associated with the Cu metal (30, 31, 32); it
shows an increase in the intensity compared to the
corresponding peak for the 0.08 L exposure;

. 9342 eV - the main peak which corresponds to Cu(I)
adsorbed on Si as Cu(I)(hfac) (6, 7, 33) and which is triple
the corresponding peak in the 0.08 L spectrum; and

- 935.3 eV — the Cu(Il) peak (6,23); it shows almost no
increase compared to the corresponding peak for the 0.08
L exposure (Table 1).

Table 1. Height of Cu(l) and Cu(ll) peaks in
counts/second as retrieved from the corresponding

Cu 2p;, XPS spectra are: a) for 0.04L - Cu(I) 25.9
cps and Cu(II) 18.0 cps; b) for 0.06L - Cu(I) 42.0

cps and Cu(II) 20.4 cps; c) for 0.08L - Cu(I) 249.0
cps and Cu(II) 30.0 cps; d) for 0.1L — Cu(I) 783.0
cps and Cu(Il) 42.0 cps.

The question arises as to why the Si surface reduces
Cu(Il) to Cu(I). Semiconductors have an energy gap
around the Fermi level. In the case of the 7x7
reconstructed surface, electronic states

The question arises as to why the Si surface reduces
Cu(ll) to Cu(I). Semiconductors have an energy gap
around the Fermi level. In the case of the 7x7
reconstructed surface, electronic states of Si are within this
gap and this is why the Si(111)-7x7 surface exhibits a
metallic character (21, 24). The metallic character is
manifested in terms of a continuum of electron states near
the Fermi level - energy levels that are close to each other.
We believe that it is this metallic character that is the
driving force for the reduction Cu(IT) — Cu(I). The origin
of “precursor splitting” into Cu and the (hfac) ligand,
followed by (hfac) bonding to Si as smaller molecular
fragments or to Cu clusters and Cu deposition onto the Si
surface, might reside in the electron states on adatoms in
Takayanagi’s model. In our work, we described Cu
clusters of specific size sitting in the faulted halves of the
Si (111)-7x7 unit cell (Semenov et al.(11) similar to the
size of clusters reported by Horton et al. (6)

The intensity of the Cu(Il) signal remains constant
while the intensity of the Cu(I) signal increases
dramatically from one deposition to another (Table 2a, b,
¢, and d).
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This supports the hypothesis that the cluster growth
terminates via cluster saturation with ligands, and could
therefore be the origin to the observation of a maximum
cluster size reported by Horton et al.(6) in 1996. At low
coverage a mechanistic approach to this problem is

presented at the end of this article.

Table 2a, b, ¢, and d. Peak areas under each of the
deconvoluted peaks for Cu for each of the corresponding
deposition times are:

a) for 42 sec under the peak at 931.15eV - 16.33; under the
peak at 932.84 eV -56.44; under the peak at 934.30 eV —
55.42; under the peak at 936.03 eV - 34.51. Total area =
112.7 b) for 63 sec under the peak at 932.81 eV - 48.24;
under the peak at 934.03 eV - 79.87; under the peak at
935.27 eV - 35.66. Total area = 163.77 c) for 84 sec under
the peak at 932.88 eV -164.03; under the peak at 934.30
eV - 489.12; under the peak at 935.20 eV - 52.24. Total
area = 705.39. d) for 105 sec under the peak at 932.94 eV -
295.11; under the peak at 934.19 eV - 831.39; under the
peak at 935.32 eV -52.24. Total area = 1179.04.

3.3 Deconvoluted XPS Spectra for Oxygen

Figs. 5-8 show the O 1sXPS spectra of oxygen
deposited on Si(111)-7x7 from Cu(hfac), at room
temperature. The O 1s XPS spectrum for 0.04 L (Fig. 5)
shows three peaks:
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Fig. 5. O 1s XPS spectrum for a 0.04 L exposure of
Cu(hfac), on Si(111)- 7x7 at RT.
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Fig. 6. O 1s XPS spectrum for a 0.06 L exposure of
Cu(hfac), on Si(111)-7x7 at RT.

- 531.3 eV that cannot be associated to Cu(OH), or to
Cu,0 since we did not detect any Cu(OH), or Cu,0 in the
Cu 2p;, XPS spectra; therefore this peak can be assigned
to O in the Cu(ll) intact precursor (not bonded to Si
surface).

- 532.6 eV that can be associated with O in the intact
hfac ligand; and

- 533.7 eV that can be associated with O in a non-
oxygen surface bound COCF; fragment, or impurity
oxygen. The presence of water (water of hydration via
incomplete dehydration or rehydration) is accounted as
source of oxygen.

The O 1s XPS spectrum for the 0.06 L (Fig. 6) reveal
after deconvolution similar peaks to those shown in Fig. 1
for the 0.04 L exposure:

- 531.3 eV that can be associated to O in the
Cu(II)(hfac),.

- 5324 eV that can be associated with O in the intact
hfac ligand; and

- 533.34 eV that can be associated with O in a non-
oxygen surface bound COCF; fragment, or impurity
oxygen.

The O 1s XPS spectrum for the 0.08 L (Fig. 7), and
for the 0.1 L exposure (Fig. 8) reveal, after deconvolution,
two peaks (possibly with a very weak third component)
each:

- higher binding energy around 533.5 eV and around
5334 eV in the 0.08 L spectrum and 0.1 L spectrum
respectively; and

- lower binding energy around 532.2 ¢V and 532.3 eV
in the 0.08 L spectrum and 0.1 L spectrum respectively.
All the above O 1s XPS assignments are consistent with
those reported in literature (6, 7, 26, 27).

In the above O spectra the dominant O species is the
O in Cu(I)(hfac) complex (Table 3a, b, c, and d)
supporting the fact that the cluster growth terminates via
cluster saturation with ligands.
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Fig. 7. O 1s XPS spectrum for a 0.08 L exposure of
Cu(hfac), on Si(111)-7x7 at RT.
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Fig. 8. O 1s XPS spectrum for a 0.1 L exposure of
Cu(hfac), on Si(111)-7x7 at RT.

Table 34, b, c, and d. Peak areas under each of the
deconvoluted peaks for O for each of the corresponding
deposition times are:

a) for 42 sec under the peak at 531.32 eV - 89.99; under
the peak at 532.61 eV - 149.42; under the peak at 533.71
eV - 78.62. Total area = 318.03. b) for 63 sec under the
peak at 531.33eV - 95.22; under the peak at 532.40 eV -
97.97; under the peak at 533.34eV - 116.30. Total area =
309.49. c) for 84 sec under the peak at 531.48eV - 35.66;
under the peak at 532.17 eV - 929.14; under the peak at
533.46 eV - 97.16. Total area = 1056.96 d) for 105 sec
under the peak at 531.50eV- 37.09; under the peak at
532.25 eV - 856.50; under the peak at 533.38 eV - 173.69.
Total area = 1067.28

Fluorine
Deconvoluted XPS Spectra for Fluorine

Fig. 9-12 show the F 1s XPS spectra of fluorine
deposited on Si(111)-7x7 from Cu(hfac), at room
temperature.

The F 1s XPS spectrum for 0.04 L exposure (Fig. 9)
shows five peaks:
- 685.85 eV that can be associated with F bonded on Si
as mono-fluorosilicon (20, 21, 28, 29)
- 687.25 eV that can be associated with surface bound
COCF; (27, 28, 30)
- 688.4 eV that can be associated with F in the intact
ligand (27);
- 689.6 eV that can be associated with [CF,], where n <
2 (some particles are CF, and others are (CF,),) (20) ; and
691.56 eV that can be associated with [CF], (20).
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Fig. 9. F 1s XPS spectrum for a 0.04 L exposure of
Cu(hfac), on Si(111)-7x7 at RT.
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Fig. 10. F 1s XPS spectrum for a 0.06 L exposure of
Cu(hfac), on Si(111)-7x7 at RT.

The F 1s XPS spectrum for the 0.06 L (Fig. 10)
exposure also shows five peaks:

- 685.65 eV that can be associated with F bonded on Si
as mono-fluorsilicon (20, 21, 28, 29);

- 687.11 eV that can be associated with COCF; ( 26, 27,
30);

- 688.3eV that can be associated with F in the intact
ligand (27);

689.6 eV that can be associated with [CF,], where n <
2 (some particles are CF, and others are (CF,),) (20) ; and

691.56 eV that can be associated with [CF], (20).

The F 1s XPS spectrum for the 0.08 L (Fig. 11) and
for the 0.1 L exposures (Fig. 12) reveals, after
deconvolution, four peaks each:

- around 685.8 eV that cannot be assigned to CuF, (20,
31), since CuF, was not detected in the Cu2p3/2 spectrum,
nor to the CF; fragment. First, we did not assign the shift
toward a lower binding energy to CF; groups since the
value for its binding energy reported in literature (i.e.
689.6 eV or 689.67 eV (20, 32) ) is far from our value.
Therefore this peak is assigned to F bonded on Si.

- 687.2 ¢V respectively that can be assigned to COCF;
bonded to Si (26, 27, 30);

- 688.4 eV that can be assigned to F in the intact ligand
(27); and

- 6909 eV and 690.8 eV respectively, that can be
associated with [CF], (20).
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Fig. 11. F 1s XPS spectrum for a 0.08 L exposure of
Cu(hfac), on Si(111)-7x7 at RT.
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Fig. 12. F 1s XPS spectrum for a 0.1 L exposure of
Cu(hfac), on Si(111)-7x7 at RT.

The intensity of the F 1s XPS signal in the Cu(I)(hfac)
species increases dramatically from one deposition to
another (Table 4a, b, c, and d) suggesting again that the
cluster growth terminates via cluster saturation with
ligands. The presence of F on the Si surface is evidence
that the precursor dissociation occurs probably during
adsorption of the Cu(Il)(hfac), complex as Cu(I)(hfac). A
similar observation was reported by Donnelly et al. (14).

Table 4a, b, ¢, and d. Comparative of peak area under
each of the deconvoluted peaks for F for each of the
corresponding deposition times are:

a) for 42 sec. under the peak at 685.85 eV - 25.03; under
the peak at 687.25 eV - 50.76; under the peak at 688.42 eV
- 53.84; under the peak at 689.58 eV - 39.52; under the
peak at 691.56 eV -18.31. Total area =187.51.b) for 63
sec. under the peak at 685.85 eV - 20.48; under the peak at
687.11 eV - 80.17; under the peak at 688.29 eV - 123.40;
under the peak at 689.50 eV - 58.11; under the peak at
690.98 eV - 18.13. Total area = 300.29. c) for 84 sec.
under the peak at 685.84 eV - 113.79; under the peak at
687.18 eV - 282.44; under the peak at 688.45 eV -
1031.17; under the peak at 690.87eV - 59.35.

Total area = 1486.75. d) for 105 sec under the peak at
685.84 eV - 163.52; under the peak at 687.17eV - 1025.57;
under the peak at 688.41 eV - 1651.95; under the peak at
690.61 eV - 54.20.

Total area = 2895.24.

From the above data (Figs. 9-12) an image of the
chemistry at the Si surface can be derived:

a) at an exposure of 0.04 L (Fig. 9) the surface
shows fragmentation and dissociation of ligand. Most
dissociation of Cu(hfac), (semi-quantitatively: the
Cu(hfac), precursor loses one ligand which goes in the gas
phase and the Cu(I)(hfac) species is created) and
fragmentation of the (hfac) ligand occurs at this
exposure.[CF], and F bonded to Si are the two species that
are decreasing in intensity as the exposure is increased to
0.06 L. The broadening of the spectrum is explained by
many electron states.

b) at an exposure of 0.06 L (Fig. 10) the narrowing
of the experimental peak (composed of five electron
states) is evident. Lowering the concentration of the
components (some electronic states are disappearing)
namely the peak that appears at high binding energy
([CF].), the peak corresponding to [CF,], (where n < 2
(some particles are CF, and others are (CF,),)) and that
present at low binding energy (F) support the idea that
fragmentation decreases as the exposure increases due to a
decrease in the number of active sites.

c) at the end of the deposition (i.e. the F 1s XPS
spectra for 0.1 L exposure) some broadening of the
experimental peak is observed when compared to the F 1s
XPS spectra for 0.08 L exposure. The ratio for the peak
responsible for broadening i.e. the peak assigned to the
COCF; fragment in the F 1s XPS spectrum for 0.1 L (Fig.
12) and the height of the same peak for the 0.08 L
exposure (Fig. 11) is 440cps/168cps = 2.6. We relate the
growth of it to the growth in Cu(I)(hfac) and not to the
Cu(Il)(hfac), (cross-section of Cu(I) and Cu(II) are almost
the same) since the growth of Cu(Il) increases only by a
factor 1.4 (42cps/30cps) for the same exposures, and
Cu(Il) represents the only 5% (from the (783cps+42cps))
(Table 5) of the total Cu amount at the end of deposition.
Possibly Cu(hfac)-(hfac) is being created (with the
stoichiometry as that in Cu(hfac),) as a result of the
decreased reactivity via saturation of active sites on clean
Si and Cu clusters. This might be an explanation to the
F:Cu ratio observed at the end of the deposition (i.e. 0.1 L
exposure). This is close to that in the intact precursor (35).
No fragmentation is present at this exposure since the
surface reactivity should be considerably decreased due to
a decrease in the number of active sites. The fragments
that appear on the surface are species previously created at
lower coverages.

In order to determine if the ligands adsorb intact or are
fragmented, additional IR experiments should be
performed. Taking into account the surface dipole
selection rule, the (hfac) ligands which bond on the Si
surface (if the ligand is not fragmented) would adopt an
essentially upright geometry revealed in the reflection
absorption infrared (RAIR) spectrum by one strong C-F
stretching in addition to those for the C=C and C=0 as
reported by Lin et al. (27) and Girolami et al. (33) If the
hfac ligand fragments and generates CF3CO species then
peaks at 1590 and 1240 cm™ corresponding to C=0 and C-
F stretches would appear in the IR spectrum (27).
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F atom transfer from a CF; group on Si surface is a
thermodynamically favourable process, as proposed by
Capps et al. (16, 18). Dissociative adsorption (14) creates
CF; species, which generate F, probably via the following
reaction pathway:

Cu(II)(hfac),(ads) — Cu(I)(hfac)(ads) + (hfac)¥¥(ads)
(hfac)¥¥(ads) — COCF; which fragments — CF;(ads)
CF; (ads) + * — CF, (ads) + F (ads)

CF, (ads) — CF, (g)

where * represents an adsorption site on the Si (111)-7x7
surface and X¥ refers to the ligand that can be fragmented.

Another explanation could be the fact that under X-
ray exposure some of the Cu(I)(hfac)adsorbed on Si might
decompose with time as suggested by Cohen et al. (13).
The fact that Si 2p;, XPS spectrum did not detect any
oxidized Si is not surprising given:

- the high probability that only mono-fluorosilicon
species would appear on the surface;

- the relatively poor energy resolution of the XPS
measurement;

- the low surface specificity of the XPS measurements
due to the large mean free path (~ 20 A) of the Si
photoelectrons.

The above observation is consistent with that reported by
Cheng et al. (7).

This behaviour might explain the fact that F sticks
more than O on the Si (111)-7x7surface. A similar
increase in the F content with the reactant concentration
was previously reported in literature (17).

4. Conclusion

Cu(hfac), adsorption on Si(111)-7x7 at RT follows a
ligand dissociative pathway with ligand fragmentation. We
propose the following mechanistic approach for Cu
deposition via CVD on Si(111)-7x7:the Cu(hfac),
precursor adsorbs at active sites on the Si(111)-7x7 surface
as Cu(I) with some loss of ligand after ligand
fragmentation. One of the two hfac ligands remains
attached to Cu in a bidentate fashion while the second
ligand could be fragmented.

The reduction Cu(IT) — Cu(I)) takes place at electron
states on adatoms (active sites) in Takayanagi’s model of
the Si(111)-7x7 reconstructed and atomically clean
surface. This is likely because the 7x7 reconstruction
creates states inside the Si band gap. This rearrangement
might be held responsible for its metallic character which
in turn allows the adsorption via reduction of the Cu(II)
complex (Fig. 20). The fact that the precursor adsorbs as a
Cu(I) complex is supported by the XPS data and by the
difficulty in obtaining good images with STM for
exposures of 0.04-0.1 L as reported by Horton et al. and
our group (6, 11). The Cu atom that is released migrates
until finding another Cu atom which is a favourable place
for bonding. The deposited Cu acts as a nucleation site.
The newly incoming Cu atoms nucleate until the cluster
growth terminates when the multi-atom Cu cluster

becomes covered with ligands or fragments of ligands. In
order to solve this issue we plan further studies by multiple
internal reflection IR spectroscopy.

The reaction products at the end of deposition at the
surface are: ligands (L), fragmented ligands (L),
Cu(I)(hfac) (Cu-L), and copper (Cu).

The proposed mechanism of cluster growth and
cluster termination as retrived from UPS/XPS data can be
an answer to the so called “magic” number Cu cluster
described by Horton et al. (6).
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