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Report:

In this experiment we performed a study of Mn atoms introduced into silicon from the
ex-situ UV degradation of thin manganese phthalocyanine (MnPc) films[1].

We have developed a novel method for the inclugibmetal dopants into silicon from
organic precursors. Briefly, prior to arrival aetBESRF, an ordered array of MnPc molecules
was formed on a HF-etched Si(100) surface and suiesdly irradiated with 172nm UV
light. Samples were characterised at UCL and Inap&ollege using Raman Spectroscopy,
Atomic Force Spectroscopy (AFM) and Secondary loasM Spectroscopy (SIMS). In
particular, the SIMS analysis confirmed the presenf Mn in Si as a result of UV
processing, with a Mn concentration of #1@toms/cm

X-ray Absorption Near-Edge Fine Structure (XANE&@&Extended X-ray Absorption Fine
Structure (EXAFS) were used to both check the guali the starting MnPc film and to
determine the nature any Mn-rich residue at theptaisurface. As can be seen in Figure 1,
the spectra verify the integrity of the 5Snm MnPlenfi which is seen to match that of the
starting material (MnPc powder). Furthermore, ddfeces were observed in the XANES and
EXAFS spectra of the film before and after UV exjres suggesting a change in chemical
composition. The x-ray absorption edge positiomFe 1(a)) suggests that the Mn is in the
same oxidation state as it is in the MnPc moleaudenely MiA*. A pre-edge is observed at



~6540eV and peaks at ~65543eV, ~6568eV and ~659Be¥¢|ose agreement with the
known spectrum of MnO [2, 3]. EXAFS fitting of tip@st-UV film was performed, although
due to a low signal-to-noise ratio only the firbel was fitted. The modelling returned a
Mn-O bond distance of 2.28A, in reasonable agre¢msin the measured Mn-O bond
distance of 2.22A [4], and co-ordination numbeds found, confirming the formation of
MnO at the surface.
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Figure 1. (a) XANES and (b) EXAFS spectra of Mn ah€black), MnPc powder (red), and
a 5nm MnPc film before (green) and after (blue) ifddiation. Data is offset for clarity.

In order to study Mn introduced into the bulk Sijre UV-treated samples were chemically
cleaned prior to arrival at the ESRF (SIMS and X&&surements confirmed the removal of
MnO from the surface). Although measurements attech@at low temperature using a
cryogenic flow stream were promising, owing to tingenstraints in optimising the
experimental set-up, these were impractical and nede repeated to obtain higher quality
data. A typical room temperature XANES spectrurehiswn in Figure 2(a) (top spectrum).
Comparison of the magnitude of the x-ray absorpédge with that of bulk Mn (assuming
similar x-ray penetration and escape depths) garesapproximate Mn concentration of
~5x10¢° atoms/cm, in agreement with our SIMS-based estimates. Peetsum of the UV
treated sample is vastly different to that of MnRath a different x-ray absorption edge
position, demonstrating that the metal is no lorg®uind to the organic ligand. Comparison
with the XANES profile of bulk manganese suggestsnailar edge position, implying that
the Mn is in a neutral oxidation state (as is dls case for the Mn silicide reference) and
rules out the possibility that the metal specigsontuced into the bulk Si are in the form of
an oxide. Commonly, small Mn clusters can form inf®wever, the edge features that we
have measured are vastly different to the bulk hestse, demonstrating that this is not the
case here. Instead, the features are very simildrase of the manganese silicide reference,
suggesting that the Mn atoms are surrounded lbgosilatoms. In fact, the XANES spectra
are in excellent agreement with that observedrfglanted Mn in Si systems [5], although
the signal to noise ratio of our data is not sugfit to permit detailed comparisons with the
theoretical lineshapes presented.
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Figure 2. (a) XANES and (b) EXAFS oscillations onRkt (black), Mn foil (red), Mn
silicide (green) and a MnPc film after UV exposaral cleaning (blue). Data is offset for
clarity.
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Although the signal to noise ratio was also too kmwpermit the abstraction of the Mn-Si
bond distance and co-ordination number, a direntpasison of the EXAFS oscillations is
shown in Figure 2(b). Once again, the spectrumh&f UV-treated MnPc film (after
chemically cleaning) is different from that of te&arting material (MnPc) and the bulk Mn
foil. Instead, the closest agreement is seen betwbe data with that of the silicide
reference, although slight variations are seengesting a difference in the Mn-Si distance
and/or co-ordination number. A very good agreemersgeen with the EXAFS oscillations
reported for implanted Mn in Si, which occur at%2 and ~4.5 A [5], further justifying our
claim that the Mn has been introduced into theililattice.

In summary, these experiments have allowed usudysthe effect of UV irradiation on
MnPc films onto silicon. The UV light ruptures tioet organic molecule and introduces Mn
into the bulk Si substrate, whilst MnO is also fexdnat the surface. In order to assess
whether this method could be used for the nandcdaban of arrays of dopants, further
experiments are necessary to determine both thh gepfile of the implanted dopants and
whether or not the order of the initial organiarfiis maintained upon introduction to the
silicon.
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