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Abstract

In this work we present the results of a Hard X-ray Photoelectron Spectroscopy (HAXPES) study
on the creation of metallic copper layers via metal-salt infiltration into a poly-2-vinylpyridine
(P2VP) film. Metal salt inclusion is a wet chemistry process which allows for the fabrication of
both metal and metal oxide films by means of infiltrating a receptive polymer thin film with
metal salt precursors. A copper infiltrated P2VP film was subject to UV/Ozone treatment to
form copper oxide and annealed in-vacuo to reduce the film to metallic copper. HAXPES and
transmission electron microscope (TEM) measurements were used to study the polymer film
before and after metal salt infiltration, along with analysis of the copper oxide created after
UV/Ozone treatment. The results show successful infiltration of the metal salt into the polymer
film, as well as complete conversion to copper oxide following UV/Ozone treatment and
reduction to metallic copper with a subsequent in-situ anneal, which demonstrates the ability
of the technique for the creation of several key integrated circuit features.
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Introduction

It is recognised that the lithographic processes that underpin the fabrication of advanced
microelectronic devices are approaching their limit in terms of size and cost in the
semiconductor industryl. For upcoming CMOS processes which will be based on sub 7 nm
feature sizes, alternative methods of pattern formation are being investigated. One such
approach known as Area Selective Deposition (ASD), is a non-lithographic, ‘bottom-up’
patterning technique which relies on the activation or de-activation of surfaces so as to
promote or inhibit material growth on those surfaces, respectively. Such a design architecture

* Corresponding Author



would allow for fewer lithography and etching steps as well as a reduction in alignment
problems inherent to optical lithography, such as edge-placement errors.

A particularly interesting ASD methodology is to combine the concept with a self-assembly
process that allows simultaneous development of active and deactivated areas of a substrate.
One such technique is the use of block copolymers (BCPs)2. BCPs contain dissimilar, covalently
bonded polymer blocks, that exhibit microphase separation (self-assembly) into a range of
morphologies, forming patterns that have potential use for 2D and 3D fabrication processes3*.
By implementing these different morphologies, it is anticipated that BCPs can be used to create
a large array of future nanoelectronic devices. Recent studies on BCPs have shown that nano-
scale features can be developed - as illustrated by the work of Borah et al. who have successfully
implemented ion etching onto self-assembled polystyrene-b-poly(methyl methacrylate) (PS-b-
PMMA) BCP patterns, thereby producing PS nanowires with the removal of the PMMA block®.
PS-b-PMMA has also been used to create Al,03 nanofeatures®, along with ZnO and TiO2 nano-
patterns’. Work by Cummins et al. resulted in the creation of WO3 nanowires by implementing
a poly(styrene)-block-poly(4-vinylpyridine) (PS-b-P4VP) template®, while self-assembled
polystyrene-block-poly(ethyleneoxide) (PS-b-PEO) has been used to create lead zirconate
titanate (PZT) nanodots by means of PEO infiltration®.

Ultimately, in order to develop a scalable and manufacturable process, the goal of BCP
processes is to have infiltration by an atomic layer deposition (ALD) process into the acceptor
material with blocking of the ALD growth, or at least blocking of the infiltration, by the rejecting
material. In this work we employ a metal salt inclusion technique as a simple controllable
infiltration method, using a copper nitrate salt, in order to understand the basic infiltration
chemistry which will underpin these processes. Metal salt inclusion involves exposing a BCP
sample to a metal salt precursor of interest in solution form. The solvent will either infiltrate or
swell on the polymer it has come into contact with, meaning the polymers in the sample can be
segregated into ‘acceptors’ or ‘rejectors’ of the metal salt solution. BCPs can be fabricated so
that there are acceptor and rejector sites on a given BCP sample®, which means subsequent
removal of the polymers allows for the potential creation of both metals and metal oxides,
patterned in such a way that imitates the original morphology of the BCP to which the solvent
was exposed.

The focus of this work is on the Hard X-ray Photoelectron Spectroscopy (HAXPES) chemical
characterisation of the infiltration process into an ‘active’ material — the creation of metallic
copper via the metal salt inclusion technique. Hydroxy-terminated poly-2-vinylpyridine (P2VP-
OH), which is a polymer material that has the potential to be used as an acceptor in block
copolymer processes''2, was formed into thin films and subsequently infiltrated with copper
salt (the ‘Cu Salt’ sample), with the sample then being oxidized (‘Cu Oxide’) and finally annealed
in a reducing environment (‘Salt Anneal’ and ‘Oxide Anneal’). The summary of this idealised
experimental methodology is shown in figure 1. Each stage of the fabrication process was
chemically analysed using HAXPES measurements, from the fabricated ‘acceptor’ polymer to
the metallic copper created via the process. The significantly larger sampling depth of this
spectroscopic measurement technique (<30 nm), compared to conventional XPS (<7-8 nm)
means that the complete film thickness can be investigated and localised surface contamination
does not dominate the spectral analysis.
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Fig. 1: Schematic diagram showing the idealised process to fabricate a metallic Cu film. Starting with the
hydroxide terminated Si, the spun on polymer layer reacts with the surface to form a covalently
bonded thin film of P2VP. Metal salt inclusion results in the incorporation of the copper into the
film. A subsequent oxidation step removes the polymer host and oxidises the metal and finally a
thermal anneal in vacuum reduces the metal oxide to form a metallic copper film.

Experimental Details

Materials

Blanket silicon with native oxide was provided by collaborators (Intel). The polymer, hydroxy-
terminated poly-2-vinylpyridine (P2VP-OH) (Mw = 6.2 kg mol?, PDI = 1.05) was purchased from
Polymer Source Inc. Canada and used as received. Copper(ll) nitrate hydrate (Cu(NO3)..xH20,
99.999%), Ethanol (anhydrous, for HPLC > 99.9%) and Tetrahydrofuran (inhibitor-free,
CHROMASOLV Plus, for HPLC, = 99.9%), was purchased from Sigma Aldrich and used as
received. Deionized water (resistivity = 18.2 MQ-cm) was used were necessary.

Surface cleaning and polymer deposition

Substrates were cleaved into 2x2 cm? pieces and ultrasonicated in THF for 20 mins to remove
any silicon dust. Silicon substrates were hydroxyl functionalised using piranha solution (1:3 v/v
30% H;03 :H2S04) at 100°C for 60 min and thoroughly rinsed in Dl water and dried under N2 gas.
The P2VP-OH polymer was dissolved in tetrahydrofuran (THF) by stirring overnight at room
temperature to yield a 0.2 wt% polymer solution and spin coated at 3000 rpm for 30 seconds.
Samples were immediately placed in a vacuum oven and baked for 30 min at 190°C. Following
this samples were sonicated in THF for a total of 30 mins (3 x 10 mins washes). This was carried
out to remove physiosorbed ungrafted polymer material and produce monolayer coverage.
Copper salt solutions (0.5 wt.% in ethanol) were spin coated (3000 rpm/30s) onto to the grafted
films. Conversion to oxide and polymer ashing was performed by exposing to UV/Ozone for 3
hr. (Novascan PDSP-UV4).

Characterisation

Hard X-ray photoelectron spectroscopy analysis was performed at the SOLEIL Synchrotron at
the Galaxies Beamline!3. Spectra were acquired at pressures of 1x10~° mbar with photon beam
energies of 3 keV and 10 keV, which allows for probing of deep core levels of all elements



present, as well as the acquisition of more bulk sensitive (10 keV) and more surface sensitive (3
keV) spectra. Si(111) and Si(333) monochromators were used for the 3 keV and 10 keV beams
respectively. The effect of an in-situ anneal on both infiltrated salt and UV/Ozone treated
polymer samples was also investigated. All anneals were performed at a temperature of 400°C
for 30 minutes in the preparation chamber (adjacent to the analysis chamber) with a base
pressure of 1 x 102 mbar.

All peak fitting analysis of the HAXPES spectra was performed using the AAnalyzer software®4.
The spectra were fitted by using a Voigt function, and the Gaussian and Lorentzian values for
each core level are tabulated in table 1. Each core level was assigned a single Gaussian and
Lorentzian value for all its components, with the exceptions being one component in the O 1s
and several components in the Cu core levels, due to significant differences in the chemical
environment. Shirley-type and slope backgrounds were used for all the core levels, with the
exception of the Cu 2p, where a static Shirley background was implemented. The spectra were
not normalised, however an offset was applied so that the background of each photoemission
plot occurred at 0 intensity (counts).

Sample preparation for the transmission electron microscope (TEM) was performed in a FEl
Helios Nanolab 450 S. Substrates were imaged to locate a clean, defect free area. This area was
subsequently platinum capped. Pt was deposited via a gas injection system (GIS) technique.
Low accelerating voltage was used to construct a protective layer, initially a 500 V electron
beam was used to deposit Pt, thereafter a 2 kV and finally a 30 kV ion beam. Cross section
lamella were lifted out using standard focused ion beam procedures. This lamella was platinum
welded to the molybdenum grid and stored in a vacuum sample holder prior to TEM imaging.
TEM imaging was performed in a FEI OSIRIS TEM. All imaging was performed at 200 kV. Both
Brightfield and scanning transmission electron microscope (STEM) modes were used. For STEM
imaging, detector lengths of 220, 550 and 770 mm were used. Energy dispersive X-ray
spectroscopy (EDX) mapping was used to perform elemental analysis of samples. All EDX maps
were acquired during a sampling duration of 20 minutes.



Core Level Chemical hv Spin Orbit Gaussian Lorentzian Binding

Peak Environment (eV) Splitting (eV) (eV) (eV) Energy (eV)
Si2p Bulk 3000 0.6 - - 99.4
Clis Pyridine 3000 - 1.11 0.27 285.7
N 1s Pyridine 3000 - 1.13 0.51 399.8
01s P2VP/SiO2 3000 - 1.13 0.25 532.6
01s Cu® 3000 - 0.58 0.25 530.2
Cu2p Cu® 3000 19.7 1.28 0.05 934.5
Cu2p Cul* 3000 19.7 1.28 0.05 933.4
Cu2p Cu® 3000 19.7 0.84 0.05 932.4
Cu 1s Cu? 10000 - 2.58 1.04 8982.4
Cu Is Cu 10000 - 1.46 1.04 8981.1
Cu ls Cu® 10000 - 1.48 1.04 8979.9

Table. 1: AAnalyzer Gaussian and Lorentzian values used.

Results and Discussion
P2VP Film

Wide energy range survey scans of the P2VP thin films were undertaken using a photon beam
energy of 3 keV, and C 1s, N 1s, O 1s and Si 2p signals were acquired. Figure 2a shows the Si 2p
signal for all experimental steps, which consists of two photoemission components separated
by an energy (AE) of 3.9 eV.

The lower binding energy component represents Si® (silicon bulk), while the higher binding
energy peak represents Si** (SiO2), attributed to the native silicon oxide substrate onto which
the polymer was grafted!®. All spectra were adjusted for charging such that the position of the
2ps/2bulk component was fixed at 99.4 eV%'7. This compensation was applied to all core levels
in this work.

The signal is dominated by the Si bulk signal due to the large sampling depth of the 3 keV photon
beam, however SiO;is evident clearly at 103.3 eV. There is also evidence of low concentrations
of Si3*, Si** and Si'* signals in the spectra, representing sub-stoichiometric silicon oxides at the
interface between the oxide and the silicon bulk and where the polymer grafts to the SiO; layer.

The O 1s in figure 2b for the P2VP is dominated by C-O and SiO, bonds, occurring at 533.2 eV
and 532.6 eV, respectively*®2!, The minor peak at 531.8 eV resembles carbon oxygen bonds
arising from atmosphere exposure as were seen in figure 3a.

The C 1s spectra for each experimental step (hv=3 keV) are shown in figure 3a. The P2VP signal
contains C-C bonds at 285.0 eV22724, which are associated with the carbon chain in the polymer.
The signal at 285.7 eV is reported as the carbon component of the pyridine ring?>2?¢. The C 1s
signal for the P2VP is dominated by this (C-Pyridine) component. The peaks at 286.5 eV and
287.6 eV are associated with C-O and C=0 bonds respectively, while the final peak at 288.7eV
is attributed to carboxyl groups (0-C=0), based on reports in the literature???4?’, The C-O bonds
are attributed to carbon oxygen bonds arising from the interface where the polymer bonds to
the SiOy, as well as contributions from the top surface oxidation due to atmosphere exposure.
The other O componentsin the spectra (C=0 and O-C=0) can also be attributed to this top layer.



Figure 3b shows the spectra and fit of the N 1s for the polymer pre- and post-infiltration as well
as post-UV/Ozone treatment. For the as-deposited P2VP, three component peaks are apparent,
with the major component located at 399.8 eV. However trace signals are also found at 400.9
eV and 406.8 eV. The peak at 399.8 eV is attributed to pyridinic (C-N=C) nitrogen, while the
component at 400.9 eV is attributed to C-NH-C bonds, associated with pyrrolic nitrogen?®2°,
The small component at 406.8eV is associated with physisorbed nitrogen?°.

EDX mapping data acquired from transmission electron microscopy (TEM) images of the P2VP
film are shown in figure 4. C, N, O and F signal data are shown. F is used to detect the platinum
resist, which is placed on top of the polymer sample before the EDX analysis. The images show
that a thin, uniform film composed of O, C and N exists above the silicon bulk.
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Fig. 2: (a) Si 2p peak data at hv = 3 keV for all the experimental steps. The data has been shifted so that
the bulk signal occurs at 99.4 eV. The composition of each peak remains unchanged throughout
all the samples analysed, however the counts are reduced significantly after both anneal steps
(associated with the formation of metallic copper). (b) Fit of the O 1s peak for all the experimental
steps. A significant shoulder develops on the spectra at the lower binding energies after the
infiltration step, attributed to the copper oxide components.

P2VP with Cu Salt Infiltration

XPS survey scans of the ‘Cu salt’ samples reveal peaks associated with Cu in addition to the
polymer and Si components, indicating that the process has incorporated Cu into the polymer.
The presence of Cu is also confirmed by EDX analysis, discussed below. Spectra for the
infiltrated polymer samples were acquired at hv =3 keV. The Cu 1s spectrum was also obtained,
using a photon beam energy of 10 keV.
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Fig. 3: (a) C 1s core level fit for the polymer pre and post infiltration. C-Pyridine bonds dominate the P2VP,
while being almost completely removed after the oxidation step. (b) Fit of the N 1s peak for the
polymer, salt and copper oxide. A lower binding energy component is attributed to Cu interaction
with the pyridinic N after the infiltration step. A small signal attributed to oxidised nitrogen is the
only significant remainder of the element after the UV/Ozone treatment. Physisorbed nitrogen is
also evident with the addition of a higher binding energy component.

The Si 2p spectrum (figure 2a) for the Cu salt sample reveals little has changed in the profile of
the peak, showing that the Cu salt has not chemically interacted with the silicon substrate or
native oxide layer.

The O 1s spectrum (figure 2b) undergoes a significant change in profile after the infiltration
step, which is explained by the addition of peak components attributed to oxidised copper
bonds, with Cu(OH);, Cu,0 and CuO identified at 531.9 eV, 531.2 eV and 529.8 eV respectively,
similar to what has been reported by Biesinger and others3%3, SiO, is the most prominent
component, with the surface C-O bonds decreasing in intensity due to the introduction of the
metal salt.

Once the infiltration step has been completed, the profile of the C 1s (figure 3a) undergoes
some changes. The peak maxima experiences a shift, resulting in the addition of a component
at 285.5 eV, 0.2eV lower in binding energy when compared to the C-pyridine peak at 285.7 eV.
This is expected, as there is a strong interaction between the infiltrated Cu and the N in the
pyridine ring as seen in figure 3b, 5a and 5b3%33,

The infiltration step causes a shift in the maximum peak position of the N 1s signal (figure 3b).
This is caused by a new component in the peak profile at a lower binding energy than the
pyridinic N. This peak is attributed to Cu-N bonds, and it is centred around 399.2eV, at a binding



energy of 0.6 eV lower than the C-N=C bonds 3473, A small peak located at 403.2eV is assigned
to oxidised nitrogen?%:%’,

The Cu 2p3/; spectra can be deconvoluted into their constituent components as shown in figure
5a. The salt-infiltrated sample has major components at 933.4, 934.5, 935.6 and 934.2 eV, with
the first three representing Cu'*, Cu?*, Cu(OH), respectively3°, while the latter is attributed to
Cu-N bonds. A sub oxide component (CuOH) attributed to the environment is located at 936.7
eV, while a component at 932.1 eV was also added to the fit. Unattributed low binding energy
features have been observed in a variety of core levels from XPS analysis3®4°, and it is possible
that this feature has arisen from surface defects arising from strains in the film*-42, A small
peak at 932.4 eV was associated with metallic copper (Cu®). The components at 937.7, 940.4,
941.9 and 943.7 eV were associated with shake up satellite features for each Cu oxidation state
for the Cu 2p3°. Therefore the salt-infiltrated film consists of Cu in a number of oxidation states,
including Cu(OH)2 as well as CuOH, with the most prominent being Cu'*, which is associated
with copper bonding to nitrogen and oxygen in the film.

The Cu 1s spectra, acquired at hv= 10 keV, and shown in figure 5b, is correlated with the Cu 2p
fit. Peaks at 8979.9, 8981.1 and 8982.0 eV are attributed to Cu® Cu'*and Cu-N bonds. Cu(OH),
can also be seen at 8984.4 eV, while the components at around 8989.5 eV are attributed to
satellite features. Consistent with the Cu 2p data in figure 5a, the most prominent oxidation
state appears to be Cu'*.

Fig. 4: EDX mapping data by TEM of the P2VP layer, showing nitrogen, oxygen and carbon present in a
thin layer on top of silicon (not shown). The yellow line indicates where the polymer ends and the
platinum resist begins. This was observed by detecting fluorine in the resist.

Post UV/Ozone treatment

The copper oxide samples (labelled as ‘Cu Oxide’ in the relevant figures) prepared via a three
hour UV/Ozone treatment were analysed in a similar manner to the Cu salt samples, with hv=
3 keV spectra obtained for the Si 2p, C 1s, N 1s, O 1s and Cu 2p peaks, along with hv= 10 keV
spectra of the Cu 1s. The Si 2p spectrum in figure 2a remains unchanged in profile following the
UV/Ozone treatment.

The O 1s (figure 2b) spectra for the copper oxide sample is similar to the Cu salt sample,
however there is an increase in the intensity of the signal. There is a reduction in C-O bonds,
correlating with the C 1s spectra, while the SiO,, Cu(OH), and CuO components increase. The
oxidation state of the copper changes during the treatment, as there is an increase in CuO and
a decrease in Cuz0 after the UV/Ozone treatment, consistent with
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Fig. 5: (a) XPS spectra of Cu 2ps/;, hv = 3 keV. The spectra for the infiltrated salt sample shows a strong
Cu™ contribution, while the subsequent UV/Ozone treatment results in Cu* becoming the most
significant component. Annealing both these samples results in the formation of a film
dominated by a metallic Cu® contribution. The metallic signal is significantly stronger on the
annealed, UV/Ozone sample. (b) XPS spectra of Cu 1s, hv = 10 keV, which are broadly consistent
with the Cu 2ps/; data in (a). The intensities of the spectra are not normalised to any reference,
however an offset has been applied so that the background of each plot occurs at 0 intensity.

the Cu peak fit in figure 5a and 5b.

The oxidation step reveals a noisy C 1s spectrum (figure 3a), with C-C bonds representing the
majority of the peak profile. The reduction of the C-pyridine signals correlates with the N 1s
spectra in figure 3b. C-O bonds remain, and are attributed to the surface of the material due to
atmosphere exposure.

In the N 1s spectrum (figure 3b) the oxidation step leaves only trace Cu-N bonds, while the
oxidised nitrogen peak becomes the most prominent. The C-N=C bonds are no longer visible,
indicating that UV/Ozone treatment has successfully removed the P2VP.

The Cu 2ps/ spectrum in figure 5a for the copper oxide sample is similar to the copper salt
profile, with a few notable differences. The Cu-N component that was observed in the salt at
934.2 eV is no longer present, consistent with the N 1s spectra. There is also a change in the
most prevalent oxidation state of the Cu signal, as the most intense oxidation state of copper
transitions from Cul*to Cu?*, correlating with the O 1s peak. It can therefore be concluded that,
before the oxidation step, the spun on copper salt solution exists in the polymer film in a mixed
oxidation state, with Cu'* being the most prominent. After UV/Ozone treatment however, the



copper nitrogen bonds are removed, and the overall oxidation of the of the copper becomes
dominated by Cu?*and to a lesser extent, Cu(OH).

The differences between the salt and oxide samples are even clearer in the Cu 1s spectra, with
the major component now being Cu?* instead of Cu'* as discussed above in the Cu 2p spectra,
with the increase in Cu(OH); also correlating with the Cu 2p fit. The oxidized Cu signal is
significantly more intense here, with the two satellite features also being major components
now due to the increase in Cu?*.

EDX mapping data of the copper oxide sample supports these conclusions from the XPS data,
showing a thin layer containing Cu and O on top of a SiO; thin layer. The film is incomplete in
regions, as shown in figure 6b, highlighting the need for further work to perfect the fabrication
process to achieve continuous films.

Fig. 6: (a) EDX mapping data from TEM measurements of the polymer film infiltrated by the Cu salt
sample which display evidence of the incorporation of Cu into the film in a thin layer above the
SiO,. (b) EDX overlaid image of copper and oxygen for the UV/Ozone treated sample. The result
shows the successful formation of copper oxide on the surface, however the layer is uneven and
not continuous across the surface.

Reductive Anneals

It was outlined previously that both the Cu salt and the Cu Oxide samples were annealed at
400°C for 30 minutes (labelled ‘salt anneal’ and ‘oxide anneal’, respectively). The Si 2p spectrum
(figure 2a) shows a notable drop in signal after the annealing step of both the annealed salt-
infiltrated and oxide samples when comparing it to the pre-anneal copper oxide spectrum (as
well as the Cu salt and P2VP samples). This is consistent with the formation of Cu®and the
associated reduction in the electron mean free path in Cu® when compared to oxidised Cu“.

Following anneal the O 1s peak (figure 2b) in both samples is significantly reduced in intensity.
As figure 5 shows, annealing results in the formation of metallic Cu, which explains the
reduction in not only the copper oxide O 1s components, but also the SiO;, due to a metal layer
being present above the material. For the salt annealed sample, C-O bonds make up a
significant portion of the fit, suggesting that an O rich C film remains on the sample. The oxide
annealed sample is dominated by the SiO signal, and unlike the salt annealed sample, there is
little evidence of C-O bonding, as most of the C had been removed prior to the oxidation step.
Another aspect of the fit is the component located at 530.2 eV. This was fitted with a narrower
Gaussian contribution than the other oxygen components, and is associated with an oxygen
component in metallic copper (Cu®0). This feature becomes evident in the annealed salt-
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infiltrated sample due to the presence of Cu® and rises in intensity in the annealed oxide
sample, which has a more clearly defined Cu®signal.

A significant decrease in intensity of the C 1s is observed when annealing the Cu salt sample,
with only small signals of C-C and C-O bonds. This fact, combined with the removal of all N
signals, shows that the polymer layer has been removed by the anneal. The analysis in the
previous section for the Cu oxide sample revealed that only small signals in the C 1s signal
remained after the oxidation step. Following the anneal however, these trace elements are
desorbed. The small signals from the N 1s signal were also no longer observed after the anneal.

Annealing both samples resulted in the Cu 2ps/, spectra (figure 5a) losing the shake-up features
seen in the spectra of both the Cu salt and Cu oxide samples, with the maxima of the doublets
shifting to a lower binding energy. The fit shows that the anneal has converted both samples
from oxide into metallic copper, with only a small component of Cul* remaining. It should be
noted however that the intensity of the Cu® signal is significantly larger in the annealed copper
oxide sample. This is significant, since it potentially shows that, although annealing both the
salt-infiltrated and the oxidised samples yields the same result, a greater amount of Cu®remains
on the annealed Cu oxide sample, indicating the possible importance of the oxidation step. This
increase in intensity is also seen in the annealed Cu 1s spectra (figure 5b), supporting the
conclusions drawn from figure 5a.

Discussion

The photoemission and EDX data provides important information regarding the chemical
interactions that occur in the metal salt inclusion process. Every critical core level at each stage
of the process has been fitted robustly, with the peak fitting parameters carefully obtained. The
HAXPES data shows that, once the metal salt solution is spun onto the polymer, the Cu
undergoes a strong chemical interaction with the N in the pyridine ring, with the detection of a
N-Cu bonding component in the N 1s, Cu 2p and Cu 1s core levels. The EDX mapping data
supports these conclusions, showing that thin films of the polymer pre- and post-metal salt
infiltration can be acquired. The UV/Ozone process converts the salt-infiltrated film into a pure
copper oxide layer. The removal of the polymer is evident from EDX mapping and the lack of C
Isand N 1score levelsin the photoemission spectra. Annealing the copper oxide layer produces
Cu®on the surface, demonstrating that both insulating dielectric materials and conducting films
can be fabricated using this approach.

Conclusions

Significant progress is being made in developing future polymer ASD processes for
nanoelectronic device fabrication. The study reported here provides a detailed understanding
of a novel ASD process. A starting polymer has been analysed, successfully infiltrated and
subsequently fabricated to copper oxide and metallic copper respectively. The work has proven
that by using this wet chemistry technique, P2VP polymer films can be created, infiltrated with
metal salts, and used to create metals and metal oxides. This demonstrates that P2VP can be
used for high-k dielectrics and metallic nanoelectronic device fabrication via ASD for large scale
CMOS using a number of processing steps. In order for further advancements in ASD, it is
essential to assess the chemical environment of fabricated materials. Using HAXPES

11



measurements we have shown that it is possible to analyse in detail the chemical environment
of each species present throughout the range of experimental steps, thereby obtaining a full
understanding of the surface chemistry that underpins the infiltration, oxidation, and reduction
processes of the technique. In addition, the study is beneficial for technologies that utilise
pyridine containing BCP’s.
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