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We demonstrate a polymer brush assisted approach for the fabrication of continuous zirconium oxide (ZrOg)
films over large areas with high uniformity (pin-hole free) on copper (Cu) substrates. This approach involves the
use of a thiol-terminated polymethyl methacrylate brush (PMMA-SH) as the template layer for the selective
infiltration of zirconium oxynitrate (ZrN,O7). The preparation of a highly uniform covalently grafted polymer
monolayer on the Cu substrate is the critical factor in fabricating a metal oxide film of uniform thickness across
the surface. Infiltration is reliant on the chemical interactions between the polymer functional group and the
metal precursor. A following reductive Hy plasma treatment process results in ZrO, film formation whilst the
surface Cup0 passive oxide layer was reduced to a Cu/Cuy0 interface. Fundamental analysis of the infiltration
process and the resulting ZrOs film was determined by XPS, and GA-FTIR. Results derived from these techniques
confirm the inclusion of the ZrN,O; into the polymer films. Cross-sectional transmission electron microscopy and
energy dispersive X-ray mapping analysis corroborate the formation of ZrO; layer at Cu substrate. We believe
that this quick and facile methodology to prepare ZrO, films is potentially scalable to other high-x dielectric
materials of high interest in microelectronic applications.

1. Introduction

The continual reduction in electronic device’s size and the challenges
associated with top-down photolithography approaches at extreme di-
mensions together with the increasing complexity [1] of integrated
circuitry has created the demand for controlled deposition of nanoscale
materials via bottom-up rather than physical processes. [2] The devel-
opment of area-selective deposition (ASD) [2,3] where coating of
selected regions of substrate with active materials offers an attractive
strategy that eliminates multiple patterning and etching steps used in
the photolithography technique. [4] There are other approaches to
potentially complement photolithography including block copolymer
(BCP) lithography [5-14], as well as ASD techniques. [15-18] These
bottom up approaches can be combined with promising processing
methods for the selective infiltration [18,19] of active materials such as
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metals and dielectrics for the fabrication of future nanoelectronics. [20]
A specific goal of our work is the development of ASD combined with
polymer infiltration methods to produce highly coherent metal and
oxide films and allow successive layers to be built up to create devices
without intermediate lithographic steps; pivotal for bottom-up devel-
opment of architectures. [16].

Several approaches to the ASD technology arena have been explored
in the past, including (most frequently) self-assembled monolayers
(SAMs) in conjunction with atomic layer deposition (ALD) to demon-
strate substrate specific selectivity. Selectivity in area selective deposi-
tion, is accomplished by carefully altering the substrate surface
chemistry for the controlled deposition of the inorganic materials.
[21,22,23] Here, the fabrication of the material patterns relies on the
chemical reaction of ALD vapour phase precursors with pre-deposited
SAM molecules. Several leading material research groups have
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investigated the practicality of SAM molecules. For example, Bent and
co-workers demonstrated well-defined techniques to achieve coating on
Cu/SiOy, line space patterns. [21,23-26] Chen et al. have demonstrated
promising results in the use of SAMs in the selective deposition of high-k
dielectric materials such as HfO5 and ZrO,. [26] However, defects (pin-
holes) generated by SAMs and the long processing times required for
grafting, makes it industrially less favourable. [27].

Unreactive polymer layers, such as poly(methyl methacrylate), [28]
poly(imide), [29-30] poly(vinyl pyrrolidone), [31] chemically ampli-
fied resists [32-34] and some physical approaches such as plasma
treatment [35] have also been investigated as a route to material
patterning. Polymers with different end terminating functional groups
(commonly called brushes) can be selectively chemically attached to
specific surfaces. For instance, amino- and thiol-terminated polymer
brushes exhibit a preference for binding with metal surfaces over metal
oxides, while hydroxy-terminated polymer brushes are more likely to be
deposited on metal oxide surfaces. Our group’s previous research has
shown that polymer brush films that are covalently grafted can be used
to selectively deposit materials onto patterned line spaces for metal layer
ASD. [36-37] Chemical grafting (formation of strong covalent or ionic
bonds) of brushes, in particular, is regarded as a preferable substrate
modification due to its compatibility with a variety of deposition pro-
cesses. In our previous work, we thoroughly investigated the key pa-
rameters governing the grafting process of high quality polymer brushes
on silicon substrates. [38-41] This high coverage interfacial polymer
brush layer is critical in fabrication of spatially, thick and defect free
nanometal oxide films. [42] Various metal oxides (Al,O3, TiO,, CuO and
Co304) have been successfully infiltrated on grafted polymer brushes
using liquid and vapour phase deposition techniques. [3,37-39,43-46]
The utilization of readily available salt precursors (as opposed to the
need for engineered vapour phase ALD precursors), the simplicity of the
processes, and the low cost of liquid aided depositions of inorganic salts
are all advantages. Furthermore, as compared to high temperature
deposition methods such as sputtering, chemical vapour deposition
(CVD), and ALD procedures, the liquid phase technique allows for ho-
mogenous coating of materials at moderate temperature. [17,47-48].

In this article, we develop a liquid phase insertion of zirconium
oxynitrate (ZrN,O7) on chemically grafted PMMA brushes to develop
ZrOy thin films on a copper substrate. This is demonstration that com-
plex metal oxides can be directly coated onto metals to create insulating
films. The fabrication of uniform polymer brush layer was crucial in the
infiltration method leading to homogeneous ZrOs films. Here, we use a
hydrogen plasma process in the oxidation of the ZrN,Oy to ZrO, and
removal of the polymer brush layer. Our past studies have suggested that
oxidative plasma and calcination can result in oxidation of metal sub-
strates or films in the process and so directly affect the resistance of the
substrate. In previous work we have used acetic acid treatments
immediately before brush film deposition to reduce the formed copper
oxide at the interface. [49] Herein, we successfully achieved both pro-
cesses in a single step using reductive Hy plasma annealing, which is a
highly attractive feature in terms of reduced process complexity.
Moreover, the work extends the use of infiltration methods to non-
traditional surfaces other than silicon and might find application in in-
tegrated circuit manufacture.

2. Experimental section
2.1. Materials

Blank Cu substrates (copper films deposited on silicon wafer sub-
strates using thermal evaporation) were donated by the Intel Corpora-
tion Ireland. Thiol end terminated poly (methyl methacrylate) (PMMA-
SH) (number average molecular weight, Mn-6.5 X 10° kg mol ™! and
polydispersity index (PDI) 1.3) was purchased from Polymer Source Inc.
(Canada) and used without further purification. PMMA-SH was dis-
solved in toluene and stirred overnight to obtain 0.6% by weight

Applied Surface Science 627 (2023) 157329

solution. Zirconium (IV) oxynitrate hydrate (99% purity) and citric acid
(ACS reagent > 99.5 %) were purchased from Merck & Co. (Ireland).
High performance liquid chromatography grade ethanol, deionised
water (p = 18.2 MQ.cm), and toluene (99.99% purity) were purchased
from Merck & Co. (Ireland), too, and used as received.

2.2. Substrate surface functionalisation, polymer coating, metal salt
infiltration, and hydrogen plasma etching

Fig. 1 schematically shows the experimental approach for the
fabrication of ZrO, films on the Cu substrate. The substrates were first
degreased ultrasonically in toluene for 10 min and dried in nitrogen.
Organic adsorbents on Cu surface were removed using an oxygen plasma
treatment in a barrel Asher for 2 min (40 kHz, 50 W). The Cu substrate
was immersed in 1% wt. citric acid solution for 5 min to remove the
surface oxide layer and activate the surface, as confirmed by XPS pre-
viously. [3] The citric acid treated substrate was then rinsed with water
and dried using dry N2 gas. PMMA-SH solutions were spin coated at
3000 rpm for 25 sec. Spin coated samples were immediately annealed at
170 °C for 5 min on a hot plate and subsequently were ultra-sonicated in
toluene for 30 min (2 x 15 min) to remove excess physically adsorbed
polymer molecules and yield a monolayer coverage of the brush. This
monolayer coverage of polymer brush was infiltrated with an ethanolic
solution of zirconium oxynitrate (0.4% wt.) via spin coating at 3000 rpm
for 25 sec. To achieve a uniform ZrO; deposit on Cu surface and elimi-
nate grafted polymers, the samples were plasma treated at 200 °C using
hydrogen gas.

2.3. Characterisation

The H; plasma treatment was performed in an Oxford Instruments
FlexAL system (base pressure 1 x 10" mbar). The sample was heated to
200 °C, and 50 sccm of Hy gas was supplied at a pressure of 40 mTorr
along at an RF power of 300 W. The sample which was located down-
stream from the plasma source was processed for 30 min. X-ray photo-
electron spectroscopy (XPS) analysis was performed on a Scienta
Omicron monochromatic Al Ka X-ray source (base pressure 1 x10®
mbar), equipped with a 128 channel Argus CU detector. The XPS was
coupled in-situ to the FlexAl system via a transfer chamber (base pres-
sure 5 x10”7 mbar) to allow for the analysis of the plasma processed
samples without breaking vacuum. The transfer time between the
FlexAL and XPS chambers was approximately 1 min. XPS data analysis
was performed using Casa XPS software. The binding energy scale was
referenced to the C 1 s peak of adventitious carbon at 284.8 eV. [50] For
survey scans, an analyser pass energy was set to 100 eV while a pass
energy of 50 eV was used to obtain higher resolution spectra of char-
acteristic core levels.

A high-resolution field emission scanning electron microscopy (FE-
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Fig. 1. Schematic representation of the process for the (a) functionalization of
Cu substrate, (b) fabrication of polymer brush film, (c) metal salt inclusion into
polymer film (d) reductive polymer ashing and formation of ZrO, films.
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SEM, Carl Ziess ultra) with a secondary electron detector operating at an
accelerating voltage of 5 kV was used to acquire top-down images of the
samples. Atomic force microscopy (AFM, park system XE7) was used
with the non-contact cantilever (AC 160TS, force constant ~ 26 nm ™,
resonant frequency ~ 300 kHz).

Dynamic contact angle (CA) measurements (custom built system)
equipped with a high-speed camera (60 Hz sampling rate) was used to
capture advancing and receding water contact angle on five different
regions of each substrate. Water drops were placed at a flow rate of the 5
nL s~ using a 35-gauze needle with droplet volume between 40 and 100
nL.

Grazing -angle Fourier transform infrared (GA-FTIR) was performed
using a Nicolet iS50 FTIR Spectrometer equipped with a Harrick Vari-
GATR attachment. Prior to sample analysis the germanium crystal was
cleaned using butanone before acquiring a background of the atmo-
sphere. Each sample was placed face down on the crystal and a force of
approximately 600 N was applied to the sample to ensure sufficient
sample-crystal contact. The sample was scanned at an unpolarised angle
of incidence of 65° for a total of 128 scans at 8 cm ™! resolution.

Transmission electron microscopy (TEM, FEI Osiris) analysis was
performed using a bright field and scanning TEM (STEM) imaging,
operated at an accelerating voltage of 200 kV. The detector lengths used
in STEM were 220, 550, and 770 mm. EDX beam current was 1nA with
an acquisition time of 30 min.

3. Results and discussion
3.1. PMMA-SH brush grafting on Cu surface

A description of the results of Cu substrate cleaning in a 1 wt% citric
acid solution was described in detail elsewhere. [3,51] XPS data show
that the citric acid treatment removes the interfacial oxide layer and
activated the surface for further modification (see Figure S1). PMMA-SH
dissolved in toluene (0.6% wt.) was coated on the copper substrate
immediately after the citric acid treatment and annealed at 170 °C for 5
min. Heat treatment enabled mobility of the polymer chains and rapid
reaction between reactive end thiol group and copper metal resulting in
the formation of uniform polymer brush on the surface. Contact angle
measurements were performed on the grafted brushes together with a
control sample (a citric acid treated Cu substrate) for reference. The
reference citric acid treated Cu substrate showed an average advancing
water contact angle (WCA) of ¢, = 17.45 + 2.6°. After the PMMA-SH
brush grafting, the average WCA was recorded to be Opyya = 75.95
+ 1.6°, in close agreement to the value acquired for a pressed homo-
polymer methyl methacrylate pellet 77.64 + 1.4° (see Figure S2).

To use the observed 0, values with surface coverage of the PMMA-SH
brush deposited on the copper substrate, we used the Cassie Baxter
equation with the assumption of surface energy heterogeneity at the
molecular scale [52-53]

O — cosOpyma -1 COS@PMMA(nm) —1), )
cosfc, cosOc,

Where @ is the apparent surface coverage of the coated PMMA brush,
OpmmMa is the advancing water contact angle (6,) of the deposited PMMA-
SH brush, ¢, is the 6, of the citric acid treated copper substrate, and
OpMMA(max) iS the 6, of the pressed homopolymer pellet. By solving the
above equation, surface coverage of the polymer brush was estimated to
be 96% which essentially corresponds to full coverage of the surface
within experimental error.

Next, the morphology of the grafted polymer brush film was ana-
lysed using a combination of AFM and SEM. It must be noted that solvent
washing alone was not effective in removing contamination from the
copper substrate (see Figure S3) and cleaning, for example, with long-
period aggressive ultrasonication can damage the copper layer. Such
an approach was therefore not followed here as a surface cleaning
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treatment. For high quality pin-hole free polymer brush grafting, the
citric acid treatment was critical prior to brush deposition. This was
confirmed by AFM and SEM analysis as shown in Fig. 2a and 2c,
respectively, which show that post citric acid treated samples became
significantly smoother. Specifically, the root mean square (RMS)
roughness value for as received Cu substrate, citric acid treated sub-
strate, and PMMA-SH grafted brushes were calculated to be 5.69 nm
(Figure S3), 4.82 nm (Fig. 2a), and 4.71 nm (Fig. 2b), respectively. The
RMS value can be used to assess the effectiveness of the polymer brush
on the copper surface. Low RMS values observed for the deposited
polymer brush correspond to highly regular and uniform film coatings
consistent with a single monolayer of the polymer brush and highly
coherent pin-hole free films. This can be seen in Fig. 2c and 2d which
correspond to SEM images obtained for the citric acid treated and
PMMA-SH coated Cu substrate, respectively. The representative SEM
images unambiguously show the absence of any micro roughness or ir-
regularities in the polymer brush films formed.

3.2. Fabrication of ZrO2 nanofilm

The grafted PMMA-SH monolayer brush was infiltrated using an
ethanolic solution of ZrN,O; and subsequently converted to ZrOs
nanofilm by Hy reductive plasma annealing. Firstly, the presence of the
grafted PMMA was confirmed using XPS. The survey spectrum for the
grafted brush showed signals due to C (69.1%), O (28.9%), and Cu
(2.0%) as shown in Figure S4a. Following the salt infiltration, C (22.2%)
0 (60.3%), Cu (9.8%), Zr (5.6%) and N (2.1%) is observed. A reduced in
the signal for C is due to the shielding of the bulkier zirconium oxy-
nitrate. Final ZrO, has the peaks from C (12.0%), O (51.7%), Zr (19.0%)
and Cu 2p (17.3%). The Cls peak observed at 288.4 eV confirms the
grafting of PMMA brush on copper substrate. Fig. S4b and S4c depicts
the survey spectrum for Zr infiltration on copper substrate with and
without a deposited PMMA polymer brush, respectively. This shows that
the PMMA infiltration is the critical step in film formation. It is observed
that without a polymer brush, Zr retention on Cu substrate is signifi-
cantly less (~0.6 atomic weight %) (Fig. S4b) which we presume is
associated with solution droplets not removed during spinning. How-
ever, the deposition of the ZrN,O7 solution onto the grafted brushes
reveals the inclusion of Zr metal into the PMMA polymer film with
retention of 5.6 atomic weight % (see Fig. S4c). Finally, after the Hj
plasma treatment the carbon C 1 s signal was significantly reduced to
levels typical of adventitious carbon signals and it can be concluded that
the hydrogen plasma results in the reductive elimination of the PMMA
brush molecules (Fig. S4d). In addition, the Hy plasma treatment causes
the polymer to decompose into its volatile components and results in the
conversion of zirconium oxynitrate to metallic zirconium. This metallic
zirconium is then oxidized to zirconium oxide upon exposure to air. The
H, gas plasma dissociates the Hy molecules into hydrogen atoms, which
then react with the polymer to form free radicals. These free radicals
subsequently undergo chain scission reactions, producing corresponding
monomers and water vapours. In the subsequent step, the H2 plasma
reacts with the monomers and dissociates them into volatile fragments.
Gupta et al [54] demonstrated a similar mechanism for removing the
polymer layer using Hy plasma treatment.

The high-resolution XPS spectra for the selected atomic orbitals of C,
O, Zr, and Cu from the grafted PMMA brush, metal precursor infiltrated
brush and post H; plasma treated samples were collected and displayed
in Fig. 3 (a-d). C 1 s data from the samples containing PMMA brush are
fitted into three different components as described by Mani-Gonzalez et
al. [55] The spectra of C 1 s region for the grafted PMMA-SH film con-
tained three peaks centered at 284.9, 286.6 and 288.8 eV are associated
with C-C, C-O-CHs, and O-C=0 bonds present in PMMA, respectively
(Fig. 3a). [56-57] After the infiltration of ZrN5O7, the carbonyl signal
appears to shift from 288.8 to 288.7 eV. This shift may be within
experimental error but might also arise from dipole-dipole interactions
between the carbonyl oxygen (C = O) and the zirconium ion, as a result
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Fig. 2. AFM images of (a) citric acid treated copper substrate (5 min) with line profile at L1, (b) grafted PMMA brush with line profile at L2. (¢) and (d) are the
respective SEM images of the functionalised Cu substrate and PMMA-SH grafted brush.

of charge transfer from the lone pair of electrons of the oxygen atom to
the empty d-orbital of the Zr. [58] After H; plasma treatment, the C=0
peak of PMMA disappears (within the XPS detection limit), illustrating
the complete breakdown of the PMMA into volatile fragments. Addi-
tionally, the lower signal-to-noise ratio also reflects the C surface con-
centration decreased owing to the polymer removal, as displayed in
Table S2.

The O 1s XPS spectra shown in Fig. 3b reveal that for the grafted
PMMA brush, three different O species can be discerned at 530, 531.8
and 533.5 eV. These peaks are associated with copper(I) oxide, methoxy
oxygen and carbonyl oxygen of PMMA. [44,59-60] Intriguingly,
following the Zr salt infiltration a negative shift (by -0.5 eV) in the
carbonyl oxygen peak is observed, indicating the coordination of the Zr
salt into the active site of the polymer as detailed above. Additionally,
one extra peak at 532.6 eV is detected, correspond to the nitrate oxygen
of ZrN307. [61] In the post Hy plasma sample, the polymeric oxygen and
copper(l) oxide oxygen signals are absent, while new peak appears at
530.6 eV attributed to the presence of zirconium oxide. [62] The second
component at 531.8 eV can be ascribed to the formation of Zr-OH which
is typical of air-exposed zirconia surfaces. [63] After the reductive
plasma annealing, no measurable nitrate oxide peak is observed,

suggesting the complete conversion of metal precursor to the metal
oxide.

The high-resolution Zr 3d spectra in Fig. 3c displays the ZrN,O;
infiltrated PMMA-SH brush before and after Hy plasma exposure. Two
peaks for the ZrN,Oy infiltrated sample located at 182.1 and 184.6 eV
are attributed to the Zr 3ds,2 and Zr 3d3 /5 spin-orbit peaks, respectively.
[64] After the Hy plasma exposure, a positive shift of + 0.7 eV is
observed, which is consistent with the formation of ZrO,. [65] These
results are highly in agreement with the peaks observed in the O 1s
region at 530.6 eV, associated to the Zrt4 jon. [66] Thus, the data
suggest that the oxidation of the Zr nitrate film occurred. The Zr loading
present on surface after the reduction process increased by 14 atomic
weights % (see Figure S4 and Table S2), consistent with the polymer
removal.

Fig. 3d display the Cu 2p XPS spectra for the grafted PMMA brush
and the Hj plasma treated metal infiltrated brush substrate. This region
exhibits two peaks for the grafted brush centred at 932.5 and 952.5 eV,
respectively, attributed to the Cu 2p3/3 and Cu 2p; /5 spin—orbit coupling
compounds. [67] A weak satellite peak at ~ 946.2 eV and two minor
peaks at 935.2 and 955.2 eV are additionally observed which correspond
with the presence of residual CuO. [68] It is suggested that a more
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Fig. 3. High-resolution C 1 s and O 1 s (a and b) XPS spectra of the grafted polymer brush, metal infiltrated sample and H, plasma annealed substrate, (c) Zr 3d, pre
and post plasma treated (d) Cu 2p substrate after the polymer brush grafting and H, plasma treatment.
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Fig. 4. The FTIR spectra of PMMA and zirconium oxynitrate infiltrated
PMMA brush.

oxidized copper oxide species could be formed during the annealing of
the polymer brush at 170 °C. The oxidation of the underlying Cu sub-
strate for the grafted brush was further confirmed by Cu LMM peak ki-
netic energy at 916.6 eV, because this peak is very sensitive to the Cu
oxidation state. [69] After the Hy plasma treatment, the Cu LMM peak
shifts back to 919.0 eV and the weak satellite peak and minor peaks are
reduced indicating the complete reduction of CuO/Cuz0 to metallic Cu
(see Figure S5). This may be important in integrated circuit fabrication
because it would improve the electrical conductivity of copper

interconnects.

FTIR analysis further corroborates metal precursor infiltration into
polymer brush and its oxidation to metal oxide. The FTIR spectra for
grafted PMMA brush and infiltrated ZrN,O7 brush is shown in Fig. 4. A
strong peak is present at 1734 em ™! in the grafted PMMA brush spec-
trum and is the characteristic stretching band of the acrylate carbonyl
(-C = 0) group. [70] Moreover, the peaks observed at 2967, and 2936,
cm ! correspond to the C-H stretching vibrations of methyl (-CHs) and
methylene (-CHy-) groups of PMMA. The peaks located at 1421 and
1336 cm™! are attributed to the bending ~C-H vibrations of the ~CHs
group. [71] The peak at 1048 cm ™! is associated with the C-O stretching
vibration. [72] The FTIR spectra of the grafted PMMA brush can be
compared with the ZrN»O; deposited sample. These data reveal a
decrease in the acrylate carbonyl band and the increase in intensity for
C-O vibration mode in the infiltrated sample. The observed changes can
be explained by the coordination of Zr metal ions with the carbonyl unit
of the PMMA brush. [73].

The results of the XPS and FTIR analyses suggest that the polymeric
carbonyl group and zirconium precursors are bonded via weak dipo-
le-dipole interactions. The decrease in intensity of the carbonyl group in
the FTIR spectra of the infiltrated sample could be explained by the
carbonyl group being shielded by the bulkier Zr precursors. If there had
been a direct covalent bond between zirconium oxynitrate and the
polymers, it would have affected the position of the carbonyl band. The
dipole-dipole interactions are further supported by the comparison of
high-resolution C 1s XPS spectra of the deposited polymer and infiltrated
samples.

Fig. 5 shows a representative HAADF-STEM image and the corre-
sponding elemental maps of C, O, Zr, and Cu in Hy plasma annealed
infiltrated PMMA brush sample. Cross-sectional STEM was performed to
analyse the zirconium oxide deposition on the copper substrate. The
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Fig. 5. (a) STEM high-angle annular dark field (HAADF) images of H, plasma annealed infiltrated sample, and (b) EDX maps of (Zr, O, C, and Cu).

HAADF-STEM cross-section image in Fig. 5a unambiguously confirms
the fabrication of a coherent (i.e. complete coverage) ZrO, layer on the
Cu substrate of an average thickness ~4 nm thick. The elemental dis-
tribution is depicted by EDX mapping data in Fig. 5b. The EDX elemental
mapping images show the elemental distribution of the elements Zr, Cu,
and O throughout the film. These data indicate several aspects of these
films. The zirconia films follow the morphology of the copper surface
precisely and are extremely uniform in thickness. However, the TEM
lamellae’s film preparation caused the ‘bumpy’ residue at the surface
with the thin oxide layer. It can be seen that the copper is free of a
surface oxide layer, which is consistent with the XPS data. Furthermore,
to strengthen the reliability and consistency of our technique. We
scanned multiple regions of the films with the XPS and found essentially
identical signals for Zr and other elements. The XPS had a very small
spot size, which indicates that a very uniform film is created. In addition,
we repeated the deposition process several times and collected the TEM
to confirm its homogeneity. The XPS data and TEM image for one of the
repetitive samples are shown in the supporting information in
Figure S6a and S6b, respectively. We believe that these results demon-
strate the reliability and consistency of our technique.

4. Conclusions

In conclusion, we propose a reliable strategy for the infiltration of
high-k dielectric precursors into a polymer brush film for the develop-
ment of high-quality oxide films. This may have considerable impor-
tance in selective area deposition technology. We have demonstrated the
solvent phase uniform deposition of thiol-terminated PMMA brush
coating onto a copper substrate. The liquid phase infiltration technique
described can be used to fabricate thin films of zirconium oxide and
potentially extended to other important systems such as hafnium oxide.
Importantly we have shown that these methods can be extended from
silicon wafer substrates to copper metal, which may be important for
interconnect technologies in integrated circuit fabrication. This study
describes a detailed analysis of the metal infiltration into the polymer
brush film. XPS and FTIR analysis of the grafted brush, and infiltrated
samples verified the inclusion of the Zr ions into the polymer film. A
reductive hydrogen plasma treatment was carried out to eliminate
polymer brush and reduce the CuOy layer formed. The removal of the
surface copper oxide during film processing is noteworthy as it provides
a low resistance form of thin films for interconnect circuitry. TEM and
EDX mapping of the hydrogen plasma treated sample shows that the
zirconium oxide is uniformly formed across the substrate, demonstrating
that the technique has considerable potential for integration into semi-
conductor processing and corrosion technologies.
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