






passivates Cu, while SiO2 substrate chemistry is largely
unchanged as determined through XPS analysis.37

We used XPS to assess the grafting success of PS NH2 to Cu
over SiO2, as detailed in Figure 1 (see Figure S1 for all survey
spectra). At 0.25 wt % concentration, we observe a significant
C 1s atomic concentration on blanket Cu substrates, ∼70%, in
comparison to C 1s atomic concentration on SiO2, ∼35%; see
graph in Figure 1a for SiO2 surfaces and graph in Figure 1b for
Cu surfaces. Moreover, high Si 2p atomic concentration levels,
as well as the detection of dopant P 2p and B 1s signals from
SiO2 substrate, reveal that a significant brush layer formation is
inhibited at 0.25 wt % PS NH2 polymer concentration on SiO2.
In contrast, a relatively low Cu atomic percentage was
calculated, ∼4%, on the 0.25 wt % PS NH2 coated Cu sample,
showing that the PS NH2 coats the surface uniformly. As the
PS NH2 concentration is increased, we observe an increase of
C 1s atomic concentration by up to 10% on SiO2 surfaces,
while marginal increases (∼5%) were calculated on Cu
surfaces. For example, 0.75 wt % PS NH2 coated SiO2 sample
had ∼55% C 1s while corresponding Cu sample showed ∼82%
C 1s signal. Figure 1a also shows that Si 2p signal decreased
with an increase in PS NH2 concentration inferring that partial
film formation maybe occurring on SiO2 surfaces. Likewise, we

observed a similar occurrence, i.e., decrease of Cu 2p signal, on
Cu surfaces. Notably, O 1s signal decreased in Cu samples with
increased PS NH2 polymer brush concentrations, revealing
thicker and denser formation of PS NH2 polymer brush layers
(see cross sectional SEM image in Figure S2).
To elucidate the effect of PS NH2 brush concentration, we

next analyzed films through scanning electron microscopy
(SEM) analysis after deposition on patterned Cu/SiO2 features
(see initial characterization of as received Cu/SiO2 wafer in
Figure S3). Figure 2 displays SEM images of PS NH2 on
patterned Cu/SiO2 samples after deposition of 0.25−1 wt %
solutions. As seen in the main SEM images (a, c, e, and g), Cu
strips are ∼160 μm wide, while SiO2 regions are ∼60 μm wide.
Such large feature sizes enable us to use microscopy to assess
the initial grafting of PS NH2 polymer brushes after attach
ment. After the deposition of 0.25 wt % PS NH2, it is clear that
a film has formed at the interface of Cu and SiO2 (see cross
section in Figure 2b). The SEM images and critically the insets
in Figure 2a, c, e, and g show that we retain the Cu/SiO2
interfaces after deposition of PS NH2 brushes. As revealed by
XPS discussed earlier, the higher wt % solutions create denser
films on Cu. This is also confirmed from cross sectional SEM
images, as shown in Figure 2 d, f, and g for 0.5, 0.75, and 1 wt

Figure 3. (Left to right) SEM images of Au area selective deposition on Cu/SiO2 substrates following 15 min acetic etching on 0.25 wt % PS NH2
modified surfaces (a, b) and 30 min acetic acid etching (c, d). Au area selective deposition on Cu/SiO2 substrates on 0.5 wt % modified surfaces
after 15 min (e, f) and 30 min acetic acid etching (g, h), on 0.75 wt % modified surfaces after 15 min (i, j) and 30 min acetic acid etching (k, l), and
on 1 wt % modified surfaces after 15 min (m, n) and 30 min acetic acid etching (o, p), respectively.



% PS NH2 solutions, respectively. One also observes the
accumulation of polymer brush material at the interface of Cu/
SiO2. This presumably occurs due to the affinity of the PS NH2

brush for Cu over SiO2, as opposed to a physical edge effect
because the topography of Cu and SiO2 wafer areas is flat
following planarization.
These processes (confirmed using XPS and SEM analysis)

established a reproducible method to block or deactivate Cu
regions versus SiO2 using varied concentrations of a PS NH2

polymer brush. Next, we examined the feasibility of our
objective to pattern Au on SiO2 only using such deactivated
regions. To achieve Au patterning, Ti/Au (5 nm/35 nm) was
evaporated on PS NH2 modified Cu/SiO2 substrates. Acetic
acid etching of CuOx and the PS NH2 used in this work were
adapted from a seminal report by Bent and co workers, who
used the method in conjunction with SAMs and ALD.24 Our
analysis shows that both the initial brush film concentration
and the time of acetic acid etching significantly influence the
uniformity of Au on SiO2 regions. Figure 3 displays SEM
images of PS NH2 modified Cu/SiO2 substrates after the
deposition of Ti/Au followed by ultrasonication in acetic acid
for 15 and 30 min, respectively. Figure 3a shows selective
deposition of Au after modification with 0.25 wt % PS NH2

brush. The inset in Figure 3a and cross sectional SEM image in
Figure 3b show that the Au layer covers the Cu/SiO2 interface,
while this can be removed with extended acetic acid etching as
shown in Figure 3c inset and cross section in Figure 3d.
We observed improved resolution of Au features at the Cu/

SiO2 after etching for 15 and 30 min on 0.5 wt % PS NH2

treated Cu/SiO2 substrates. Excellent alignment is visible from
the top down SEM inset image and cross section shown in
Figure 3g and h (outlined in green). A similar result was

attained on 0.75 wt % PS NH2 treated Cu/SiO2 substrates
after 15 min acetic acid etching (Figure 3i and j).
Conversely, the 30 min acetic acid etching started to reveal

large areas of lift off of Au on SiO2 regions, as displayed in
Figure 3k and l. We attribute this to both the extended etch
time and the higher concentration of PS NH2 solution, because
such lift off was not observed on 0.25 or 0.5 wt % samples.
Interestingly, no lift off of Au was visible on 1 wt % PS NH2
treated Cu/SiO2 substrates after 15 min acetic acid etching
(Figure 3m and n). This infers that the 1 wt % brush is too
thick, and thus, the CuOx layer and PS NH2 layer could not be
etched significantly to remove Au on Cu regions. The longer
30 min etch time did reveal Au selective deposition on SiO2
regions; however, both poor selectivity and delamination of the
Au film are apparent (see Figure 3o).
Overall, 30 min acetic acid etching of 0.5 wt % PS NH2

proved to be the optimum conditions for forming well defined
Au ASD on SiO2 (Figure 3g and h). The SEM image in Figure
S4 shows a large scale area (∼1600 μm × 1200 μm) of
successful Au ASD. To clarify the necessity of the PS NH2
brush modification step to achieve Au ASD on SiO2, acetic
acid etching was carried out on a Ti/Au layer deposited only
on untreated Cu/SiO2 wafers. No lift off or ASD was achieved
as shown and discussed in Figure S5, reenforcing the
requirement for the deactivating PS NH2 polymer brush
layer to achieve ASD. On this note, it appears that the
mechanism here differs slightly from a reported method of
ASD utilizing acetic acid.24 The authors discussed (see ref 24)
that because ALD had a selective substrate area to deposit
upon, protected SAM areas on Cu allow acetic acid to
permeate through to etch the CuOx layer, enabling successful
ASD. Because we have deposited a dense uniform Ti/Au layer
without any inherent selectivity to the underlying substrate, the

Figure 4. (a) SEM image of Au area selective deposition; red line shows where AES line scan was performed, and arrow shows direction of line
scan. (b) AES line scan of area shown in (a). (c) SEM image of Au ASD on SiO2 between Cu stripes. (d, e) AES maps showing Cu presence and
Au ASD, respectively.



ultrasonication step appears to play a role in enabling acetic
acid to permeate through to etch the underlying CuOx layer.
Our work suggests a moderately different etching mechanism
for CuOx but displays similar levels of high quality ASD
patterning.
We performed Auger electron spectroscopy (AES) analysis

on the optimized Au ASD sample (0.5 wt % PS NH2 on
patterned Cu/SiO2) to confirm the presence of Au and Cu at
specific sites. Figure 4a shows an SEM image of Au lines on
SiO2 between pristine Cu strips. An AES line scan performed
across this region, as shown in Figure 4b, confirms conclusively
that we have indeed achieved large area Au ASD at the
anticipated sites. Moreover, and encouragingly, we have
retained a uniform Cu layer as confirmed through AES
mapping displayed in Figure 4d. Figure 4e displays the
precision of Au deposition on a SiO2 region with a defined
interface. It is important to preserve a pristine Cu layer given
its function in integrated circuit manufacture, where its
inherent conductive properties must be retained. We note
that discussion on this topic is absent in previous studies
related to ASD development.
Here, we have shown that the Cu material maintains its

uniformity after several processing steps. Cross sectional
transmission electron microscopy (TEM) was also carried
out to clarify this. Focused ion beam (FIB) lamella samples
were prepared from Cu and SiO2 regions of patterned Cu/
SiO2 wafers after successful Au ASD. Moreover, a lamella
sample was prepared from the Cu/SiO2 interface. Cross
sectional TEM, STEM, and EDX mapping are displayed in
Figure 5. Figure 5a shows the excellent uniformity of the Cu

layer (and Cr adhesion layer) after removal using acetic acid
etching of the 0.5 wt % PS NH2 layer and the Au material. It is
noteworthy that there is no evidence of a PS NH2 or Au layer
on Cu, emphasizing the efficacy of the acetic acid etching
approach. XPS carried out on a blanket Cu substrate modified
with 0.5 wt % PS NH2 after the removal of an Au film using
acetic acid etching shows a passivated Cu surface (see Figure
S6). The ∼35 nm Au layer deposited on SiO2 also reveals high
uniformity after acetic acid etching for 30 min (see Figure 5b).
The Ti adhesion layer is also visible from the TEM image. The
schematic representation of the Cu/SiO2 wafer in Figure 5
shows the reader the region of interest where the lamella was
prepared at the Cu/SiO2 interface specifically. The cross
sectional TEM image in Figure 5c reveals the roughness of the
Cu and Au material following acetic acid etching at the
interface.
While we partially expected this result given the crude nature

of the metal deposition technique, we foresee improved line
edge definition using an ALD approach, and this work is
currently underway and will be reported in due course. We
envisage the expansion of the “deactivation” polymer brush
strategy used here to other surfaces and deposited materials
(via ALD or otherwise), e.g., Al2O3, ZnO, which can open up
new applications. This is possible given the rich nature of
polymer brush materials available. Future work will be focused
on elucidating a wider library of polymer brushes where
activated sites on metal or dielectric can be infiltrated in a
simple manner. Moreover, further impetus is required to
develop ASD processes on the nanometer scale regime to

Figure 5. Cross sectional TEM images of (a) Cu film at Cu region only of patterned Cu/SiO2 wafer following successful Au ASD. (b) Au material
on SiO2 region of Cu/SiO2 wafer. (c) STEM image of interface region where Cu film and Au ASD are visible. Schematic outlines area of cross
section in (c). EDX mapping data revealing the Cu (d) and Au (e) material present at the Cu/SiO2 interface.
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