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Abstract: We investigate in-situ ion diffusion in vanadium dioxide (VO;) nanowires (NWs) by
using photocurrent imaging. Alkali metal ions are injected into a NW segment via ionic liquid
gating and are shown to diffuse along the NW axis. The visualization of ion diffusion is realized
by spatially resolved photocurrent measurements, which detect the charge carrier density change

associated with the ion incorporation. Diffusion constants are determined to be on the order of



107 cm?/s for both Li* and Na” ions at room temperature, while H" diffuses much slower. The
ion diffusion is also found to occur mainly at the surface of the NWs, as metal contacts can
effectively block the ion diffusion. This novel method of visualizing ion distribution is expected
to be applied to study ion diffusion in a broad range of materials, providing key insights on phase

transition electronics and energy storage applications.

Vanadium dioxide (VO;), an exemplary correlated material, undergoes a metal-insulator
phase transition (MIT) accompanied by a structural transition from high-temperature rutile to
low-temperature monoclinic lattice when cooled below 340 K.'* The MIT exhibits a rapid and

drastic change in the electronic and optical properties, based on which novel applications of
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switching,”® sensing,” '* and resonators'"" '* have been intensively pursued. Ultrafast and
microscopic® ' ' techniques, along with improved computational approaches,'® have been
employed to clarify on the phase transition mechanisms. Ionic liquid (IL) gating'®*® and

chemical doping®™’

of VO, are of particular interest as they can effectively modulate MIT for
potential Mott transistors™ ** and create unusual electronic phases.””> Though the underlying
mechanism for IL gating is still under debate, diffusion of atoms, either hydrogen diffusion that

19-21 . . . 2205 .
21 or oxygen diffusion that creates oxygen vacancies,”> > is generally

leads to chemical doping
considered to play a significant role. For example, IL gating induced MIT in VO, has been
attributed to electrochemical reaction involving oxygen vacancies,”> which have been found to
diffuse at least 0.5 pm along the rutile ¢ axis.”> H atoms also result in the stabilization of the
metal phase down to 2 K, and the diffusion constant of H has been determined to be around 10"

cm?/s at 100 ° C along the rutile ¢ axis and is much slower along the a axis.***®



Though diffusion of atoms in VO, is at the heart of the modulation of the MIT through IL
gating or doping, their studies have been limited to hydrogen and oxygen to date. Alkali metals

such as Li, Na, and K are also widely used in IL gating.?”*% 3%

Exploration of their diffusion in
room temperature monoclinic VO, not only sheds light on the IL gating mechanism, but also
provides realistic approaches to manipulate the MIT towards applications. Furthermore, diffusion
may occur both in bulk and at surface. As the micro- and nano-electronic devices approach to
ever smaller scale, surface becomes more important. While our understanding of bulk diffusion
in solid has advanced greatly, diffusion at surface is notoriously challenging to investigate,*
though it is critical to an endless list of phenomena at nanoscale such as catalysis," crystal

h,*> * and many self-assembly and filtration processes.** ** Surface diffusion is also

growt
particularly important to the application of Li and Na batteries,*® since the electrodes are often
made of polycrystalline materials where the ion diffusion is often dominated at the domain
boundaries. Sophisticated experimental techniques such as scanning tunneling microscopy
(STM),*”*® field ion microscopy (FIM),* > and helium atom scattering’' have been developed
to probe the atomic scale absorbate diffusion. However, these techniques generally require
ultrahigh vacuum and ultraclean atomically flat surface, and thus are challenging to apply to

study ion diffusion in realistic environment such as in ambient condition and in electrolyte

solution.

In this letter, we report the direct visualization of ion diffusion in single crystalline VO,
nanowires (NWs) by taking advantage of the drastic change in charge carrier concentration
associated with ion doping. The ions are injected from electrolyte into an exposed segment of a
VO, NW by electrochemical gating, while the direct ion doping of the other part of the NW is

prohibited by an ion barrier. The diffusion of the ions from the exposed segment to the covered



segment along the NW axis significantly increases the local electron concentration. The imaging
of such change is then made possible by using scanning photocurrent microscopy (SPCM),
where photocurrent generated by local illumination is mapped as a function of laser position.
Using this novel method, we image the ion transport in VO, NWs in-situ and extract diffusion

constants for Li, Na, and H ions at room temperature.

Single crystalline VO, NWs are synthesized by a chemical vapor deposition (CVD)
method following our previous work as briefed in the Method session.”® Figure S1 shows the
morphology of the as-grown VO, NWs. The NWs have rectangular cross-sections and are
typically 300-500 nm in width and 100-300 nm in height, and tens of pm's long. They grow
along the [100] direction of the monoclinic (M1) phase, which corresponds to the ¢ axis of the
high temperature rutile phase.”® The as-grown NWs are then transferred to 300 nm SiO, covered
Si substrates, where single NW field effect transistor (FET) devices are fabricated using a
standard electron beam lithography (EBL) process. To enable local injection of ions into the
NW, a poly (methyl methacrylate) (PMMA) layer is spin-coated on top of the FET device and is
partially removed by EBL to expose only a segment of the NW. Finally, an IL droplet of
polyethylene glycol (PEO) with 5 wt % of LiClO4 is applied to the NW device (the detailed
information of chemicals can be found in Method). Figure 1a shows the schematic drawing of a
complete device. Optical images of a typical device before and after the application of IL are
shown in Figures 1b and 1c. A window is clearly seen in Figure 1b where the PMMA is locally
removed and the NW is exposed. This window cannot be seen in Figure 1c after a droplet of
LiCIO4/PEO is placed on the device because the refractive index of PEO matches well with that
of PMMA. The IL is only in direct contact with the exposed NW segment while the other part of

the NW is protected by the PMMA layer.
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Figure 1. VO, NW device configuration with an ion-injection window. (a) Schematic drawing of
the device, where a VO, NW (red line) is electrically connected to Cr/Au contacts (golden bars)
and partially covered by PMMA (light blue layer). An IL droplet (half dome) is then applied to
cover the entire device but is only in direct contact to a segment of the VO, NW through a
window. (b) and (c) are optical images of a typical device before and after applying IL. The scale
bar denotes 5 pm.

We first compare the IL gating effects in a fully exposed channel and a partially exposed
channel in a VO, NW device (Device #L1, reflection image shown Figure 2b). Electrochemical
gate sweeps of this three-probe device are shown in Figure 2a. As the gate voltage (V) is
increased to 1 V, the conductance of the fully exposed section (G23) is enhanced by over 30
times, indicating insulator-to-metal phase transition. On the contrary, the conductance of the
partially exposed section (G12) is only doubled, indicating that the resistance of the NW segment

covered by PMMA is unaffected by gating.
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Figure 2. Electrochemical gating and SPCM characterizations of a single VO, NW FET device
(Device #L1) partially covered by PMMA. (a) The conductance between contacts 1 and 2 (G12)
and the conductance between contacts 2 and 3 (G23) as a function of V,. The arrows indicate the
scan direction. Scan rates for both curves are 20 mV/s. (b) Photocurrent images of the device at
different V. The scale bar at the bottom is 2 pm and the color scales are in pA. The laser at 532
nm has a peak intensity of 30 kW/cm?. The yellow shaded areas indicate the positions of the
electrodes. The band bending diagrams are overlay with the photocurrent images. The bottom
panel shows the reflection image before applying IL.

SPCM measurements are then performed to extract the gate-induced doping distribution.
SPCM provides spatially resolved photocurrent mapping and has been used to explore charge
carrier transport in various nanostructures.”>®' The experimental setup is briefly described in the
Method and detailed in our previous work.®” All measurements are performed in air and at room
temperature. Though pure PEO solidifies at room temperature, it stays in the liquid phase after
adding salt such as LiClO4 and remains transparent, allowing photocurrent imaging. In the
SPCM measurements, electrodes 1 and 3 are short-circuited while electrode 2 is floating. At V, =
0 V, photocurrent spots of opposite polarities are observed near metal-NW contacts (Figure 2b),

28, 62

attributed to photovoltaic effects at Schottky junctions. Polarities of the spots indicate

upward band bending toward the metal electrodes. Then a SPCM image is taken immediately



after V, is increased to 1 V, in which the photocurrent spots at the contacts exposed to IL
disappear, while the photocurrent spot at the contact covered by PMMA (spot A in Figure 2b)
remains. This is because gating only induces insulator-to-metal phase transition in the exposed
NW segment and eliminates the Schottky junction at the corresponding contacts. The
photocurrent magnitude at spot A is also increased from 35 to 80 pA, because the total channel
resistance is reduced. In addition, another photocurrent spot appears at the window edge (spot B)
and its polarity indicates the band bends upwards towards the gate induced VO, metal state. All
these observations indicate that PMMA effectively blocks the ions from entering the covered
NW, which is expected as baked PMMA forms a chemically inert and mechanically robust layer.
This PMMA layer proves to be quite stable in a control test: the conductance of a VO, NW
device fully covered by PMMA remains the same even after a high gate voltage (V, = 62.5 V) is
applied for 7 hours (Figure S2). A similar blocking effect of photoresist has also been shown in a

recent study of ion transport in H,V30g NWs. %

After demonstrating the ion blocking capability of PMMA, we now present the results for
ion diffusion in another VO, NW device (Device #L.2). As V; is increased to 1 V in this device, a
photocurrent spot is immediately observed at the window edge (Figure 3a), consistent with the
results in Device #L1. Strikingly, when fixing V, at 1 V for a few minutes, we notice the
appearance of an additional photocurrent spot of opposite polarity, which gradually broadens and
shifts from the window edge into the PMMA covered NW segment. In 40 minutes, the spot
moves across the entire NW channel (~ 8 um long). As a side note, photocurrent is also observed
along the edge of the right electrode under V, = 1 V, presumably caused by the light induced
electrochemical reaction on metal. The long-time gating does not affect the morphology of the

VO, NW. The atomic force microscopic (AFM) images of the device before and after applying



Ve =1V for 1 hour look identical (Figure S3). Careful examination reveals that there is a slight
height reduction about 2 - 4 nm in the exposed 270 nm-thick NW segment, likely caused by

electrochemical etching of the surface. But the PMMA covered NW segment has no change in

height at all.
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Figure 3. SPCM visualization of the Li" ion transport in a VO, NW device (Device #L2). (a)
Photocurrent images at V, =1 V and Vsp = 0 V as a function of gating time. The scale bar
denotes 2 um and the color scale is in pA. (b) Photocurrent cross sections (solid lines) along the
NW axis extracted from (a) and the calculated electric field distributions (dashed lines) at
different time. The yellow shaded areas indicate the positions of the electrodes and the dashed
line indicates the window edge. (c) Photocurrent images at Vsp = 0.1 V taken at V; = 0 V,
immediately, and 40 min after V; is increased to 1 V, respectively. (d) The peak position of the
shifting photocurrent spot as a function of gating time. The red solid line is the calculated peak
position values using parameters D = 1.0 x 10™'° cm?/s and nio/ny = 13. This calculated curve
overlaps perfectly with a simple square root fitting (xpeax = VD*t), where D" = 3.1 x 10™'% cm?s.
(e) Schematic illustrating ion injection into the exposed NW and subsequent diffusion into the
covered NW. S and D are source and drain metal contacts, respectively. (f) Electron density (n)
and 1on density (n;) as a function of position away from the window, at two different gating times.



We will first provide a qualitative physical picture to explain the observed shifting
photocurrent spot. The occurrence of this photocurrent spot in the PMMA covered VO, NW
segment indicates that an internal electric field is developed by gate induced ion injection. As the
direct vertical Li" ion injection is blocked by the PMMA layer, ions must diffuse from the
exposed segment along the NW axis. The ion concentration is high in the exposed NW segment
and gradually drops over distance moving into the covered region. As the positive ions induce
free electrons in the NW, this ion concentration gradient leads to an electron concentration
gradient and an internal electric field. At fixed gate voltage, more ions diffuse into the covered
NW segment and result in broadening and shift of the photocurrent spot. At 40 min, the negative
photocurrent spot shifts all the way to the left electrode, suggesting ions diffuse through the
entire NW channel. Therefore, these sequential photocurrent images allow one to observe the in-

situ 1on diffusion in motion. The photocurrent peak position (xpeax) as a function of gating time

can be fit nicely by a square root function (xpesx = VD*t), where D =3.1x 10" cm%s is the

apparent diffusion constant (Figure 3d).

The SPCM images under non-zero Vsp (Figure 3c) further confirm this physical picture.
Since photocurrent distribution reflects the local electric field distribution, at non-zero Vsp, the
most resistive part of the NW has the largest potential drop and hence the strongest photocurrent.
Before V, is applied, the photocurrent is uniform under Vsp = 0.1 V, indicating a uniform
distribution of electric field. Immediately after V;, = 1 V is applied, the photocurrent in the
exposed segment disappears, since this segment is switched to metal phase and its resistance is
greatly reduced. After fixing V; =1 V for 40 min, photocurrent is also greatly suppressed in the
covered NW segment close to the window, indicating Li" diffuses into this region and leads to a

resistance reduction.



To quantitatively understand the measured photocurrent profiles and to more accurately
extract the ion diffusion constant, we provide a simple model based on 1D ion diffusion along
the NW axis. The ion concentration (7;) along the NW axis is expected to be governed by Fick's

second law,

o _ pm
at oxz2 (1)

where D is the diffusion constant, ¢ is time, and x is the distance. The solution is,
X
mi(x,0) = nygerfe(; ) @

where n; is the ion concentration at the boundary (x = 0) and erfc is the complementary error
function. Assuming each positive ion induces a free electron and #y is the electron concentration
before V, is applied, the total free electron concentration is then n = ny + n; The erfc
distributions of n and n; are plotted in Figure 3f. At t = 60 s after gating, the exposed NW
segment is switched to metal phase when n > n. (n. is the critical electron concentration to
induce insulator-to-metal transition), leading to a drastic increase of n to about 10% np. A junction
is then created between the metal and insulator domains, which explains the positive
photocurrent spot observed at the window edge. The distribution of n caused by the ion
diffusion explains the negative photocurrent spot inside the covered segment. At ¢ = 2400 s, ions
further diffuse into the covered NW segment. This leads to a slight expansion of the metal
domain into the covered segment, evidenced by the slight shift of the positive photocurrent spot
at the window edge (Figure 3a). It also results in a shift and broadening of the negative

photocurrent spot as the distribution of n extends further into the covered segment.
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If n is low compared with the density of states (N.), we can use Boltzmann distribution to

calculate the local electric potential ¢ by,

EC—EF—|6|<P] 3)

n(x,t) = Ncexp [— T

where E. is the energy level of the conduction band edge, Er is the Fermi level, |e| is the absolute
value of electron charge, kg is the Boltzmann constant, and 7 is the temperature. Therefore, the

local electric field caused by the gate-injected ions is,

kgT d kgT d

d X
E(x,t) = TP = T g = —Waln[no + nyerfc (Tn_t)] 4)

As photocurrent is proportional to the local electric field, we can make a direct comparison of the
measured photocurrent distribution and the electric field distribution calculated from the above
model. As shown in Figure 3b, the calculated electric field follows the observed photocurrent

curves quite well at various gating times.

After understanding the photocurrent distribution, we now use the above model to more
accurately extract the diffusion constant. Figure 3d shows the time dependent photocurrent peak
position, which corresponds to the position where electric field reaches maximum. We can then
determine the D value through best fitting of the experimental data using numerically obtained
electric field maximum position from Eq. (4). It turns out that the extraction of D depends on the
Mo

nio, which can be estimated from the photocurrent images taken under bias since,
0

value of

Aj=AcE =52 =T o2 (5)

n n

where Aj is the photocurrent density, Ao is the laser-induced increase in conductivity, and the

photogenerated carrier concentration An is expected to be independent of injection position.
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Therefore, we may estimate —2 by the ratio of photocurrent, which is about 13 using the
y A p g

photocurrent data at 40 min in Figure 3c (more details can be found in Figure S4 in the

Supporting Information). By using % =13 and D = 1.0 x 10" cm?s, the calculated Xpeak
0

matches very well the experimental curve (Figure 3d). We note that this model-determined D
value is on the same order of magnitude as, but is expected to be more accurate than the simple
square fit value (D"). Upon the four measured VO, NW devices, we obtained D values ranging
from 2.2 x10"" to 1.0 x 10" cm?s for Li" (see Table S1 in Supporting Information for a

summary of D values measured in all devices).

(b) ®
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Figure 4. Blocking of Li" ion diffusion by metal contacts in a VO, NW device (Device #L3). (a)
SPCM images as a function of time under gate voltage. The NW is covered by PMMA except
two window areas W1 and W2, as shown in the reflection image at the bottom. The dashed lines
indicate the window edges. The scale bar denotes 3 um and the color scale is in pA. (b)
Schematic drawing illustrates the diffusion of Li" is blocked by metal electrodes.



Next, we demonstrate that Li* ions mainly diffuse at the surface of the VO, NWs. For
this purpose, we design a device (Device #L.3) with two separate ion injection windows, with one
window (W1) to the left of electrode 1 and the other window (W2) between electrodes 2 and 3
(Figure 4). After V, = 1 V is applied, a photocurrent spot is observed moving from the edge of
W2 away from the window into the PMMA covered NW segment, similar to the behavior in
Device #L2. This photocurrent spot moves across the entire channel 2-3 (11.5 um) to electrode 2
in 600 minutes. On the other hand, an ion induced photocurrent spot is not observed in channel
1-2. Though the distance is short from the W1 edge to channel 1-2 (3.2 um), ions injected in W1
do not appear to diffuse into the channel. This indicates that Li" diffusion is blocked by the metal
electrode (Cr / Au). Even after applying a higher gate voltage (V, = 1.5 V) for another 300
minutes, the photocurrent distribution remains the same in channel 1-2 and the ions cannot
diffuse across either electrode 1 or 2. The ion diffusion blocking by the metal contacts suggest
that ions diffuse dominantly at surface. The ion diffusion in the bulk should not be stopped by
the contact, as shown in the case of H2V3Og.63 The surface diffusion is also supported with the
fact that we do not see any optical reflection change of the NW after gating. The insulator-to-
metal phase transition is associated with large change in optical reflection. If ions diffuse deep
into the NW, the optical reflection is expected to change significantly as observed in the case of
H diffusion at elevated temperature.” However, in our case, we do not see any change in both
PMMA covered segment and exposed segment even after applying V, for hours, indicating Li
doping only occurs at the surface. Furthermore, the contact ion blocking also suggests that the
ion diffusion rate at the VO, surface sensitively depends on whether the surface is covered by

polymer or metal. Presumably, Cr makes stronger chemical bonding to the VO, surface, while
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the interaction between PMMA and VO, is likely much weaker, allowing Li" ions to move
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Figure 5. SPCM visualization of Na” and H" ion diffusion in VO, NWs. (a) Photocurrent images
at Vo=1V and Vsp = 0 V as a function of time using NaClO4/PEO as electrolyte (Device #N1).
(b) The peak position of the shifting photocurrent spot as a function of time. The red solid line is
the calculated peak position values using equation (4) with D = 3.6 x 10" cm?¥s. (c)
Photocurrent images at Vsp = 0 V when using H,O/PEO as electrolyte (Device #H1). The yellow
shaded areas indicate the positions of the electrodes and the dashed lines indicate the window
edges. The scale bars denote 2 um and the color scales are in pA. (d) Dark conductance as a
function of ¥V, for devices with NaClO4+/PEO and H,O/PEO, respectively. The arrows indicate
the scan direction. Scan rates for both curves are 20 mV/s.
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Finally, we compare the diffusion rates of different ions at the VO, surface. We first
apply 5.8 wt % NaClO4/PEO to a VO, NW device with the same configuration (Device #N1),
the evolution of SPCM images looks similar to LiClO4/PEO (Figure 5a). The peak positions can
also be fit quite well with the simulation to extract the Na" diffusion coefficient (Figure 5b). In
the three devices we measured, we obtained the D values of Na* from 3.6 x10™"! to 1.6 x 10710
cm?/s, comparable to Li* (see a summary of diffusion constants measured in all devices in Table
S1 in Supporting Information). To test the H™ ion diffusion, we apply PEO with 1 wt % H,O as
the gating media to a device (Device #H1). The gating with H,O/PEO also significantly changes
the conductivity of VO, (Figure 5d), akin to LiClO4/PEO and NaClO4PEO. Similar H' ion

1921 However, different from the Li" and Na™ gated

gating effects have been shown previously.
devices, the photocurrent spot in this device does not appear to shift after applying V; =1 V for
60 minutes (Figure 5c). If using the spatial resolution of our SPCM of 200 nm, we determine an
upper limit of the D value for H ions: D < 1.1 x 10" cm?/s, much lower than Li" and Na". The
slower H' diffusion may be attributed to the stronger H" bonding to the VO, lattice. The sizes of
Li ad Na atoms are bigger but their bonds to oxygen are weaker (bond dissociation energy,
D%osx / (kJ mol™) = H-O: 429.91, Li-O: 340.5, Na-O: 270).°* The distinct diffusion rates of
different ions also suggest our gating effect is dominated by Li" and Na' instead of oxygen

. 22-2
vacancies from the VO,, >

since we do not expect the diffusion constants of oxygen to depend
on electrolyte. In Table 1, we compare our measured diffusion constants with the previously
reported values. The D values measured in this work for Li and Na at the surface of VO, are

higher than those in bulk at room temperature as expected and are comparable to the value for

surface diffusion.

Table 1. Ion diffusion constants in materials. (Note: *extrapolated from high temperature
measurements; estimated from data presented in the publication.)
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) ) o surface crystal

ion material T(°C) D (cm?/s) or bulk orier}llta tion reference

H ZnO 300 8§ x 1077 bulk [001] 65

H TiO, 20 1.8x107" bulk c-axis 66

H VO, NW 100 6.7x10"° bulk c-rutile 29

o) VO, film 20 1x10°" bulk c-rutile 257

Li Porous V,05 20 3.8x107 surface N.A. 67
Li/Na VO, NW 20 10710 surface c-rutile this work

In summary, we have obtained in-sifu visualization of ion diffusion in VO, NWs, by
using a novel experimental technique combining ionic liquid gating and photocurrent mapping.
Photocurrent spot, representing the local electric field induced by the ion concentration gradient,
gradually shifts from the ion injection source. The position shift and the broadening of the
photocurrent peak quantitatively agree with a simple ion diffusion model, from which diffusion
constants are extracted. We report a high diffusion constant of 10" cm?/s for both Li* and Na”
ions. The diffusion most likely occurs at the VO, surface evidenced by the effective ion diffusion
blocking at the Ct/VO, interface. The ion diffusion rate of H is much slower. The observed fast
ion surface diffusion in VO, provides critical insights in understanding the gate induced phase
transition and may also have impacts in energy storage applications. The developed experimental

method may be applied to study ion diffusion in a broad range of materials.

Methods

VO, NWs were synthesized via a chemical vapor deposition (CVD) method using V,0s
as the precursor in a tube furnace (Lindberg Blue M). V,0s (Alfa Aesar, 99.99%) powder was
adopted as the only precursor and placed in a quartz boat at the center of the tube furnace. An

unpolished x-cut quartz substrates (MTI) was placed 7 cm downstream from the boat. The
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system was first pumped down to a base pressure of ~30 mTorr. The furnace was then heated up
to 880 ° C and maintained at the peak temperature for 40 minutes to 2 hours. After that, the

furnace was cooled down to room temperature over approximately 3 hours.

In order to fabricate single NW field effect transistors (FETs), the free-standing NWs
were transferred onto 300 nm SiO; coated, heavily p-doped Si wafers by directly pressing the Si
wafer against the growth substrate. Subsequently, top metal contacts (250 nm Cr / 50 nm Au)
were made to individual NWs using electron beam lithography (EBL, FEI 430 NanoSem) or
sputtering (Lesker). A 1.5 pum thick poly (methyl methacrylate) (PMMA 950, C9, MicroChem)
layer was then spin-coated at 4000 RPM on top of the device, followed by baking at 180 °C for 5
minutes. Then a second EBL was performed, followed by developing to partially remove
PMMA, to expose the gate electrode and only a part of the NW. Finally, an ionic liquid droplet
of polyethylene glycol (PEO, 1,000, Alfa Aesar) with 5 wt % of LiClO4 (Alfa Aesar, 99%), 5.8
wt % of NaClO4 (Alfa Aesar, 98%), or 1.0 wt % H,O, was applied to the NW device. By
controlling the amount of PEO applied to the tip of the micromanipulator, we achieved a small
liquid droplet with a size of 20 — 100 pum to minimize leak current. The gate leak current was

substantially smaller than the conduction current in all measurements.

Current-voltage curves were measured through a current preamplifier (DL Instruments,
model 1211) and a NI data acquisition system. Scanning photocurrent microscopy (SPCM)
measurements were performed using a home-built setup based upon an Olympus microscope.
Briefly, a 532 nm CW laser was focused by a 100x N.A. 0.95 objective lens to a diffraction
limited spot and raster scanned on a planar NW device by a pair of mirrors mounted on

galvanometers, while both reflectance and photocurrent were simultaneously recorded to

17



produce a two-dimensional (2D) maps. The laser intensity was controlled below the threshold of

insulator-to-metal transition for all measurements.

Supporting Information

Electron microscopic image of as-grown VO, nanowire samples studied, control experimental
results demonstrating ion blocking of the PMMA layer, morphology of the VO, NW device
before and after gating, extraction of simulation parameters, and a table summarizing the
diffusion constants measured in all devices. The Supporting Information is available free of

charge on the ACS Publications website at http://pubs.acs.org.
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