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S.1 The structure of Pt pyramid

The pyramidal structure of Pt in NiO thin film can be confirmed by the
following plan-view TEM observations. Fig. Sla shows magnified TEM bright field
image of Pt pyramid seen from NiO (001). Moiré pattern is observed at the edge of Pt
square pyramid. The periodicity of moiré pattern is about 8 nm. This is consistent with
the lattice mismatch between NiO and Pt, so the NiO/Pt interface is observed at the area
of moiré pattern. The thin foil for TEM observations is prepared by back thinning and
subsequent gentle milling from both side as a finishing process. Hence the Pt pyramid in
the thin foil for TEM observations is polished from both side as shown schematically in
Fig. S1b. The area of moiré pattern observed in Fig. Sla is consistent with the NiO/Pt
interfaces included in the thin foil for TEM observations expected from the sample
morphology. From these discussions, the square Pt observed in NiO thin film is

confirmed to be the pyramidal structure.
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Fig. S1 | a TEM bright field image of Pt pyramid. b A schematic of the thin foil for
TEM observations. Red lines represent for the TEM samples and dotted lines are

original sample before thinning.




S.2 Crystallinity of the NiO film

Fig. S2 show out-of-plane XRD profile of the NiO film on Pt single crystalline
substrate. Only the peaks of single crystalline NiO (001) and Pt (001) are observed. So
this profile is clearly showing that the NiO film consist of single crystal, or at least, the
film is highly oriented. The in-plane crystallinity can be checked by the TEM image and
selected area diffraction pattern shown in Fig. S3. The image and pattern show the NiO
film is consist of single crystal. From these XRD profile and TEM observations, the
NiO film on the Pt single crystalline substrate are confirmed to be single crystal and the

NiO (001) is parallel to Pt (001).
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Figure S2 | XRD out-of-plane profile of NiO/Pt. Only the peak of Pt and NiO single

crystal is detected.



Figure S3 | TEM bright field image of NiO film observed from plan-view NiO (001)

direction. The inlet show selected area diffraction pattern at the area of the image.



S.3 Dominant defects in conductive path formation
Although both nickel vacancies and oxygen vacancies can be formed in NiO,
many studies report that the eledctroresistive phenomena is according to the oxygen

vacancies [1-3]. The oxygen vacancies can be formed in the following equation [4]:
0o + Niy; 2 V5 + Niy, + 1/,0, (Eq. S1)

where V;; are oxygen vacancies and Niy; is the Ni®* site with two extra electrons (i.e.
a neutral Ni atom).

In ESM hysteresis as in Fig. 3d, the dominant defects can be confirmed by the
form of hysteresis loop. The charge of oxygen vacancies are opposite to that of nickel
vacancies, so the behavior of oxygen vacancies must be opposite to that of nickel
vacancies. This fact means that the hysteresis loops formed by the oxygen vacancies
dominating phenomena and the loops formed by the nickel vacancies dominating
phenomena are in relationship of upside-down. In the case of NiO, the hysteresis loop in
Fig. 3d is known to be according to the oxygen vacancies [5]. So the discussions in the
manuscript are assuming oxygen removal in the (Eq. S1) following Ref. [4].

Although the dominant defects are concluded to be the oxygen vacancies from
the experimental results, the story is not affected if the dominant defects were nickel

vacancies. Assuming the nickel vacancies are formed in the following equation [6,7]:
2Niy; + /50, 2 2Niy; + Vi + 0, (Eq. S2)

Here, the difference of dominant defects only affect the constant in the Eq. (1) in the
main part of the manuscript. The spatial point dependent variable is only related to the
strain. So the relative value of color map in Fig. 8(b) must be the same whether the

dominant defects are oxygen vacancies or nickel vacancies, although the absolute value



can be varied. The discussions in this study is based only on the relative value in Fig.

8(b). Hence the discussions in this study is not affected by the vacancy species.
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S.4 Finite element calculations details

A finite element analysis has been carried out to reveal the stress distributions
and oxygen vacancies and extra electron distributions. A schematic of the calculated
model is shown in Fig. S4. The stress according to the lattice mismatch is modelled
virtually by the difference of thermal expansion coefficient between NiO and Pt. The
sample is virtually heated up to 1200 K so that the stress correspond to that introduced
by lattice mismatch will be introduced. The stress analysis equilibrium equation coupled
with the defects induced strains due to volume change and thermal strain are as follows:

V-o=0 (Eg. S3)

c=C: (8 — €defect — gt/zermal)
1
= E[(Vu)T — Vu]
1 (Eq. S4)
€defect = W{Vv[cv(x:y'z) — 1+ Volee(x,y,2) — ¢}
m

Ethermal = aT(T - Tref)
where ¢° = c¢,;° are oxygen vacancy and extra electron concentrations in bulk.

cy and c, are defined as [1]:

C‘U(xtyyz) CU exp{m [Gx(x y;z) +Uy(x y,Z)

+0,(x,y, Z)]}exp {—Agb(x v, Z)}

lo,(x,v,2) + 0g(x,y,2) (Eq. S5)

Ce(x,v,2) = clexp {BRT

2F
oo (2 g .2)



where A¢(x,y,2) = ¢p(x,y,2) — ¢*, Ap(x,y,0) = Ap,. The details of parameters
are summarized in Table S1.
As shown in Fig.8a, the maximum average stress o, + o, occurs around the

pyramid tip and it is expected to be enhanced above four tip corners. We see from Eq.S3
that c. depends exponentially on the average stress : ce~exp (3‘% [Gx + ay]). Thus ce

is significantly enhanced on the surface plane above the pyramid tip where lobes are

formed at the four corners similar to what is observed experimentally.
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Figure S4 | A 3D schematic of model for finite element calculations.

Table S1 | List of parameters used for finite element modeling.

Parameter Definition Value Comments

En Young’s modulus of NiO 169 GPa Refs. [2, 3]

Vi NiO Poisson’s ratio 0.3 Refs. [2, 3]
Bulk Oxygen vacanc

Ce i ve d 0.01 Assumed
concentration

partial molar volumes for extra 8.19 cm3mol  Assumed



electron

11.198
Vin molar volume of stoichiometric NiO Calculated
cm3/mol
The relative dielectric permittivity
€ ‘ 11.75 Ref. [4]
of NiO
T Temperature 293 K From literature
Trer Reference Temperature 1200 K From Experiment
B See Eq.7 2.7 Assumed
Ad, fixed surface potential 00V Assumed
Thermal expansion coefficient for 1.2351E-5
ar o ' Refs. [2, 3]
NiO (1/K)
Thermal expansion coefficient for
arp, 8.80E-6 (1/K)  Refs. [2, 3]
Pt
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