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rutile

V zigzag

The rutile structure of metallic VO, is based on a simple tetragonal lattice with space
group Pdy/mnm (D} 6) [F1) E. The metal atoms are located at the Wyckoft
positions (2a): (0,0,0), ) and the oxygen atoms occupy the positions (4f):
(e, u,0), (5 + w b —u, § strueture is displayed in Fig. [l According

to McWhan et al. the lattice constants and the internal oxygen parameter are ag
= 45546A, cp = 28514 A and u = 0.3001 [FF. These numbers will be nsed in the
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Atom  Wyckoff positions parameters

x ¥ z

(4e) 0.242 0975 0.025
0, (4e) 010 021 020
0, (de) 039 0.69 029

from M1 to R shrinks the specimen along c, direction by €.~ 1%,
along the tetragonal a; and b, axe, the lattice expands by 0.6 and 0.1%, respectively,
causing a volume shrinkage of 0.3%




Atom  Wyckoff positions parameters

T

y z

(4g) 0.0 07189 0.0
Va (4i) 0.2314 0.0 05312
0, (85) 0.1482 02475 0.2042
0, (4i) 0.3969 0.0 0.2089
04 (4i) 0.1000 0.0 0.7987

A triclinic phase (T) might also derive from the M1
structure, but only with a continuous change in
4 lattice constant and angles.
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Figure 1. (a) SEM image of VO; nanowires as grown on a S$isN, substrate.
The reaction conditions were T = 900 °C, P = 12 Tom, 1 = § h, and
Koow 2 3 scem. Inset: cross-sectional SEM image showing the rectangular
cross section of a VO, nanowire. (b) X-ray diffraction patiem of as-

synthesized VO nanowires.

monoclinic form of VO2 (JCPDS file 72-0514)
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stressed beams bottom-
clamped on the substrate

(a) Four-probe resistance of single-crystal VO2 beams as a function of temperature. The
free-standing VO2 beam shows single domain behavior, whereas the clamped beam shows multiple
domains during the transition . (b) Optical images of the multiple-domain devices showing the
coexistence of metallic (dark) and insulating (bright) domains at intermediate temperatures. The
scale bar is 5 mm. (c) Optical image of clamped VO2 at 338 K showing periodic metallic and
insulating domains. The width of the VO2 beam is around 1.5 mm. (d) Schematic diagram showing
the periodic domain pattern of a VO2 beam coherently strained on an SiO2 substrate . Blue and

red correspond to tensile and compressive strain, respectively. “M” denotes metallic phase.
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(a) Optical images of an array of triangular metallic domains nucleated and costabilized by
tensile and compressive strain along a bent microbeam. (b) Phase-field modeling of domain
formation in a bent VO2 beam. From top to bottom: first, initial state of random phase
distribution; second, equilibrium phase distribution at the natural MIT transition T.° ; third,
equilibrium strain (g,, ) distribution at T.° : yellow and dark green denote the maximum
tensile and maximum compressive strain, respectively; forth, equilibrium strain energy
density distribution: yellow denotes the highest strain energy density, dark green denotes
the lowest. (¢) Uniaxial compression reversibly induces a metal-insulator transition at
room temperature. Here n) is the fraction of metal phase along the beam. (d) Strain
engineering domains in a flexible VO2 microbeam. Scale bars in (a), (c), and (d) 10 um.
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(1) The periodic, triangular domain pattern, nearly completely relieves the strain
energy in the bent beam, with some remnant strain at the triangular tips.

(2) competing effects of strain energy relaxation and interfacial energy =» smaller

period results in more effective strain energy relief, but at the cost of

|ntroduc1ng more |nterfac1al area.
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Fig. 13 (a) Schematic view of the path for a fixed length VO, beam moving in the uniaxial
stress-temperature phase diagram [43]. (b) Resistivity of the insulating phase of VO, ax a function
of lemperature. A constant resistivity (at 60-100°C) is observed when the sysiem moves along the
phase boundary [21]. (¢) Isobaric (A), isothermal (B). and combined sequential processes (C) in
the uniaxial stress-temperature phase diagram of VO, showing phase transition from the
insulating (1) phase to metallic (M) phase. Green dots show schematically the position where
the transition threshold is defined. (d) Measured resistivity of VO, beams at 300 K. at the
threshold. and in M-phase, respectively. The error is mostly from uncertainties in detemmining
the effective height and length of the microbeam. Also shown is the apparent threshold resistivity
from a VO, thin film. The horizontal line shows the constancy of pth in I phase
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insulator to metal transition indicates that the
transition is fundamentally driven by electron—
electron interactions.
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during the phase transformation.
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The free-standing beams always have ~

smooth, featureless surface that does The bottom-clamped beams, however,
not change as temperature increases often show periodic stripes well aligned
Laue pattern of mXRD shows M1 in parallel to the cg direction at a period of
structure at T<TC and R structure at ~150 Nm.

T>TCo T i

b1 =

/
298, 323, 333, and 368 K (left to right)
—
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The room-temperature UXRD pattern of a
bottom-clamed VO2 beam indexed as a twinned
monoclinic M2 phase (M2a/M2f).
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Ri(T) = R} exp(Eq/ksT)

T<~323K i M i M

| —e—memcdr
| —— R with exp(B T

~323 K<~373 K

Sioa(T) = X(T)SI(T) + [1 = x(T)|Sy

~37BK<T

Seebeck coeflicient (WV/K) Resistance (MQ)

333 353 313 3
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