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1 . I ntrOd UCtIO n Thin film sample Si heater

Wavefront analyzer

Phase transitions in strongly-correlated oxides can be in-
duced by a variety of external excitations, such as light,
magnetic field, temperature, electric field, etc. These
excitations affect structure and electron density. In this
work, our focus is on the possibility of using dynamic
strain to drive structural phase transitions in oxide thin
films. Most strain effect studies focus either on large
static strain £ 100 GPa) or small strain at very high fre-
quencies, as in piezoelectric bulk materiais 10 kHz, Thermistor
~ 10 kPa). However, a dynamic technique that can cover

strains comparable to epitaxial mismatch effeetsl(0 Figure 1. Equipment for measuring dynamic strain ef-

MPa) is needed for studying strain-driven phase trantsel-C ts in thin film samples.

tions and properties of oxide heterostructures. As this

excitation affects only the structure, we expect to observe . . . .
) . ison, a film grown by excimer laser assisted metal organic
property changes independent of electronic effects. . .
eposition (ELAMOD) was also studied. The PLD ex-

have attempted to solve this problem by constructing a .
. . periment was done at an oxygen pressure of 4.4 mTorr
high-frequency crystal bending stage.

and at substrate temperature of 440 to “480The ab-

A patrticularly interesting case is the metal—insulat?gtion laser (KIFA = 248 nm) operated at 1 Hz. The

transition in VQ, where a Peierls-type electronic phase )
Q yp P Ia]ser fluence on the surface of the® ablation tar-

transition is accompanied by a monoclinic to tetragona . o
. . . . (1:1et was~ 0.56 J/cn?, resulting in a deposition rate of
structural transition. This electronic phase transition Ts o . L
. . . . L ~ 0.05 Alpulse. For studying the effect of grain size
particularly interesting for various sensor applications be- . o . .
) on strain response, samples with film thickness gradients
cause a resistance change of up té @6curs close to

. . from 50 to 150A were grown by moving a metal mask
room temperature. Itis known that tensile or compressive _ .

. o o o ) between the ablation target and the substrate during de-
c-axis epitaxial strain in V@thin films can shift the tran-

" osition.
sition temperature from the bulk value of 340 K by up t — .
) ) L A special high-frequency crystal bending stage was
50 K.[1] The purpose of this work is to show that it is pos- . . .
: ) L L constructed for this work. The dynamic strain effect (fre-
sible to drive the phase transition in Y@hin films grown

) . . (IJuency response) measurement system is illustrated in
on TiO, (001) substrates by applying dynamic pressure .
o : Fig. 1. A single-crystal substrate can be bent at frequen-
to a thin film sample, bending the substrate and stretch- . i :
. . . ) . cies of up to a few kHz with a piezo actuator, while ac-
ing the film. Substrate bending can result in an in-plane

. . L curately measuring the sample deformation with an opti-
strain of 0.05%, which corresponds for-@xis oriented .
_ ) ) cal wavefront analyzer. The change of thaxis length,
film to a 0.02% compressive strain and 20 MPa stress in . . .
0., was calculated from Poison ratio estimated from ex-
out-of-plane. . o . . .
perimental epitaxial strain[2]. The metal-insulator transi-
tion in the thin film sample was measured during sample
2. Experimental bending by means of electrodes wire-bonded to the sam-
ple surface. The piezo voltage and the sample resistance
VO; thin films were grown 09 x3x0.2 mn? TiO, (001) were observed with an oscilloscope (Tek 4032).

substrates by pulsed laser deposition (PLD). For compar-

Piezo actuator

Probe laser .
Ceramic spacer
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Figure 2: Strain-resistance conversion ra#g, (a) and

temperature hysteresis of resistance (b). the height of the energy barrier separating the metallic

and insulating crystallographic phases, @&ds an am-

3. Results and Discussions plification factor that scales the effect of strain relative
to temperature on the resistance of the film. Based on
The strain-induced resistance change from the maximéig. 3, it is possible to estimate and C; values for a
resistanceR.x was observed in this measurement. FMO, thin film, as shown in Fig. 3. A linear fit resulted
analyzing this effect, two parameters were recorded fiark = 0.030 eV/K, andC;=1.9.
each sample as a function of temperature and drive fre- Time constants variation between different measure-
guency: the phase delay and the amplitude of resistanvent resistance (temperature) can be seen in Fig. 4 based
change. In total, 18 samples have been studied. FromaneEqg. 1. The slower time constants (domain growth),
frequency dependence, we can assume the resistRnce, is little affected by temperature. This is because do-
to a stepwise strain change would follow a double expmain growth is mainly affected by thermal energy, but
nential function as the temperature variation in this data set is only a few

R o rexp (_i) +(1-a)exp (_i)’ ) degrees. Different from,, domain n.ucleation time con- |

T1 T1 stant,7; showed a large change with temperature. This

wheret is time, 7; andt, are time constants{ < t,), indicates that domain nucleation is visible only in the
anda is a scaling factor. Two time constants, and insulating phase. This data is supported by a previous
T, can be interpreted as domain nucleation and growsitiudy[3] where the free energy of the metallic and insulat-
for example. This allows us to calculate a frequency rigg phases of V@at different temperatures were calcu-
sponse functiorf for the peak-to-peak resistance changlted. Moreover, conducting-tip AFM (Fig. 5) also sup-
AR and lattice parameter chang&). under harmonic
excitation as

[T T TTTTT I ] T I
AR R _ <
A—(SC = Aof(a), T1,T2, @), (2 107 L’ @' % 0.8
E e .

whereA, (%/%) is a dimensionless strain-resistance ca _ - % — E-a| %7 .
version ratio andv is the measurement frequency. Th = 10" j 4l 0.6
- =
relation betweem, and the width of the hysteresis (00 ’ 2 os =
, .
4 K) and the resistance slope at the transition point ¢ 10° {7 04
shown in Fig. 2. A figure of merit for strain sensitivity. ’
Ag can be expressed as a function of hysteresis wid T Ll LT 03
AThys and sharpness of transition as 10 10°
. Measurement Resistance (Q)
ATh ARtem 1
AO = CleXp (_ ys) Cc tem e 7 ) . .
kT, AT Rlir-r, Figure 4: Time constant and scaling factor dependence
ARem 1 _ . on measurement resistance besed on Eq. 1.
where AT R is the Temperature Coefficient of
T=T,

Resistance (TCRY is a parameter that relatéd,ys to
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1.
Figure 5: VQ sample surface imagé & 1 um?) mea-
sured by conductive AFM. Topography (a) and current
map at 304.8 K (b), 306.2 K (c), 306.6 K (d), and 307.0 K
(e). White color indicates the metallic phase.
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ports this data. By analyzing domain size in Fig. 5, we L

can estimate the scaling factar,givinga ~ 0.7 — 0.8 at
low temperature and ~ 0.5 at high temperature. These
values match well withy value measured from strain-
induced phase transition in Fig. 4.
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3. T. Kikuzuki, M. Nishikawa, T. Nakajima, T. Tsuchiya,

A high-frequency crystal bending stage was successfully
constructed and used to measure the strain response in
VO, thin films. Dynamic-strain-induced phase transi-
tion was observed. The maximum value of amplification
from strain to resistanced, was 157 in VQ film with
thickness of 1254, while it is 4 in usual metal strain
gauges. The activation energpThys for the dynamic
strain-induced metal-to-insulator transition was measured,
giving k = 0.030 eV/K. Close toT,, the effect of strain

on resistance is larger than a pure thermal change by a
factor of nearly 2(C; = 1.9).

The data includes two time constants, corresponding
to domain nucleation process;(~ 107° s) and domain
growth processt; ~ 1073 s). 1, is increasing with tem-
perature because the energy barrier height separating the
two phases becomes larger at higher temperature, while
T, is constant because it is mainly affected by thermal
energy.
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