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1. INTRODUCTION 
Nanoscale characterization is one of current 

in the ferroelectric field. In '-""- """''"'"''!. 
progress in oxide electronic devices such as n.KJ'-'.to/""' 

FeRAM detailed of local 

nanostructures 

technique is 
ezc,re>>JJonse force which is a 

very effective tool for local characterization of both 
and 

other SPM with surface 
and non-linear dielectric measurements 

in the ferroelectric 
uF''""'u"'•JH0 are still limited cases [6,7]. In 

the case of micro-scale 
techniques such as 
scattering and SHG were well established, and 
provided various important information on 
ferroelectric properties. Therefore, the combination 
of SNOM with these techniques is very 
promising even for nano-researches. we focus 
on combining SNOM with Raman 
scattering, and provide a new approach of SNOM 
Raman for nanoscale domain imaging. 

Raman useful for 
studies of ferroelectric [8,9]. 
Raman modes are local and each 

Raman 
structural ""''m";"" 
disordering, 

nanoscale domain structures 

55 

tec:nnHRie for the observation of 
linked to 

characters of Raman 
one can obtain fundamental structural 

"'""""""'"'"" related to ferroelectric We 
also note that Raman is a """'"'"+'n 

for characterization of domain structures 
This is based on Raman-selection rule. In 

llH'"-''"'"J' IS 

coJnpont~nt of ion polarizability. 
of Raman mode basically reflects 

vector of domains. In such a way, we can 
domain structures. 

we applied SNOM-Raman 
to nanoscale domain characterization in 

single Our focus is 
on characterization of domain walls. It has been 
re<:oQ:m,~ed that ferroelectric domain walls are very 

one or a few lattice constant [1]. This 
scale is the c'"'-"'"''""' 

resolution of SNOM. since wall-induced 
elastic strains or internal fields are much 
distributed, these can be detected even with 
optical signaL In SNOM Raman 
scattering is ideally suited for studying domain 

as it provides information on local structure 
and local of domain walls. In ""'""'vu, 
SNOM-Raman data might shed some light on 
microscopic information on defects in terms of their 
geometric structure and their influence on domain 
dynamics. In BIT case, oxygen vacancies almost 

have negative impacts on ferroelectric 
such as domain pinning and fatigue 

problem [12,13]. Even though the of 
oxygen vacancies on ferroelectric 

a 
characterization of these defects is still lacking. We 
will also address this defect issue. 
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2. EXPERIMENTAL 
2.1. SNOM Raman ~"''''"'"-!""' 

SNOM used in this is a new 
for nanoscale characterization The basic 
·--~-·,-·- involves local excitation of evanescent 

using a fiber Excited 
surface-localized and confined in nar1osca1e. 

for nanoscale 
spectroscopy. 

The experimental setup for SNOM-Raman 
measurement is shown in Fig. 1. Our SNOM 

based on a commercial SNOM (Omicron, 
Twin-SNO:rvl), is specially upgraded for 
spectroscopy purpose. The fiber 
forming the SNOM '"'"'·rtn,,.,. 
nanometer accuracy to 
Single-mode fiber capable of linear 
pollan:z:eulight output %) were selected for use 
in the experiment. The SNOM is held within 
l 0 nm of the surface using the shear-force 
feedback technique. The 514.5-nm line from an 
laser was used as an excitation source. 
Raman-scattered was detected in a 
backscattering configuration using the reflective 
objective lens and then through a 
holographic notch filter SuperNotch-Plus) 
to remove elastically scattered light before being 
focused into the A thermo-cooled 
intensified CCD camera (Andor Technology, 
DV438) was used in conjunction with a 
Czerney-Turner spectrometer for the Raman signal 
detection. 

The key challenge presented by the SNOM 
Raman technique lies in the detection of the very 
low signal levels which are concomitant with the 
very low intensity of the sub- A,/2 light source and 
the low scattering cross section of the Raman effect. 
For the work presented in this paper, a probe with 
an estimated aperture of 50~70 nm was employed; 
this delivered of the order a few f.JW of514.5-nm 

~ l . ......[il!l];;·;~;;;i~t~~~-,. 
1 / 1 CCD camera ' ! ~-----··""'"'""""' 

,.1:,__~ ----1 

Piezo scanner 

Polarized j 
microscope 

image 

Arlaser 
(514,5 nm} 

Fig. 1. The 
measurement. 

setup for SNOM-Raman 

radiation to the Special care was also taken 
in the ofthe collection optics. The use of the 
reflective objective lens is quite since it 
offers detection with > 80 % of 
usage near-field Fig. 2 presents a test 

in which we use single-wall carbon 
nanotube to check the sensitivity of our 
system. In this case, we can detect Raman signal 
even from individual SWNT. From a comparison 
between Raman and topography, Raman 
image clearly distinguishes dispersion of SWNT, 
and the spatial resolution of ~30 nm is comparable 
with topography. This kind of Raman imaging is 
interesting because it offers very detailed 
information on chemical structure and surface 
topography at the same time. We also note that 
SNOM has additional advantages for non-contact 
means with convenience for in-situ characterization. 
These features are quite important for 
characterization of practical devices. 

2.2 and characterization 
The material studied here is Bi4 Th012 a 

promising material because of its high Curie 
t"'"''"'"·r<>tnrf' (Tc) and spontaneous polarization 
(Ps) BIT crystals grown by a 
self-flux method, were cut so as to align the major 

direction with the a axis, where the 
crystallographic axis was determined with polarized 
optical microscopy. Prior to SNOM-Raman 
experiments, Raman selection rule of domain 
structures were characterized by a conventional 
micro-Raman system (Jobin-Yvon T64000). 
Complementary data were also obtained from PFM 
using SPI3800, where the direction of Ps in the 
a-b plane was elucidated. Details of preparation and 
characterization are described elsewhere [17]. 

Fig. 2. Simultaneous topographic image (a) and SNOM 
Raman image (b) of SWNTs dispersed on Si substrate. 
Scan area is 600 x 600 nm, (c) Raman spectra taken from 
the individual SWNT [at the marked area in (a)l The 
Raman image is acquired by detecting the intensity of G 
band (at 1591 cm"1

). 
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3. RESULTS AND DISCUSSON 
3.1. Raman selection domain structures in 

At the of domain we 
Raman selection rule of the domain 

and many weak features. 
the external and internal which 

vibrations 
exclusively for the zz 
Also, the marked d.et,enaetlce 
modes is observed in 
predominantly contributes to 
of BIT. The most concerns 
highly anisotropic nature of the soft phonon 
cm-1

) and mode cm-1
); these modes 

appear exclusively for the xx polarization 
configuration (x 11 these 
modes consist of the of the 
octahedra, which is linked to the 
these results clearly indicate that the Raman spectra 
can be used as a fmgerprint of the of 
domain structures. 

3.2. Nanoscale characterization of domain 
structures :in 

We now tnrn to the of SNOM 
Raman spectroscopy for nanoscale domain 
characterization in shows the 
optical image of investigated crystal, which consists 
of striped 90° domains and needle-type domains. 
We choose typical at the domain interior 
and B), and by 
SNOM Raman measurements. 4(b) compares 
Raman taken from both A and B 

Fig. 3. Polarized Raman spectra measured for the xx, yy 
and zz polarization configurations. were acquired 
with conventional micro-Raman measurements. 

From a poJlanzatton studies in Fig. 
3, the p0Jiartzat10n uv~JvllUYll"''-' Of Raman 
exhibits local 
structures. The 

rise to the observation of the in-plane 
mode. TI1is spectrum was 

with XX 

.uR""'"H!'"' the a-domain state 
the [lower 

resembles the one rather 
close to the yy These differences in 
the spectral features between A and B clearly 
indicate the rotation of the crystallographic axes 
associated with the 90° domain walls. 

We also the stmcture of domain 
walls. In 4(b) we compare Raman taken 
from domain wall (point and domain interior 

B). Raman spectra at domain 
walls exhibit local breaking. Of the most 
notable is the highest-frequency Ti06 mode (at 840 
cm-1

), which shows clear two-mode behavior with 
the appearance of new mode (marked by an arrow). 
From our preliminary PFM analysis, this region is 
related to 180°-domain wall with head-to-head or 
tail-to-tail configuration. Usually, this kind of 
"charged" domain wall strongly interacts with 
oxygen vacancies. the newly observed mode 
is associated with symmetry breaking, due to 
oxygen vacancies at the domain walL 

Raman shift (cm-1
) 

Fig. 4. Optical image of investigated BIT crystal, 
which consists of striped 90° domains and needle-type 
domains. SNOM-Raman spectra taken from domain 
interior (points A, B) and domain wall (point C). 
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We now consider 
defect-induced The 

vLUvUJ.aU'CHJ, the inside octahedra have much lower 
energy for vacancy the dominant 
defect are oxygen vacancies the inside 
octahedra These results demonstrate the 
usefulness of SNOM-Raman spectroscopy for the 

of nanoscale 
detailed infonnation on domain walls and defects. 

at'l 

lln\OmHcv occurs at the domain 
unvu•n•v is located at needle-end. 

accumulated near the 
associated with domain 

r~~··~~~~ .• , sites. We also note that the Vo mode is 
distributed domain walls. 

for the (a) and 
"~'1'-'"'"".Y (b) of the defect-induced mode near point 

Scan area is 500 500 nm. The Raman 
are acquired 

tre(~uency of the Vo mode 
mt1mate!y linked to oxygen and these images 

infmmation on Vo distribution and Vo-induced 
strain energy. 

In 

vac.aw"'"''' that accumulated near domain 
We believe 

evidence for structure of 
domain walls and location of oxygen vacancy. 

4.SUMMARY 
We have utilized SNOM-Raman 

nanoscale domain characterization. In 
we fmd that the "'""' '·'·" 

exhibits local 
that reflect domain structures. Raman 

domain walls exhibit local 
due to the presence of oxygen vacancies. 

SNOM-Raman imaging demonstrate the 
usefulness of SNOM-Raman for the 

of nanoscale 
vacancy strain 
near domain walls. These SNOM-Raman results 
shed new on of domain 
structures in BIT. 
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