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Scanning nonlinear dielectric microscopy with super-high resolution
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Scanning nonlinear dielectric microscopy (SNDM) with super-high resolution is described. At first, experimental
results for ferroelectric domain and the visualization of charge stored in flash memories are shown, following the
description of theory and principle of SNDM. Next, higher-order nonlinear dielectric imaging method and
non-contact SNDM (nc-SNDM) are proposed. Using this nc-SNDM technique, the first achievement of atomic
resolution in capacitance measurement is successfully demonstrated. In addition to this technique, a new 3D-type of
SNDM to measure the 3D distribution of ferroelectric polarization has been developed. Finally, a very high density
ferroelectric data storage based on SNDM with the density of 10 T-bits/inch® is demonstrated.
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Fig. 1 Schematic diagram of SNDM
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Fig. 2 Domain pattern taken from an epitaxial PZT
thin film on La-Sr-Co-O/SrTiO; (nonliear dielectric
&(3) image)
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Fig. 3 Visualized charge distribution accumulated in
MONOS type flash memory (a), and floating gate type
flush memory (b).
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Fig. 4 Polarization distribution of PZT thin film
measured by &(3) imaging (a), and &(5) imaging (b).
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Fig. 6 (a) Phase image in the X-cut plane of multi-domain
LiTaOj; by lateral measurement, (b) Phase image by lateral

measurement after physical rotation of the specimen by 90° .
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Fig. 7 (a) Artificial nanodomain dot array with a highest

memory density of 10.1 Tbit inch ? and a bit spacing of 8.0

nm., (b) Actual information data recorded at the bit
spacing of25.6 nm (areal recording density: 0.98 Tbit
inch™?).
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