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Scanning Probe Microscopic Measurements at Low Temperatures

Tetsuya Hasegawa and Sohei Okazaki

(Received July 25, 2005; Accepted October 6, 2005)

Scanning tunneling microscopes (STM) that can operate under UHV at low temperatures
have been developed. STM observations of Bi-based oxide superconductors have shown that Pb
atoms occupying Bi sites and Sr-site defects could be imaged selectively by appropriately
setting bias voltage. Furthermore, scanning tunneling spectroscopic measurements have successfully
visualized electronic phase separation into superconducting and non-superconducting domains.
A variable temperature SPM instrument with sub-micron scale resolution and wide scanning range
up to 15 mm has also been constructed. The instrument enables us to measure local magnetic
and electric properties by using a miniature SQUID sensor and cylindrical resonator tube,
respectively, as scanning probes. The former was applied to direct observation of vortices trapped
in LaipxSrxCuO4. The latter was utilized to investigate conductivity of a Mn-based oxide,
NdipxSrxMnOs, as functions of chemical composition x and temperature, in a systematic

manner.
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Fig.1 Low temperature STM instruments. In the type
A, a vacuum chamber, in which a STM head is
sustained by springs, is immersed into a cryostat.
In the type B, a cooling vessel is placed over
a STM head.
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Fig.2 STM images of PbgeBi14Sr,CaCu.Og at 4.3 K.
(a) crystal structure of Bi,Sr.CaCu,0s, (b) wide
scan STM image indicating chemical phase
separation into Pb-poor a and Pb-rich 3 phases,
(c) narrow scan STM image taken for the a-
phase, (d) narrow scan STM image taken for
the B-phase.
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Fig.3 STM images of PhggBi14Sr.CaCu,Os taken at (a)
negative and (b) positive bias voltages at 4.3 K.
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Fig.4  Site-sdective tunneling spectra of PhbygeBi14Sr-CaCu,Og

at 4.3 K. (a) tunneling spectra taken for a Pb
atom and a Bi atom, (b) tunneling spectra taken
for a Sr-site defect and a Bi atom.
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Fig.5 STS results of PbggBi14SroCaCu,Og at 4.3 K.

(a) typical tunneling spectra representing (A)
superconducting, (B) intermediate and (C) non-
superconducting features, (b) gap value (A) map.
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Fig.6 Variable temperature SPM instrument. (a)

schematic picture, (b) miniature SQUID ring, (c)

cylindrical resonator tube.
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Fig.7 Scanning SQUID images of La;sSro2CuQ, at
various temperatures.
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Fig.8 Electrical properties of NdinxSrkMnOs probed
by scanning microwave microscope. (a) bulk
phase diagram of NdinxSrxMnOs, (b) Af and
A(1/Q) values as functions of x at 100K, (c) Af
and A(1/Q) values as functions of x at 200 K.
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