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Research Topics 
・Fine magnetic field detection using STM-SQUID Microscopy
・NMR/NQR measurement
・Ultra-fine magnetic recording with scanning tunneling microscopy

Research Seeds 

 
 
 
 
 
 

Related Technology 
・Field detection/generation for research on spintronics and electronics
・Finite element method simulation
・Analog and digital signal processing and automatic measurement system

STM-SQUID microscope Magnetic image of HDD 

Heart magnetic field Magnetic stimulator

NMR spectrometer FEM simulation 

Spintronics and electronics of nanostructures

Field detection/generation for human health 

Nondestructive evaluation for safety

We developed a STM-SQUID probe
microscope. A SQUID probe microscope was
combined with a STM. Both topography and
magnetic image of the sample surface were
measured simultaneously. The microscope
can be used for ultra-fine magnetic recording
by generating local field from the probe tip. 

We measured the magnetic field from a 
human heart with pico tesla order using an 
RF-SQUID magnetic sensor. We are 
corroborating with IFG Cooperation, 
Sendai. The magnetic stimulator 
“PathLeader” was developed. This has 
been used in rehabilitation for patients with 
paralysis of limbs caused by stroke. 

systems. We  are  developing  nondestructive 
eva lua t i on   s ys tem  t o   measu re   l a rge  
samples  and  small  samples.  

W e   d e v e l o p e d   N M R   a n d   N u c l e a r  
quadrupole  resonance  (NQR)  measurement 

-3

0

3

6

0 2 4 6 8 10

磁
場
[p
T
]

経過時間[s]time [s] 

m
ag

ne
tic

 f
ie

ld
 [

pT
]

High Sensitive Magnetic Sensor Application for 
NDE and Ultra-Fine Magnetic Recording
Tadayuki HAYASHI 
Professor thayashi@sendai-nct.ac.jp
Affiliated 
Society 

Japan Society of Applied Physics

Keywords Measurement engineering-related(21030), Control and system
engineering-related(21040), Electron device and electronic
equipment-related(21060)

Research Topics
・Fine magnetic field detection using STM-SQUID Microscopy
・NMR/NQR measurement
・Ultra-fine magnetic recording with Scanning Tunneling Microscope

Research Seeds 

Related Technology
・Field detection/generation for research on spintronics and electronics 
・Finite element method simulation
・Analog and digital signal processing and automatic measurement system

STM-SQUID microscope Magnetic image of HDD

Heart magnetic field Magnetic stimulator

NMR spectrometer FEM simulation 

Spintronics and electronics of nano structures

Field detection/generation for human health 

Nondestructive evaluation for safety

We developed a STM-SQUID probe
microscope. A SQUID probe microscope was
combined with a STM. Both topography and
magnetic image of the sample surface were
measured simultaneously. The microscope
can be used for ultra-fine magnetic recording
by generating local field from the probe tip. 

We succeed to measure magnetic field
from human’s heart with order of pico tesla
by using an RF-SQUID magnetic sensor.
We are corroborating with IFG Co., ltd.,
Sendai. The magnetic stimulator
“PathLeader” was developed. This has
been used in rehabilitation for patients with 
paralysis of limbs due to stroke. 

We developed NMR and NQR (Nuclear

quadrupole resonance) measurement systems.
We are developing nondestructive evaluation
system to measure large samples to small
scale samples. 
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Research Topics 
・Epitaxial growth of ZnO films
・Structural analysis of ZnO and ZnO-related materials
・Fabrication of electron devices using ZnO and ZnO-related materials
Research Seeds 

Zinc oxide (ZnO) has attracted attention as a material for new electronic devices. It has 
the following useful features: (1) large exciton binding energy of 60 meV, (2) wide band-
gap energy of 3.37 eV, (3) low resistivity of n-type conductivity, (4) strong piezoelectric 
property, and (5) eco-friendly. The research purpose of our group is fabrication of 
various electronic devices with useful properties of ZnO. 

Main research contents of our research group are listed below: 
i) epitaxial growth of ZnO films; ii) structural analysis of epitaxial ZnO-related films and
bulk crystals; iii) fabrication of a palladium (Pd)/ZnO Schottoky barrier diodes (SBDs);
and iv) fabrication of ultraviolet (UV) sensors using ZnO films and bulk crystals.

For i) and ii) above, non-polar ZnO films (Fig. 1) are deposited on single-crystal 
Al2O3, NdGaO3 (NGO), and ZnO substrates [1, 2]. The crystal structure of non-polar ZnO 
films or ZnO bulk crystals is characterized using X-ray diffraction (XRD). In this 
research, high-quality non-polar ZnO films with a flat surface, good 
structural and photoluminescence properties were achieved on several single-crystal 
substrates. In the research described in iii), Pd/ZnO 
SBDs are prepared and current-voltage (I-V) 
characteristics of SBDs are measured [3]. The I-V 
characteristics are improved remarkably by hydrogen 
peroxide (H2O2) treatment [4] for single-crystal ZnO 
substrates. In research of iv), UV sensors are 
fabricated using single-crystal ZnO bulks and 
polycrystalline; ZnO films are prepared using metal 
organic chemical vapor deposition (MOCVD). 
Characteristics of UV sensors are also improved by  
H2O2 treatment for ZnO films.
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Related Technology 
・Structural analysis using the XRD system (bulk crystals and films)
・Preparation of metal films using vacuum evaporation apparatus
・Preparation of ZnO films using MOCVD

Fig. 1 ZnO film deposited on a 
single-crystal NGO substrate. 
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