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Off diagonal impedance
Impedance

Magnetic Field Response of MI ElementMagnetic Field Response of MI Element

Off diagonal component

a: radius of the wire

n: number of turns per unit length
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Pulse generation circuit

(CMOS multi-vibrator)

Signal processing circuit

MI element with pick-up coil

（（（（Amorphous wire））））

K. Mohri, Y. Honkura, Amorphous Wire and CMOS IC Based Magneto-Impedance 

Sensors – Origin, Topics, and Future, SENSOR LETTERS, Vol.5, pp.267-270, 2007.
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Magnetic  Field Detection Characteristics Magnetic  Field Detection Characteristics 
of  CMOS MI  Sensorof  CMOS MI  Sensor

Sensitivity

70kV/T
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Almost no hysteresis :  It seems that single like domain structure is realized

due to dc component (total amount ) of pulse current  passing through the a- wire.



Ultra Low Intrinsic Noise Ultra Low Intrinsic Noise 

It has been pointed out that  magnetic field noise spectral density 
of the MI element within a simplified model for single domain 

structure is expressed as

T : the temperature

α : the magnetic damping constant

kB : is Boltzman constantTkB2α
β =
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L .G. C. Melo, D. Menard,  A. Yelon, L. Ding, S. Saez, and  C. Dolabdjian, “Optimization 

of  the magnetic noise and sensitivity of giant magnetoimpedance sensors”, J. Appl. Phys. 

vol. 103, pp. 033903-1-03303-6, 2008.

kB : is Boltzman constant

g : gyro magnetic ratio

M0 : saturation magnetization

a : diameter 

l :  length of a wire element

Intrinsic magnetic noise is approximately 10 fT for 1cm Co- rich 

amorphous wire at room temperature. 
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Hall sensor

ＭＲ、ＧＭＲＭＲ、ＧＭＲＭＲ、ＧＭＲＭＲ、ＧＭＲ sensor

Commercial Fluxgate sensor

Amorphous wire MI sensor (in developing)

SQUID Proton magnetometer

（0 ~ 0.01Ｈｚ）

(0 ~ 1 MHz)

(0 ~ 10 MHz)

(0 ~ 10 kHz)

(0 ~ 10 kHz)

MG

Intrinsic noise level

at room temperature.
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AS AS

PG  : Pulse generator

AS  : Analogue switch

Prototype Prototype BiomagneticBiomagnetic Field Measurement SystemField Measurement System

MI sensor head

(First order gradiometer)
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This sensor element was supplied by Aichi Steel Corp.. 
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修士期間の研究内容

Environmental Magnetic Field in Our Lab  Environmental Magnetic Field in Our Lab  Environmental Magnetic Field in Our Lab  Environmental Magnetic Field in Our Lab  Environmental Magnetic Field in Our Lab  Environmental Magnetic Field in Our Lab  Environmental Magnetic Field in Our Lab  Environmental Magnetic Field in Our Lab  
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electrode Stomach musculature

Cell tissue 

( isolated from guinea pig)

MI sensor (magnetic measurement)

Ag-AgCl electrode 

Outer solution

(circulating)

Temperature control   32～34℃

Measurement of Measurement of BiomagneticBiomagnetic Field Field 

from Living Tissue from Living Tissue 
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MI sensor

(5mm square）
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It is known that regular electrical wave is observed

in stomach musculature  (after isolated)

Measurement resultsMeasurement results；；；；；；；； BiomagnteicBiomagnteic

field from living tissue samplefield from living tissue sample
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Fundamental frequency corresponds with each other. 
The time interval of the spike has correlation  y=x (R=0.93).

Analysis

by Shinsuke Nakayama

Graduate school of medicine
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We have been detect active magnetic field 

several kinds of smooth muscle preparations
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by Shinsuke Nakayama

Graduate school of medicine



500pTbackground
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500pT

Taenia caeci

Magnetic measurement

ＴＥＡ；K+ channel blocker , enhance self electrical activity

Effect of  Effect of  Effect of  Effect of  Effect of  Effect of  Effect of  Effect of  ＴＥＡ（ＴＥＡ（ＴＥＡ（ＴＥＡ（ＴＥＡ（ＴＥＡ（ＴＥＡ（ＴＥＡ（ Tetra ethyl ammonium Tetra ethyl ammonium Tetra ethyl ammonium Tetra ethyl ammonium Tetra ethyl ammonium Tetra ethyl ammonium Tetra ethyl ammonium Tetra ethyl ammonium ））））））））application application application application application application application application 

400200 6000 (pT)

20

200

0

0

F
re

q
u
e
n
c
y

400200 (pT)

C
u

m
u

la
tiv

e

100
%

0

4.2%

histogram；；；；

Taenia caeci

Nanotek & Expo
November 16-
18, 2015 San 
Antonio, USA

5s

500pT

5s

+ ＴＥＡＴＥＡＴＥＡＴＥＡ

+ ＴＥＡ →sharp pulse appears frequently 

400200 6000 (pT)

400200 6000 (pT)

200

0

20

0

F
re

q
u
e
n
c
y

400200 (pT)

C
u

m
u

la
tiv

e

100
%

0

8%

ＴＥＡＴＥＡＴＥＡＴＥＡ

application

by Shinsuke Nakayama

Graduate school of medicine
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Voltage

Magnetic

BiomagnteicBiomagnteic measurement  from different measurement  from different 
kinds of living tissue kinds of living tissue 

Taenia caeci
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5s

Simultaneously measurement electrical and magnetic activity 

after Tetraethylammonium (TEA) application. 

Mouse heart

by Shinsuke Nakayama

Graduate school of medicine



Vector magnetic field depending on currentVector magnetic field depending on current
Propagation  directionPropagation  direction
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EventEvent--Related Potential Related Potential 
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An event-related potential (ERP) is the measured brain response 

that is the direct result of a specific sensory, cognitive, or motor event. 

More formally, it is any stereotyped electrophysiological response to a 

stimulus. 

We challenged  to measure event-related magnetic field 



N100 (N1) N100 (N1) Experiment Experiment ：：：：：：：： MethodMethod

Audio stimuli ： f = 1000 Hz
Duration 200 ms

Interval 800ms-1400ms

(random)
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修士期間の研究内容

100 times averaged data (Three 

times  repeat experiment)
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N100N100 Experiment Experiment ：：：：：：：： ResultResult

Opposite side of audio source
(right side) 

N100

Noise level
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DiscussionsDiscussions

MI

Magnetoencephalography : MEG
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Dipole Current Model with Return Current Dipole Current Model with Return Current 
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~100 fT for Z = 60 mm

~10 pT  for Z = 15mm

Q = 50nA・m

(SQUID)

(MI)

Parameter : D  = 20mm



We carried out biomagnetic field measurement from

living cell tissue using developed precise gradiometer.

We have detected magnetic field synchronized with

electric potentials at the surface of stomach tissue

isolated from guinea pig. Vector magnetic field

depending on current propagation direction can be

SummarySummary
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depending on current propagation direction can be

measured. In addition, magnetic field from mouse heart

with rhythmical activity can be detected using

developed gradiometer system.

We have also tried to measure biomagnetic field from

brain of the human. The signal strength of N100

evoked magnetic field measured by MI sensor is

compared with the strength measured by SQUID.
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