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MnSb 2.8-10° 500 "
MnBi 5.0-10° 1.43 633 "
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CdC2S, 3.8-10° 35(80K) 1000 4K 0.6
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Fe 0.87 0.75 = m
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Gd 0.16 4.3 "
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a-GdCo * 0.3 1.9 298

PtMnSb 2.1 1.75 298 1.7
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4. Magnetic imaging
(1) Superconducting film



Sample setups

Garnet film with Pt miry Gd;Ga;0,, substrate

MOD Bi:YIG, 400nm in thickness
Pt

Flux Lines * \

MgB,

Al O;substrate The magnetic flux intruding into the
MgB, pattern superconductor is transferred to the indicator
Prepared by MBE film, The perpendicular component of the
Patterned by photolithography magnetization is observed by Faraday effect.

thickness:100nm Q

T~ 30K Magneto-optical image



Patterned MgB,, film

Grown by NTT research lab.

0.3 mm 100pum

Circle pattern | Square pattern
Diameter: 0.5mm Size: 100um X 100um

Optical images



The image from the indicator side prevents direct
optical image of circular dot due to Pt-mirror.

Optical image ( X 5) of MgB, Optical image ( X 5) from
pattern(0.5mm ¢) indicator

No direct optical image of MgB, pattern is observed due to Pt mirror.

<L

Only the magnetic fluxes can be visualized.



The image from the indicator side prevents direct
optical image of square dots due to Pt-mirror.

100pum

Optical image ( X 10)
after stacking with
the indicator.

Optical image ( X 10) of MgB,
square dots(100um X 100um)



MO images of 500um circle




MO images showing intrusion of magnetic fluxes into
an MgB, circular dot #»#

M}

superconduq‘i

R

superconductor

0 363 Oe



images of 100um square

MO

272 G

T=3.9K



Magnetic image

E 7
% 6 '3‘31 ‘

10mT = % S
8 4 . & xg‘,-:;
E 2 '%“' aig
e 2 f ) '# j“:ﬁ-
= 0 FHS & Sar
WA T
o 2 "
= .

-0 _4:500 —2I5C| [I] 25IO 500

Position {(um)
Magnetic image of remanent state after
application of Magnetic field of 735 Oe.

Quantitative magnetic image can be obtained from MO image by
using linear relation 6.- B for the MO indicator film.
Therefore, contrast in the image directly shows a magnetic field, B.



MO image of Mg

.'F_..
o ‘o' 4
] MBE-grown
5 L MgB )
- 5 gb,
= 4 —O—C-doped Mg, (HPCAD) . -
< T ——WgB, (PLD)
-y —a—WgB; (HPCVD) Present work
0 50 100 150 200 250 300
T (K)

FI1G. 4. Temperawre dependence of resistivity of the C-doped and ulmapure
Mgh, films ploted along with the pure MgE. flm made by PLIY (Refs. 5
and 16}

PLD-grown
Z. X. Ye etal.,, APL 85 (2004) 5284. MgB,

JlN :

Oslo UniVersity



How to obtain current distribution
from MO images

Ampere’s law
It needs all B component, Bx, By, Bz,
lqu =AxB while MO images measures only Bz.

 Biot-Savart’s law

-y —(x—x"J
T

‘r—r’

1) One uses models for current distribution and compare the
calculated B with the measured one.

2) One directly inverts by numerical method.



B, = p,H, +u, | K, (r.r)g(x,y)dr

g.

Inversion of Biot-Savart’'s law

usm% convolution theorem
ooss et al. Physica C,299(1998)215.

’
local magnetizaion

K,y : green function

z component of magnetic dipole

Using convolution theorem
Eq.(1) can be transformed into

B.(k) = 1K, (k)&(k)

x and y component of J are obtained as

~

~ iBz ~ k.
]x ]% ] -]xk

* Y

. (1)

K

A A

A-J=0

N -kh k 2
K, = ,u,,e—smh(kd >+ k,
k 2k kk




Magnetic & Currentlmag

10mT 10mT

-10

o

. B, o s TR - T
50 100 150 EUEI 250 SUEI 35EI 400 45EI 500 50 100 150 2DD 250 300 350 4DD 450 500

Density of Ilnes corresponds to current density.
Color indicates local moment obtained in a calculation.

Current density ~ 6 X 10’A/cm?



Nb pattern prepared on Bi:YIG

Substrate Gd;Gaz;0,,(111)
MO indicator film
Y,BiFe;O,, (400nm)

by MOD mothod
Superconductor
Nb (150nm)

by sputtering method
Mirror  Au
Pattern size of anti-dots
7,10, 15um[]

Optical 1image



MO images of 10mm anti-dots

barnell
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——
MO images of Nb 10um X 10um anti-dots pattern with applying magnetic field.
The sample was zero-field cooled down to 3.5K.



High resolution MO image
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4. Magnetic imaging
(2) Magnetic structures



Y-shaped patterns buried in Si

Linearl Honeycomb
aligned aligned




MO Observation of Y-shaped patterns

MO images



Use of MO indicator for observation of
In-plane magnetization




Conclusions

* Quantitative magnetic imaging by the MO imaging
technique wusing the polarization modulation
technique combined with MO indicator films was
developed.

« This technique allows us quantitative and
nondestructive measurements for magnetic stray
field as well as current distribution.

« Evaluations of stray field, current distribution were
demonstrated for the superconducting MgB,
patterned sample.
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Wik A S R AR R B T (MSR)

s SR TIE., BMKFEEREBMSR)EMAERAIEINTS
Y., SNZEHRALIZGIGAMOTIL, A=650 nm(FEEL—F)Z AL

TEFRAEZEBAAIERIuMD Y —IEHHAHELOTND[ 1], B
£3.5DGIGAMOMN EEFxZ FE(X2.5 Gb/in2fEETH S,

o RHKIRIETHAASMOTIIHR E G REZTIHRAT S LIS
£Y0.235 ymDINSEY— D FELER T A LN AIRET., HELERE
EELTIE$I4.6 Gb/in?FEE EEB[2],

[1] M. Moribe, M. Maeda, H. Nakayama, M. Yoshida, and K. Shono: Digest ISOM 01,
Th-1-01, Taipei, 2001.

[2] S. Sumi, A. Takahashi and T. Watanabe: J. Magn. Soc. Jpn. 23, Suppl. S1 (1999) 173
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Lars Onsager

* Norwegian-American

chemist and physicist.
The Nobel Prize in Chemistry 1968
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