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研究スタッフ

研究目的

本研究室では､スパッタ法を中心としたドライプロ
セスならびに化学合成を中心としたウェットプロセス
を駆使することによって、超高密度磁気記録媒体、高
性能・高感度を有するMRAM・SVヘッドおよび高周

波デバイスを実現し得る、新たな材料設計・プロセス
技術の確立を目指している。

http://www.ecei.tohoku.ac.jp/electronic_physics/

主な研究テーマ
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Media structure for
perpendicular recording

HDD beyond 1 Tb/inch□

Track direction
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Composition modulated atomic layer stacking for high-Ku material

Composition modulated atomic layer 
stacking (Pt poor/rich) are formed. 
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Fcc stacking as faults in macroscopic of hcp phase accompanies with
irregularities for the periodicity of the compositional modulation

Co80Pt20 (Tsub = const. 300 oC, PAr = 2.0 Pa)

Incident    
electron ray

Sample

Scattered ray

Image: Atom position
+ compositional contrast

HAADF-STEM
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diameter:
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HAADF-STEM images
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Key: Fcc with stacking faults, interface material design
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INML-CoIL

Co

NMIL

Co

IL: Surface energy of NMIL
Co: Surface energy of Co
nmIL-Co: Boundary energy between NMIL-Co

SNMIL
Co = IL  IL-Co Co)

f = (dint
IL – dint

CoPtCr)/ dint
CoPtCr

dint: nearest neighbor
atom distance

L. Z. Mezey and J. Giber, Jpn. J. Appl. Phys., 21, 1569 (1982). 

A. R. Miedema and F. J. A. Broeder, Z. Metallkd., 70-1, 14 (1979). 
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Magnetic layer

Alternative material to Ru Microstructure control

Conventional Our development
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Artificial lithography
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2008 phase-separation

N. Yasui et al, Dr. thesis in Tohoku Univ (2008). H. Ellmer et al., Surf. Sci., 511, 183 (2002).

Ordered-arrangement structure by a self-assemble phenomenon

2-phase separation in
eutectic material

TEM image

20 nm

Shape, distribution controlled 
nano particle array

TEM image

2002 island shape under layer
by a vapor deposition

Surface-modification

SEM image

In-line UHV sputtering machine

H2O < 1 ppb
Oil-free pump
Base P: 1×10-8 Pa

Lattice mismatch LargeSmall
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Spin nano technology for high performance  
magnetoresistive random access memory

Fe-based magnetic nanoparticles for new magnetic devices

MRAM
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Enhanced exchange bias property
with ultra-thin insertion layer

Co50Fe50 3.5 nm

Ru 5 nm

Si/SiO2

Ru 1 nm

-Mn77Ir23 10 nm

Ta 1 nm

Ta 4 nm

Co100-xFex 0.5 nm

Co65Fe35 4 nm

Ru 10 nm

Si/SiO2

Ru 0.9 nm

L12-Mn3Ir 10 nm

Ta 3 nm

Ta 5 nm

Co100-xFex 0.5 nm
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Giant TMR ratio & low RA with MgO barrier
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Newly developed process
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Newly developed process

Promoting lateral grain size of the MgO
barrier by the in-situ IR heat treatment

1 nm

360℃ Post annealedAs-deposited.

Grain boundaries

C
o

n
ve

n
ti

o
n

al
 p

ro
ce

ss
N

ew
 p

ro
ce

ss

CoFeB

Ta

CoFeB

Ta

MgO

Ta

CoFeB

CoFeB

MgO

Ta

(c)

(d)

(a)

(b)

1 nm

1 nm

1 nm

1 nm1 nm

360℃ Post annealedAs-deposited.

Grain boundariesGrain boundariesGrain boundaries

C
o

n
ve

n
ti

o
n

al
 p

ro
ce

ss
N

ew
 p

ro
ce

ss

CoFeB

Ta

CoFeB

Ta

MgO

Ta

CoFeB

CoFeB

MgO

Ta

(c)

(d)

(a)

(b)

1 nm

1 nm1 nm

1 nmIn
-s

it
u

 IR
 h

ea
t 

p
ro

ce
ss

210 %
1.6 m2

http://www.ecei.tohoku.ac.jp/electronic_physics/

Strong dipole interaction field enhances fr > 10 GHz  !!
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Ms: 1700 emu/cm3, : 0.1,  Dp: 15 nm,  T: 300 K
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Vortex ferro.
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”- Fe16N2 interfacial compound
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：” - Fe16N2

＊： super-lattice diffraction  of 
N ordered site

a = 0.571 nm and c = 0.629 nm 

Single phase NPs formation with gram scale !!

~ 10 g/B !!

High controllability of 
NPs assembled structure !!

Challenge to GHz-band magnetic response
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Fe NP powder Polymer powder

Hand press & Anneal in Hfix

・ Phase separation over 400 ℃ for Cr, Mo doped ’-(Fe, M)-N phase!!
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’-(Fe100-xMx)-N (M=Cr, Mo, W, Pd, Pt) (N = 11 at.%) thin film

200

150

100

50

0
4003002001000

Temperature (C)

 1
kO

e 
 (e

m
u

/g
)

Hex = 1kOe ⊥ c axis

Phase Decomposition 
Temp., Tp.d.

’-Fe-N (hard mag.) 

Fe + Fe4N (soft mag.)

産学連携を希望するテーマ例

・薄膜材料の高品位、高付加価値、

高機能化、および、新機能創出

・磁性ナノ材料を用いた新機能の探索

・磁性材料の評価技術に関する技術指導


