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Research on preparation of ultra thin multilayer film consisting
of L10 ordered alloy and Mg0 for MRAM application
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WFZE R R O ZE (J£3C) : The formation technique of magnetic tunnel junction (MTJ)
consisting of ferromagnetic L1, ordered alloy and MgO layers is investigated for future
magnhetoresistive random access memory (MRAM) devices. The structure is controlled in
atomic level through hetero—epitaxial growth. A two—step method of low—temperature
deposition followed by high—temperature annealing is proposed to prepare L1, ordered
alloy film with flat surface. Epitaxial MTJ applicable to Gbit—-scale MRAM is prepared
by employing the two—step method

S UER
(BREHAT - 1)
R PR & &

201 148 1,100, 000 330, 000 1, 430, 000
201 248 1, 000, 000 300, 000 1, 300, 000
# 2,100, 000 630, 000 2, 730, 000

BRAYB T

PR O F - M : BRETF T« BT - BB

F—U—FR: AT V7 bu=r A FIME BRI, XXy, BT

1. WFERRAG S IO = U7 —® ZJ@HEE O SR S L, TR

DWALE G BIINIEEICEE Ch D2 LE N H

< IVTF AT 4 T EEOLZE R E R EOH
MEE RIS, EENOKEEORERNME A £
UDBRRNBRKRDLNTEY, AV EAEX
ABFREZTD ANT-HEKAEIL AT
(MRAM) 2NVEB ZHEH TV 5, MRAM O EBHE
REETH AR b VS (MT]) 115k
WA B D BB & AR B D & R

%,
Xy b (Gh) FOKREFEIZIFITTH
J A= RJb o« A — )L TRAIML &7z MT) 35
TIZBWTHEMES —LIZHETH Y .
B E A LSS E S ERE Lo
B X VERESLEIRIC KB NTT OFERSA
NEMTH D, £z, ki X 5 EMmAE



(V) OBATEEN, V& BB —dfE )7
PEo 2L — (K) L OB THRELIHWRT X
X — (VK) b LT LEW, EROTE
WAL DS R LZ B 72D (RERBERHEAT D)
BN D, 20720, EEE L
T, 10" erg/cm®* A — X — D& K, &= R oMkt
LSRRG EE WA 2 EnmZE b, —
J7. MERAAEEE LTI, mREEIRHI A LR
DOEBIZHE L7t~ 27 %27 A (Mg0) 28
HIHTHD,

2. WHEOHK

AR TR, RN L1, BUERIS4 & MgO
EALABDEIL T E X F T v L =B LR
RS D BT OBFFE 24T 9, AR (1) ~(3)
D Z R 2.

(1) L, #HE~FHAb S 57-H12iE, B
BRFIC, N o AN ME L 5,
L LR S, @RS CHIERK &
179 & FiP X OV Fm o FHE MR
KbnTLEo, I T, A&ME®
FHIMGIEEE 25/~ LigKiE < L1,
BE~HAL S D Z N TE DM
Btawatd 5, £72. BERESETH
% ¢l A& RN L CIRRELS A E D
Zllcky mEMKESMEEREOLL,
RHAAE &R Z KT 5,

(2) LI, AHAIAERE Ficoe X d vy L
MgO JE &Rk T D2 i~ 2, #l
BHEEAZEZDZ 2Ly, e
HB L OB HSIEZ1T 9,

(3) LI, BRAIE4A L Mg0 ZfHAG bz
=B AE TR L, BRI O BN
B S5 Gb #k MRAM %5 0D MTJ TE A%
Hifrzidi~5,

3. WDk

M RICITEmEZE~ 7 R ha v AR
o XY R, £70. BTGl
252y 2 ) o ZHEEICE, O EERE
FEPEEENSERY 5Tl | BIRERZ
Z DT, BB L L TO R R 2R
THENRMANE SN D, L1, HE~D A
FEREAMIZ X X #REIHT (XRD) ¥EZ2 HW =,
ElEOFRmE L OV i m o M % R
FIEMEE (AFM) B XY X BRERIEICK Y
P U 7o, B 2 iR BV RS 15 HIC K
D IR~T,

4. WFFERH:
(1) L1, R 4 B I AR At

O LBURAEGAMELE LT, 2NV IREET,
10" erg/cm® A —%—D K % F> FePt,
CoPt, BL W, FePd 54&IZ7FH Lz,
112 Mg0(001) F:4K 1z, =IEM D 600 °C
OMO—EEBBE TR LIZZNHD
B A wEEORAE %2773, FePd<FePt<
CoPt DJEIZ & VARV BRI E 2 E£BlT

XL BT,

1
0.8k -@-FePt

= - CoPt

0.6~ —e—FePd
0.4
0.2

0_ gyt | | |

0 200 400 600
HEIREE (C)
X1 Mg0(001) FAR EIZTERL LTz FePt,
CoPt., BL N, FePd &4 HLHI
JE O FEMGR R M,

@ L1, 8HAIE Rk (FePt, CoPt, FePd)
LA R (Mg0O, SrTi0,, LaAl0,) O
FEOEEEZDHZEIZEY ., c BRI
8 2 3k 2 7=, Mg0 38 LY SrTio, Hadk b
(TR L 7= FePd B4 513 ¢ i 3 6 i 2 [
27z L1,(00D) Fds (K2 (a)) DA
SRR & 7228, LaAlo, FoAR BICTBRL L
7= FePd 5405, BX O, Wdh ok E
\ZTBRE L7z FePt & CoPt A& fRrizix,
L1,(001) FEE TN Z | ¢ Hh2S 5 NI A7 AE
9% L1,(100) fiEdh (K2 (b)) bEFENT
WBHZ EWghoT, LEDORER LY,
FePd &4 fix, X 0 KW EANMBIRE %2 FF
B, c WM OFIE L AS THDH Z L
. L ABRAIEEMEIE LTEHATHD

ZENTINoT,

(a) L1,(001)  (b) £1,(100)
O O O O
A0 O

| (001) Bt Fo A

42 (a) L1,(001) %k & (b) L1,(100) #
mm ORI,




@ Wiz, ko L1, MRS X
Y VRO T IEL, @R E 2 v
LRIk L, EE~HAEESE S
DTH T, ARIEHIEE TR RIS
DT EH X v VHERBELTER L, £
DO, B A2 Lok, mEA
ExEFH, T35 A5G AR 2R
KExF> L, MBS E X XUy
Wﬁ%%ﬁ@%éﬁiﬁ%%%btoﬂ

WM 600 °C TR LI-HBA &
200 °C TOHEL%|Z 600 °C oﬁwﬁﬁ%m
L7256 D FePd 4D AFM 8 % 7R,
%%*ﬁiﬁfﬁf‘ﬂ%%ﬁﬁ ITHoL 772y b
ﬁ%%bk%%ﬁﬁﬁ%ﬁéﬂfbiﬁ

WKL, ARIR BB (S BB 2 i 2
Ex[i HEERAWD Z Eick by, BIFEYE
FLE 28 0. 3 nm A2 OMBEHEL E N EHL &
NTWBZ RS hot-, F-, RipEE
V%2%~m0%kbxﬁkﬁhf%
600 °C & LI=BAITB W T, FimEH
s %EHIJV%#’H#T% LHZk 75> 73)0 770
Z ORREHEERIE. L1, B AE fF/
ﬁféM@@®%&T%%#@m%
FHZ ENTEE,

(a) 600 CHufEL

LU G
11
L/ 100 am
‘ 200 a1
300 200 100 0

77 )

' (nm)

(b) 200 °CHupEL
— 600 “CHNEA

3 (a) FEHGEEE 600 °C TR LT=
FePd & & (b) 200 °C T %I
600 °C DEULEE A fiEd4 = L2 kv
JERE L7z FePd o> AFM 142,

(2) L, BAIA SR Eico e 2 Xy viL
HfE S Mg0 J& 2 TRk~ 2 Heffi &2 5~ 7=,
BUBEEEZ 400°C F T LA S HZ L
WX, FEmEND L BmMERS X
<. FEIZEREEHEMED B4 7 Bk i
MgO B ZTERK TE D Z LNy hotz,

(3) (1) BIXW (2) ofiizErab
BT, L1, FePd &4 & MgO O = g5
(FePd/Mg0/FePd) ZTER L. 7 L
LA I S A X 72 RS B RS K
HMT] #RBTEXHZEEHALMNTL
7.

5. ERRERLE

(Messam ) (G 1 04F)

@ Shouhei Ouchi, Akira Itabashi, Mitsuru
Ohtake. Masaaki Futamoto [Preparation
of FePd/Mg0/FePd Tri-layer Film on
SrTi0,(001) Single—Crystal Substrate]
Journal of the Magnetics Society of
Japan, #&FHiA. vol.37. no.3-2, 2013,
pp. 194-197

@ Akira Itabashi,Mitsuru Ohtake. Shouhei
Ouchi . Fumiyoshi Kirino . Masaaki
Futamoto [Structure Characterization
of FePd, FePt, and CoPt Alloy Thin
Films Epitaxially Grown on SrTi0,(001)
Single-Crystal Substrates| Journal of
the Magnetics Society of Japan., ##t
A . vol.37. no.3-2, 2013, pp. 202-205

® Akira Itabashi,Mitsuru Ohtake. Shouhei
Ouchi . Fumiyoshi Kirino . Masaaki
Futamoto [Preparation of L1, ordered
FePd, FePt, and CoPt thin films with
flat surfaces on Mg0 (001)
single—crystal substrates] EPJ Web of
Conferences, #mtfi. vol.40, 2013,
pp. 07001_1-4

@ Akira Itabashi,Mitsuru Ohtake, Shouhei
Ouchi . Fumiyoshi Kirino . Masaaki
Futamoto [Surface Roughness Reduction
in L1, Ordered FePd Alloy Thin Films
Formed on MgO Single-Crystal
Substrates with Different
Orientations | IEEE Transactions on
Magnetics, Z&HiA . vol. 48, no. 11,2012,
pp. 3203_3206

® Mitsuru Ohtake . Shouhei Ouchi .
Fumiyoshi Kirino . Masaaki Futamoto
[Structure and Magnetic Properties of
CoPt, CoPd, FePt, and FePd Alloy Thin
Films Formed on MgO(111) Substrates]
TEEE Transactions on Magnetics. & @t
A. vol.48, no. 11, 2012, pp. 3595_3598

® Mitsuru Ohtake . Shouhei Ouchi .
Fumiyoshi Kirino, Masaaki Futamoto L1,




ordered phase formation in FePt, FePd,
CoPt, and CoPd alloy thin films
epitaxially  grown on  Mg0(001)
single—crystal substrates] Journal of
Applied Physics, &FiA . vol. 111, no. 7.
2012, pp. 07A708_1-3

Osamu Yabuhara, Mitsuru Ohtake. Kosuke
Tobari, Tsutomu Nishiyama. Fumiyoshi
Kirino, Masaaki Futamoto [Structural
and Magnetic Properties of FePd and
CoPd Alloy Epitaxial Thin Films Grown
on MgO Single-Crystal Substrates with
Different Orientations ., Thin Solid
Films| #&#FHiA. vol.519, no.23, 2011,
pp. 8359-8362

Mitsuru Ohtake, Osamu Yabuhara. Kosuke

Fumiyoshi Kirino . Masaaki
Futamoto [ Structure and magnetic
properties of FePd-alloy epitaxial
thin films grown on Mg0O single—crystal
substrates with different
orientations | Journal of Applied
Physics. &#HiA . vol. 109, no. 7, 2011,
pp. 07B757_1-3

Tobari .

(Fa%E) Gr2 210)
@ Mitsuru Ohtake .

Akira Itabashi |
Fumiyoshi Kirino, Masaaki Futamoto ['Z1,
ordered FePd, FePt, and CoPt films with
flat surfaces prepared on Mg0(110) and
MgO(111)  substrates | The 57th
Magnetism and Magnetic Materials
Conference/The 2013 IEEE
International Magnetics Conference
(12th Joint MMM/Intermag Conference) .
2013451 A 16 H, 7 AU W A%RE - A
VAN - H T

KHFE. “ARER (X% v L A,
Wk & TEE O Ak & HEERENT ] BARGE
Pk - A N L— UBFES . R
20124 12 A 14 B, BRRTF - b v
VINA

Mitsuru Ohtake . Shouhei Ouchi .
Fumiyoshi Kirino . Masaaki Futamoto
[Structure and magnetic properties of
CoPt, CoPd, FePt, and FePd alloy thin
films formed on MgO(111) substrates]
The 2012 IEEE International Magnetics
Conference (INTERMAG 2012). 2012 4£ 5
HI10H, BFH R —s3—

@ R, KRNAE, MEFSCR, —AIER

MMgO HifdhHofk 12 381F % FePt, FePd,

CoPt, BX W CoPd A& HKDO = B X X
YV MR GCEE - HWA B L— U
ez, 20114F 12 H 15 B, ZEEKS - %
by i

Mitsuru Ohtake . Shouhei Ouchi .
FumiyoshiKirino‘MasaakiFntamotoFLlo
ordered phase formation in FePt, FePd,
CoPt, and CoPd alloy thin films
epitaxially  grown on  Mg0(001)
single—crystal substrates| 56th Annual
Conference of Magnetism and Magnetic
Materials (MMM 2011). 2011 & 11 H 1
H, 7 AV DERE TV FIN - 22
VT =)L

(X&) GO

(PEEIA PEHE]
OHIRPL (GO 1)
OBtk (GO f)

(£ D)
NN
http://www. elect. chuo—u. ac. jp/futamoto/
ohtake/achievements. pdf

6.

WFFERA R

(1) #roEfEE

K& 4 (OHTAKE MITSURU)
e R - BRTAER - Bh#
&R T: 60611415



