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Preparations of High-Quality Ferromagnetic Tunnel Junctions

00000oo0o0ooooooooooDoo*000 00
Materials Science Division, Spintronics LaBhinji Yuasa, Koji Ando

We developed a new method to prepare high-quality tunnel junctions with ferromagnetic metal electrodes. We suc-
ceeded to deposit atomically flat amorphougOAtunnel barrier layer on ferromagnetic metals by reactive evaporation
technique. Using this method, ferromagnetic tunnel junctions were prepared on Fe single crystal films with various crystal
orientations. We realized MR ratio of 26% at low junction impedance with a good reproducibility. We also discovered new

*e-mail: yuasa@etl.go.jp

gooATPODO OO
JRCAT-ATP Toshihiko Sato

phenomena; crystalline anisotropy effect of TMR and complicated variations of TMR on barrier layer thickness.

Key Words

00 RAMOMRAMI ODOODOOODOODOTMROIODOODOODOO

ooooon

goboooboobooobooboobooboo
gobooboboooboooboooboooo
goboobobooboboobboobobooboo
gobooboboooboooboooboooo
goboobobooboboobboobobooboo
gobooboboooboooboooboooo
gooobooooobobooooboboooooobo
gooobooobooboobooboboooboooo
gdsoduonooooobooobooon
gogoseCOOOODOODOoODOODOon
goboobooboooooboooboobn

000000000000 0o0oooooooon
OORAMUMRAMOOOOODOOODOOOODOO

MRAMOOOODOOOOOOOODOOODOOO
OO0000U0DOoU0oOoOoooooooooooo
000000000000 0o0oooooooon
OO0000U0DOoU0oOoOoooooooooooo
0000000000000 0o0ooDOooooo
O Tunnel Magneto-Resistance: TMR1 OO0 00000
0000000000000 00DoDooooooon

0 O RAM (MRAM)

gooobooobooocPuooonooo

[DDDDDDDDDDDDDDDDDDDDDDD@

gbmoboobooboooboboo
gooobooboooooboooobo
goboobooboooooboooboobn
DDDDDDDDDDDDDDDDDDDT
00000 SRAMOO OO DRAMOD OO 1
O EEPROMIOOODOOOOOO HDDO
goboobooboooooboooboobn
gooobooooboobooooooon

U EEAHEE

T
) (o | LSEEEEE
(RBE) 5 AN
EREEE
FTEamtEE W
> (BEERE)

goboooboobboooboboooo
gooobooboooooboooobo

FAHHL P BMEARICK HIEME(L

EEAR  HEBHIRICE D

(FEBIRF A 1 L) Bt R En

gooobgoogseCOoonoononog
goboboboooooooooobood

gboboooob RAMOMRAMO OO OO




gobooobogoobboooboooboon
gooooooboboobooooboooogon
gobooobooobboobboobboon
oogd

MRAMO O OODOOOODOODOOODOOO
gobooobooooobooboboooboon
gooobooobgbosRAMO D OO D OD UDRAM
goboooboooooboooboooboon
goooobooobooboobobooboobo
gobooobooooobooboboooboon
oooooobooooosNDOOoooooMRODDO
goboooboooooboooboooboon
000000 ROODOODODOODOODOODO
gobooobooooobooboboooboon
gooobooobgon

oooooMRAMODOOODOODDOODOOODO
goooboobobbobbooooboobon
goboooobooooobooobooooobooon
goooooTMROEDOODODODODOODOO
goooooooooTMROODODOODODOODOOO
gobooboooboobobooobooboobo
gooMRODOODDODODDOOO

0000000000000000
000000000000000000 AlLO;
Da-A,0,0000000000000000000
00000a-Al0,0 00000000000000
ADD0DO00DOODOmMOD00ON0N0ONONoo
000000000000000000000000
000000 ADDODOOOO0AI(1)00000
00000000000000000000000
O00000C0ADDOOO0A(100)000000
00000000000000000000000
00000000000 FeOOOOOOOOODO
Fe(110)0 000 A(111) 000000000000
O0F0O00OO0OOOOD0O0O0O0DOOOOOOO
00000000000000000000000
00000000000000000000000
MROOOOOOOOOOOOOO0000O0O0OOO
00000000000000000000000
000000000aALCO00000000000
Ooooo0o0o0o0o00
0000000000000000000000
00000000000000000000000
00000000 Fe(100), Fe(110), Fe(2I)D 0 O O

OO000bDOoooDOobooooonDooooALGOD
o000 oooobooboobon
O000boo0XObOooooooAODOooo
0000000000000 AlLOLa-AlILOODODO
gboobofbobboobooobooboobon
goboooboboobobooobooobuoooo
gobooobboobboobboobobooon
gooooobooobooobooooooon
OoooooooAGCOOOooooooooon
goboooboboobobooobooobuoooo
OOo0oobooboooooooogoDAL.OoOon
O0000ooo0OoOoooo2-10%Torr0 000000
O6-10%TorD000000O00OO0ODOCOOOOODOO

>< T
O 151 Al,O
= 2U3
s |
= 6x10%Torr
5 10 1
g
(=
S
0.5
o
(@)
X
)
0.0 Il Il Il Il Il

0 1x10°® 2x10° 3x10°® 4x10° 5x10° 6x10° 7x10°©
Po,[ Torr ]

ooooooooooo@w-oooooooood
gbobooooobooboboboooooboonDg

goooooooo

ooooo
(a-Al,O;)

\ ooooooc
[ 0 Beg,Cog,0 0

| Dooooaot
OEe0 00O

ooooo
goooooooooo

gooooo

goboobogbobooboobo
00000000o00oooog 10-10mm20




ETL NEWS 1999.10

O0000AL.000000D0000 AlL,00000
00000FecCo,000(110)0 000000000
000DAWDOO00O0000D0O00O0O0O00O0O0O0
00000000000 0Ar0D0D000DOOSIon
0000000000000 000000AuOO0
0000000000000 00000o0oooooo
0000000000000 10-10mMm2O0000
0000000000000000000TEMOO
00000000000000000 Fe(100d00
0000000000 20A000000 a-Al,0s00
0000000000000 Fe(100)/A00 000
00000000 FOOOOODOOOOOOOOO
OO00ALO:O0D00O 10A,30A000000 TEMO
00000D0000D00o00ooo

FesoCosp

M

'~ Fe(001)

Au(001)

0 0 0O Fe(100)/AlL,0s/FessCos, 0 00 0 0 0 0
O0000000000OTEMOOOO
O00ALO:0 D OO00OOO 20A0

0000000000aALCO000000000
0 O OFe(100)/AlOy/FeCo0 0000000000
000000000000000aAL0.00000
00000000000000000000000
000 aALO; 0000 12-31A0 00000000
00000000000000000000logRO
0000000000aA0.0000000000
00 fO 0.68eV0 0 O O Fe(110), Fe(211) 00 0 O
0000000000 0000000000 AlLOD
000000000000 000000000000
00000000000 000000000000
0000000000 10%00000000000
00000000000000000000000
00000000000000000000000
0O0000000000000000000000
00000000000000000O0MRAMOD
00000000005% 000000000000
ooooo

Al;O3

108F

108}

10°F

R[ (um?]

103F

1027“‘\““\““\“"\‘:
15 20 25 30

tAbOs[A]

0 0 O Fe(100)/AL,0s/Fes,Coso 1 00 00 0 O
0001000000000

gooob T™ROOOOO
gooOTMROOOMRODOODDOOODOOOOOMM
gobobooobboobobooboboooboon
ggogdoTMROOOMRODOODOOOODOOOO
gobobooobboobobooboboooboon
ggooboboboooobbobuoobooooooo
gobogoboooboooboood

ggoogoooboooooobooooog
gobobooobboobobooboboooboon
ggoooboooMrROOOOObDODOOOoOOoDO
gobobooobooobbooobbooboboo
goooooouooooooooooooooog
gobobooboooobooobobobooboo
oo ugguo
gobobooobboobobooboboooboon
00o00oD0o0oooDoobDoooDOoDOoD koo
gobobooobboooboooboooboboo
godddddoooooooooooooboDon a
AL 000000 DO0OUOOoOOOoooOoooOon
gy ugguo
gobobooobboobobooboboooboon
gooooooooooooooooooooog
gooooooo

000000000000 MROOOOOOOOO
0oooooooo

Fe(100), Fe(110), Fe(@I)0 0000000000
O0000OMROOOOOOOOMROOOOOO
00 Fe(100)0 1190 Fe(110)J 23%1 Fe(211) 26%



Fe(***) | Al,O; / Fes, Cos

RT Fe(211)

gﬁ& 1
@ |
E 10 r i
5| Fe(100) f
% 15 220 2 %
tano, [A]

0 0 O FelAlL,Oy/Fes,Cos, 0 0 0000000000 (MR)
0000 A0,00000000
0000000000 FeO Q1000 , (110)0 , (211)0
00000000000000

0000ooooooOMROODDOOOD fFODOODDO
oo0oooobooo2e%wddn MROO f=0.68eVH
goboooooooobbooobboobboooo
gooooTMROODODODOODOODOODODO
0000000000000 0000Fe(211)J0 0
goOMROOODDOODDOODOOOFReODOODODO
1) ooopoooooDoboboooooDooog
god

ooooooOMRODALG:ODDOOOOODOO
gobooobooobboobboooboon
0000o0ooDoA0ODODOODOOoOO0ODO0OD0ODOO
ooooboobooboACObDOobOoobogobDoDO
gogobobobboooooboooMrObDOOod
gooobooobobobooobooMRODODO
gddddddddoooooooooooUugo
gobooobooobboobboobboon
ggobooboooooooo

gooboooboogoobooboooobooboboo
ggboogbooooboooobooobooooo
gooobooobobobooMROODODOT™MROOO
gogobobobbooboobbooooboooboogo
gobooobooobboobboobboon
gogobooobboooooooMrOOonbobonoog
gooooMRAMODOODODOOODOODOO
[EEERN

gbooobgooobg

gooooboooooobooobooboo
OoooobDooooboARcOOOOoOooooon
goboooobooobooobooooboooo
Wm0 00000000000 MRO 26%00
goooboi1wowooobooooobooooooo
goooboooboobreO0OboobooboOoO
000000000 TMROODOODODOOTMR
goboobboobboobbooboboooo
gobooobobooboboooboooboooo
goooooTMROOODOOOODOOOOODO
oboobooooboobooo

goooooooboooMRAMOOOOOOO
gobooobobooboboooboooboooo
gobgoobbooobooobooobobooon
goboooobooobooobooobooon
goooobooMRODOOODOODOOODOOO
goooboobobooobooobooooooo
gobooobboobboobbooboboooo
oooobooooboooboobooboooo
gbooboboboboboboboobooooog
gobooobobooboboooboooboooo
gobooobboobboobbooboboooo
gooobooo

goooo

ggbboooboobooooboobo
ggoboogoobooboobbooboobobooobag
gboboboobooobogon



ETL NEWS 1999.10

Jobogougoooog LSl
Jotbbgbogbtubtdbtobobogotdn

The development of an analog evolvable hardwarechip for cellular phones

00dooo0ooooooooooooooooooooo oo
e-mail:higuchi@etl.go.jp

Electrotechnical Laboraory and Asahikasei Microsystems Co. Ltd. have succeeded in developing the first analog
evolvable hardware chip in the world which enables a high yield rate (96%), small-sizing (60% reduction) and low power
consumption (40% reduction compared to similar products of Asahikasei Microsystems) for intermidiate frequency filters

for cellular phones.
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