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The dependence of critical current density (/) for current-induced magnetization switching (CIMS) on
external magnetic fields applied along the hard axis of a free layer (Hhard) was investigated in CoFeB/MgO/CoFeB -
magnetic tunnel junctions. The ¢ and the intrinsic current density (o), which is derived from the dependence of % on
pulse duration, decreased as | Hhard| increased. As the reduction ratios of <o while applying Fhard depend on the
anisotropy field of junctions (), the initial angle of magnetization, affected by Hhara and H, is related to the
reduction in Jo. These results are discussed in terms of the energy barrier for CIMS and the spin transfer efficiency.
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1. [ZL&HIC DATREND.

IE, MRAM (Magnetic Random Access Memory) 72 &%
Yy b=y 27 AOBHEEEADIEE L TAE UV EARE
RERE? AEE STV 3., AEVIEABHURERE T, SR
FRE~AE ARR L2 BT 2EAT 2 2 &Ik Y REKEUENB Ol
{bhmZEREEEES. ZORHUREREE U S8 37D MERE
Tk, MKEEOERIRE—AL b, RAMER, RKEE
LHEERBBOAC AREER, ¥ Eo IR, BIU, SHERED
NEER 72 BITHATT 5 V. BEEHREOY A XAVNEL B &, B
REENEDRRIRE— A ML T 572, AV EABHER
BRIV EREEA ST TS, — S, FFVA X03200nm ¢ LA
ToL &L, AEUVEABYUSERELERRR % AV 7B bR
EL Y HIEERTESIALNERETH D L5 T3 9,

LsLghih, RAEAEABYVRERIZIE 107 Alem? OA—4—
DIEFICKEREEREIEE () 28359 FBETE, A
R DA+ >47 %> CoFeB BIKGEHHEZAV5 Y, MgO bk
WY TERBND D S EOFEZFVVAD Z & T, 105Akem? O
—F—0 ki BERINTHBH00, MRAM OEXALSIEL
LTRWS7=®HIZIE 106 Alem?2 LLFD o T, A0, BMEELHMEE
% (KVikeT) 80 LA L%#ERTANENRDHD. TDI, &5
% ok DIEBIEORSIEEN TN,

LA, A7 N—7TiEIMTJ (Magnetic Tunnel Junction) DR

EEROSTAI~DRES (| Hoad) DEIINT &L 5 L BlREEZ I L= 1319,

F7c, BIZA—725iEGMR (Giant Magnetoresistance) &F
123617 2 ok OERHEFFBEHKFEDE ST 5 1810, KF
EOMELITO@E D ThA.

£, |Haxd OEUINC & 2BEREENG DR R X —DZ L
2EZ2 5. —#MEFET AN F— K, L — IR F DR %
ExDL, BT INX— Ege OBHEAEE (0) fAFEHILT

Eioie (0) = Kisin? 0 + M Hraracos 6 o)
EED, | Had] DEIINE & HIZ 0=90° HLLIX270° 1TAFHET
BT AX—EE E (= Max.(Eate (9) ) — Min.(Beuae (6) ) ) 23
BT B E05omd. 5L, J OE FIEIA TR TH:
ENB D fdiZ, E Db & L BT J, i 45 L2605,
d=doll — (BT E)m(4/m] &> o ©@
ZIT, o HACVEEEHOEY, & 13VRE, Jo idovr
AEN m DEED £ ks IZRNVY~EE, TIEMTI ORE
THD.
F77, J, O Fand] 7L UTROER L EZ DND. WE,
Jo WX BBUEOYIAMAE 6 OFEIRTRINS D
Jo < (1+ptcos 8)/(p/2) 3
Tigbhbh, 0 BYEMTEEAE U EADERMKTI D
12 ko XA T D, | Hharal ZEINT 5 &, (DX SBEHE
DEEL, Thbb, BID Eaic 0) L5 013 O°
HL<IT 180° MEFNDHZENbhD. LizhioaT,
| Fhard| OENICE Y 0 AL TR E L EADENH
KT BIZDIT Jeo AL, BRI £ LEVTEILD
tEZoND. UEDERSF LD L, | Hhadl DEIN
LY EBEW Jo BB L, FERMIC £ OB G
HENAHLDEEZEZLNA.
L, AIN—TTRIFURES He DOReD MTI 2T &
D\ Frard] FEVEET L 2 A, FlRMABHLNOT, £
OHEIT O TEET 5,

2. RERAEK

ABFFE A Li- MTJ of%&E Ta / Ru/ Ir'Mn / CoFe / Ru /
CoFeB/MgO/CoFeB/Ta T 5. BEKESEREE LTHVW-TE
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CoFeB MFEZIT 4 nm, BEXEIENE & L TRV = i CoFeB DI
[Ei32nm THDH. MTI ORIZET7 4 MY V777 0—, KIs
WA T F T, ArAX VY U TERRWE eb, #A
DY A ZERETHHBITIILVU R POR Y I 2 FHERE T,
RHAIZ0.00426 ~ 0.164 um2 DA AT 6FTEERL
7.

RH iRORECE, 4WFERETEEE V.. Ay
EARYVRERE, 7V RAEFEFEHIEIIN L7 I TE A L
EitE AW T AT EREFTRIE AT O FIEL RV BELB 2o
THIE LIz, 3 LERaE, FEHEIINESAEEA 10 mV
IRB EDITRRELTWA, Fie, RIEDBRTIEY 2—/VFEAS
AV AEABH USRI B KIS HEERNT 70T, 7VVRER
EMNoOREIRE% 100 ms LA EIZERE Uiz, LAEDRIEZAT 5 BT Heasy
BIU Hond ZEML TS, 72235, Heasy OEIITTIZIEADEES
TR £ (= (JEAP — JAPF) [ 2) [IEbbARVEHEIN
TN L8 fophy SEIOFER Tl Heoy % EE LT Hha fKTFE
PRIELL. Fi-, HKIT7TAT7uA F—70BECS Hha DfE
bRk,

3. RBRELLUER

3.1 EHSMBIBNM T TOAE VEABIEREDOTRA
Fig. 1(a) (T Hk 73150 Qe D (Sample1) #AWTHIEL
7= R-H %z =4, 23380 RA (Resistance-Area product) %
6 Q- um?, MR (Magnetoresistance ratio) 1%65.0 %, #4&
EFEE 0.064 pm2 THB. KIZ, Hasy=—T720e, | Hual =00e
{ZEVTHE 1 ms O YVAEGE AV TA B AEABMURERE
U2 Fig. 1IOWTRY. £9, MTJ (ZENT 57 YV AER
OIFIEE — HEITERSETL &, JAPP= —2.2X 106 Alem?
T AP (Anti-Parallel) {KfEN 5 P (Parallel) KEE~DZA »F
CIPBERIEN. RIS, 2YVREROREE CAEICHNE ST
W &, JPAP =434 X 108 Alem? T PIRAED D AP JRAE~D R A
v F U IHERIENT-. RO DOERBEN LD RERE
FE ok (=(JPaP — JPT)/2) #RFEL DL, 28X 108Akm? &
2B, ZOACEARY SR CEI SN IsTE WY, R-H dh
MTEMSNHARTELE S LW E0D, AV URBLIZETF
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Lo CERITBHLBREE L T2 LB D,

KIZ, Hesy=—T72 Oe, |Huard| =100 Oe {23\ T, #& 1 ms
D7 YVAES A FAWT R E AR LA B L =752 % Fig.
2T, JAPP [T —2.1 X106 Alem? , JPAP 13X + 26X 108
Alem? THY, ThoDEPBREL o7 & 1T 24X 106 Alem?
Tihol=. DED, | Han| OEINZE T & PMERILTZ. 7235,
| Frard| ZEINT 2 ERULOLEIREEDS 0© HLIT 180° 25
FHAHDIZ, | Had] =0 0e D& EFITHARB L PIREEE AP R
REDMIDIEHELEIV NS 72D, LinLighih, | Had] =100
Oe DEVIITIZET S A B U AR LR CHIE S L7
{bi&3 RH i CBIN S B LIS LW L 2R L
T3,

T | Hharal OFEINICEED L B DEFRZR LI
THIDIZ, ok D/NVARETFEEME LK (Fig. 3). =
DIV AFRIERIEH LTOREBNW T 7 v T 0 7%
1TV, o BEU BHO RN RS E/ KT (=
(EPP™P+ FPTAR) |2 KpT) %3R¥®7z. 2B, ZITH n &
109s & LTS, ZOFER, | Hhardl =00e IZBWVT o
=4.2X108 Alcm? HD> E/ KBT=49.7T Tho7=DIZxfL,
| Hhard| = 100 Oe {28 TiE,  Joo=3.4X105A/cm? 72
EIKsT=439 THBZ Ldibhotz. £, | Hhaal ®
g & iz Jo XA, o, EIKT LEVTHZE
BRALMNCRoT. ZORERND, | Huaral OEIMZLS
Jo DIERFIL, Jo DL E EI KT OBMIZERTH L E
Zbiha.

3.2 REMBBNNTTORAE VEAREREOREEKE
bj:

Wiz, Hy ORBEDIREHCONT o O | Hhara| IS
Lo, —H& LT, Fig 412 i 2% 40 Oe ®#¥} (Sample
2) ZAWT & | Hhard| WIEEEFASTHRRELTT. &
R TIE, Heasy= —220e, |Hhard] =210e D& &, Jo=
3.2X 108 Alem2, 7o, E/ K8T=32.3 THHDITRL,
Heasy = —22 Oe, | Hharal =81 Oe D& & Jo = 2.6X108
Alem?, 7o, El KBT=271 TH35. 2FY, 100e ®
| Hhard| OEIMZ LY, Jo 12 0.8 FIZ2-2TWND. KEBED
Sample 1 (238 TiE, 100 Oe @ | Hhara) DM TH o
IZ0.8FIC L bRdolzZ Litkk~<5% L, Sample 2 T
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Fig. 1 (a) Magnetoresistance curve of MgO-based MTJ as a function of magnetic field applied along the easy axis of the
MTJ (Heasy) when the magnetic field along the magnetization hard axis of the MTJ (Hhar) is 0 Oe. (b) Current-induced
magnetization switching of the MTJ when | Hhard| is 0 Oe and Heasy is 72 Oe.
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Fig. 2 Current-induced magnetization switching of the
MTJ when | Ahard| is 100 Oe and Heasy is —72 Oe, measured
using a junction with F of 150 Oe (Sample 1).
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Fig. 3 Dependence of £ on pulse current duration when
| Hhard| = 0 Oe and 100 Oe, measured using a junction with
Hi of 150 Oe (Sample 1).
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Fig. 4 Dependence of & on pulse current duration when
| Hhad| = 21 Oe, 26 Oe, and 31 Oe, measured using a
junction with H of 40 Oe (Sample 2).
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Fig. 5 Dependence of o on the initial angle (8 of
magnetization, measured using five different junctions with
various anisotropy fields.

iX ho D Fhara | IREFHEDB K E V.

T, Jo D Huara| FAFEDEIRZ DWW TRDET VERVWT
EZXTHD. T, BERETNVERETDE, AV HEAEL
RiRA 7712 ) BIOBR B DR LI T O TR EN D9
AE 0 ZEVTNBEELLND.

0=tan! (Ha/ H) @
Tixbb, 0 01 Hhaa & H BRTAETHY, ALUHEA
BYUREERAT O BiOBH LMD, P REDHAZIL 0, AP IR
REDEAIZIE 180° — 8 ThHEEX RS, ROIEXE, =
D 0 DHEIMZEY Jo VT BIXTTHD. LichisT, K&
7e Hi 2HTHRBITIE Had OFINZAED 0 OEAVIEN
7edIZ, Jo O Hham IIFAEIVINES 2D LTINS,

FIT, Hi 7330 0e, 4006, 40 0e?, 60 Oe, 650e®
REERANT Jo O | Hhaa| IRIEEERRIE L. Z20FR%E, K
@TEREND 0 ZHEE LT v b LIZER% Fig. 51077
ZOEMNE 8 DEERIZEST Jo ITHFRTED T Z &3
B, ZOFESY, | Huad| OEINC &> TRALOYIBEN T
H LLIEKHTHOTND Z LT L > TAE AEAZEIERL,

M5 LW O HEEIE L TV LD EEX BNRS.
Fiz, BHLOYIAED/ NSV ( 6<20° ) TiL, Jo @ A 14K
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HIZIgEb WL D ICRZ D, 728, Bl Slonczewski (24 D2
RINFZETNY T, FEETICBIT2AEY ML sin
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Fig. 6 Repeated measurement by using current-induced
magnetization switching over 25000 times. The write
current density was * 1.8 X 106 A/em? and the pulse
duration was 100 ps.
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FORY T CREREEZIADFAER T TE A Z LML
7085, 0.00426 ~ 0.164 um? DHEATRZ AT HEHZBOTH
| Fhand! OFIITF TRE LI-EE AL R LTS 2,

BB, | Bhad] OFIINZ L 5 & BIEIEEZ BEOTF 4
ANIERTBHEBNTD. ACCEABLESALZSR
®» MRAM DOFIED 1 2¢ L TERBIGEBRBAIETHS
TERFTONDB. Lo T, | Fhad| ZEIINT D720
IR ERBIGRRER T IORLEE LIV, £ T,
A EABLEZ AL BRMNORET HEEEE MTJ 2
End 55734 A tfiE (Fig. 7(a)) 2V 2FBAT55ERE
2bhd. KEETH, HEXALTERZEHM LB Y
MRP L T EERD SFE SN D% MTJ OBEE
SENCEIMNT A, MTJ D&% 90° EEzIE3 &, X
RABHEBERPOFRESINDEESE MTJ ORELIE S 2NN
TAHIENTEDN, ZOFETITERBIROMBEMNEL .
Tihbt, BEEFRAZEITWIZWERUAO S GBS
EEnTLEY, FOEAOBEIRMEIMEFLTLE
5. FOMBEEMHETHIEERE LT, LROT L A MEE
I EEER S BT 2BMT A FERELLND. FOHE
% Fig. 70b) I1ZR¥. AHETIE, By MhbRESND
RGOV RIETREN DI Wiz, ERIROM
FEERTHZ LN TE B,

AHHEIZB VT, MTd 6 LEHER E TOERE% 45 nm,

(@ | »— ] Bitline

2
MOSFET

Fig. 7 (a) Device structure for applying Hhard to MTJ by
using write current 2. (b) Improved device structure for
applying Hhard to MTdJ by using write current. This structure
can avoid half-selection problem.
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1X108AJem? & L7=356A, A SN DBHEIMEEIL 29 Oe &
5. B, H 7580 Oe ® MTJ iz LTRM@Z AW
THALOYIAEZ2EHE S5 L 19.9° s, ZOH
BIE o TEEZALBREELDRBICTH OGRS LD L
Zzonb.

7B, AERTRIESMFRNOBRY 7 MaETHIET
72 DI Heasy ZENM L TWB A, BEEDT A A EERIT 3
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HLLLIE, ToF U IROMAREDFETHLHET L
NTED.
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Je DIV ATRETTEN S BB o7 Jo (3| Hharal D3
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