© 2017/018391 A1 I 0O 10 0 0010 OO

(12) fF%E‘FT%;’JJ%%’J(:\EO“L\’C’AFﬁ snt-EfRHRE

(19) tH SR &NBOFR A HEHLES >
EEHR g
@3) ERABE _-'9//

2017 &2 A 2 H(02.02.2017)

WIPOIPCT

10) B RES
WO 2017/018391 A1

(51

eay)
(22)
(25)
(26)
(30)

1

(72

74

EBR4r e 72 248

HOIL 21/8246 (2006.01)  HOI1F 10/32 (2006.01)

G11C 11/15 (2006.01) HOIL 27/105 (2006.01)
HOIF 10/193 (2006.01)  HOIL 29/82 (2006.01)
ERHEES: PCT/JP2016/071778
ERHRER: 2016 &£ 7 B 25 H(25.07.2016)
ERRHEDEE: HAGE
ERARDERE: HAGE
BEET—4:

45FE 2015-147092 2015 £ 7 A 24 H(24.07.2015)  JP
458 2015211274 2015 &£ 10 A 27 H(27.102015)  JP

HEE A B XZEE AREXE(THE UNIVER-
SITY OF TOKYO) [JP/JP]; T 1138654 RITAR X R X
AEETHI3F 15 Tokyo (JP).

FBAE . bt SI(NAKATSUJI Satoru); T 1138654
RRBXERABLETEIHE 15 EBEILIKFE
ARZFEKENR Tokyo (JP).

REAN:. FH IEF (YOSHIDA Tadanori); T
1600023 RERAMFERAHBEARTEH15F 15
Z « by —JLHEITE 3 0 45 Tokyo (JP).

(8D

(84)

BEE (RTODLEWVEREY., 2 TOEFEOERNR
#EATEEE): AE, AG, AL, AM, AO, AT, AU, AZ, BA,
BB, BG, BH, BN, BR, BW, BY, BZ, CA, CH, CL, CN,
CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG, ES,
FL, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN,
IR, IS, JP, KE, KG, KN, KP, KR, KZ, LA, LC, LK, LR,
LS, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX,
MY, MZ, NA, NG, NI, NO, NZ, OM, PA, PE, PG, PH,
PL, PT, QA, RO, RS, RU, RW, SA, SC, SD, SE, SG, SK,
SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, ZA, ZM, ZW.

BEE (REDLGEVRY ., ETOEBEOLER
FE M EE): ARIPO (BW, GH, GM, KE, LR, LS, MW,
MZ, NA, RW, SD, SL, ST, SZ, TZ, UG, ZM, ZW), 1—
S5 7 (AM, AZ, BY, KG, KZ, RU, TJ, T™M), 3 —
B w8\ (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC,
MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, TR),
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, KM,
ML, MR, NE, SN, TD, TG).

AT AFRERE:

EFEREHRE (FHF 21 50)

(54) Title: MEMORY FELEMENT
59 RBEDEFTE: AEUERF

21

[—Aﬁ
13 14 15

(57) Abstract: A memory element (10) comprises a magnetization free layer (12) formed in film shape on which a nonmagnetic lay-
er (13) and a magnetization tixed layer (14) are laminated. The magnetization free layer (12) stores one bit of data "0" or "1" depend -
ing on magnetization direction, and rewrites data by reversing the magnetization direction. As the magnetization free layer (12), an
antiferromagnetic material which expresses an anomalous hall effect and which is capable of magnetization direction reversal is
used. Magnetization direction reversal of the magnetization free layer (12) is performed by a spin transfer torque method using the
magnetization fixed layer (14). When reading data, a read current (If) is caused to flow in one direction, and a hall voltage generated
in the magnetization free layer (12) by the anomalous hall effect is extracted from the magnetization free layer (12). In accordance
with the magnetization direction of the magnetization free layer (12), the sign of the hall voltage is reversed.
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SE—AVHN (BEREYOAA) HPEWIHEWTHEETEAR>LRAEVE
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DHMRE—AY MPA—FATEWIEWTIERET 2HAMOLDE., MK
ETE—XA Y bOFANE—FEICA IENICEWTWSIEHAMOED &
Hd, WTNOIEHRIEDRBRIEEICEVWTH, BKE— XY M EWME
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Y, 50K~430KDET. H3ICRT LI, adhh ([2—1—-10]
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HBMn;SnTlE. BETIHMIE—AY NM2ABEWIEE, NI R548H
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IEINIKBICAZD, TOMEFEIEE 1 BREREIFTEEIICAS, B
THIBRREEE 2R E DETRYRLBIE— XV MM2E2EZX 32
ENTED, T, COWMRETE—AY NM2ORERICEL D5 1 BiLIREEE 5B
2 IR E OMERE TO/RILIREBOZE/LICE AW, HIEBEET 20D[E
BEFDDAEYD aDHEEEFDOEAANREET 2, ChICLY, ER
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[0024] 7Ad. COFE1EEMETIE. BIEBHEBE 1 2 OERIRMEDO REHIMEMF
ELTMNn;SnEAWVWTWSA, ThUADIERRMEDNERRO KRR
ARTHL-THHIEEHEB1 25T ENTES, DL DQIEHBREDIAN
EERRORBHEAE LTE, BIZIEMNn;Ge, Mn ;Ga®ErHhsd, F
oo 3EHEMZE L. BEAAPRETRE. T4DEHASIAEVEBED
WMIE— AV MNEREIEZ I EANTRARBHEAZHBIEEEE1 287
52EHTED, ZOLDARRBHMEAE LTIE. IAHROME. tEW%
BFfpE&NTES, flald, ¥ (FCC (face-centered cubic) &)
DODMnHBWEF ez RRmEER. BIZAIE. v— (Fe, Mn) [ Mn
l ro Mn;PtdhH 3, T/ M4 DREBRICNYFUITRTELIIC. N
| E—EDLERULEEH. REBWMEERIILARELRDEIMnEN I DILE
MTH->THL W, EARERD—FOMnEN I DIEEHERAVD I EN
TZ %,

[0026] X EYHRF10E. LEOLDICHIEERE1 20t AEICH LT, 1
Ey hoD7T—4% 111 XIiE T0] =xinftir. SEEEEE1 2 Dt
FANPREBINDEZEICLYT—INEZIMI LN, TO®K, EXATNhE
T EHZHFHLEBDEDITERINTWVWS, AEAEZERELIEZEATYRT
10TIE. RFH20ICEVWT, EER—IREZHRIREL. M OMARAD
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[0026]
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BB, LTOFRETIE, BM2ICnd L2, RFE200BEAMICH >
AAZZAAEL, ZOZARAIIKKLTER L, MPEVWERT S AA%
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1 =7,

WibEAREB1 213, HAEEEI M S nm~100 n mEBEICERINEH
. mAHHLUORICHEICBEEB 1 2/RETER—IEREVIE. #MiLEBHE1
2OERENMBEVWZEEZDEENEKAZDT, BEAZELTHIEMNMFLL
W, k. MIELERE1 22K T 2%E. ZAME%Za bEANETLDIC
EREnd, COMEERE 2. I IERBEBEEFEOMB%Z, ZOHIT
EMn;SnDEBREY—TY NELEARY S YV TICLIYFERT DI &
NTED, WMEBHREB 21&. LEOLDICZHMA. TALL#MEEER 1
AENTEBINDIAEN a bERICHD LD ICHERINTUONIE. T c
AXx yEROWTNOHFEEZBEWTWTE LW, MIEEBRE 213, BiES
KRS T SRR TH>THLW, BRTIWEEERB1 41ICDWTH, ik
BHE12&LAUCLK. ZAEN a bERIKH D LD ICHHEINTUWNRIE %
DcENrx yAROWTNDAEEZBEVWTWTE L, BERTHEER-AT
S AN

ERD & D ICHIEERE 1 2 DMBORNIE, BEMEEICLERTIHEREICH
< (1 /1000%2%E) THY. MEtEAHE1 21 LDRNEFIFIEFEAL
BELRWV, 20D, XEYEF1OBTORNBIRICE 2T EIAL,
MEL L TEREABS<T2DICANAEBEER>TWS,

Wit REE 2 1 OWEEERE 1 413, flx . MEEBEEB1 205 18t
KEEACHMEARICEEINTWS, BEEERE1 4 & LT, FIAE.
NR—<0O4, CoFeB, FePtAREDBHUMHEEERWVWDLIENTESZ
« RNEBZOREOHERD L IERBHEREZRVWS Z &EMFI LW, #EE
EE 1 4ICAWSREEMMEARIE. MIEBEE1 20RBMMEELY £ A
BARER LBV BMEARE WD EMIFELL. FIAEHRIEERET 2
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FERMEE 1 3 RFAOEIC. FIZIE rMn®P t MniEDRBRMERE
AEEBLAEEE LT, MILEEE1 4 0MbEAAELENICEELTE &
W,
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F LW,

[0031] ZABIEEL1 51F. —RHOBE15a, 15bTERINTEY., BWILE
EE140LHE GEHMEE1 3L D0EEEERNRAUOE) IC—DEMHE1 5 a
HERIN. BIEEEE1 20 TE ( GEEEE1 3 & 0EEEE RARAID
m) ICHDEE 1 5 b ARSI, ThoBB15a, 15 bHAKRFE20
ERABAGEDICHRITONTWS, EB15a, 15bIiliE, ZAHIEER (
HRER) MEEINTEY. T—9E2EXRZDBICIE. ZOEAFIHEEH
ICEDTEZAAFER I pl. | p20>XbVWThh—ANERINS, &
WB15a, 16bld, EEXAABR I p1. | p20—FHZFHFE20ICH
LTEBIBLDICHIKBTSZIET, MEEHEB 20MbtAREEMREET
ZAMICEAIET. MIEERE1 225 1 #bIRBE B 2HIKREE DOV
FTHMILED,

[0032] HIAE, WMELERE1 225 2HILIREHNSH 1 MbIREICL T, T—%4
(1] ZEZAUHEICE, ERAFERICE>T, HIAELEE15bHLE
B15alCHiTTEXIRAAER | p 1 FMHEIND, ThICLYETFIR. B
W15 arbifbtEERE1 4ICEEL. TOEFHIMCEERE 1 4 OMItH
BICCTCRAEVRIBES %, COREVRBLABFIHIEEHRET 2ICA
L. BIEEBEE1 20EFOREVICMLIARIZT I &ICEL > T it
BHE1 2% 1 #B{LIREBICA S,
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[0033]

[0034]

[0035]

[0036]

[0037]

—H. BlAE. BEEEB1 228 1 HMCREH, 5B 2 BIREBICRES
., T—% 101 Z2ETALHBEICIE. EAHEHRICL>T, EM15ah
LB S bICAITTEZIAABR | p 2 MG INE, CThICLYEFR
. BB15bISHBIEERET 28T 5 EWHIELERE 1 2 TIRIZ
EAEREBEZITZIEAEBYIRIT. FHMEB1 352N L THIILEER 1
AICAFTT D, MILEEB1 4 ICAKLEEFOIBE 1 BBIREICIE Uk
MEICAEVREBLTWSEFI. MEEEE1 4 28YIRIT2H, ¥EE
WKAEVRBLTWAETIE, MItEEB1 4 TREIN THIEEHEET 2
ICBART 2, HILEEB1 4 TRESNTHRILEHE 1 2ICBARNT 2R
EYRBLTWEEFIHIEEBEB1 2OBFODAECVICMNLIEZRIET
EICE > T, BILERE 1 20Mb ABA RER L TE 2 BEIREBICAR S,

BMTBLDIC, MILEHE1 20MIE— X ¥ ME, BEMEEICEEART
FBICHEWNCHBEADLL T, MEAAEREGEIEZLOOEZAAER| p 1

| p 2IBHMHEAEEREICT DI EDNARETH D,

FHEBE 1 6 EHABEER 1 7 &1E, BIEEBEE 1 2 0B ABE %A
HIHEE2 22@M L TWD, mEEBE1 613, BIAERFAALSXEA
MICET2BH16a,. 16bEFL. ThioBHB16a. 16 bHWEE
HE1 2ICEEIN TV, BIEBEB1 21Cid. XABIKHA LRI 1
2a, 12bm>5, —OAIET1 2alc—0EME1 6 asEmIh, HBoOAl
E12bICHHDEE 6 bAEHRINTWVWS,

STHEBBER 1 6 1CiF. FHHEEE (MRt d) fMEHKEIhTsY., 7—%
A L OBICIE., YEGEHEESICE > THRAHLER | fAMEKBRIND
o THITLY, FHEEHBE161E. BMBE16a. 16bIiCL>T, ILERH
B120KEHE (XAARGYFAICERY 2 XYIEHE) ICFT0AR (T
CEHRAEEWD) IKBVWTHXABRICHEAHELER | f 2R 7,
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