FRk 234 6 H 12 H
B BALRE AL
ENLRFEN ALK

RERMELZED-EEE MT] B2 R T TEE,
ABIEVEBEE S AT L LS OEBA~MIT =,
AEFRMEAL b=/ 2R FOMEER b

() E S KB ANRAERF: (R EBA 7 LUT, BAERZF) A =L ¥ — A b
= AEFE L AT Ao — R OVERBEM RO KRB LB HIZ 07 NV —7 13 A
1 H STEUWERT BT R PP ZE B LU R, H S SO PEFEIERFIEIC LY AT A LS
DR 1P 29 5701058k FE LRI T2 ER L MT) EFI2BW T, B
EERERH T2 LI LV ZORERMEZEO DKL EL -, BEE L MTIE 132 o
DR (BEMERE) 248 L TERY , B DI E MR B M OREE TIZRIE /I 2NTT-HE F 1,
FORER, B DREIIRLELRD  RAERMEDIEE CHLINE EMEA LET, 22
T HTICAT 7GR MTI B ISR 35281250 B O3 1030 TE 57260
AN B, BRI ORI A R CEDZEEFEIELE LT, 2D MTI F DO M
DO FIZXD | B HIEI LS =L — B EE ST LB THH T AT A LSI ORIKTHE
) FEBI~REAHELELT,

(=
R AL M= AZ T ChHR N NS (MTI) B 711, A OMEEE RS 2 S0
WEPERE T, ho R T R E N D BEBE 8 25k A TR 15 2 FF O BOIIZ2 38 1T, ReMEE M OV
BEJE L, IR 23 ) A— VL FICHI S COVET (F 213 10 (55D 1), 2 SO DB |
— 73R DI E (BT 1) DEALUIZWSR B THY | 7138 7 R A28 Th HREEk
J&CTd, FLERE DR T3, 2R ORI L T T THHEE MTI OB KL A
0. KOFATTHHEE MTI R T OEPUTEL R FT, ZOWBIOZE L& N VBRI AL
LN, ZIEDRESDERE R FABEEITT (TMR) LLEFFONE T, MTI B 71, 20 2 SO
PLOWREEAZE Y MERD 0" K " 1"ICENE R IGSEDHZ L CHERE LI T HIENTETET,
MTJ FEFITERE EFA T, FABTWFBRICHIGS LT M E I —E DOFIA LB A FIIN4
HZEZEY GRS E O N T A2 E AR L E T, O L ERIT 1 UL F TR AE
SNTNWDT2D | MTI FEFIFIEF I ms R EFA LBIEN I EE T, MTJ E T OILR5H] A D

1 DL, g OB OFI X7 M Z DFeEkE > TNDTD | FREkRFFICE 12 LB E L2
RTHY, ZOIOBRME 2 ARFRIELIEFONES, MTI B2 iekR 7L THWAZ LT, mi
HAOAKVEE E /17 AR R AT *2 OEBIRHIGF SN TOET, Eo, EHOMEEEZ 1 o
DF 7 FIZEBTHUAT A LSS IZBWTE, MTI Z 720 L TF vy Bicid@E 3528
IZENT AT LA HE ANEFRIZTHIENTEET, ZOREIEIES AT L LSI*4 (I2XD /X —Y
A 2= O R E O 4 B O md b, X OMRTEEE ML REL 720 E
7,

(W ZERekE]

AL KRZ2E AN ORI L —7 1. BEtE B oo VMR by | SRR 2R L~ R LA
L7 MTI FZ - oE s bz 7o 9826t T CEE LTz, TDORREL T, fERITEm 1Tkl
AT H A Z RV TW=a )V R a e JE ORg bz BB [0S HIET -2 5k & i 5Tl
TRRTHZEITREIL EL72*5, ZoMmEM{L MTI FEF OB ICL-> T MTI Mk
REITAR BRI2If) L, RIS 27 A LS| O FEBIC AT TRELSHIEL L1,



(W 2EaiE]

WAL KRZFE B SLOMFZE7 )V —7 1%, B LT E R L MTJ 32128 10 4L _E O FEE PR FFIRE ]
EEFORBEMENRH DI LA RLUELT, Ll BTERME MTI £ 713, JRELFIZAER L huE
7B VERENHVELT, UL, BV MEHRNR"0"THLIREEIZH L T, 71" THLHIRBED AR FH TS
MENLESNDEVIE DT, ZAUE, BAL T MNTEE THH7-0HIZ, fedkig Mk S g D
ROET T HZ LIS TRIVET, By MERDIIRIE T, fidkE Lk OB Mg ot 5w
DNSOREJT AN 72 D720 . [RIARMEORERR (N fB[F 1, B L<IE S MR[F+) 235 mLEd, 2070 Ee
FrkJE N OB B g OBALICIIR T ) DN 6 & UIRIBII AR BT/ £, I L 1k
REN R TEIT/RDE, "IIREEIXE S I 0IREIZE DA ELET, ZHUL, "1IRIE D AR
DIIECTHLAZ EMEANR D LT- 222 ER L $97, 10 4ELL FORSRRE 2 EB 4570 121%
AN 68 UL EELTE )3, EAR 100 nm OFEERLL MTJ FE1- Tl "1MIREED AT LZ 50 TL
7o PE-C, RhERiE K OB Mg ORALIZITT- OB N Z AR, "R IED AZ /) LT 52 LM
AW TLT,

(W5 Fik Ll R ]

AE, WAL KRSE AL ORFGE 7 L — 7 Tld, MTI EF-ORE L Tz ICATy TGS L
FLIz, PERD MT) 32+ ClIGLERE K O S g OEADFL ThoTeDIZx L, A7y 7 G
TIIRRSRE LS RE OERD KIS/ 220 E9, (ERMEE TIX, S RENGH DRI
BCHHDREINIEWMEEZRLEL, L L, A7y 7 HE Tl 2B KETH28(C
FORETIRRDNBRIZI20 , FE )2 /NS DTN TEE T, EERFE R CIE, EAE 100 nm DOHER
1 MTI B DT INTRL T, FeskE E £ 100 nm & O M= E AL 300 nm EL7=AT v
WiiE MT) DR NITELZE U3 LUK FLUELZ, K103l S il fg &, "1mikhg
DAFTBEZ 70 £720, 10 DL EOFREMRFFO SR AT L E LT, Fiz, AT L LS| IZHL A
IAFENDAEYFFIT Static Random Access Memory (SRAM) T2, A R EFEL 7= AT v 7 S
MTJ 3% 1 O&/ViEFEIE, 32 nm Ao SRAM SZIERU T, SHICEREE 200nm £ T
fE/NCE 20nm HARA~DISHNFIRETT, o T, Fox BEBLZ HIE T ARERM AT 4 LS
[ZAT > 7 HEE MTI B 2B A3 5281280 BUERIHSIL TS AT AL LS| E[REDF v
TFARXTHV R POEBIRIEEE /b2 FZELTEET,

[WFZE R R D E R

BEEEAL MTI FEFIZBW T, BWAREREMEAFZBL T 572012, FAT Y 7 {EE A6 2 72 MT)J

FEBBLUIAER, LT oS mamonEls,

1. PERMEEL LR L, SRR M OB IRE ORAL O NI 5 36 F1% 13 LL T 2| T&
FL7, FOREE . AL 70 UL EE2D 10 FE DM OS2 7L E LT,

2. AT/ HERE MT) %7 OR/LVEEIL, 20 nm H i D> SRAM LIFIERIC T, AT v
G 22812k0 BIERHEN TOD Y AT A LSHE2nm ) Kb F o7 A X
PR CE R AMEZ 072030, RHEEIEPES 2T A LS| A FEBL CXA AT HeMEA L EL
2o £1-. HOHEAE T 0t Ao T AZEARINEE T 2Ty 7RG O RGN AT HE TH D,

ZNBDFERND, BIFERR THDHAT v TGz i A 7e MTI % Rtd=4 1 0 A 1d, B
{HE ) CIRI AN IS AT L LS| OFEBIAMT REAELTZEFE R ET,

72¥ . AR B AR B O S et R PR R L 7 m S T A =k L — - A ke =2
AFmPREFEE EE OMFFEBAZE | ICB W TCEES N DT,
F72. AR E X, Symposia on VLSI Technology ([CCHEFETAHTETT,



[ HRERLAA ]

*1 bRV ST (MT)) 535 1

Wbt fE FERERE T E o 3 @& AR E L T DU NR 1T ENENESNE T AL
VLR ICHE SN B H IS W B I L > TS CWVET, 2 DORMEE OREIS AT
DEE MTI EFOEBPUTIRLZRY  JOPATOLEE MTI E 7+ OHBUIELRDHEE R HY . Z0Hk
PLEAbE%E TMR ELEFFOE T, TMR T IE B OREEE IO HFEEIZ/20 3,

*2 REEFEMERE R AT

MTJ - F &tk R LU TR @R - m il - RHE B L s S o R TS AT
(RAM) DZETY, Bl 2R, T OBEMEE DR DM EDFAT, SOFATOIREEE T2 1"0"D
By ME#R, "1"OE Y ME#RELIZS A HBROZEAH UL, By MER"0"EH LIS T TE
7% MTJ FE T OEITE R T 228125 o T RWERIRIURBBCEAT0IREE) D B W E R
EHURRE(BCEAT IMRIB) O L HEDIRIEICH L0 BI L ET, MTI FE T ~ORERIE RO EIA
A, 1996 A K [E O BRI SEE I C IV IRE SN I A U AR LR EMEIE LD T A V&
o MTI R FI2, TRy MERITIG UM ZEBIR AT 52812k THRIARZI TV E
B

*3 327 A LSI(SoC)

1 OOF 7 FITEEOKIE VAT A EEIE T AN R ORGGHTEEZIE TS E T, (EkoE
B o BRSREEAE [H I A MU F2AE L2358 L il L ¢ A EREOHITEC & # (L7 DAY vk
BHVET,

*4 AAFHFENET AT A LS

PERDT AT I LS| Tl AR EREEET 0 N BEL TROE SN QWD T T — Rk DT
DOEINEERCBIERENE IV ET, —F NI AT A LS| T, riedinez -7z
MTJ & 2B I U CERLE 5720 7 —Hinik ORI A /2§ 2N TEE T, Fio,
MTJ & 7SRO RN FERMEZ R 357D REE R FRCITE 2 LB LT EIRAZ > Th itk
TR ERFFCEE T, 207, BIRAUDEEH VAT A LS| OANIZH D N—RT A AT 72k
(T — 2 RS D770 ET, BIREBFEREATIUX, N—RT A RT)NDT —Z %I
T R E 2 BA CTE D E DR EDRHVET,

*5 VR Y K O b~ 7 R0 A W T B ERAE MT) 561

e L Ca VAR ay | fEEEfE L Cligb~ 27 1w 2% A L, 600%% %5 m 0
TMR tbZ27Rd MTI E T2 R AL R A SEOM 57 v — 3B L CEEL, Lo, fekix
ZOMEOM AT, BB IIIREE ICR L TR T TLE, L, BALKRE:E B SLOMFIET L —
I, 2V RER e R DR L~ 7 2T LD BN H DR s = MEICEB L, R 1
JEL VAR A AT L C S R SR 5 M2 A D TR L7 2R L Wb 7 1h) 2 i 22 [ 5 [
WZANT A ST THID TR IIL E L 72, T OHER MTI ZEFOMEREITRmE Iz EL ., RES
PERERAEYRORFEIE S 2T L LS OFEHIZ M TRESATHEL LI,

BEIWGEDOEL

HALRS: Ao F— A b= 2R AT Ak — RE S 2R
TEL (022)217-6116

E-mail:  sien@riec.tohoku.ac.jp



ZEEFR

(a) | | ) Ew hMER (c) Ev k&1
WA\ 23E
R 82
WE{)— SER
| | am E@éx
=>§E =>7I'§E
TMREZF DB EEE

X1 (Q)EERAL MTI FEFORAMEE ., (D)MTI FF235048L THAE Y MERN0"DEXD
FLERIE K OB B g DOReA D& (i J710]) | (€) MTI = 03FREk L TODE Y ME N1 D&
O, FigkE L OIS RE O T MZ2 R UK T, By ME®RD0"OIREE T, iiek)E
N OZHJE ORALDIFEC T, UL, B MERA" L OIRE T, kg Lk OSHE o
AL E MR CTHY | [R UARMEDOREAR (X OF]CliE N fRlE 1) 23t m L CWET, 20728

B MESR”LOWRETIIR N0 £, ZHud, "1IREED RS %@?aﬁ“czbémbxﬂ
DU EEERLET,

(a) EXkAEE (b) A7y THiE

ﬂ E B4
/

l-.l ﬁﬁj]ﬁ

HOBRNE=2LVRFEND BN BR=-5 L VR FEN

X 2 EyMERIIREIZEBITS., @RS, (AT 7 HED MTI FE O X T,
et Tl %ﬁ'ﬁ}@ﬂ gm;@@mmw THY, itekfE kOIS E ORAIZIZ =6 R )
DRELZ2DET, L, ATy 7 BE TR SRENLH DRI BRIZ 720 . ORI C
xFET,



3 BAFRLIZAT vy 7 HEiE MT) 3 1 OWrE AL X LB 1 BB T E T,

0.8 Ew bEHR | “17
EXFEIEA 47
HEE 4 | 701

W1t R ERRESRR P
o O O
ON BB O

4 BAFELT=AT v 7 MTI 1122V, B SR e SR O AR I AT 2 8 L7
RERLTOET, ZORITERE RS, RERMEOIIE CHOIAG R ETHIENTEET, 155
NizAL, "IREE T 70 UL EOfEE ARV LT,



105508k ¥4 > 68
(SRAM 64Mb % EFILT D FH)

—
B =
WEEAEE AT IHBE

A=47 A>70

| | | 1 1 >
40 50 60 70 80
X

N anrsoEE )

5 PERMEEEAT T HEE DA T T T, 10 O FLFRREFFIINLE AL, 68 TI N3,
PERREIED"1"D AT LF 50 TLZ, LI, ATy P HEEE BT A2 L1280 "1"IRBED AT
70 L E&720 10 4ELL E ORI FF O S A - L E LT,

10
—

HEOVARTLLSIIZEDLIT
WASRAMB YD EILETRE
H //

—
/ 1/25
Vs D EFH

/ 20 nm 2 Y J
| | |
0 20 40 60 80 100 120 140

I T OB (nm)

0.1

LI)LEHE (um?)

0.01

6 ATV HEE MT) FE 1. MO AT L LS #54; SRAM OB /V g% bhig U 7= 48 X T,
AT I LSHITH A EN S AEY XTI SRAM TT A, A EHOAT v 71 MTJI F 7 Godk
J& B £ 100 nm) DB /LEFEIZEAE DT AT A LS| ## SRAM @ 1/25 OHEIFETHY . 20 nm ££
Ao SRAM SIFIEFRICB/LVHEIFE T,



