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VAR AR = BRI R, oA T BB, £5E CMOS oA I 9 Bk R R B X4 B ) &
BliE 1 5 s RAIL,

1992 4, fEEEBFH T, EEESAETI P2 (Semiconductor Industry Associa-
tion, SIA) HMEI=. %, W& RS —KHlE (REEZEFEEARLKRELR ) (The
National Technology Roadmap for Semiconductors, NTRS), Ff7E 1994 4¢ | 1997 4E 17 T &
1T, NTRS il SR Tl 15 SN H RS, AT R LKL BE& . MR R
P TR BN EAS B HESL, NTRS 76 20 H22 90 40 R (2 i 36 [ AR B AR 1 & Jie & 15
TEEEH,

1998 4, 7Et A SAHE S (World Semiconductor Council) |, HIZEEESFAE T
R, KA BABRTF T HARS (JEITA) | RRME S k4 (ESIA) , #hE
SRS (KSIA) DL EGEESE™ L2 (TSIA) HFEHE (EFRE SR
AR K JEHLZE ) (The International Technology Roadmap for Semiconductors, ITRS), Xf4Ek
FFEARK S FREREHATIN SRE, N FELRME KT “FK,
ARERIR TR MSHEHER,

(EPREFEEAR K RHLE) A 1999 FRAAHE—RUK, BEBEGHITER, &
AR AT RTELT . TTRS A9 E 8 AR 4R MR Tolk 512 A R B X AR 15 4E W&
TR BB AT , LR T3 R R . Tolk R, BUR SRR A A HEEE X,
A B TR 5 161 5 | 1] i s 2 S 40U

gt &, HEbrRFEBAR K REBAE FEELET CMOS B A M LB 45/, B,
2001 4EfHY) ITRS FEIT 4R & CMOS T 204% L 4 /NKE TG A PRR , 42 Hh B 2 PRl il 20 B %
AR “J5 CMOS ##4” MRS, J& CMOS #5416 35 A3 B IE -1 CMOS #8433 5 h
REARIF, WA BERSF, TIE RN CMOS IR SEM , B A E IR EAR | Bk,
“JG CMOS £iR” b7ttt — AR BRI RE A BLAS, JF 38 48 i B O MR BE . B B AR A
AL B AR AOHEAE | SR TR 3 5 v A B 8T

£ 2003 AEHITER (EPRE AR R REAE) ikl ESMEERE CMOS 25 F1E
FEHGI HAR IR o 7 PRIFER B e 7™ b BB Ak S BRBE R E R R B, — I /2 K% CMOS
fetuplga/N, WA, 75— R CMOS Mg, % BT A R 695 848 14 19
WHFIT R TAE, ¥ A iEds . JLIRBRESESE , i, 2003 45 j % 2k 4 510K 7 24 2%
R M| o —%, TR, IR M. B, EARMEW, Wi
TR, 50T AR il TR R A BTG, #EA CMOS #5844 K B4 2F A &8sk, 1T AN 2
HIEEM R SIRAN S CMOS #3545 "

CHEPR AR AR K RERLE) 7E 2004 SFHAT T —KEH , ETFHRBFRFEN T L
WA AT, 7E 2004 £F TR AR LR IR it — 20K BT 4 A RHIF ST (EMR) Bl )
H—FE, BRI ) E AL 55 R R AR R AT T AR, B AR R . &
B B il AR SE , (EBRE SR AR R RIS E) 6, B 2% RS b 5 R
HAESSTET . QU RAEXT ZHFBITHLEIA S0 AR, o R 3 S 70 40 o R
TR ; QUTHE— P B X SR ;. QXTI SRR A RAE I A R TR ; @R
T X TR SRR AR, WEH N LRSI TEEMNE, EENLRIAS, LHE

2 —



1 AEBEFHREEFEESEMT

TEGR RUBEE b —LE007 , i AR RER SR AR

2005 ~2012 4E AR (EFREFEOR R RAE) —HRIFARLL A BEH T4
AREERARAVBT AR B TV ZME 7 B B e /R 5 R B T B R B K i 4R
(B 1-1), PN EARE T R ARA TAL BT AR,
TEM/AEMDINES 2R )

FEBFNENRGR
3DER(IISIP)

B

65 44
1541k
32 4%

D24

REERE - W RS -FHE SO

B 1-1 PR AR A P R E

At N R fER A el T EPR R REY, JFld e gk SRR AR
Pl R AR, DUYIXE B e T A R EOR MR AR A 2R A 2%

1.2 BHiERFHRHNEERLZRESE

1988 4E B R HL PRGN (19 & BE (Baibich et al. , 1988) Fr5| & B4 5 E i v BH AN K H:
R LR AN B FHAF 25 ARG L P2 ) R B T SRR, EIZ S, FERR I ST AR 5
Frkotak, B CHFEREAF ST PR S AL R B N A I PR SEE . AN 1998 4FE, GMR A 4%k
S B R A F Al 4E 7= {H 300 {2y (Roco et al, 1999) , A BHBEHLAE it 25 9l
FAANNA B T2 TR KT HM(E (Han et al. , 2008), T GMR 1 TMR U i
LR R FBURAL IR B e 22058 = K FEZE RN 4R (Piedade et al. , 2006)
UTAESR, X BEH 278 AL D) RE B B S FJT R S RBOR K =L BT A5 # (Seki et
al. , 2008)

A% 430 2k %o v R Sk | e BELRELAILAT G 28 R G Fl BELAG IR B A B R 40T, 18R E e
HL 1 A [ P A e 25 3 B =l oy FH AT 5
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1.2.1 SBEHSLERAZRESE

1.2. 1.1 BEERERBRE AL

20 42 80 4EfRAK, IBM A FEIHEH @4 HLFH (Magneto Resistive, MR) AR, {#i15#%k
RERIRHER, AEE A A B IR T 36 T Bl . 1970 ~ 1991 4, BESLAF0E % R
AE IR N 25% ~30% ; 1991 4EJ5, FHIEH N 60% ~80% ; HAET, HEHIAF] 100% ~
200% ., 1997 4FJ5, FFun BRI E RS #AS45 T IBM #EH W EREBHECR (R 1-1), BE#
Fi, BH 5 AR N3 B R C SR AR A5 A RE 7=l 7= AR BRI B S R, REAF B R ) F- i A
1. WMEICHEEEAR | KRR A AT, P BIREIC R HOR DL R B RALRESS BAAEN L5

%£1-1 GMR/TMR L H Al 4L % B& &

Ay R
1985 IBM 4= 7= i AMR #3k
1991 IBM #fE & 3007 FH R Ha B AR 19 3. 5 3551 1GB B4 (MR #3k)
1994 IBM B il GMR M BERISS WL REk (GMR SV k), (SRS R MRS 17 1%
1995 ~ 1996 IBM il &% it i) HDD Ifi % B 34 %) 5GB/ 3512
2004 FHEA I A ) TMR RESk, {H79 #EALIC R B HEIAF] 150GB/ 3]
ey A T B SEARERAFAERL 2 5] ¥ & A JF R R R R 3 B i 45 AR (Perpendicular
Recording)
2007 TDK A FF G Bhic 5 & CPP-GMR #3k | HE B #EIC R +TMR B0 2 R Rk

H LR ERIF AR A R B AT & 54 1 TB A9RE &
. 1 b =2.54 JEX, 1312 =6.4516x107* K2

2003 4F, HIZATISER 20. 5 12 TCRYOE IBM B 8 30 \b 3BT RI, JF RSz H SR BRTF
4% 2> 7] (Hitachi Global Storage Technologies, HGST), 2006 4, #$#/) Al ( Seagate
Technology) LA 19 2K ITCHIEITEH (Maxtor) , MM — 28 i A R EREE — KME L HIE R, w
222010 45, & [ £ ) R PE S EE  ( Western Digital Corp. , WD) A FEA R, H40
W T 50% BIRE, HiFN—, 2011 4, POEREE IS MR, HEs 43
fe.£50 (351236 H4, ik 10% fy) Wl H LA R 2% FAH, B HLIF
RIFEERI B AR, A4, MHEATRILL13.75 12380 (e MR R) Kol = 21 T i
Fr 55, ATk E , PEEREE D FEAR R 5 AR IR A A AR — A,

i 2 S AR B ) %, AR SR AL S TR SR IEZE R R, 2011 4F 85 4% 47 M 8 ) 5 9
BR, 2011 SEE—-FEH A R 2010 FEUFE FRE4% o H, PO EdE a8
T 5220 FHREEE, AHEAFIRRYE N 4890 B, H A7/ I RE AL A R R 3030 Tk,
H5ZHMR, REFEXNFEHEER> ST HREN., B, =2, AZE2EASEENTEE
A PER

1%k H B SAAAEI PR, B = KREk——HSL AR, AHEAR ., P
WIEASL “FEREERERE” , BEFAE T —REESAFHEAR, HlaeRkER L RBER,

— 4 —
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TR ARSI, H LA F F ok B RN FREAR, FEie i w4 b S 0K o 5 {7
CZHARTTRET B 12. 5 KRB AR L) MEARRE, A58 70 5K A G Bh R iC
SRR, A O 1R S S (] PN PR GRS XS LA SR TH A BCBOR B PR B, HPRE S R
1TB/3~F? DA b e A6 B, anSof A5 G, fe T AB SC B S0TB/ 3~ 8 &5 7 Bk
B

PAF i i %) 1988 ~ 2011 4F i % BE 1 3k & F| B i B 35 S BRI R S 30, R
Gssk [ PR & A

1.2. 1.2 ZFEREKFRARE A W35 06 5 o047

1 Sk R AR ATUSR ) A R4 IAE 1994 4E | 2004 4E H BRRIAS R e (& 1-2)
XA IBM 23 F7E 1994 4F 5 I HE H GMR 32 4 #3k LA B 7§20 R 7E 2004 4EBF & ) TMR #E
3k 11 2005 4EZJEEFIHIE R 2 AL T REMBESE, XRVEE—© B E bRk
AR AT A BB 4 B R 20 v AR T B
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P 1-2 R B Sk BOR U % A1) i i i 3

NG Sk ARG L A R [ KRS Ok S, HEA AT 10 MR E R B HA
EE, #E, xE, EE, hE, kE, 2 ®RPE. WwHe (81-3), K, BA
5 ETERE SR BARGURAL T 9 BALHE AL, &) o i oK T HAR E M, 20 42 90 4
R, BARTERCK ARG L HBFRIVETRE,; #HEA 21 g, KRES HATEZ SR
B AR KA ; 2006 4F2 )5, o A9 & RBONIGH, H E LR LA B9 F) Bt
EFt (E1-4),
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7N, 2006 fELIK, HrAHE AR GEEHRTE, Spin Torque Oscillator, Domain Wall Write , Oxide

Metal Ferromagnetism, Pattern Manufacturing Process, Plane Perpendicular Applied,

1.2.2 BRI G ESEEMARSES

1.2.2.1 EEd AR PLG4E B 2 B AR

g B BE LA %% ( Magnetoresistive Random Access Memory, MRAM) M 20 {42 90
TP, 1995 4F TMR H9 & BL{H13 MRAM B4 TRk kTS, T MRAM B4 3%
Ktk W, SERE . (REEFE. DURRSILE, AREM TIZETHART SHME,
MRTSAER TR, SOl R BRHA BT A B A AEAEAS , O FIE R FAEE RS

HAT, MRAM BFARIMATrE . — 2RISR TMR MRAM PERE, WER T mRid
FHELAY TMR AR, A HEMORSE, R & R B A B 5 B AR 454 ) MRAM, 0 STT-
MRAM | Toggle-mode Switching MRAM , HLifi3K &)%) Nano-ring MRAM 5

MRAM 1 HEERN T AR, EARRESE L BAREH KOS, AT
e A T R AE R S BOR SUE S AR R B 2 R AR = L B R R R, X T
MEAR BRI, RBUKS W& G 7 20T LA /ME XU 3F I MRAM 2844 (9 7 Mk 4k
R, Filtn, 2011 4F, HAZLRZ/AFl (Toshiba Corporation) 5348 MRAM Ry £ AR H B
& B A B LA B A B A 3 i [0 7 -2 $4K /A §] (Hynix Semiconductor Inc. )
BB SR, BN AU IR SR ITE . B e ) G i BEL R B A
fi##% (Spin- Transfer Torque Magnetoresistance Random Access Memory, STT-MRAM), F¥f
LRI #E Pl & STT-MRAM 7, MRAM ¥ BN T —REARF- 6, 50 BURE B BE BEVL 76k 2%
el ZESF LR SR ER ., BRRZARASE N EREARCT KH%F|
XA VARG et N & RIFE . [F4E, #E =2 IF W3 E MRAM {5 ) R’ Grandis, 3
SRFE MRAM 450580 i) A% 0 36 L %, 2012 4F 11 A, Everspin # it & #X 7 F 64MB STT-
MRAM (% 1-2),

F1-2 MRAM @l iti2
By O
1989 IBM 7E AR5 44 1 2 T F BEL 80N o AR B AR e i
1994 Honeywell 73 @il H ffi i GMR S BEE AR 9 MRAM, RSB AL

1995 Motorola 28 & ( BJ 22 J& 4 Freescale 23 7)) J& &1 MRAM #F & T4, 5 Digital 52 56 %8 & 7 0F il
256KB MRAM

2000 IBM #l Infineon 2 &l &7 Bk& MRAM FF & %1
Spintec S5 % HIT5E —A~ STT £ F]
2004 Spintec SZI8 % B KB & Bl BI 5% ( Thermal Assisted Switching, TAS) MRAM
2005 Freescale 22 i 75 MgO MRAM
2006 Freescale 23 @ 4ff tH 23R4 — K@ k. fb MRAM (4MB)
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