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a3 2. (a) Schematic cross section of the
nanopillar device. (b) Scanning electron
micrograph of the Co nanomagnet. (c)
Resistance as a function of current. (d)
Resistance as a function of magnetic
field(3].
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a8 3. Selectivity issue (a) Conventional MRAM,
(b} Spin—transter torque MRAM.
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32 4. (a) Resistance as a function of magnetic
field. (b} Resistance as a function of
current. (c) Oscillatory voltage
generated by spin precessional motion
in the free magnet under 8 mA and 630
Oe. The precessional frequency is
about 3.12 GHz[4].
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{c)

. (a) Schematic cross section of two point

contacts. (b) Scanning electron
micrograph of two 80-nm-diameter
contacts with 150 nm centre—to—centre
spacing. (c) Map of spectrum amplitude
versus frequence and applied current
bias lg.. (d) Integrated power P

normalized by Iy .2 versus Iy c[5].

14 Eiot



A=t ol 2 AZ2E 4= 1S ALz 7))

2 3 Race-track | 22|

AUEA7|EE §43 AL HE Y B4
o 2 2] & v|= M7} A|QbzE 2}7] Race-track
22E 54 9lth U 3719 AEL 7hA = A7)
Aof] A1 (Magnetic Domain)7} A4 =] 32, A+ 3}
Utz AR 0" 17E 7] sk ¥ E A &
3] AF o] yheko)] wir) vhakel xR} Alolo=
A9 (Domain Wall)ol &4 EtH(1¥ 6). Y419
AEo] FiL ¢F& 45 Transverse €19 9] A o] A

current { )

Domain Wall

electron {8}

— > A4 X

tacalized monrent (5)

N
\&,

(b)

128 6. (a) Schematic domain wall structure. (b)
Domain wall motion by applied pulsed

current(EZX: 1BM-Stanford Spintronic
Science and Applications Center[6,71.).

ol v

3 FAE&5E Vortex BHY 8] A o] F A &)
2 A2 & A At o] g Race-track 4~
HAARE Q7IekH &pH o] o} 55tA B =d,
1S S85tH E O g 2L EY 3
Ao ddo] 78 A L2 7t E 1L e}
o] 2 [BM 38 9] A gt )3+ H Race-track 4
] A& Siv|utof) thaf 422 wako = 1007 4
£ uEAS Hof £ YUY 728 AT 5 9
7] tjZof t=tf 3.9 ] ok AAFERF B A 2]
2 9T £ AY AR E 7| E5t Aot B
& QM| £ATE0] 50 ns =2 A ©] DRAMY H|
=8 Zoloh. 32 g @A Race-track #| 2 2]7} 7}
e Hhe 71489 BAEL &9 E3 MRAM
o o7 R AARRYE7H 107 ~ 108 A/ em?
%2 Ath= Aolot. &3 U+ Tohokuth gt A7
S 7NEY WAL a4 diAlol A vtEA
(GaMn)AsE AL23}H 106 ~ 107 A/cm? A= 9] 2
< YA AR Y=t AE 7hsdtoa Akt ¢l
o, A Aol &&=7}-100 oC ol dfeh= At &
Y ol £ &7} At g4l Bl 3] 10-1008) =] A
L2 olth= A& ¢F3 9t} @2 Race-track o =2
gjof W3t A= 71 2 sFoln A83=510
HWe7tE A2 AYE L Qlrk

o Xorlr o

=y 2
ox uE |0 gu

3.2

rhu

:13’5} e BEAG S FH o] et okt
71 7t = AR 171—4 BHFOo R 3, thg=Y
HERE dopt w2 A v g os 4d 49l
vrof BAlo] YFE I vk 2F3E T3 449
234t M Hgst 9 2U&E3E A AF
g Fofl, A 25 B85 HIHEA Y A
HEE I anst ez

APAGEIT] &S 1994 At A2 7le
2 A7)l ofa) AR ASEE AoF 5 At
£ 129 AL deld, ARl o) 2ue] U
& uhE 4 Sk A2e PN Ak 29

p3stE 44 WA REE B A2 A0
7+ 2 29 E(Spin Angular Moment) 2] A gof 2|3t

—

I
|
|
I
|
|
|
|
|
|
|
|
|
(
|
i

}
|
|
|
I
|
t
(

1
)
|
|
I
|
|

|

(

i
)
|
I
]
|

|

!

i
)
|
|
i
|

|

t
|
|
|
|
I

l

4
I
|
|
I
|
3
b
I
|
|
|
I
!
|
|
|
|
|
|
|
{
|
|
I
|
I
|
t
|
|
|
I
I
|
|
i
)
I
|
|
|
|
4
!
|
|
|
|
I
(
I
I
|
|
|
(
|
|
i
I
|
l
|
H
'
1

HMI|MXIHE H203 W7 (20074 78) 15



Special

1
|
|
|
i
!
|
|
|
|
|
|
!
|
|
|
1
[}
t
|
|
|
1
i
1
!
t
|
|
I
|
1
|
|
|
|
I
|
i
!
I
|
|
I
|
1
|
t
|
|
|
1
[}
!
|
|
|
1
1
[}
]
|
I
|
1
1
t
|
I
|
1
I
i
|
|
|
1
I
i
|
I
|
1
I
]
i
|
|
|
1
[}
|
1
|
I
|
1
1
3
|
|
|
|
1
I
i
|
|
|
|
|
1
I
'
l
|
|
|
1
)
!
t

Ao,

AYAGEITAAE S8 HEHQ 387
&2 (1) 2B EI MRAMY] 49 A7 g3 &
=H ALY S Gt A2 E Y BIFE
A wjzgjolch. A7 E 3 MRAM ¢ 28] % 100 nm
ojste] i I @Y o EFUR QT 7] E
©] MRAM®] Scalability 9} Selectivity 2] 412+t &4
£ A 4 e Acket Aol Aok s, 9A
HAFUE7} ol AMsto] EA7F olonf 4124
of that EAIE ot Ytk (2) uto)A2ahE A7) 9]
AeE 28229 453l A= Az Alat
5ol o3l 2u 5} opol AR a7} WA s A
7ol Y3719 gzt A 2F4 9 1-10
GHz Fd ol A 7}¥ o] 7haet 21539t WA s}
v £AZ AR 4 ok S, AR FUE ]
3o A5 st 2] o] Augt 729
220Ee) @ FEE, 94 719 R} AT
A7 oltt. (3) Race-track o 222 &] 7 9=, Lhe Aol
AT = ALY ol Fof o3 ARE 7| Bet YA
st w2 ejolc}. 33 A 2 5 T 4= glof st=
HazeHjedt ARGk 9 A 2n 8-S FE -
len 1437t 7hgshe) shR| T AW E W 2 g
o} bR 2 JAARE = ke EA- T U
e 9] of g o] Fob ek

¥n 2Y

A

[11]. C. Slonczeski, "Current-driven excitation of
magnetic multilayers”, J. Magn. Magn. Mater. Vol.
159, p. L1, 19%.

[2] L. Berger, "Emission of spin waves by a magnetic
multilayer traversed by a current”, Phys. Rev. B,
Vol. 54, p. 9353, 1996.

[3] F.J. Albert et al. "Spin-polarized current switching
of a Co thin film nanomagnet", Applied Physics
Letters, Vol. 77, p. 3809, 2000.

[41I. N. Krivorotov et al. "Time-domain
measurements of nanomagnet dynamics driven by
spin-transfer torques”, Science, Vol. 307, p. 228,
2005.

[5] F. B. Mancoff et al. "Phase-locking in double-point-
contact spin-transfer devcies”, Nature, Vol. 437, p.
393, 2005.

[6] US patent 6834005, "Shiftable magnetic shift

7]

register and method of using the same”, 2004.
US patent 20040252538, "System and method for
writing to a magnetic shift register", 2005.

X{| Kt 24 24

@

- =
4 93383

@ &
- 19954

NPl Ealsta ofstAL
-19974

N sty Salstn) oIS A}
- 20004

(¥)Hiroshima Univ. EM8

2|gtal o|EtefAL

Ly

74 =

(= |

-2000d - 20024

(0l)Los Alamos National Laboratory AlE
Apg

-20034 - 20044

27| ZDISXUATH IHENE MUNTHY

-20054 - Sxf

27| ZNSNYATY YKIE

o0x

m
il
oA

16 Eiot



