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Trilayer antifeeromagnets? 93 <AA

1. A& _

MRAMS®} high density® T&83}7] $18 magnetic cellel I717F A 74l wat 93 AAZA
BA7 & o7t §1 ot A2l Trilayer anitferromagnetse] €4 <HAA L Worledge modelol
A AEFHReY o modeldl A& demagnetizing field® =719t Z layerd] EolA vt & layerol
d3e mxE dipole field® =717 #otn 7FA 224 [1] shape anisotropy® & #7F Al Av
A 9 ¢ Qo Worledge models) M 7Fai A field?} 0¥ o @3 <A AL aspect ratio® F#3
A =Sz 7t A field7t 00 obd WE EAHUAA L aspect ratiod] wEtA ZA Aojrt YA Eedh
[2]. @&t 22+ dipole field7} demagnetizing fieldol Bl&iA ZcheE 7L o zZH Worledge
model & AL 12 & 3 AT shape anisotropydl F&FE HEHUG.

2. 2d g Ay

Trilayer®] #+Z¥E 2709 ferromagnetic layer?t I A}elel Ru € nonmagnetic spacerZ ©]%F o3
2lt}. Ferromagnetic layerel 7+ 22} 25 nm, saturation magnetization 1500 emu/cc & #3
exchange coupling & -005 erg/cm’?, magnetization& in-plane®2 AAH U1 7} layers
ellipsoidd Bl 2 283 fielde] ¥ 3L induced anisotropy® 3oz 7}A3A . Single domaing
HAE=E YelWEs ¥4E d (0 < d <= D& (d = 19 9 perfect single domain), dipole field Al7] <]
AL E Yl ¥W4E p (0 < p <= DE ¥ dipole field?] =7]E demagnetizing field®] Z7| 8
o ZAY 2oin stHF o RN o] TR energyE HBIIAT. EF AL field’t FAF o
& stable AH9 energy path® 133l energy surface®] stable (or metastable) A Ei9} saddle
point®] energy *}ol(activation energy)E A 4tdtd et

3 2% ¢ 1%

1% 1. (a)= aspect ratio?} 290 cell (212 nm x 106 nm)l A d ¢ p ¢ Xtol7F 0.1 44 &
o2 d¢ pgtel W& activation energy® fieldoll wat veldl RHolth &3 ¢tel £+ Z4Z datst
p&2 olnl3ict Applied field7t 09 @ activation energy= 81 kTEZ Worledge modelo] €13t shape
anisotropy®] 9@3Fo] g1+ (1, 1), 40 kTl vl 24 o]A ZF7lgt}. ol ] Activation energy: det
patel o)zt AAFE ARXEd o]t demagnetizing field?t dipole field®] Abol7} AR uwhat
shape anisotropy”’} Z7}grol] 713}, £3F Fieldg 71l wetA activation energys Z43HA H
=4 activation energy@te] 0°] =+ X H 9 field7t spin flop field”} €.
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Fig 1. The activation energy of the trilayer nanomagnet as a function of applied magnetic field.
The numbers in parenthesis denote d and p values. Spin flop occurs at the activation energy of
zero. (a). The cell with an aspect ratio of 2 (212 nm x106 nm). (b). The results are for two
different lateral dimensions (but identical volume)cell with an aspect ratio of 1.5 and 2

a9 1. (b)= d9} pgtol ©H2 W aspect ratio’t F71gel me}t activation energy’t $718E& R4
t}. field 7}8i2 A3 M % aspect ratio’t F7HEFE B} H& activation energy® FHAlE A
& 4 9t} Spin flop fieldE activation energy?t 0¢] H& H field2 d9t pY Aol A& o
single domain°] €% I o] ¢ AAe AL ¢ F Aed )AL 4Z4 & d (or p) #td 4=
F Y3 olRLE Y 2. (a) & (bl JEPH AT
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Fig 2. The angular dependence of energy(normalized) along the lowest energy path connecting
two stable (or metastable) states as a progressive change of the applied field. The numbers on
the energy curve mean applied magnetic field (normalized). An ellipsoidal cell size 212 x 106 nm,
thickness 25 nm Ms = 1500 emu/cc, Hi = 25 Oe, d - p = 0.1. (a) d = 0.9, (b) d= 0.3.
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