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Mnlr Thickness Dependence of Torque Signals in CoFe/Mnlr Thin Films
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We analyzed the Mnlr thickness dependence of torque signals measured in exchange coupled CoFe/Mnlr (z,7) bilayers. The
measured torque signals were compared with calculated ones by Stoner-Wohlfarth model. The exchange coupling anisotropy J. was
considered for the model calculation between ferromagnetic (F) and antiferromagnetic (AF) layers with uniaxial anisotropy constant of
Ky and K5 respectively. The rotational losses were appeared in the range of 0.5¢. <t,r <t. (=J/K,r) by the unpinned AF layer.
While, the unidirectional anisotropy (J;) was caused by the pinned AF layer at #,- > ¢.. The critical thickness of Mnlr layer was . =
3.4 nm in CoFe/Mnlr bilayers. The rotational losses behavior as shown in ¢, = 3 nm sample were explained by the random orientation
of the easy axis of AF grains. The unidirectional anisotropy obtained from torque signal of ¢, = 10 nm sample was J; = 0.63J.. Thus,
the unidirectional anisotropy can be enhanced up to J; = J. by aligning the AF easy axis.

Keywords : exchange coupling, torque signal, critical thickness, exchange bias, rotational loss

CoFe/Mnir 28} XiZO0AM Mnire] A0 ME E3

s 24

oo
SHstfstul E)gl), A8 eFsA] ABE 1375, 760-749

(2014 109 13¥ HEZ, 20144 109 169 HSF8E wha, 20149 10€ 16¥ AREA)

E Ao w8t 24 EAJS ZH= CoFe/Mnlr 2H A 5ol4 Mnlrd] A0 ul} = ;ﬁa' EQF A&E Stoner-Wohlfarth
B2 Ak A} Bl B89 B AR Qlst A5 opid A Ko Ks A 2 ﬂx}**(F)—JJr ety
(AF)Z Al 28k wek A9 A5 = stk AEA] de AFSel 3t S EQL 0.5 <ty <t (=K
HjellA vehe, 398 ARZol olat it oA A5 JE 1y > 1914 UERITE CoFeMnlr AR JATAE 1. =34
nmAOH, £y =3 nm] AR ST B AsM Kl Fd £ AF Y 8olFo] BE WoR = BX
& 5408 AW 1 =10 nme] AJHAA ﬁ?ﬁ% B3 AzoA FE3 I oA e 5=0.63/S] TAIE BA
o} wEhA, O oA A9 AF 2R 80158 3% ke w AP A9 g =J7)F 5o o 37%2] 54 S )
tﬂ- 2= oh;].

FHo| w23 2o A%, GA A, 1w npolojx, 33 &4

L M

rhu

bias, H,,) @3c] Yeh M gt mebs] wgh
AT (Ft WAV (AF) S E 4% F/AF ¥Rt A= W o AT, AT T AT 3t
= F 35 ME AFA7)= w8k A3 (exchange coupling)
E4E BRIt olgh weh Zgt 54L& F v Al
TABRE AF 2850 o3 gFos I o oy

Efoz gXEa o, HdRA AFZe] 140 o5l

o

W H}o]oﬁb sfEraa Sl= 9 A7) AN 2k 2
HE 29

g3 3rH2-4].
ZHFEo] wgk nlojojno] Y Bl W A wFUS
Al gk A7F Dds] WP gl

© The Korean Magnetics Society. All rights reserved.
*Corresponding author: Tel: +82-54-820-5450,
Fax: +82-54-823-1628, e-mail: yoon@andong.ac.kr

fe o 2

~ 140 -

23} AL FEo 7 o)A wE } |©]2~(exchange
3} vloloje=

ASFEM VAR H,, = M2 ERRCH1], °Fﬂﬂ
& Adl AA% == g5y 2] Xi?ﬂzﬂﬁ

oA A %-4 23S TAAA A7 |AFHIE SEYEIA )
A Sherlm d=e] 45 obgs



L AE=1> Journal of the Korean Magnetics Society Vol. 24, No. 5, October 2014 - 141 -

2k Hjoloj /e 3EHo] AI8kE Co WIHARIA 1956
Aol Meiklejohn?} Beandll 2J3) #2202 2ARATHS5, 6].
T5S 3E99 CoO WPAMIZH WiF-e] Co AMIZE AW
oA vrERd i oA ol|APZE wgk vlolol EAE
ERMl vhE Rl = sjAsitt. AR o2 F/AF AE9]
W A 548 WAl A oA olvA S
FAEH, Mnlr AEE WIAPIAZ AR 735 7P 9
sk w3k nloloj 545 HRITH7, 8. ©|5 F/AF A9
271 olig AdUA] 58S AT WHE ARESte] &
Mgk AS- WSS Sl webs 9 oA oA
ol opug} ¥l5HA] o]l rotatable anisotropy S439]
HSEHATHO-11]. o] gk oA olUA] B4 Ao Ax

pul

[N

A RREOIAlE WHIAA AR gol% Eimnt ojje}
BEIAEZS] U= oA oYX} FE]e] gomg ofHk

s

d oUAE A A= EL T (Torque) Al T+= F/AF A
2o W g 548 FAsk=H ol Wdolthi2].

L2 B e | A @@ EX48 ZF= CoFe/Mnlr
XHLOM Mnlr ‘T‘77'“°ﬂ U2 20T 2eE Z43en, s-

489 ﬂo}z LE D A o A RS 2

:1_37—3::1_' é%]- '1:51;)\3% ;}% 7O]-X]'/H ]—7 ]-X]"}\_] ZHJEJ_E. C070F€30/
Mnyslns 22 ARSI oW CoFe BHFY] F7= 50 nm
Z 1A, Mnlr ¥R FAE 1,,=0, 1.5, 2, 2.5,

3, 3.5, 4,5 7 2 10nme AFES AL} o5 A5
Zo Qaglte] Qi Si 71 9ol Mnke] 2RAREE E7)
AF717] Ate] SHZFCE Ta(5 nm)/Cu20 nm)S S25139.0

H, 2k} RS S BEZO 2 Ta(s nm)E S2B8IAH B
E RE2x DC "fEE A9EE WPHE AL83le] =32F
Sglom, wd A% 54 PP Slslel DF10° om) 3
S 3.0k0e2) A71E SI7RITA 300°ColA 1A1F B2
A% A7 Al s,

CoFe/Mnlr(tyr) HEF A5 BT AlsE SAs7]
st GHREAYWH (null method)yS A&lste] W=7} 107°
dyne - cm? EQI FHY7IE ARSI oluf A3 2}
7PEE UK & A1 W Ops —90°~4507HA] <
ot o ek AsshE R oA A Pe] W
gk W= EQ T AlSE =AsIyTt. Iy oHkA A A
Zolig A 2 3 £4L Mnlr FAIE WAHEA71HEA
A% 23 2% 74%% 3F2]ell (Fourier) ¥k} -TLE}
Aok SAHE B0 NFE S-W FHS Algsle] EAs)
Aot

JlNr

0

I A&Za o nEt

2S00 AR e WRko g s AgEe] XSl

o] & ZAMA (ferromagnetlc F) ¥t 2350] A= vi)
WaFow ZrskAl At o] EspAiste] gle W
(Antiferromagnetic, AF) BI&S F SO02 S3%H 73'?‘ F/
AF A &gk =315 1] s 2802 wk 4%
olefgt A 542 HAMITY A8t =4

S40] vehe}.
o F F, AFFo] gHe] s A9 A8 ol
X 24T AR B4 vololr} A9 A o] B

oz A9 Yelx ZHAT FAF TEE 2 v 7]
FollA A} FAlo] g WRko g X931 2] Al71E
3} njo]oX(exchange bias, H,, Bkl g2Jslal 9lor, o]
= Ao wd A Ul G opdad oA o
Gete o iAot

F/AF A|5o4] w1t nlojojzr} mapweh 2 79 3=t
H29) ATEE DUAT HekE ol HER sW Wil
& 49349 29 AY S LAeks o] by

b, & drels A F% 2= AT FAVY tar
A WAV S Aol o3 wgk Ast AUAE 25 F/AF
Az opd A 544 54011 S-W EelS A8

o) e Ads] i A3 o) 4 L
3ol AIET WIAPIES) Be) AAG oA =S A
golglon], me A SHS 2 FAF 72| iste] B
9 WAG oA W@y et Lol EATTH14]

Er=—HMitr cos(¢p — Oy) + Kty sin’ gy
+J. cos(¢r — dur) + Kuptsr sin’dyr )

A7 M, B K AV EsAslE 9 Ao
& oM, Ky WPIAMESS] 45 oA Adreltt. 0
A3} golFoZNE et L AV IF] WEkS UE}
W, ¢ R gue BAIT] A WEkE WA
A WS A7 et 283 g wdk A duR] 4
rolt}. F/AF A8l A7Pds 7k 49, A3l A
sk 3 AdUA7E Havt e ke R gkt mebA of
YA A=rt Havt He 208 U] ke ¢ 2
¢l TS E/2] AR} Wl gho] o] Hojof it} 2)(1H)Z
FE oUR] U7} HLIt He &, 0E/ogr =03} OE,/
Opur = 05 WE3l= 202 RE 7 H%A By A3} 7}
5 fr, B MY H¥ 28 A% g TE T
U 15 dry B dury k= 01831 F/AF A8 2P
7o) Wkl WE E05 AEE ALK £tk A A
59 BT A5 (e AP Wkl tE duA] dxe] W
312 Aojum o3y} o] AT 15].



~142-

OE,

w6, = - 70, 2

v

F/AF AgolA 271 b= 0,0 W B3 Jlse 7
AdZe) Y A8 A ¢S 2 didsted o 2

o] 78 % itk
%6r) = HMtr sin(fr., — 6n) 3)

W AEE 2k F/AF AR vHIAMISe] Tl u}
E EQF 2ls 545 EXsP] flsted A(ellA J.=1.0
erg/em’©|IL 1K = 0.2 erg/cm? AH8-8}T}.

Fig. 1= F/AF FZoX W25 AAT A7}
tKur=0, 0.9 2 3ergem®] 790l thsle] s-w mdlZ
AR B0 3 ATE HRIT tK,r=02 Akl ARS3H

sk o A 1Ky =02 erglom’S 2 BAAFT 3)

= ASolmg EQF AEE sin’(gy)ell vldlshie 45 o
A ovA] EAIRE HRAT) 1K =0.9 erg/em@IM = U5
o AT STHERE ofe} gy =90° F 270° A A wE
BAPAS] 2= wEde ot o] S4do] JERdT). o]elgth
EAL J. > Ky ZANA dojue Edoz wEk A%

1] @t K =00

N

Torque (erglcm?)
o

14
0 90 180 270 360

~ 1]t K =09

£

s

[]

=

5 .1

[e]

- . . : |
0 90 180 270 360

1(©t,K, 19 =30

Torque (erg/cm’)
o

0 9 180 270 360
Angle (degree)

Fig. 1. (Color online) Calculated torque signals in F/AF bilayers with
(a) tA]-‘KA]-/'.]C = 0, (b) tAI'KAI'/Jc =0.9 and (C) tAj-KAI-/JC =3.0.
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Fig. 2. (Color online) AF thickness dependence of (a) unidirectional

anisotropy constant (JJ,) and (b) rotational loss (RL/J.) in F/AF
bilayers. The solid lines are calculated by S-W model.
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Fig. 3. (Color online) Measured torque signals in CoFe/Mnlr bilayers
with (a) ¢4 =0, (b) 4 =3 nm and (¢) ¢4 = 10 nm.
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Fig. 4. (Color online) Calculated torque signals in F/AF bilayers with
AF easy axis distribution of (a) =0, (b) —30° < <30° and (c)
—90° <y <90°.
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