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We report the experimental observation of the perpendicular exchange bias effect in the ferromagnetic CoNi multilayers interfacing
with antiferromagnetic IrMn layer. From a hysteresis loop measurement, it was found that as the antiferromagnetic [rMn thickness
increases from 5 A to 40 A, the hysteresis loop is gradually changed from the symmetric shape to the asymmetric shape shifted by
some amount corresponding to the exchange-biased field at the thickness of 20 A. Also, the domain observation experiment shows
that the domain reversals in the increasing and decreasing field regions at the sample with the thickness of 40 A exhibit the same
single domain wall motion even though they have the different coercivities.
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Fig. 1. (Color online) (a) Schematic diagram of the detailed sample
structure basically consisting of the antiferromagnetic (AFM) IrMn
layer and the ferromagnetic (FM) Co/Ni multilayers which causes the
perpendicular bias effect. (b) Typical Kerr hysteresis loop of the
sample with the IrMn thickness of 40 A exhibiting the exchange bias
effect. Here, Hc, and He correspond to the coercivities in the
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Fig. 2. Various Kerr hysteresis loops of the samples with the IrMn thicknesses varying from 5 to 35 A.
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Fig. 3. (Color online) Dependence of the coercivity Hc and the exchange-
biased field Hy as a function of the AFM ItMn thickness, respectively.
Here, the values of H. and Hy were obtained using relations of
He =(Hey — He)2 and He =— (Hey + He)/2, respectively.

2 AV HpSl dhe SFEOlA AR AR o83t
AFsIAT. Fig. 3914 Be vlel 2o] IrtMn FAI7F 715
o wa} w3k nuloloj A7 12l o] 5~15 A2] T
e AY AR 7R ghoE wWdto] itk 20 A FAR
B HA SV AlSY 18]ar 40 A o] o= 53
3 FAREE 9 o fXE Aole} d&sled, o]
T w3 npojoix ® A RIAY FEAM YeRh= b
A FA e wgk nololx zrde] UubARl wsh
EAdozZH fa FAq sdshs AP IATE wEk nlio]o
2 Gy JFE F= AL W] A=, Bt FAR
[CoNils THEFell A A Azt igF ~50 AYE w3k
nlojoj2s 271 Hpol IAT s 7 AE U
o 3, HA H-2 15 AdMRE 25 A AR =4
F7FRIE 25 A FARHEE AR 7AE] AlEksi wdgk
nlojojzo] F71e} A Ul HAle] Boldt Wl &
g2 gk ulojojgl AlXElS] AREAQl Ao =a wix)
QP3RS AR e WM Aok A Ab
Toe] HRgl skl 1lgtkar deA U]
T, o 47 wsk blojo)AE HolE Co/Pt TR
ItMn ZolAe WA FAl g BA1E Heo] HEsA
°] CoNi TFzatte] Zgeok= g2 wdt nlojojz 271
Ho| WslEAT) o] 53 SVt ashe A3ds
1H9lS & 5= QITH10]. =, CoPt TR IrMn 2 T30
M) AV MPIAVY A Adeae-2 wEk nlojoj2 )
o} FA3F FAlN Lojh=d] Wl CoNi B2/ IrMn
s TEoAE g Hlololz Bt Hdivl He FART
2 FACNAN BAPIRPIAVY A dsAkgol] vt |
2}, o]gk xjole Co/Ni TREERMERY] 23t [ d o)
F Heel CoPt TREEMe] A8 ddd Rt ZApd mt

o B4 ofy

&

-213 -

increasing H (near H
@) g (= c1)

(b) decreasing H (near He,)

L

m— 100 pm

Fig. 4. Domain revolution patterns with increasing H near the strength
of Hey (a) and with increasing H near the strength of Hey (b),
respectively. Here, the black and white colors represent the different
magnetization directions, respectively.
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