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Domain decoration in dipolar coupled ferromagnetic stacks
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The dipolar stray field effects between two nonuniformly magnetized ferromagnetic Co/Pt stacks
with perpendicular anisotropy are investigated by polar magneto-optical Kerr effect microscopy.
Decoration of a reversed domain in the hard stack by a domain ring in the soft stack is evidenced
and interpreted by magnetostatic calculations. Mirrored 360° domain walls are strongly stabilized
by these interactions. @005 American Institute of PhysidDOI: 10.1063/1.1897845

Thin-film structures involving a soft and a hard ferro- We report on the decoration of a hard magnetic domain by a
magnetic layers separated by a metallic or an insulating norring of opposite magnetization in the soft layer due to the
magnetic spacer are widely used in spintronic devices fomagnetic stray field generated by the domain in the hard
their giant magnetoresistance or tunnel magnetoresistandayer.
properties. Tremendous efforts are put toward the minimiza- We have investigated &,/Pt4 nm)/Sg/Si/SiO, film
tion of undesirable magnetic interactions between the layerstructure, consisting of a hard and a soft ferromagnetic
Among the interlayer magnetic interactions, the Ruderman-€o/Pt multilayer stackS,:[P%1.8 nm/Co(0.6 nm], and
Kittel-(Kasuya—Yosida (RKKY) oscillatory coupling be- S5:[Co(0.6 nm/Pt(1.8 nm],, separated by a Pt spacer layer.
tween two magnetically saturated pinhole free metallic layerghey were dc sputtered on a Si/Si€ubstrate at room tem-
has been thoroughly investigattd.Correlated roughness of perature under 281072 mbar Ar pressure, with deposition
the ferromagnet-spacer interfaces may result in an additionahtes of about 0.05 nm/s. Within a given stack, the
conformal dipolar interlayer coupling, also called orangePt(1.8 nm layers ensure a sufficient ferromagnetic exchange
peel (OP) Néel effect!® coupling(He,= 100 Og between the Co layers and promote

Dipolar stray fields play a major role in nonuniformly perpendicular anisotropy. The Pt4 nm) layer is thick
magnetized films. They allow explaining why a tunnel junc-enough to reduce drastically the exchange betw&eand
tion memory may be progressively erased, since the hard, so that RKKY coupling across the spacer layer can be
layer demagnetizes with repeated reversal of the soft layer bNegIecte(f.
field cycling. This phenomenon results from the replication  As expected, the polar Kerr rotation hysteresis loop in
of the7soft Iayer domain walls within the hard Iayer and ViCEthe perpendicular applied f|e[d:|g 1) shows two successive
versa. Even under moderate ﬁeldS, mirrored domains formjumps Corresponding to the coercivities of t@ (Hg
in the hard and soft layefsThe stray field created by Néel =106 0@ andS, (HH=320 Og stacks. A residual bias field,
wallalz)n one layer lowers the nucleation field in the otherHopzs Oe, is determined from the shift of tiSa minor loop
one. _ , _ _ (Fig. 1). The latter results from the OP magnetostatic cou-
~ Up until now, most of the studies on interlayer interac- yjing that favors a parallel alignment of the magnetization in
tions have been investigated in systems with in-plane magsoth stack$ The magnetic domain structure has been inves-
netic anisotropy and non-negligible interlayer exchange COUgigated by high-resolutiori0.4 um) polar Kerr microscopy

pling. However, the increasing interest for systems with, i green light at room temperature.
perpendicular magnetic anisotrdpy? raises questions on

the role of interlayer interactions. Such systems are promis-

03 T . .

ing candidates for the design of new Spintronic devit&s . '
or multilevel recording medi& Perpendicular two-state sys- 02| ” ; TT 1
tems are attractive since they are expected to improve the _
density, the stability, and the reliability of magnetic spin %0 0.1 1
valve or tunnel junction elements, and recording meétlia. = 0

In this letter, we consider two Co/Pt ferromagnetic ﬂé
multilayer stacks with perpendicular anisotropy separated by A -0.1 + .
a nonmagnetic Pt layer. We demonstrate how the magnetiza-
tion reversal of the soft magnetic stack is influenced by the 0.2 u N i
magnetic domain state in the hard one through interlayer 03 . . . .
magnetostatic interactions. The magnetic domain pattern is -600  -400 -200 0 200 400 600
probed by polar Kerr microscopy in both layers, allowing the H (Oe)
investigation of domain nucleation and wall propagaﬁ%n.

FIG. 1. Room-temperature polar Kerr rotation hysteresis major loop
(straight line and minor loop(dashed lingof the studied film structure. The
¥Electronic mail: wiebel@Ips.u-psud.fr field sweeping rate was 500 Oe/s.
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FIG. 2. Polar Kerr image of an ac-demagnetized film.
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The ac-demagnetized sample state shows a ribbonlike _ .
up-up (white) and down-dowr{black domain structure, spe- FIG. 4. Dependence of the perpendicular stray field compoHegmn the
? F(f'l ) ith d'r( | K tizati p. ._distancex from the border of thes; domain or the base of channels with
CITIC 10 hims with a perpen ICg a_r easy ”_“aQ“e Ization axis Nyigerent width e (straight line: No channel; dashed=0.2 um; dotted:e
the presence of magnetostatic interactiOfig. 2). The ab-  =0.1 um). Inset: Sketch of the calculated structure.

sence of intermediate magnetization states is direct proof for

a net ferroma_tgnetlc mter_stack Interaction that provokes %agnetized channels is fixed by our optical resolution, their
perfect matchmg of dom_ams_and walls 33 and S,;. ._effective width being far smaller than Ogm.
_ In o_rder to dl_rectl_y visualize the effect of magnetosta_tlc To be more quantitative, the evolution of the perpendicu-
mteraf:tlons on field-induced remnant states, the fo_llowmqar component of the resulting stray fieldy=Hq,+H, (H,:
experimental procedure was used. After saturating e iastack plus interstack dipolar fie)dacting inside theSs
sample in the up-up spin state under a large positive fielghane at a distance from the S, domain border or from the
(Hs=560 Og, a negative fieldH; was applied to(i) entirely  pase of a 1um long channel have been evaluaf&dy. 3(b)].
reverse the magnetization 8§ and(ii) create a small spin  Calculations have been performed for two superimposed
down domain inS; (Fig. 3). Just after switching ofH;, @ 20 um square down magnetized domainsSnand S, and
white up-up magnetized decoration ring appears which exfor nonreversed spin-up channels3gwith varying widthe.
pands rapidly over a short distancel um) [Fig. 3@] and  H, can reach locally high valug$i,=800 Oe forx=8 nm),
also fills the 360° domain walls inside the domain. In thejust below the border of th&, domain[Fig. 4(a)]. Large
subsequent remnant state, a spin-ddrdomain perfectly  stray field values(H,>400 Og¢ act only over a restricted
matches the initially formed spin-down domain i&;  width (=30 nm in S;, as compared to the domain wall
(black. width A=17 nm. Associated with the fact that domain cre-
The most intriguing feature here is the up-up magnetizecition needs to overcome the wall bending enekyyhas to
ring decorating the central down-down domain even withoube large enough over extended regigrsL00 nn) for initi-
an external fieldFig. 3@]. Note that its internal wall is ating any reversed spin-up domain 8. Thus, we found
rough as it is strongly pinned just below the wall§p. Due  experimentally that the nucleation takes place first inside
to the weaker wall pinning in the thinner multilayer stack, channels, since large stray fieltts, act here all over the
the external ring wall is smoother. Apart from the inside of channel length{Fig. 4).
the decorating ring, th& magnetization points down, pro- As soon as a spin-up state nucleatesSinin an open
viding a down-up gray state far away from tBg domain. channel, it propagates rapidly to form a decoration ring
As already pointed ouf the combination of few pinning around theS; domain (Fig. 3). In counterpart, sincél, is
defects favors magnetically nonreversed spin-up channelsighly negative just below th&, domain(Fig. 4), the cor-
(so-called 360° wallsin the inside of thes; domain during responding spin-down domain state $ becomes highly
its growth [Fig. 3@]. As we shall demonstrate later, the stabilized.
up-up spin configuration is strongly stabilized in theje The decorating up-up domain expands by propagation of
and Sg matched channels. The apparent width of the up-upghe external ring wall irSs (Fig. 3), even inH=0, under the
action ofHg. The expansion of the up-up magnetized deco-
ration ring slows down rapidly since the external wall is

T Pl s fu submitted to a stray field essentially determined by the
‘ decrease oH)” as 1k.
TTTTTT lllllTTﬁT The width of the up-up spin decoration ring can be tuned
by applying an additional fieldFig. 5). Provided it displays
Pt _x |, the same positive sign a4, even a weak fieldH,=7 O@
lHTTT}HHHTTTu helps the external ring wall to propagdfeéig. 5a)]. Corre-

spondingly, a negative field tends to shrink the ridg.

(a) (b) H=0 (long time) 5(b)] since the applied field competes with, which is
o strongly enhanced when the wall approachesShelomain
30 um " boundary. For high negative fielddH<-100 Og, only
channels maintain an up-up spin configuration.
FIG. 3. Magneto-optical Polar Kerr rotation ima¢g® and sketch of the We have reported on the direct observation of the role of

magnetization arrangemett). The spin-dowrS,; domain(black was cre- . . h . .
ated by ten successive perpendicular field pulses of 50 ms duration anqlpcjlalr interactions between two ferromagnetlc stacks with

H,=-170 Oe amplitude. The image was taken 2 min after switching off theP€rpendicular anisotropy. For a nonuniformly magnetized

field. hard stack, this coupling accounts for the formation and the
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