Journal of Magnetics 9(4), 121-124 (2004)

NiO Thickness Dependences of Perpendicu]lai' Magnetic Anisotropy
in the [CoFe/Pt] Multilayers

S. W.Kim*, J. Y. Lee, S. S. Lee, E. J. Hahn' and D. G. Hwang

Department of Computer and Electronic Physics, Sangji University, Wonju 220-702, Korea
!Department of Physics, Suwon University, Hwaseong 445-743, Korea

(Received 10 December 2004)

NiO thickness dependences of perpendicular magnetic anisotropy (PMA) in the NiO/[CoFe/Pt]s multilayers for
exchange biasing and [CoFe/Pt],/Pt/[CoFe/Pt], for interlayer exchange coupling were investigated. Perpendicu-
lar magnetization curve was obtained by out-of-plane extraordinary Hall measurement. Magnetic force micros-
copy (MFM) has been used for the investigation of magnetic domains on thin films. We confirmed that the
interlayer exchange coupling (IEC) as a function of NiO thickness at room temperature existed with a period of

two monolayers.
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1. Introduction

Until recently, magnetic thin-film type storage cell that
develop by social request by information storage techno-
logy extension had been studied being converged spin
valve (spin valve; SV) and magnetic tunnel junction
(MT]J) by structure that have (in-plane) magnetization in
plane. Almost all MTJ devices thus far made public
consist of in-plane magnetization films such as NiFe, Co,
and Fe, and past studies of MRAM all use these in-plane
MT]Is. However, when these materials are patterned into
submicron elements, magnetization curling occurs at the
edge of the film, resulting in vortex magnetization. There-
fore, in-plane magnetization films must have an aspect
ratio (length/width) of 2 or more in order to ensure
information storing. MTJ, with a high aspect ratio,
decreases the density of MRAM, which in turn limits the
possibilities of MRAM [1]. Finally, if it sustains high
aspect ratio in MTJ element with in-plane magnetic
anisotropy, it has limit to receive high degree of integ-
ration of MRAM. On the other hand, exchange biased
perpendicular magnetic anisotropy films have a low
saturation magnetization, preventing any magnetization
curling at the film edge. Therefore, a MTJ with an aspect
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ratio of L/W = 1 can be realized using perpendicular
magnetization. These films are also expected to resolve
other difficulties in in-plane MTJ, such as MR curve
offsets. Recently, out-of-plane exchange biasing has been
observed in exchange biased Co/Pt and Co/Pd multilayers
with a perpendicular anisotropy [2-4]. So far, magnetic
layer is using [Co/Pt] and [Co/Pd] multilayer that is
representative perpendicular magnetic anisotropy thin
film, and antiferromagnetic layer to transfix vertical
magnetic anisotropy thin film is using NiO and FeMn.
Exchange biased field (H,) should be bigger than
coercive field (H,) to apply this phenomenon in practical
devices, SV and MTJ. But, report until now shows result
that exchange biased field and coercive field are similar
almost [5]. Several researchers obtained exchange biased
perpendicular magnetic anisotropy at room temperature.

We studied NiO thickness dependences of perpendi-
cular magnetic anisotropy in the [CoFe/Pt], multilayers
exchange-coupled by NiO pinning layers at the top and
bottom interfaces. Also, the characteristics of the inter-
layer exchange coupling (IEC) across of insulating AF
spacer (NiO) in hetero-structures of type [Pt/CoFelJ/AF/
[CoFe/Pt]4 was investigated.

2. Experimental
NiO/[CoFe/Pt], and [CoFe/Pt]y/Pt/[CoFe/Pt], multi-
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Fig. 1. (a) NHA curve of NiO(5 nm)/[CoFe(l nm)/Pt(1.25

nm)]s multilayer. The insert shows the SMOKE magnetization

curves of the multilayer. The field was applied perpendicular

to the plane of the sample. (b) and (c) shows the MFM images

of the sample. The scan size is 20 x 20 . ,

layers were deposited by dc and rf magnetron sputtering
at RT on glass (Corning 7059) in a vacuum system with a
base pressure of 1 x 107® Torr. Crystallographic structure
of the bottom NiO sample was determined by X-ray
diffraction (XRD) with Cu Ko radiation (A=1.541
Angstrom). Normalized Hall amplitude (NHA) curves of
the perpendicular magnetization Hysteresis were obtained
by the out-of-plane extraordinary Hall measurement.
Magnetic force microscopy (MFM) has been used for the
investigation of magnetic domains on thin films.

3. Results and Discussion

Firstly, the XRD patterns of NiO(5 nm)/[CoFe(l nm)/
Pt(1.25 nm)), multilayers revealed Pt (111) peak. The
crystalline Pt (111) peak was reduced as increasing the Co
thickness. As the thickness of NiO layer was changed
form 0 to 20 nm, the peaks of Pt (111) intensity were
almost a same amplitudes. No peaks corresponding to
other crystallographic orientations are observed. Second-
ly, we obtained the normalized Hall amplitude (NHA)
curve of the NiO/[CoFe/Pt]s multilayers. The NHA
curves agreed with the values measured by a surface
magneto Kerr effect (SMOKE). Both curves are fairly
square, implying out-of-plane easy axes. The NHA curve
does not show any shift, but does show the coercive field
Hce = 260 Oe,

Figure 2(a) shows the NHA curves of NiO(0~37.5 nm)/
[CoFe(1.0 nm)/Pt(1.25 nm)]s multilayers as a function of
bottom NiO thickness. Figure 2(b) shows the NHA
curves of NiO(7.5 nm)/CoFe(1.0 nm)/[Pt(1.25 nm)/
CoFe(1.0 nm)]y/NiO(0~7.5 nm) multilayers as a function
of top NiO thickness. As the bottom NiO thickness
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Fig. 2. (a) NHA curves of NiO(0~37.5 nm)/[CoFe(1.0 nm)/
Pt(1.25 nm)]s multilayers and (b) NiO(7.5 nm)/CoFe(1.0 nm)/
{P1(1.25 nm)/CoFe(1.0 nm)j»/NiO(0~7.5 nm) multilayers as a
function of thickness of top NiO layer.

increases up to 37.5 nm, the perpendicular He increases
200 Oe to 650 Oe. However the top NiO sample did not
influence by the NiO thickness and its Hc is less than that
of bottom NiO sample. The increase in the He will be due
to the exchange coupling by antiferromagnetic order and
the increase of interface roughness.

On the other side, we have investigated the interlayer
exchange coupling (IEC) as a function of NiO thickness
at room temperature in glass/(Pt(1.25 nm)/CoFe(1.0
nm)},/NiO(0.5 nm)/[CoFe(1.0 nm)/Pt(1.25 nm)), multi-
layers with an out-of-plane easy axis.

Two figures in Figure 3 depict the major Hall-voltage
curve and MFM images at RT for 0.5 nm NiO thickness.
The symmetric shift does not result from the exchange
biasing (EB) due to the NiQ layer, because the EB for a
very thin NiO layer within 1 nm disappears completely at
RT. However, in case of NiO having much high thickness
above 10 nm, the exchange biasing mechanism at inter-
face between Co layer and NiO layer is dominantly taken
account the coercive field rather than exchange coupling
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Fig. 3. The major anomalous Hall-voltage curve along the out-of-plane easy axis for the glass/[Pt(1.25)/CoFe(1.0)]s/[NiO(0.5)/
[CoFe(1.0)/Pt(12.5)]; (nm) multilayers. The magnetic force images at the four remanent states.

field. Therefore, it can be unambiguously attributed only
to IEC between the two multilayers across the thin NiO
spacer. In Fig. 3, the magnetization domains at four
different remanent states (H = 0 Oe) showed (a) positive
saturation (TT) of zero field, (b) positive saturation (TT),
from =300 Oe (TV) to zero field, (c) negative saturation
(L) from +300 Oe (1 T) to zero field. Those demonstrate
the existence of 360 degree domain walls, identical to
those observed an AF coupled Co/Ru/Co multilayers with
perpendicular anisotropy. In the ac-demagnetized state,
the multilayers display a fine labyrinthine domain struc-
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Fig. 4. Normalized Hall-voltage curves as a function of NiO
thickness at room temperature. for the glass/[Pt(1.25)/
CoFe(1.0)]4/[NiO(ty/[CoFe(1.0)/Pt(12.5)]; (nm) multilayers.
The bold lines and thickness values show a period of two non-
olayers of NiQ.

ture.

Figure 4 shows an normalized Hall-voltage curves as a
function of NiO thickness at RT for the glass/[Pt(1.25)/
CoFe(1.0)]4/NiO(t)/[CoFe(1.0)/Pt(1.25)]s (nm) multi-
layers. Here the NiO thickness was above 0.5 nm. The
bold line and thickness values show a period of two
nonolayers of NiO. That is, it shows clearly that at RT the
IEC oscillates between AF and ferromagnetic (FM)
coupling as a function of NiO thickness with a period of
~0.5 nm. This unexpected oscillatory is quite different
from the non-oscillatory decay of IEC strength expected
by the models of Bruno [3, 7] and Slonczewski [8] for
nonmagnetic insulating spacers and from recent experi-
mental observations of coupling across a nonmagnetic
insulating MgO spacer [3].

4. Conclusion

AF layer thickness dependences of PMA in the [CoFe/
Pt]4 multilayers exchange-coupled by NiO pinning layers
at the top and bottom interfaces were investigated. Also,
we confirmed that the IEC across of insulating AF space
in heterostructures of type [CoFe/Ptls/AF/[CoFe/Pt], as a
function of NiO thickness with a period ~0.5 nm existed.

Acknowledgment

This work was supported by Grant No. R05-2003-000-
11200-0 from the Basic Research Program of KOSEF and
Sangji University

References

[1] N. Nishimura, T. Hirai, A. Koganei, T. Tkeda, K. Okano,
Y. Sekiguchi, and Y. Osada, J. Appl. Phys. 91, 5246



—124 - NiO Thickness Dependences of Perpendicular Magnetic -+- ~S. W. Kim, J. Y. Lee, S. S. Lee, E. J. Hahn and D. G. Hwang

(5246). [5] C. H. Marrows, Phys. Rev. B 68, 012405 (2003).

[2] F Garcia, F. Fettar, S. Auffret, B. Rodmacq, and B. Dieny, [6] F. Garcia, J. Sort, B. Rodmacq, S. Auffret, and B. Dieny,
J. Appl. Phys. 93, 8397 (2003). Appl. Phys. Lett. 83, 3537 (2003).

[3]1 Z. Y. Liu and S. Adenwalla, Phys. Rev. Lett. 91, 037207 [7] P. Bruno and C. Chappert, Phys. Rev. Lett. 67, 1602

(2003). : (1991); 67, 2592(E) (1991); Phys. Rev. Lett. 67, 240
[4] F. Garcia, G Casali, S. Auffret, B. Rodmacq, and B. (1991).

ieny, J. . s. 91, . . C. Slonczewski, Phys. Rev. , .
Dieny, J. Appl. Phys. 91, 6905 (2003) [8] J.C. Sl ki, Phys. Rev. B 39, 6995 (1989)



