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Interlayer Coupling of Co/ NM/FM( NiFe and Co)
Nano-Sandwich Films

M A Xiaoyan, BI Xiao{fang, GONG Sheng—kai, XU Hui-bin
(Department of M aterials Science and Engineering, Bey ing University of
Aeronautics and A stronautics, Beijing 100083, China)
Abstract:  Cu/Co, Cu/NiFe, Ta/NiFe bilayers and Co/Cu/Co, Co/Cu/ NiFe, Co/Ta/ NiFe sand—
wich films were deposited by a magnetron sputtering method. M agnetic properties w ere evaluated by
VSM and spin valve magnet oresistance was investigated by a four—probe method to study the interlay -
er coupling of the two magnetic layers. It has been found that the interlayer coupling depended not
only on the layer thickness of t he nonmagnetic spacer but also on the nature of the spacer. The inter—
layer coupling was reduced as the spacer layer thickness increased- T he result was consistent with
those from observations of the magnetic domain for the trilayers by means of Lorentz Electron Micro-

scope. The trilayers with Cu spacer layer have shown a stronger coupling than those with Ta spacer

layer.
Key words:  bilayer; trilayer; interlayer coupling; nonmagnetic spacer; domain observation
Co/ NM/ FM(NiFe and Co) . ) ) ,

( ), 2003, 16(4): 253 256.
(MRAM) .

(Cu/ Co Cu/ NiFe, Ta/ NiFe Co/Cu/Co Co/Cu/

NiFe Co/Ta/NiFe)

’ ?

’ E} ’

1000-9361(2003) 04-0253-04

Giant magnetoresistive ( GMR) spin valve
multilayers have attracted considerable attention
for application in magnetic random access memory

( MRAM ),

sors . Because of their high reliability and sensi—

read-out heads and various sen-

tivity, they are becoming the most promising can—
didates for the next generation of the recording
media and magnetoresistive sensor with high sensi-
tivity in the field of aeronautics and astronautics.

On the basic principle of the spin valve, the
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giant magnetoresistive effect and the field sensitivi—
ty are dependent largely on the effect of interlayer
coupling of the adjacent magnetic layers, which is
a function of the magnetic properties of the mag—
netic layers and, in particular, the nonmagnetic
spacer layer thickness used for separating the mag—
netic layers. Therefore, it is very important to in—
vestigate the influence of the layer thickness on the
interlayer coupling of the two magnetic layers to

increase the giant magnetoresistive effect and field
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sensitivity. In this work, Cu/Co, Cu/NiFe, Ta/
NiFe bilayers and Co/ Cu/Co, Co/ Cu/NiFe, Co/
Ta/NiFe sandwich films were deposited by a mag-
netron sputtering method, their magnetic proper—
ties were evaluated by VSM, and the spin valve
magnetoresistance w as investigated by a four—probe
method to study the dependence of interlayer cou—
pling of the adjacent magnetic layers on the thick-

ness and nature of the spacer layer.

I Experimental M ethods

Samples were prepared by DC magnetron
sputtering at an argon pressure of 1Pa. The layer
structure of the bilayer was Cu(20)/ Co(t), Cu
(20)/NiFe(t) and T a( 20)/ NiFe(t), while that of
the trilayer was Co( 10)/Cu(t)/Co(2), Co( 10)/
Cu(t)/NiFe( 10) and Co(10)/Ta(t)/NiFe( 10),
respectively. All the layer thickness was in nm.
Deposition rate was 1 2A /5. The two configura-
tions were deposited successively in the following
order: in the bilayer structure the nonmagnetic
layers and magnetic layers and in the trilay er struc—
ture, Co magnetic layer, nonmagnetic spacer and
Co or NiFe magnetic layer. Composition of NiFe
film was Ni80Fe20, which was confirmed by EDX
analysis. AES depth analysis was utilized to evalu—
ate the trilayer structure. Coercivity was obtained
from the magnetization loop measured by Vibrat—
ing Samples M agnetometer(VSM). M agnetic do—
main structure was observed by means of Lorentz
Electron Microscope- M agnetoresistance was mea—
sured at room temperature by the four—probe
method.

2  Results and Discussion

Fig. I is dependence of coercivity on the mag—
netic layer thickness in the bilayer structure with
nonmagnetic layer thickness 20nm. No obvious
change in coercivity was observed with the change
of the magnetic layer thickness, implying that no
change in structure and microstructure took place
within the thickness range in this work. It can be

seen that Cu( 20nm)/ Co showed a larger coercivity
than Cu(20nm) /NiFe and Ta(20nm)/NiFe bilay—

ers. Furthermore, the coercivity of NiFe can be
reduced with Ta buffer layer compared to that
with Cu buffer layer. This means that the spin
valve magnetoresistance can be improved by the
nonmagnetic layer through adjusting the coercivity
of the magnetic layers.

Fig. 2 is a typical AES depth profile for the
Cu(20nm)/Co(8nm)/Cu( 3nm)/Co(2nm) trilayer
film. It can be seen that the sample has a nanomul-
tilayer configuration. The thickness for each layer
estimated from the profile is consistent with the

corresponding nominal thickness.
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Fig.2 An AES depth profile of Co( 8nm)/ Cu( 3nm)/
Co(2nm) nanotrilayer film

Fig. 3 is a series of magnetization loops of the
sandwich films with Cu and Ta spacers. For the
Co/ NM/ NiFe sandwiches, the magnetization loops
are characterized by a difference in the switching
fields between the two magnetic layers, while for
Co/NM/ Co the loop shows only a normal shape.
The result indicates that an antiparallel alignm ent
of the magnetization can be realized between the
two magnetic layers in Co/ NM/NiFe. It is the an—
tiparallel configuration that gives rise to the spin

valve effect. Furthermore, the trilayers with Ta
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spacer are expected to have a larger spin valve ef—
fect than those with Cu pacer, because the former
shows a smaller coercivity than the latter. When
the spacer layer thickness increases, the coercivity
was reduced, as shown in Fig.4. The results sug—
gested that the interlayer coupling became w eaker
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Fig-3 Magnetization curves of sandw ich films
between the two magnetic layers as the spacer
thickness increased. T he observation of the mag—
netic domain supported this argument. It is also
observed that, as shown in Fig. 4, the coercivity of
Co/Ta/NiFe decreased quickly with increasing
spacer thickness, compared to that of Co/Cu/
NiFe. It is probably because of the polarization of
electrons in Cu layer[s], which enhanced the inter—
layer coupling between the two adjacent magnetic
layers.

Fig. 5 shows magnetic domain images for Co

(8nm)/Cu/Co(2nm) trilayer films with Cu layer
thickness of 2 and 4nm observed by Lorentz elec—
tron microscopy. It can be seen that when the
thickness of Cu layer is 2nm, a bubble domain im-
age was observed, which means that the easy mag—

netization direction is perpendicular to the film sur—
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Fig. 4 Dependence of coercivity on the thickness of
spacer layer in Co/Cu/NiFe and Co/Ta/ NiFe

sandwiches
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Fig.5 Domain images for Co( 8nm) /Cu/ Co(2nm)
trilayer films

face. However, when the Cu layer thickness is
4nm, the bubble domain image disappeared and in—
plane domain structure was observed, implying
that the easy direction is parallel to the film sur—
face. Generally, the easy magnetization direction
should be parallel to the film when the film thick—

ness is very thin. The existence of the perpendicu—
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lar easy direction indicated that the interlay er mag—
netic coupling took place when Cu layer thickness
is 2nm. As Cu thickness increased to 4nm, the
bubble dom ains disappeared due to the fact that the
interlayer coupling was weakened. On the basic
principle of the spin valve, the giant magnetore—
sistive effect should be enhanced in such a case,
because antiparallel magnetic alignment can occur
betw een the two magnetic lay ers.

Fig. 6 exhibits the effect of the spacer layer
thickness on magnetoresistance for the trilayer
films. MR ratio increases with increasing Ta spac—
er thickness due to weakening the interlayer cou—
pling between Co and NiFe layers. For the Co/
Cu/NiFe trilayers, however, MR ratio shows a
slight decrease with increasing the Cu spacer thick—
ness. T he result can be explained by the increased
current shunting effect with increasing Cu spacer
thickness. The result that Co/Ta/NiFe showed a
larger MR ratio than Co/ Cw/ NiFe supports the ex—

planation.
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Fig- 6 Magnetoresistance for Co/ Cu/NiFe and
Co/ Ta/NiFe trilayers with different Cu and

Ta spacer layer thickness

3 Conclusions

Cu/Co, Cu/NiFe, Ta/NiFe bilayers and Co/
Cu/Co, Co/Cu/NiFe, Co/Ta/NiFe

films were deposited by a magnetron sputtering

sandw ich

method. It has been found that the interlayer cou—

pling depended not only on the layer thickness of
the nonmagnetic spacer but also on the nature of
the spacer. M agnetization loops and magnetic do-
main structure showed that the interlayer coupling

was reduced as the spacer layer thickness in-

creased. The trilayers with Cu spacer layer have
shown a stronger coupling than those with Ta
spacer layer. MR ratio increases with increasing
Ta spacer thickness due to weakening the interlay—
er coupling between Co and NiFe layers. And al-
so, Co/ Ta/NiFe showed a larger MR ratio than
Co/ Cu/ NiFe trilayers.
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