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FeTaN/TaN/FeTaN sandwich films, FeTaN/TaN, and TaN/FeTaN bilayers were synthesized by using
rf magnetron sputtering. The magnetic properties, crystalline structures, microstructures, and surface
morphologies of the as-deposited samples were characterized using angle-rédeit*edoop

tracer, VSM, XRD, TEM, AES and AFM. An evolution of the in-plane anisotropy was observed
with the changing thickness of the nonmagnetic TaN interlayer in the FeTaN/TaN/FeTaN
sandwiches, such as the easy-hard axis switching and the appearing of biaxial anisotropy. It is
ascribed to three possible mechanisms, which are interlayer magnetic coupling, stress, and interface
roughness, respectively. Interlayer coupling and stress anisotropies may be the major reasons to
cause the easy—hard axis switching in the sandwiches whereas, magnetostatic and interface
anisotropies may be the major reasons to cause biaxial anisotropy in the sandwiches, in which
magnetostatic anisotropy is the dominant one. 2@3 American Institute of Physics.
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As promising thin film write head candidates for ultra- (AES), and atomic force microscop}AFM) to study their
high density/data-rate magnetic recording, iron-based nitridenagnetic properties, crystalline structures, microstructures,
multilayers=* and sandwich structur®s have attracted and surface morphologies. To reveal the magnetic anisotropy
much attention recently. In our previous wbrke have ob- of the films, we studied the evolution &fl—H hysteresis
served that, the direction of easy axis switches 90° when thiwops as a function of the applied field angteusing the
film is thick enough in single-layered FeTaN films, and haveM —H loop tracer under the maximum field of 50 Oe. The
seen an evolution of in-plane magnetic anisotropy inangle ¢ is the angle between the directions of the applied
[FeTaN/TaN, multilayers. For a better understanding of the magnetic fieldH,, for the M—H loop measurement and the
underlying mechanism of the evolution of in-plane magneticaligning magnetic fieldH , applied during film deposition.
anisotropy, we examine sandwich layers existing of two fer£a¢ch sample was measured under varied agdi®m 0° to
romagnetic layers separated by one nonmagnetic interlaye&go°, at 15° intervals. Out-of-plane magnetic hysteresis
only, instead of larger multilayer structures. In this article,|oops were measured by VSM under the maximum field of
we report our results on the evolution of the in-plane anisot44 000 Oe.
ropy in FeTaN/TaN/FeTaN sandwich films. Our work may  The AES depth profile of the samples indicates the sand-
shed light on the mechanism of in-plane anisotropy evolutiofyich structures of the films. After comparing the in-plane
in these sandwiches. and out-of-planeM —H loops of the samples we conclude

FeTaN/TaN/FeTaN sandwich films, FeTaN/TaN bilayersthat there is no perpendicular magnetic anisotropy in all of
(TaN is capping laygr and TaN/FeTaN bilayergTaN is  the films, which is expected because the demagnetizing fields
buffer layey were synthesized by using reactive rf magne-of the thin-film geometry effectively force magnetization to
tron Sputtering on Si substrates. The deSCfiption of the €Xlie in the film p|ane_ However, the angle dependence of in-
periments may be found in our previous wérkin the series  plane coercivity of the samples showed an evolution of in-
of thin films, the thickness of FeTaN layers was kept at30  plane anisotropy for the FeTaN/TaN/FeTaN sandwich films.
nm, while the thickness of TaN layetts,y, was varied from  Figure 1 shows the polar plots of coercivities as a function of
0.0 to 50 nm. We characterized the as-deposited samplgfe applied field anglep for the sandwiches. Wheb.y,
using an angle-resolvel —H loop tracer, vibrating-sample  =0.0 and 1.0 nm, there was uniaxial anisotropy along the
magnetometryVSM), x-ray diffraction(XRD), transmission  jirection Oﬂ:'al (¢=0°). This is due to the magnetic field
electron microscopy(TEM), Auger electron Spectroscopy induced anisotropy. Whert,=2.0nm, the easy axis
switched 90° and was along the direction &+90°. When
dElectronic mail: scip8379@nus.edu.sg; hongbinnie@yahoo.com ttan= 3.0, 4.0 and 5.0 nm, the easy axis switched 90° back
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FIG. 2. Hysteresis loops of FeTaN(30 nm/Tap()/FeTaN(30 nm) sand-
wich films at the angle of¢=0° and $=90°, respectively, where .y
changed from 0.0 to 50 nm.
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FIG. 1. Polar plots of coercivities as a function of the applied field aggle
for FeTaN(30 nifTaN(tr)/FeTaN(30 nm) sandwich films &n=0.0,  gbruptly reverses as the field is decreased due to this cou-
2.0, 5.0, 6.0, 10, and 50 nm, respectively. . .

pling, whereas it takes more energy to reverse the second

layer. Whent,=3.0nm, there is the strongest antiferro-

magnetic coupling between the two FeTaN layers. Whgp
again and was along the direction @=0°. Whenty,y  was between 10 and 50 nm, there were no steps in the two
=6.0 nm, the in-plane anisotropy almost disappeared, it wahysteresis loopMH(¢$=0°) andMH(¢$=90°) and the two
close to isotropy. Wheti,,="7.0 nm, biaxial anisotropy ap- loops were almost identical. This indicates that there is only
peared, there were two easy axes along the direction ahagnetostatic coupling between the two FeTaN layers with
¢=0° and $=90°, respectively. Whet,,=10, 20, 30, 40, the increasing of the spacer-layer thickness. The changing of
and 50 nm, the films had biaxial anisotropy also. We suggeshterlayer magnetic coupling withr,y is consistent with the
that the evolution of in-plane anisotropy is caused by thechanging of coercivities witly, [see Fig. 8)]. Figure 3a)
combination of three effects, which are interlayer magneticshows two coercivitiedH (¢=0°) and H;(4$#=90°) as a
coupling, stress and interface roughness, respectively. function of tr;y. Both the two coercivitiet ,(¢=0°) and

Figure 2 shows the hysteresis loops of the FeTaN/TaNH (¢ =90°) decreased with,y increasing. The decreasing

FeTaN sandwich films at the angle @=0° and $=90°, coercivities were due to the reduction of domain-wall energy
respectively, whereé,y changed from 0.0 to 50 nm. When caused by the magnetostatic coupling between the two Fe-
tr,n=0.0 and 1.0 nm, there were no steps in the two hysterTaN layers through interlayer TalN->"23Interlayer magnetic
esis loopsMH(4$=0°) and MH(¢=90°) when applied coupling will cause the evolution of the in-plane anisotropy
field H was close to the coercivitifl.. In this case, there is in the sandwiches. We call such anisotropy an interlayer cou-
only ferromagnetic coupling between the two FeTaN layerspling anisotropy, which includes exchange anisotropy and
When tr;y was between 2.0 n and 7.0 nm, there were namagnetostatic anisotropy.
steps in the hysteresis loopdH(¢=0°), butthere was a As revealed by XRD the dominating crystalline compo-
step in the hysteresis loopdH (4 =90°). The sharpest step nent of the FeTaN layer in the sandwiches is nanosized crys-
was in the case dfr,n=3.0nm. This behavior of the mag- talline grains of bca-Fe, which show only(110) peaks in
netization is ascribed to a combination of antiferromagnetiche XRD patterns. We derived the interplanar spacing of the
and magnetostatic coupling between the two FeTaN layerg110) planes,d 1), from the XRD data. With,y increas-
Due to the partial antiferromagnetic coupling between theng from 0.0 to 50 nm, the correspondinig, o, slightly de-
two FeTaN layers, the two FeTaN layers’ magnetizations dareased[Fig. 3b)]. A linear dependence between lattice
not reverse simultaneously during the reversed magnetistrain and film stress should hold. The change ofdpeg,
field process ath=90°. This would occur as one of the layers may yield the change of the stress distribution in the films,
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5 2 like. Similarly, the strength of in-plane uniaxial anisotropy
] 2 ® Ho(0) (a) along the direction oH,, (¢=0°) is almost constant as well
8 4 - :’. 4 Ho909) with different tr,y for each type of bilayers. Usually, the
~o 3 J - TaN/FeTaN bilayers have stronger uniaxial anisotropy than
T ) L) R 2 . that of the FeTaN/TaN bilayers. According to the above in-

formation we may infer that interface anisotropy changed

'g - - - - - - insignificantly by varyingtr,y and its contribution to the

2,039 - D . . . . ) .

= ., (b) evolution of the in-plane anisotropy in the sandwiches is

3,5, 2038 4 .s' sufficiently small. On the other hand, whepy is between

& 2971 . 10 and 50 nm, there is only magnetostatic coupling between

‘,.; 2.036 ~ b the two FeTaN layers, and the magnetostatic coupling will

'6=' 2.035 - ° ° cause magnetostatic anisotropy in the sandwiches. We sug-
048 . - - - - - gest that magnetostatic anisotropy may be the dominant rea-

E 0.44 4 (c) son to cause biaxial anisotropy in the sandwiches.

£ o040 % In conclusion, the evolution of the in-plane anisotropy

o 036 - \'.. o with the changing oftr,y in the FeTaN/TaN/FeTaN sand-
032 . * ° . wiches, such as the easy-hard axis switching and the appear-

ance of biaxial anisotropy, was observed. It is ascribed to
three possible mechanisms, which are interlayer magnetic

tan (NM) coupling, stress, and interface roughness, respectively. Inter-
FIG. 3. (a) Two coercivitiesH (¢=0°) andH.(¢=90°) as a function of layer coupling and stress anlso_trople_s n_]ay_be the major rea-
tr for FeTaN(30 nirTaN(tr,)/FeTaN(30 nm) sandwich filmsib) the ~ SONS to cause the easy-hard axis switching in the sandwiches.
calculated lattice spacingy;4q) of the sandwiches as a function fy; (0) Whereas, magnetostatic and interface anisotropies may be
the average root mean square roughn&3 (n an area of 1.0-1.em of  the major reasons to cause biaxial anisotropy in the sand-
FeTaN(30 nm/TaNg.y) bilayers as a function dfray . wiches, in which magnetostatic anisotropy is the dominant
one.
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