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Exchange anisotropy of Mgr,-/Co,gFe;, bilayers fabricated on a 50-nm-thick Cu under layer by
changing the substrate temperat(fg,,) during the deposition of Mn-Ir layer was investigated,
correlating with the crystallographic structure of Mn—Ir layer. The unidirectional anisotropy constant
(Jk) of the bilayers remarkably varied as a functionTgf,, After the thermal annealing of bilayers

at 320 °C in a magnetic field of 1 kOd, steeply increased from 0.3 to 1.3 ergfgras T, was
raised from room temperature to 170 °C. The blocking temperature was enhanced from 270 to 360
°C, simultaneously. Théx of 1.3 erg/cm is nearly ten times larger than the values reported in
Mn—Ir/Co—Fe bilayers early in the research of them. The x-ray diffraction profiles showed that the
ordered Mnlr phase was formed in the antiferromagnetic layer with increa3ipg From the
coincidence of enhancinly and increasing peak intensity of superlattice diffraction lines, thgliMn
phase was suggested to be an origin of the gianand the high blocking temperature. 2004
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The nature of the exchange anisotropy observed in ferroom temperature in excess of 1 ergfcrit is ten times
romagnetic(FM)/antiferromagnetiq AFM) bilayers has at- larger than the values of the bilayers in 1980-1990s and thus
tracted a great deal of attention in recent years due to theequires further theoretical works for the quantitative under-
intriguing physics and its central role in spin-valve-type standing of exchange anisotropy. From the application point
magnetoresistance devices that are applied in magnetic ref view, the largeJx allows us to reduce the dimensions of
cording and magnetoresistive random access memoriespin-valve-type magnetoresistance devices, since it means
(MRAMSs). Although the discovery of the exchange aniso-the enhanced stability of the pinned magnetization in sub-
tropy occurred nearly fifty years ago, it is still a challenge tomicron patterned devices against its own demagnetization
both theorists and experimentalists to understand quantitdield. Within this sense, the present result is a promising tech-
tively the strength of the exchange anisotropy, the so-calledology to achieve ultrahigh density magnetic recording and
unidirectional anisotropy constaniy, in terms of the spin  high capacity MRAMSs.
structure in atomic scale. The first phenomenological model  Bilayers in the form of substrate/lNFe,Crgss 5 nm/Cu
for the exchange anisotropy was established by Meiklejohis0 nmM/Mny3lr,; 10 nm/CggFeyq 4 nm/Cu 1 nm/
and Bean(MB) in the 1950s, and it dealt with the origin of Ni,,Fe Crss 2 Nm were prepared on thermally oxidized sili-
Ji as the exchange interaction at the interfabmwever, the  con wafers with magnetron sputtering method. The ultimate
expected value ol at the perfect uncompensated interfacepressure of the sputtering chamber was B! Torr. The
is too large by orders of magnitude, compared to the experihighly purified (9N) Ar was used for the processing gas.
mentally obtained values. In order to explain this factor-of-During the deposition, except for the Mn—Ir layer, the sub-
100 discrepancy, two individual theoretical works were pro-strates were held at room temperatd®d). A dc magnetic
posed by Mauriet al” and by Malozemoff in the 1980s. field of 30 Oe was always applied in the film plane. In order
They considered the formation of domain walls in the AFM o obtain a template layer with flat surface for the epitaxial
layer and succeeded in explaining the exchange anisotropytowth of fcc Mn—Ir, the 50-nm-thick Cu underlayer was
strength of the bilayer systems. However, recent experimerheated at 250 °C for 10 min after its deposition on the Ni—
tal progress for the exchange-coupled E)_ilayers, such as M@e—Cr layer without breaking vacuum by using infrared lamp
terial_research for both the AFM _Iay_eP and the FM  heater. The crystallographic orientation of the Cu layer ob-
layer, ™ the stacking structure modification of bilayéfs,”  tained was well-defined out-of-plane111>-fiber texture
and fabrication process controls of bilayéfs,* continue to  and its surface roughnesg,, determined from atomic force
enhance thd, and reduce the discrepancy in magnitude bemicroscopy, was 0.38 nm. The Mn—Ir layer was deposited on
tween the MB model and the experimental values. The; 4t the respective substrate temperatifig, The Co—Fe
present authors also enlargédof Mn—Ir/Co—Fe bilayers to |ayer and the remaining capping layers were further depos-
0.87 erg/crf by applying long-time field annealing.Fur-  jteq on the Mn-Ir layer, after cooling down the substrate to
thermore, in this letter, the authors report quite ladgeat  R1 |n order to induce exchange bias to the Co-Fe layer,
specimens were annealed in a vacuum furnace, whose pres-
¥Electronic mail: tsunoda@ecei.tohoku.ac.jp sure was less than>51076 Torr, at T,=250-400°C for 1h
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FIG. 1. Unidirectional anisotropy constari, of Mn—Ir/Co—Fe bilayers Applied field angle, 6 (rad.)

annealed at various temperatufg, in the in-plane magnetic field of 1 kOe.

The h(_)r_izontal axis corresponds to the substrate temperaiygeduring the FIG. 2. In-plane(@) magnetization curves ari) magnetic torque curve of

deposition of the Mn-Ir layer. the Mn—Ir/Co—Fe bilayer fabricated with the conditionTaf,=170°C and
T,=320°C. The strength of magnetic field applied for the torque measure-

by applying a magnetic field of 1 kOe along the same direc™ent is 15 kOe.

tion to the field during the deposition. The field annealing

was performed successively on the same specimens. The Mjzateq on the same Cu template layers and capped with a
grostructure of the f!lm§ was examlned b'y x-ray dl_ffracnon 2-nm-thick Ta layer, are shown as small portions on the re-
(XRD) and_ grazing incident x-ray diffractio(GID) with a spective profiles. The calculated powder diffraction pattern
Cu Ka radiation source. M—H loops were measured with &yt \n_ir, having L1, ordered structure, was also attached at
vibrating sample magnetometer. Magnetic torque Curveg,q v of the figure. The Lorentz factor of 1/sifl @as used
were measured with a null method torque magnetometeg,, the cajculation, since the GID profiles were measured for
having a sensitivity of about X 100 dyp cm. A” the mea-  the specimens having strong out-of-plane fiber texture. Be-
surements were performed at RT. Unldlrectlonql anisotropY.5se of the respective texture of the fcc and the bcc layers,
constant, Ji, was calculated with the equation ax \ye can clearly see the fundamental diffraction lines from
=MsdeHe,, WhereM; de is the areal saturation magnetiza- 550, planes of both the Mn—Ir and the Cu layers around
tion of Co—Fe layer, andH,, is the exchange biasing field ,, =70°—7%, and those fronf110) and(200) planes of the

determined as a shift of the center of M—H loops along theCoX—Fe layer around@=45 and 66°. The remarkable fea-

field axis. ture that should be noticed here is the appearance of the

Figure 1 shows the changes 8¢ of the bilayers an- g, qrjattice diffraction lines fronil10) and (211) planes of
nealed at various temperaturdg, as a function of the sub- Mnlr for the bilayers withT,,,=100°C, while only the

strate temperature during the depositipn Of th? Mn—I( Iayer\‘undamental lines are observed for the bilayers with,
Tsup One can clearly see the enhancifigwith increasing  —7gec The change of the diffraction intensities of these
TsupUp 10 170 °C, regardless dt. AS Tyys further increases, superlattice lines fairly corresponds to the changeJpef
the Ji steeply drops. The maximudy value achieved inthe o1 in Fig. 1 as a function df,,, Namely, the diffraction

present study is 1.3 erg/énunder the conditions offs,  jyensities increase with increasink,, up to 170 °C and
=170°C andT,=320°C. It is nearly ten times larger than

the values reported in Mn-Ir/Co-Fe bilayers early in the re-
search of them{®!” Figure 2 shows the in-plan@) M-N
loops and(b) magnetic torque curve of the bilayer showing

Mnyir §

[t100)
(110)

EEEE BE

J«=1.3 erg/cr. The vertical axis of both figures is normal- TiE e L g—!fg‘v_
ized by the film area. The well-defined shifted loop along LI g i3
negative direction of the field of thermal annealing and the - 9 T
hard to saturate S-figure shaped loop along the transverse : z::c_/ A ﬁ |
direction are observed in Fig(&. Corresponding with these z mc ' e
loops, the magnetic torque curve behaves well defined ¢-sin £ W\..\,,J‘\ b
shape with the amplitude of 1.3 dyn cm/gmwith finite ro- E MRSt )i :
tational hysteresis loss. & i, [

In order to know the origin of the giad in the present I o™ ) '
bilayers, structural analysis was performed. The conventional BT conbutn, i : :

1 1 1 L i M HE

XRD proflles_ showed the well-defined out-of-plane fiber tex- 20 30 20 50 80 70 80
ture of the bilayers, asi111> texture for the fcc structured 26, (deg.)

Cu and Mn-Ir layers aneé<110> texture for the bcc struc-
tured Co-Fe |a_yer_ Figure 3 shows the GID profiles of theFIG. 3. Grazing incident x-ray diffraction profiles of Mn—Ir 10 nm/Co-Fe 4

bilayers annealed at,=320°C. TheTg,,for the Mn—Ir layer nm bilayers fabricated on Ni-Fe—Cr 5 nm/Cu 50 nm underlayer and capped
. . ° with Cu 1 nm/Ni-Fe—Cr 2 nm layer. Small portions of diffraction profiles on

d_eposmon_was \_/ane_d from RT to 200 °C. In order to empha'the respective profiles are those of the 20-nm-thick Mn—Ir films fabricated

size the diffraction lines from the Mn-Ir layer, separately on the same underlayer and capped with a 2-nm-thick Ta layer. The incident

observed GID profiles of the 20-nm-thick Mn—Ir films, fab- x-ray angle to the film plane was 0.5°.
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14 1700 - In summary, a giant unidirectional anisotropy constant in
sub =

1.2 . excess of 1 erg/cfrat room temperature and its high block-
« 10} - ing temperature of 360 °C in Mn—Ir/Co—Fe bilayers were in-
5 0.8| ] duced by elevating the substrate temperature during the
8 o6l ] deposition of Mn—Ir layer. We believe that the giaktand
¥ o4l ] high Tg originate from the Mglr phase, which is partially

02 T, formed in the antiferromagnetic layer.
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