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Enhancement of exchange bias in Mn—Ir /Co—Fe based spin valves with an
ultrathin Cu underlayer and in situ Mn-Ir surface modification

Kojiro Yagami,® Masakiyo Tsunoda,” and Migaku Takahashi
Department of Electronic Engineering, Tohoku University, Sendai 980-8579, Japan

Enhancement of exchange bias induced at the interface of the antiferromdgetierromagnetic

(F) layers was studied using the bottom “spin-valve film&Vs) with the Mn—Ir/Co—Fe exchange
coupled films. Exchange bias increased using an ultrathin Cu underlayer. Meanwhile, both exchange
bias field,H.,, and blocking temperaturd,g, increased intensively by heating specimens after
depositing Mn—Ir film in a high vacuum. These two enhancement effects worked in an additive. As
a result, an unidirectional anisotropy constaht, of 0.39 erg/crfi (H,, of 1.3 kO8 and Ty of

~325 °C were obtained for the bottom SVs with a total thickness of 233 A including an AF layer
of 68 A Mn,Ir,s and a pinned layer of 20 A GgFe,,, where the SVs were field annealed at 320 °C.

A microstructural analysis using x-ray diffraction revealed tHatdid not depend on the diffraction
intensity from Mn-Ir(111) for the SVs with various underlayers, and no remarkable changes
occurred in the microstructure of the SVs with the heating treatment in a vacuum. Therefore, the
enhancement effects might result from some changes in the microstructure and/or the morphology
of the interface of AF/F layers. @001 American Institute of Physic$DOI: 10.1063/1.1357146

I. INTRODUCTION make it difficult to clarify the effect of the microstructural
change of the interface on the exchange anisotropy.

Enlarging the biasing field of the pinned layers in spin In the present study, we fabricated Mn—Ir/Co—Fe based

valves(SVs) is one of the most important factors in putting SVs under an extremely clean proc&$s, superior method

them to practical use. The synthetic ferrimagné8g-ferri) of controlling the microstructure of thin films. We then in-

structure has been proposed for pinned layers in order toestigated the dependence of ultrathin underlayers on the

apparently satisfy this requirement Exchange anisotropy exchange bias fieldH,,). In order to intentionally modify

of antiferromagnetic (AF)/ferromagnetic (F) bilayers is, the surface structure of AF layers, we heated the specimens

however, essentially important even in the case of using Syen wafers in ultrahigh vacuum pressure after depositing

ferri structure, because the direction of magnetization in onéMn—Ir layers.

of the F layers in the Sy-ferri pinned layer should be fixed

enough with an AF layer against the external applied field. Iil. EXPERIMENTAL PROCEDURE

is also necessary to reduce the total thickness of SVs to SVs were deposited on thermally oxidized Si wafers in

achieve high recording density, while maintaining exceIIentthe sequence of sub/Ta 50 A/underlaykf /Mn.,Ir,68 A/
heat durability to ensure the dynamic properties at high temCOgoF@1020 A/Cu25 AICqyFe,20 A/Cul0A/Ta20 A using
!oerature. A Mn—lr/Co—.Fe system shows_ promise_g)f obtain, magnetron sputtering method wittB0 Oe of dc magnetic
ing strong exchange bias with an ultrathin AF Iaﬁ‘/er. field in the film plane. The base pressure of the sputtering
The microstructures of the AF layer and the interface.nambers was in the range of T8 Torr. Ultraclean Ar(9
between AF and F layers are the most important factors to bﬁ) was used as the process gas. SVs were postannealed at
controlled, because the reduction of the AF grain size lowersgg ec_320 °C for 1 h. then cooled to room temperature in a
the blocking tgmperatgreTg),s‘lo and the exchange anisot- magnetic field of 0.7 kOe along the same direction of the
ropy is essentially derived from the magnetic coupling at thield applied during deposition. The annealing temperature
interface. The microstructure of the AF layer is generallywas determined from the study & mentioned below. The
controlled with underlayers™*~* Pakala and co-workets ynderlayers were fabricated in single or dual layers, using
for example, suggested using (Cu/Rujultilayers as the Ni—Fe, Cu, and Co—Fe. The thickness of the underlayers
underlayers of Mn—Ir/Co—Fe based SVs, and achieved larg@aried from 0 through 50 A.
exchange biag0.3 erg/cr in the unidirectional anisotropy All the measurements were carried out for the annealed
constant The suggested underlayers, however, are difficulspecimens. Magnetoresistan@dR) curves were measured
to use in SVs because of the large number of films and theigising a dc four-probe methot —H curves were measured
total thickness when stacked. To date, the microstructure afjith a vibrating sample magnetometet,, was estimated as
AF/F layers has been generally controlled indirectly usingthe shift of the center of a hysteresis loop for a pinned layer
the existing underlayers. In such a way, incidents other thafrom the zero field in MR oM —H curves. Unidirectional
the interface structure may influence simultaneously, andnisotropy constantJi) was calculated using the equation
of Jy=HMdp, whereMy, is saturation magnetization and

apermanent address: DSCo., CNC, SONY Corp., Tagajyo 985-0842, Japafp i$ the thickness of a pin_ned layer. Structural analysis was
YElectronic mail: tsunoda@ecei.tohoku.ac.jp carried out with an x-ray diffractometéXRD).
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FIG. 1. Changes of exchange bias fiettl,, as a function of the thickness and(e) Ni-Fe 10 A/Co-Fe 10 A.
of various underlayers], . A typical MR curve to explain a plateau and
He, is shown in an inset.
(111) were not observed in the XRD profiles for any SVs.

In the case of dual underlayers with a Cu 10 A layer
IIl. RESULTS AND DISCUSSION [Figs. 2b)—2(d)], which induced largeH,,, the diffraction
peaks due to Mn-If111) and other face-centered-cubic
(fce) (111 clearly appeared. The intensity of the peaks was

Figure 1 shows the changes ldf, as a function of the about half of that in the case of a Ni-Fe 20 A single under-
thickness of various underlayers ). He, Was estimated layer[Fig. 2@)]. On the other hand, in the case of Ni—-Fe 10
only when a plateau with good reproducibility appeared in a&/Co—Fe 10 A[Fig. 2(e)], which barely induced exchange
MR curve. Here, a plateau is the area where an antiparalldiias, the diffraction peaks from (111)s hardly appeared.
alignment is achieved between magnetization of pinned anBirom these results, it may be difficult to find a correlation
free layers.(see an inset of Fig.)1In the case ofl,, =0, between the intensity of Mn—I{111) diffraction peaks and
without any underlayer, a MR curve was collapsed &hd  Hey. This is not consistent with the previous reports by
could not be determined. Mao? Pakala® Anderson, Nakatanit! each with their re-

When Ni—Fe was used as an underlaydg, was an  spective co-workers. One can only say that the grain size of
almost constant value of 0.8 kQk(=0.24 erg/cri) above  SVs should be large enough to produce the diffraction peaks
dy =20A andH,, dropped belowd;, =20 A. A plateau of from (111) to induce exchange bias, since the reduction of
a MR curve did not appear belogy, =10 A with sufficient  grain size of AF films reduce$g.
reproducibility. When Co—Fe was used as an underldygy, Consequently, the essential incident to enhance the ex-
gradually decreased with decreasidg, and showed 0.7 change bias is not the changes in the crystallographic texture
kOe atd, =30A. A plateau did not appear belody,_ of the AF layers, but the changes in the microstructure of the
=20A. In contrast, when Cu was used as an underlaygy, interface of the AF/F layers. A direct modification for sur-
maintained its large value of 0.95 kOe even with the ultrathinface of AF(Mn—Ir) layers was then examined.
underlayer @, =10A), which is favorable for the transport
properties, avoiding large shunting current.

In the case of the dual underlayers of 20 A in total thick-
ness, including a Cu 10 A layeH,, was larger than in the In order to modify the surface of the Mn—Ir films inten-
case of a Cu single underlayer. When Co—Fe 10 A/Cu 10 Aionally, specimens were heated after the deposition of
were used as underlayers, for examplg, took the value of ~ Mn—Ir film under ultrahigh vacuum pressure.

1.1 kOe (x=0.3erg/cm). In the case where the Cu layer The specimens were heated by IR irradiation from out-
was not used, Ni—Fe 10 A/Co—Fe 10 A, exchange bias waside of the sputtering chamber through theAl ,O5 window.
hardly induced and a plateau collapsed in a MR curve. The irradiation was controlled with current supplied to an IR

Figure 2 shows conventiona—26 scanned XRD pro- lamp. Pressure of the chamber was in the range ot 1Dorr
files (Co Ka source for SVs with various dual underlayers before the heat treatment to prevent the surfaces of the
[Figs. 2b)—2(e)]. An XRD profile for the SV with a Ni-Fe Mn-Ir films from contamination due to impurity gasses.
20 A single underlayer is also shown in FigaR The pro- Temperature of specimeri§a/UL/Mn—Ir films on the wa-
files did not change from the respective profiles for as-er) was varied between 70 °C-180 °C, which was estimated
deposited SVs, meaning that the postannealing procedure ditbm the temperature of the sample stage holding a wafer on
not influence the microstructure of the SVs. The broad peaki#. Holding time at maximum temperature was 20 min—1 h.
around =48°-49° correspond to the diffraction from After the specimens were then cooled+a0 °C, a pinned
Mn—Ir (111). The peaks around @=50°-52° result from layer (Co—Fe and remaining layers were further deposited.
the interference of XRD mainly caused b11) of Co—Fe, An influence of the heat treatment &h, andTg was inves-

Cu, and Ni—Fe. Diffraction peaks from planes other thantigatedex situ

A. Enhancement of Jy using ultrathin Cu underlayers

B. Enhancement of Jx and Tz by heat treatment
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In the case of a SV with a Ni—Fe 20 A single underlayer,
havingH,, of 0.8 kOe without heat treatmertt,., was en- e e
hanced up to 1.0 kOe using the heat treatment at 110°C in 1 38 40 42 44 46 48
h. FurthermoreH,, was enhanced up to 1.3 kOe using the 20 (deg.) [Cu-Ka]

heat treatment at 180°C in 20 mm' The .Vah’Je 9 FIG. 4. () X-ray reflective profiles andb) conventional 626 scanned
=1.3kOe corresponds to 0.39 ergfcim J,, which is com-  xrp profiles for SVs with a Ni—Fe 20 A single underlayer, with and with-
parable to values found in ordered AF/F layers, such asut the heat treatmeiit80 °C in 20 min in a vacuum.

NiMn/Ni—Fe (Ref. 15 and PtMn/Co(Ref. 16.

In the case of a SV with Cu 10 A/Co-Fe 10 A dual heating a Mn—Ir film in a vacuum, and resulted in the en-
underlayer, the heat treatment at 110 ACLih enhance#l,,  hancement oH., andTg. As for surface changes, atoms in
up to 1.28 kOe. This value is larger than that for the SV withthe very surface of a Mn—Ir film may evaporate when heated
a 20 A thick Ni—Fe single underlayer under the same heain high vacuum pressure, and thus the surface composition or
treatment. It means that the enhancemerti gfusing thein ~ the surface morphology of a Mn—Ir film may be mainly
situ heat treatment and using an ultrathin Cu underlayechanged.
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Figure 3 shows the dependencekbf. of a SV with a V. S. Speriosu, B. A. Gurney, D. R. Wilhoit, and L. B. Brown, Proceed-
g ep fx S ings of the INTERMAG'96 Conference, Seattle, Washington, 1996; H.

N?_Fe 20 _A single underlayer on measgring te_mperature Berg, W. Clemens, G. Gieres, G. Rupp, W. Schelter, and M. Vieth, IEEE

with and without the heat treatme(it80 °C in 20 min in a Trans. Magn32, 4624(1996.

vacuum. One can clearly find the enhancement gffrom ?J. L. Leal and (M HéKryder, J. Appl. Phy83, 3720(1998; IEEE Trans.

N 0 N o . Magn. 35, 800 (1999.

29|O CdtO 32|5 C aI]ter thGI;] Slt.u hea];t tr(;atment. - 3Y. Huai, J. Zhang, G. W. Anderson, P. Rana, S. Funada, C.-Y. Hung, M.

n order to clarify the mechanism of enhancementtigf Zhao, and S. Tran, J. Appl. Phy8S, 5528(1999.

and Tg using thein situ heat treatment, a microstructural “M. Mao, S. Funada, C.-Y. Hung, T. Schneider, M. Miller, H.-C. Tong, C.

analysis was carried out with XRICu Ka source. Figure ~ _Qian, and L. Miloslavsky, IEEE Trans. Mag85, 3913(1999.

4(a) shows x-ray reflective profiles @=0°-10°) for the J. Driel, R. Coehoorn, K.-M. H. Lenssen, A. E. T. Kuiper, and F. R. Boer,
. . i J. Appl. Phys 85, 5522 (1999.

SVs Wlth_ and without the heat tr_eatment._ Remarkable differ-s\. pakala, Y. Huai, G. Anderson, and L. Miloslavsky, J. Appl. PI8.

ences within the accuracy of this experiment were not rec- 6653(2000.

ognized in the two profiles, meaning that no significant GZ-OOA”dEfSO”' Y. Huai, and L. Miloslavsky, J. Appl. Phy87, 6989

changes occurred in the interfacial roughness and the thickg(E F?léomer and S. H. Charao, J. Appl. Ph48, 4190(1972

ness of the Mn-Ir film. Figure ) shows conventional 9k Nishioka, C. Hou, H. Fujiwara, and R. D. Metzger, J. Appl. P8@.

6—20 scanned XRD profiles for the same SVs. The peaks 4528(1996.

around 2=41°—42° and 43°—45° correspond to the diffrac- 10K . Nishioka, S. Shigematsu, T. Imagawa, and S. Narishige, J. Appl. Phys.

. . 83, 3233(1998.

tion fr'om Mn—Ir (112) and.(lll) of other fcc materlals', re- R, Nakatani, K. Hoshino, S. Noguchi, and Y. Sugita, Jpn. J. Appl. Phys.,

spectively. Remarkable differences were not recognized ei- part 133, 133(1994.

ther between the two profiles. In order to examine the”K.-M. H. Lenssen, A. E. M. Veirman, and J. J. T. M. Donkers, J. Appl.
; ; _IrE Phys.81, 4915(1997.

formatlon of ordered phase in Mn—Ir f|Ims, known as Mn 133.-C. Ro, Y.-S. Choi, S.-J. Suh, and H.-J. Lee, IEEE Trans. Magn.

in-plane XRD measurement was carried out for the same 3925(1999.

SVs using a grazing incidence angle XRD. Although a supef*M. Takahashi, M. Tsunoda, and K. Uneyama, J. Magn. Magn. M20S).

lattice diffraction from Mn—Ir(110 was expected, only a 65 (2000.

. . 15 H
fundamental diffraction from Mn—I1(220) was detected. ;5;'5”('1%5;5&‘”9’ R.E. Fontana, and J. K. Howard, IEEE Trans. Magn.

In ConC|USi0n,. some structural Chlanges in the very sursey sajto, v. Kakihara, T. Watanabe, and N. Hasegawa, J. Magn. Soc. Jpn.
face of a Mn—Ir film, undetectable with XRD, occurred by 21, 505(1997.

Downloaded 28 Oct 2008 to 130.34.135.83. Redistribution subject to AIP license or copyright; see http://jap.aip.org/jap/copyright.jsp



