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FeAl underlayers for CoCrPt thin film longitudinal media
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B2 ordered FeAl films with a small, uniform grain size have been produced by rf diode sputter
deposition on glass substrates. CoCrPt films grown on FeAl underlayers were found to have
the (1010) lamellar texture. The in-plane coercivitiebl{) of the CoCrPt/FeAl films are compar-

able to those of the CoCrPt/Cr films and they can be further improved by inserting a thin Cr
intermediate layer between the CoCrPt and the FeAl layers. By employing a MgO seed layer or a
(002 textured Cr seed layer001) textured FeAl can be obtained. However, tt@91) FeAl
underlayer only induces a wedk120) textured CoCrPt. Thus no improvementhh, over those
produced on unseeded FeAl underlayers was observedl99 American Institute of Physics.
[S0021-897€07)36308-1

Although 30 years has passed since Cr was first used asg in a three-target sputtering system. Multilayered films
an underlayet, with only a few modifications it is still were deposited sequentially without venting the chamber.
widely used for Co based alloy longitudinal thin film media. The base pressure wax %0~/ Torr or better. All sputtering
One of the important reasons for the popularity of Cr is itswas performed at room temperature using 3-in.-diam targets
capability of promoting in-plane-axis texture in the over- at a fixed ac power of 100 W2.3 W/cnf) and an Ar gas
lying Co alloy thin films via grain to grain epitaxy. The pressure of 10 mTorr. The target to substrate distance was
epitaxial relationships between Co and Cr which are usefut-1.2 in. All substrates used were 1 in. square, smoogm-
for_longitudinal media were found to t(e_lZJ)CCM(OOJ_)C“z textured Corning 7059 glass. Substrates were cleaned twice
(101_1)CJ|(01])C“3 and (1010)cd|(112)Cr-4 However, this in three separate ultrasonic baths of acetone, 2-propanol and
ability to provide an epitaxy template is not unique to the Crde-ionized water. The sputtering rates were CoCrPt: 13.3
underlayer. A new group of underlayers with the &sCl-  hm/min, FeAl: 11.4 nm/min, Cr: 13 nm/min, and MgO:4
type) ordered crystal structure has attracted considerable afm/min.
tention lately>® The B2 ordered intermetallic phase NiAl The in-plane magnetic properties of the films were mea-
with a lattice constant similar to that of the bcc (r887 A sured by vibrating sample magnetometSM) with fields
vs 2.884 A has been shown to be a promising underlayer
due to its small, uniform grain size and its ability to induce
useful crystallographic textures in the Co based alloy thin
films. There are many other B2 phases with similar lattice
parameters which may be useful as underlayers in magnetic
recording media which have not yet been discussed.

The Fe—Al equilibrium phase diagrdrshows that the
B2 ordered FeAl exists as a single phase over the composi-
tion range extending from 34 te-50 at. % Al. Bulk FeAl
phase with the B2 crystal structure has a lattice constant of
2.907 A® which is in the proper range to induce epitaxial
growth of Co alloys. It has recently been reported by Wang
et al® that a(1120) textured Co film can be obtained by slow
vapor deposition, in ultrahigh vacuum, onto an F&B01)
single crystal. Although Wanet al. did not study the epi-
taxy of Co with FeAl single crystal substrates of other ori-
entations, we have found that polycrystalline B2 FeAl is a
potential candidate for media underlayers in this and other
orientations.

This study investigates sputter deposited FeAl films as
underlayers for CoCrPt thin films. Seed layer and intermedi-
ate layer schemes previously used by the aufH8r® im-
prove the B2 NiAl underlayers have also been investigated

for the '_:eAI _und?rlayers- ) FIG. 1. (8 TEM bright field image andb) the corresponding electron
All films in this study were prepared by rf diode sputter- diffraction pattern of a 100 nm FeAl film.
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FIG. 4. In-plane coercivities of 40 nm CoCrPt films on various thicknesses

FIG. 2. Comparison of in-plane coercivitie {) of 40 nm CoCrPt films on . ) . .
of FeAl underlayers with and without 2.5 nm Cr intermediate layers.

FeAl and Cr underlayers of various thicknesses.

up to 10 kOe. Film structures and compositions were charpyt unlike the CoCrPt/Cr films which have a very stétp
acterized by transmission electron microscdi¥{M) and  increase in the thin Cr region which then levels off. Tg
x-ray diffractometry using CKK,, radiation and inductively of the CoCrPt/FeAl exceeds that of the CoCrPt/Cr as the
coupled plasmalCP) atomic emission spectroscopy. underlayer becomes thicker thar¥5 nm. Figure 3 plots the

ICP analysis showed that the FeAl film had a composix.ray diffraction spectra of CoCrR#0 nm films on FeAl
tion of 48 at. % Al and 52 at. % Fe, and the CoCrPt film hadunder|ayers of 50' 100, and 200 nm thick. T(I']E_Z) FeAl
a CompOSition Of 785 at. % CO, 9 at. % Cr, and 125 at. % Ptpeak becomes more pronounced as the FeA' thickness in_
Figure 1 shows the TEM bright field micrograph and thecreases. The insert is a portion of a slow x-ray scan of the
electron diffraction pattern of a 100-nm-thick FeAl film on a fjjm with a 100 nm FeAl underlayer to bring up th{g12
glass substrate. The grain size of the film shown in Fig. 1 ifbeak. All spectra havél010) peaks which are indicative of
estimated to be-15 nm which is similar to that of a B2 NiAl the in_p|anec_axis texture of the CoCrPt films. Tr(&olo)
film and smaller than that of a Cr film. The indexed electronpeak intensity increases as t(‘]H_Z) peak becomes stronger_
diffraction pattern is consistent with that of a B2 structure.Fyrthermore, we have found that when the CoCrPt/FeAl film
This FeAl film is ferromagnetic with low magnetic moment g epitaxially grown on 4110] MgO single crystal, the film
and coercivity(Ms~17 emu/cc andi.<2 08, which inter-  has only a strong1010)/(112) texture. This leads us to be-
feres with theM-H |00p of the CoCrPt film. The lattice lieve that the(lolo) CoCrPt is epitaxia"y grown on the
constant of the FeAl determined from x-ray diffraction of a (112 FeAl. This epitaxy also occurs in a similarly deposited
thick film was found to be 0.290 nm, which is Sl|ght|y |arger CoCrPt/NiAl film but does not appear in the CoCrPt/Cr
than the 0.288 nm of Cr or NiAl. Figure 2 compares thefjm.® Both the H. value and the(1010) diffraction peak
VSM measured in-plane coercivities of the CoCrPt/FeAl andntensity of the CoCrPt film increase as the FeAl underlayer
the CoCrPt/Cr films of various underlayer thicknesses. It ishjckness increases. Although the results reported here are
found that the in-planeH. increases progressively as the from films deposited on smooth glass substrates, we have
underlayer thickens for the CoCrPt/FeAl films. This gradualg|so fabricated a few CoCrPt/FeAl films on smooth NiP/Al
increase ofH is similar to that of the COCrPYNIAI filnfs  gypstrates and they have shown very similar crystallographic
textures and coercivities.

When a thin intermediate layer of Cr is inserted between
the CoCrPt layer and the FeAl layer, the in-plane coercivity
becomes significantly higher. Figure 4 plots the in-plane co-
ercivity of the CoCrPt40 nm film versus its FeAl under-

A layer thickness for films with and without a 2.5 nm Cr inter-
3001 R ] mediate layer. More than a 500 Oe increasédinis found

I = M for films with the Cr intermediate layers. Our x-ray diffrac-
< . . .
= MM tion studies do not show detectable changes in the crystallo-
d graphic textures of the CoCrPt/FeAl films with the addition

m 0 nm | of the Cr intermediate layer.
i L Since we found that, unlike for Cr films, substrate heat-

0 40 50 60 70 80 ing (ranging from 200 to 300 °Cduring the deposition was
not able to induce &001) texture in the FeAl films, seed
layers were investigated. Boil©002) textured Cr and MgO

FIG. 3. X-ray diffraction spectra of 40 nm CoCrPt films on 50-, 100-, and ; ; _ ; _
200-nm-thick FeAl underlayers on smooth glass substrates. The inset is %eed Iayers were studied. Flgure o ShOWS_ the x ray diffrac
portion of a slow x-ray scan of the film with a 100 nm FeAl underlayer to 10N spectra of two 40-nm-thick CoCrPt films on 100 nm

show the(112) peak. FeAl films with and withotta 5 nm Crseed layer deposited
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FIG. 5. X-ray diffraction spectra of two CoCrR#0 nm/FeAl(100 nm) FIG. 6. X-ray diffraction spectrum of a CoCrRt0 nm/FeAl (100 nm film
films on glass substrates with and with@5 nm Crseed layer. Both films  on an 8-nm-thick MgO seed layer on a glass substrate.
were deposited with 250 °C substrate preheating.

. ] ) corded magnetization to the soft-magnetic underlayer. In our
prior to the Fe:AI.. In order to mdu_ce(@OZ) texture in the Cr case, the Cr intermediate layer can be a good buffer layer
but to have similar temperature induce growth effects, bothyith the extra benefit of increase in the coercivity of the
films were deposited with a 250 °C preheating step. Thenedia. On the other hand, the soft magnetic FeAl underlay-
x-ray spectra are also labeled with their in-plane coercivitiesg g may also be used to avoid saturation of the magnetore
The figure shows that heating alone cannot induce@4)  gjstanceMR) reading elements by shunting a portion of the
FeAl texture while the Cr seed layer can. Figure 6 is an X-TaYnagnetic flux* However, further investigation of the re-
scan of a CoCrPt40 nm/FeAl (100 nm film on an 8-nm-  ¢oding properties is necessary to elucidate this.
thick MgO seed layer wh_|ch was deposited without heating  This work is sponsored by the Department of Energy
onto a glass substrate. It is observed that the_ MgO segd 'ayﬁf)OE-FGOZ—QO—ER454a3 The facilities used in this study
can induce a strongef001) lamellar texture in FeAl fim 5.0 supported in part by the DSSC of CMU under a grant
than can the Cr seed layer. However, (081) FeAl under-  fom the NSFHECD-89-07068 We also thank Yuichiro Na-
layer suppresses thd010) texture in the CoCrPt.ﬂIm qnd kamura of the Japan Energy Corporation for supplying the
only promotes a weakl120) texture. Thus there is no im- pegp| alloy target.
provement in the in-plane coercivity over those produced on
unseeded and unheated FeAl underlayers. ) )
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