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Effects of layer thickness on orientation distribution and magnetic
properties of CoCrTa/Cr films

Z.S. Shan?
HMT Technology Corporation, 1055 Page Avenue, Fremont, California 94538

H. Zeng
Center for Materials Research and Analysis, University of Nebraska, Lincoln, Nebraska 68388

C. X. Zhu, M. Azarisooreh, and K. Honardoost
HMT Technology Corporation, 1055 Page Avenue, Fremont, California 94538

Y. Liu and D. J. Sellmyer
Center for Materials Research and Analysis, University of Nebraska, Lincoln, Nebraska 68588

Evolution of orientation distribution of G&10 crystal planes was determined by x-ray rocking
curves. It has been found th&t) The full-width at half maximumW of the Cd110) rocking curve
decreases with both increasing Cr underlayer thickdgssand increasing CoCrTa magnetic layer
thicknessdc,, especially in the thin layer regiméii) For the thind, regime, the interlayer
diffusion between the Cr underlayer and the magnetic layer affects the rocking curves and magnetic
properties significantly(iii) Film magnetic properties, e.g., a significant jump in coercivity with
increasing magnetic layer thickness in the ttiify regime may be related in part to the evolution of

the Cd110 orientation distribution. ©1999 American Institute of Physics.
[S0021-897€09)60608-9

I. INTRODUCTION a vibrating sample magnetomet&SM). Structural proper-
Sputtered CoCrMM =Ta, Pt, etd. films with Cr under- ties were studied by x-ray diffraction with a ®wx target.

layer (CoCrM/Cn are the predominant longitudinal record-
ing media today. It is well known that the Cr underlayer is
extremely important for controlling the microstructure of the
magnetic layer, including such features as the(1Q6)/ A. Effects of layer thickness and interface on
Cr(002) texturel™® grain size, and the intergrain orientation of Co (110) planes

interaction™® and therefore the magnetic properties of films. In order to understand the details of the(CH)/Cr(002)
Furthermore, since the magnetic layer thickness of films igexture, it is necessary to investigate the orientation distribu-
getting thinner with increasing recording denﬁimudigs 0N tion of Ca110) crystal planes. The conventional x-réy-26
the correlation between microstructure and magnetic propeksan only offers information on crystal planes parallel to the
ties for very thin film media is of crucial importance in sur- fjjm surface, while the x-ray rocking curve can provide an
veying the future ultrahigh-density-recording media. How-qrientation distribution pattern of Cb10) crystal planes.
ever, to our knowledge, thus far rather few works have been  Eyolution of the orientation distribution of Cb10) crys-
published to investigate these aspécts. tal planes as a function of Cr underlayer thicknes is

In this work, the orientation distribution of €10  shown in Fig. 1. For the film without Cr underlayer, no
crystal planes of the magnetic layer is studied by x-ray VOCkCo(ll()) peak is observable in the rocking curve. The full
ing curves,®which helps us to understand the evolution of igth at half maximum of the rocking curve narrows with
the Cd110/Cr(002) texture as a function of the Cr under- increasingdc, and the Cr layer thickness effect Wis plot-
layer and the magnetic layer thickness, and the correlatiogyq in Fig. 2a). It is well known that the existence of a thin
between microstructure and magnetic properties of the thig, underlayesay 75 A is a necessary condition to epitaxi-

lll. RESULTS AND DISCUSSION

film media. ally grow the C¢110/Cr(002 texture. Figures 1 and(&
show that not only is the Q@10 plane intensity, but also its
Il. EXPERIMENTS orientation are improved by increasing the Cr underlayer

, . . thicknessdc,, especially in the case of very thit,.
CoCrTa/Cr films were deposited on the NiP/Al substrate  g,1ytion of the orientation distribution of Cb10) crys-

by dc magnetron sputtering. Two series of films were pre, planes as a function of the magnetic layer thickribsss
pared: series A with Cr underlayer thickneks varied from  ¢pon in Fig. 3. Asdg, increases from 93 to 823 AN

0to 805 A and CoCrTa magnetic layer thicknegs fixed at  jocreases accordingly, which indicates that the(100

300 A; and series B with a fixedc,=350 A anddc, varied planes are becoming more parallel to the film surface as the
from 46 to 823 A. Magnetic properties were characterized b%agnetic layer becomes thicker. THévalue increases ap-
preciably with decreasingc, from 186 to 93 A[see Fig.
3E|ectronic mail: ZhengshengShan@HMTT.COM 2(b)], i.e., there are more out-of-plane @&0 components
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FIG. 1. X-ray rocking curves of Qa10) crystal planes as a function of Cr FIG. 3. X-ray rocking curves of Q@10 crystal planes as a function of
underlayer thicknesga) de,=75A, (b) de,=158 A, (0) de,=300A, and ~ magnetic layer thickness$a) dc,=93 A, (b) de,=186 A, (¢) dc,=248 A,
(d) dg,=805 A (The rocking curves were taken in the circumferential direc- and(d) dc,=823 A.

tion on the disk films hereafter.

and composition inhomogeneity because more Cr atoms dif-
as dc, decreases. This behavior is related to the interfacduse along the grain boundari€sFigure 4 shows the mag-
effect in the thindc, case. netic layer thickness effect on magnetization for our films.

Because of the atomic interdiffusion between Cr and Co/Ve found that the magnetization decreases significantly in

alloy magnetic layers, the interface region of the magnetidhe thin d¢, regime [Fig. 4@)] and the so-called “dead
layer is enriched with Cr atoms, which causes lattice straifayer” 2 thickness is 23 AFig. 4(b)]. This implies that the

interface region may extend to a significant thickness of the

magnetic layer if it is weakly magnetic. The thinner thg,,
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FIG. 2. A summary ofV andA as a function of Cr underlayer thickness FIG. 4. Saturation magnetization of Co alloy laydr., as a function of
and magnetic layer thicknegb). magnetic layer thicknesd, (8) andM¢, vs 1Hc, (b).
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Figure 8b) shows the magnetic-layer-thickness depen-
dence of coercivity. For thin magnetic layekd, increases
o ] dramatically from 460 to 2600 Oe ak., increases from 46
to 186 A. This feature may be connected in part with the
evolution of the orientation distribution of Cbl0) planes as
shown in Figs. &) and 3. It is clearly seen in Fig(B), that
(a) W decreasefA increasepsignificantly in thisdg, range. The
\ slight decrease iRl asdc, varies from 248 to 823 A may be
° o ” o o e related to the increase of the intergrain interaction with in-
A creasingdc,.
Besides texture, coercivity behavior is affected by many
/ I other parameters such as intergrain interaction, anisotropy,
00 / ~— grain volume, magnetization, et¢.and all these parameters

Coercivity H, (Oe)

Cr underlayer thickness d, (

change their characteristics with changihg andd¢,, es-
- pecially in the thin layer region. As an Example Fig. 4 shows
/ the magnetic-layer-thickness effect on magnetization.
(b In summary, not only the intensity of the Qd0
o - planes, but also its angular distribution is improved with in-
creasing layer thickness dg, andd¢,, especially in the thin
Magnetic Layer-thickness d, (A) layer region. For thirdg, films, the interfacial magnetism is
FIG. 5. CoercivityH, as a function of Cr underlayer thickne&s, andH of |mportarjce m. affecting the magnetic properties. The faCt
as a function of magnetic layer thickneds. that the orientation of the Gd10) planes and the magnetic
moment are more scattered in the thin magnetic layer region

is an important concern in the design of future ultrahigh-
the stronger the effect of the interface on the perfection otiensity recording media.

the Cd110/Cr(002 texture and the magnetic properties.

The interface does have the @&0/Cr(002) texture, but it is

less perfect than that of the interior of the magnetic layer.
The areaA under the rocking curvésee Figs. 1 and)3s The authors would like to thank H. Su for film prepara-

associated with the preferred orientation of(Ct0) planes tion, D. Stafford for VSM and x-ray diffraction measure-

and the grain size. In generdl tends to increase as the grain ments, and Dr. S. Malhotra for assistance and helpful discus-

size or the preferred orientation of the @0 planes in- sions. This work at the University of Nebraska was

creases. The decrease of the grain giz@lume together supported by NSF/DMR-9623992, NSIC, and CMRA.
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