Effect of target processing on CoCrPtTa thin-film media
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The ensuing paper summarizes an investigation on the effect of target microstructural
morphology on resultant sputter deposited media magnetic performance. Significant
differences in media magnetic coercivity were obtained from Co—-Cr—Pt-Ta targets
possessing the same chemistry, sputtered under identical conditions, but possessing
different microstructural phase and crystallographic texture characteristics. This result
was most likely caused by the difference in sputter yields for the Ta-containing phases
in the two distinct target microstructures. Results support enhanced chromium
segregation yielding a decrease in the intergranuler exchange energy field for the
deposited thin films.

[. INTRODUCTION form, the Co matrix is allotropic and exhibits both FCC
Magnetron sputter processing has long been the domfind HCP crystallographies. Other phases formed via the

nant technique for recording media production based ifddition of elements such as Ta, B, Nb, and W are more
terms of film quality and cost effectiveness. In pursuit of ©©MPIeX with significantly reduced packing densities.
improved recording performance, scientists have sougtft'yStallite grain sizes of the various phases can vary

to understand the role of process environment on typicdf®m submicron to several hundred microns. Depending
magnetic thin film structures. While many reports have®" the target material-processing route selected, a variety

revealed important effects of vacuum level and micro-Of crystallographic textures, different for the different

contaminatiori-2 the role of sputter target microstructure PNases, can be obtained. Therefore, for a given compo-
has been largely ignored. Over the past several yearsition, distinct material processing routes can promote
empirical observations by the authors have revealed th&ofound microstructural and property differences in the

the microstructure and processing of target materials cafgsultant target product. This paper describes a brief sys-
noticeably impact the properties of resultant thin-film €mMatic study on revealing possible effects of target ma-

media. The multitude of interrelated factors involved int€rial microstructure and processing on subsequent media

the physical vapor deposition (PVD) formation of mediaP€rformance and properties for CoCrPtTa alloys.

storage devices renders decoupling the target/media

property and process effects rather complex. These fac-

tors i_nclude the foIIowing: (i) the depende_nce of a_tomic“_ EXPERIMENT

ejection on target material phase(s) packing density and i i

crystallography: (ii) the relatively small mean free path _Media samples were produced using an Intevac MDP

of ejected atoms compared with the deposition distanc€20-B magnetron-sputtering tool. Simple CoCrPtTa/CrV

at current operative pressures; (i) the prevalence Opllay(_ers on NiP/Al substrates with cwcumferentlal me-

complex shaped target erosion grooves:; (iv) the relativéhanical textureR, [12 nm) were formed with appropri-

geometries of the magnetron, target, and media syster@t® CrV composition for lattice matph|r?gTh|s was done

The manifestation and magnitude of the target/media ef? an effort to eliminate all mitigating effects on media

fects can vary considerably on the basis of the appncaperformance other_than the associated magn_etlps of the

tion, sputter process tool, and alloy set utilized. m_vestlgated materlals. The process was o_ptlmlzed for
CoCrPt(Ta,B,Nb,W,X) alloys are thermodynamically blcrystgl medid, and x-ray diffraction conflrmed the

constrained to exhibit complex multiphasic microstruc-crystallite texture to be (11.0)//(200). Magnetic and elec-

tures depending on the specific composition. In pulktrical data was collected with a vibrating-sample magn-
etometer (VSM) and Guzik 1701MP spinstand,

respectively. Microstructural analysis was conducted
Ypresent address: Seagate RMO, Fremont, CA 94538. with a scanning electron microscope fitted with back-
PPresent address: Hambrecht & Quist, San Francisco, CA 9410&cattered electron imaging (SEM-BEI), and composi-

J. Mater. Res., Vol. 15, No. 12, Dec 2000 © 2000 Materials Research Society 2811

http://journals.cambridge.org Downloaded: 18 Mar 2015 |P address: 203.64.11.45



http://journals.cambridge.org

S.D. Harkness et al.: Effect of target processing on CoCrPtTa thin-film media

tional analysis was performed using a combination oftional and SCP CoCrPtTa targets are presented. Table |
Rutherford backscatter (RBS) and particle-induced x-rayontains a summary of the compositional data and clearly
emission (PIXE) techniques. demonstrates a measurable and significant increase in Pt
To assess and understand the effect of target micror Ta concentration in the films manufactured using SCP
structural morphology on media performance, two distarget product. It is intractable to separate Pt from Ta
tinctly different fabrication routes were used in the confidently in these measurements, but the SCP process
manufacture of the CoCrPtTa targets. The first fabricadoes not alter the Pt distribution in the target microstruc-
tion route employed, conventional in the data storageure and would, therefore, not be expected to yield a
target industry, yielded a target microstructure consistingignificantly different Pt level in the film. The Ta enrich-
of an orthorhombic CoCrTa second-phase discontinument is most likely a result of the difference in sputter
ously dispersed in a CoCrPtTa matrix phase. Figure Yields for Ta between the two different target micro-
shows a SEM-BEI image of the conventionally fabri- structures evaluated. Three main microstructural distinc-
cated target microstructure depicting the presence of #ons render more elementally sputtered Ta in the case of
CoCrTa phase distributed in the CoCrPtTa matrix. Thehe SCP targets: (i) a more refined grain and phase mor-
matrix phase is allotropic possessing both FCC and HCBhology; (i) dominance of a close packed crystallo-
grains. The second fabrication route employed (referredraphic texture with respect to the target sputter surface;
to by the trade name SCP) yielded targets with a signifi{iii) a higher concentration of Ta residing in a close-
cantly refined grain size, a more dominant close packegacked phase.
texture, and a higher packing density Ta-containing Remnant magnetic coercive force (Hcr) versus rem-
phase compared to the conventionally fabricated targetant magnetization times film thickness (Mrt) curves
microstructure. Both sets of targets, conventional andjenerated for both target types using identical sublayer
SCP, had exactly the same bulk chemical compositioprocesses are shown in Fig. 2. An increase of nearly 200
and magnetic permeability to neutralize any compound©e in coercivity is demonstrated for the SCP samples
ing effects of target chemistry and erosion profile geom+elative to the conventional samples at 0.4 memd/cm
etry in the present study. More details on theFurthermore, the peak Hc is also seen to shift to lower
microstructure and properties of the SCP processed taMrt values by 0.15 to 0.20 memu/émThe coercivity
gets will be discussed in a subsequent paper. squarenesss*, is observed to fall from an average of
0.80 for the conventional samples to 0.75 for the SCP
samples. This is the first indication of a change in inter-
IIll. RESULTS AND DISCUSSION granuler exchange field due to the fact that as magneti-
It is hypothesized that the processing applied to the
SCP targets promotes more uniform atomic deposition of
Ta atoms from the target to the substrate, resulting in amABLE |. RBS data on media manufactured using conventional and
increase in chromium segregation, via tantalum enrichS<P targets.
ment in the sputter-deposited film. To support this claim, material Cr Pt Ta  Ta/Pt Ta + Pt
RBS data for media manufactured using both conven- process Co (at. %) (at. %) (at. %) (at. %) (at./cn? x 10'9)

Conventional 78.5 14 37 38 103  1.23(x0.04)
scp 777 14 36 47 130  1.50(0.05)
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FIG. 1. Microstructure of conventionally fabricated CoCrPtTa targetFIG. 2. Hc versus Mrt comparison for magnetic layers fabricated on

product. 18-nm CrV sublayers.
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zation reversal reverts from domain wall motion to a Imwd_|
Stoner—Wolfarth switching mechanistthe coercivity Conventionally Processed

squareness approaches two-thirds (from one) for two-
dimensional random thin films. The magnetization for e
both films is measured to be approximately 410 emul ’

cm®. Mechanical dilution of Ms is expected on the basisg L
of the Ta enrichment; however, it has been noted in thé °1 n @

past that Ta promotes enhancement in the segregatién o
of Cr to the grain boundari€sThe mechanical dilution
balance would then be maintained, and the resultant °
increase in Cr at the grain boundaries would facilitate
exchange decoupling. An alternative hypothesis to ex-
plain the magnetic data heretofore would be larger grain 1 2 a0 P 50 p
size. Provided the grains were sufficiently decoupled and MriHer tnm)

of appropnate Crysta”ograth: texture, the Coerc|v|tyF|G 4. Effect of material processing on sputter-deposited media
would increase with the increasing domain size and Wo0:

the coercivity peak position would shift to lower Mrt

values as fewer grains would be below the super para- SMNR = (w5/2)U"*%)(Blo,) exp(-Um/4) , (1)

magnetic limit. B . o
The magnetic data collected above are compared t her_e.U - (P\.NSO/B) |s_the channel densit is the
ansition spacing, and, is the down track magnetiza-

electrical performance in attempt to separate effects of

grain coarseing from exchange decouplng Fgures 7 e, THe PAreTeer Somerstos & e
and 4 contain parametric plots for signal-to-medium- P P q

noise-ratio (SMNR) and pulse width at half-maximum dependence on the magnetic grain size. The magnetic

: grain size will approach the physical grain dimension
(PWS0), respectively, for both samples groups. Both pav_vhen the intergranuler exchange field interaction has

rameters are plotted as a function of the transition paranbeen sufficiently broken. From this simple relation, the

eter (estimated by Mrt/Hcr in nanometers) in order to ; o o
normalize simple magnetic effects on medium noisereader may infer the relative importance of grain size and

properties. A slight enhancement in SMNR is observeoeXCh""nge interaction on media performance.
for the SCP samples and is attributed to improved tran-
sition sharpness. The results (SMNR and PW50) reinyy. coONCLUSION

force the hypothesis of improved intergranuler exchange . .
B P J d In conclusion, we have demonstrated that processing

field decoupling and not on grain refinement. Smaller : :
grains would indeed decrease noise, but the coercivBl COCTPtTa sputter targets enables improved magnetic

force would be expected to go down if there were noPerformance and simil.a'r to slightly enhanced recording
corresponding change in the intergranuler exchangBerformance. Compositional data confirm a measurable
field. The SMNR relation below is a conversion of tran- "créase in film tantalum composition derived when us-

sition jitter’” and is one of many available models in the N9 the SCP processed targets causing greater chromium
literature: segregation to the grain boundary. This grain boundary

enrichment, in turn, provides greater exchange field de-
2 4 S coupling and magnetocryst_allme anisotropy accounting
luconvemianauypmessed for the magnetic and electrical results provided within.
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