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Ru,Cr,_,/Ta underlayer for Co-alloy perpendicular magnetic recording
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The effects of the RiCr;_,/Ta underlayer on the microstructural and magnetic properties of
CoCrPtB perpendicular films were investigated. The hcpdRu , (0002 texture was observed to
grow perpendicular to the film plane with narrow rocking curves of 2°—3°. High-resolution
transmission electron microscopy indicated epitaxial growth of the CoCrPtB on top of the
RuCr,_,/Ta underlayer. In-plane x-ray diffraction scans indicate that as the Cr atomic composition
increases in the RCr; _, underlayer, thea-lattice parameter was found to contract more closely

matching the CoCrPtR-lattice parameteimeasured with (11@)]. In addition, the rocking curves
for the CoCrPtB(0002-texture induced by thé0002 textured RyCr, _, buffer showed narrowing
peaks (4.5°—3.5°) as the Cr concentration increased from 0% to 4092002 American Institute
of Physics. [DOI: 10.1063/1.1447498

I. INTRODUCTION mTorr for the CoCrPtB. Substrate temperature for the film
growth was kept at 280 °C by a resistive heater. Crystallo-
graphic orientations of the thin films were studied by a Phil-
ips X'Pert x-ray diffractometeXRD) with Cu Ka radia-

tion. The microstructures of the thin films were investigated
by a Philips EM 420T transmission electron microscope

ach|eve thin Co-alloy quers with - good p(_arp_endlculgr(TEM)_ The magnetic properties were measured by a vibrat-
anisotropy’ Underlayers with hcp structures, principally Ti, .
ing sample magnetomet€vVSM).

have been demonstrated as a means to enhance the growth
hcp Co(0002 texture®* Often an amorphous-like transition
region forms due to a high elastic strain energy in the initial
growth of the Co alloy induced by a largelattice mismatch lll. RESULTS AND DISCUSSION

between the underlayer and Co alfolgu underlayers grown The symmetric 26 XRD spectra of the RiCr,_,/Ta

on freshly cleaved mica substrates by electron-beam evapgitms are shown in Fig. 1. For all Cr compositions a domi-
ration is shown to grow epitaxially Co@0002 with narrow  nant (0002 and (0004 peaks are observed. As the Cr con-
rocking curves. Transmission electron microscogfEM)  centration increases there is a steady shift of both peaks to
image of CoCgPty grown on a CoGiRU,s/TiCryg under-  higher 29 values. The broad peak occurring at 34° is due to
layer was shown to provide a good epitaxially mat¢h.this  the Ta underlayer. The angular dispersion of the Ry,

study RyCry_,/Ta underlayers grown on amorphous and the CoCrPtB0002 orientations were investigated by
Si/SiO, substrates and the effects on the microstructural and

magnetic properties of CoCrPtB perpendicular films were
investigated. Cr is added to Ru to further reducedHattice ] (0002)
parameter to provide a better lattice match with the CoCrPtB 1

and enhance th@002 texture.

Perpendicular magnetic recording has the potential t
achieve recording densities well beyond 100 Gb/areal
density! Underlayers to enhance the Q0002 texture
growth perpendicular to the film plane are required to

100000 - .

Il. EXPERIMENT (0004)

The CoCrPtB and RiCr, _, films were deposited by a
dc magnetron sputtering system with base pressure of &
%10 ° Torr. The RyCr,_, underlayers were cosputtered
from pure Ru and Cr targets. The CoCrPtB films were de-
posited directly from an alloy target. The substrates were 3
in. Si wafer coated with 100 nm thermally grown amorphous
SiO, layer. The sputter power density of the CoCrPtB, Ta,
Ru, and Cr targets was between 14 and 2 W/cfihe sput- 100
tering Ar pressure was 3 mTorr for the |&r, ,/Ta and 5

tensity

10000

In

1000

FIG. 1. 26/6 XRD scans of RyCr; _, 50 nm/Ta 5 nm witlX=100%, 70%,
dElectronic mail: kurt.w.wierman@seagate.com and 50%.
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5 L e e e R S TABLE |. The lattice parameters af andc axes as well as/a ratio for
[ 1 RuCn
X=% aA) c(A) cla
4 100 2.704 4.286 1.585
90 2.704 4.277 1.582
80 2.698 4.271 1.583
70 2.694 4.263 1.583
= 3 60 2.689 4.263 1.586
g 50 2.684 4.263 1.588
s
=
ey
1 cell was calculated from th@004 peak position in the @6
; : : : ] scan. The values of tha and c-axis lattice parameters as
L i| —e— Ru(0002) - RuCK(50nm)/Ta(sNm) § well asc/a ratio of the RyCr; _, films are listed in Table I.
1 [ ff T Ru@002) - CoCrPIB(SNMRCr, (10nmTa(snm) - .- 7 The decrease of the andc lattice is nearly linear and main-
I i —&— Co(0002) - CoCrPIB(SONM)RYCr, (10nm)/Ta(snm) | tains ac/a ratio near 1.58.
4 VSM measurements on the=100%, 80%, and 60%
T T T I were done on the same samples sent for TEM analysis. The
0 normalized perpendicular hysteresis loops show a decrease
100 0 80 70 60 in coericivity (H.) with increasing Cr, see Fig. 4. However,
X (%) measurements with the field applied in the plane of the

sample showed all three samples saturatidg &) near 8.5
kOe. The magnetic moment was measured at 509, 501, and
476 emu/cr for x=100%, 80%, and 60% respectively. The
Cr diffusion from the underlayer into the Co alloy has been
rocking curves. The full width at half maximutFWHM)  reported for longitudinal mediaand is expected to be the
results from these rocking curve scans are graphed in Fig. 2ause of the decrease k. in these materials.
It can be seen that both Ror,_, and CoCrPtB FWHMs High-resolution cross-sectional transmission electron
steadily decrease with the addition of Cr. The CoCrPtB filmsmicrograph(TEM) images show distinct RCr,/CoCrPtB
have rocking curves FWHM that match the,Ru, _, under-  (x=100%), 80%, and 60%interface with continuity of the
layer FWHM indicated that heteroepitaxial growth of the (0002 plane stacking over extensive region. Figure 5 shows
CoCrPtB is occurring. a representative image for=60%. No initial amorphous
The a-axis lattice parameter can be calculated using indike transition regions are seen in any of the images. The Ta
plane scans of the (103, see Fig. 3. The CoCrPtB main- layer contains small1-2 nm) randomly oriented body-
tained a constan@-axis length of 2.552 A while the centered-tetragonal crystallites. Columnar,®4_, grains
Ru,Cr,_, show a shift to smallea-axis lattice parameter are visible originating at the Ta interface. Columnar grain
with increasing Cr. The lattice misfit between CoCrPtB anddiameters are 12—15 nm. Continuity of the (DQ1llattice
Ru,Cr; _, improves from 7.3% to 5.2% as the Ru composi-planes across the CoCrPtB/f&r; _, interface are seen in
tion goes from 100% to 60%. The-axis length of the unit

FIG. 2. Angular dispersion 0f0002 Ru and Co peaks for RGr;_, (50
nm)/Ta (5 nm) and CoCrPtB (50 nm)/R€r; _, (10 nm/Ta (5 nm).
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FIG. 3. In-plane XRD scans of CoCrPtB (50 nm)/Ru, _, (10 nm/Ta (5 FIG. 4. Cross-sectional TEM image of Ta CoCrPtB (50 nm)y/&x, 4 (10
nm) for X=100%, 80%, and 60%. nm)/Ta (5 nm sample.
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FIG. 5. Perpendicular VSM hysteresis loops of CoCrPtB (50 nm)CRuU
(10 nm/Ta (5 nm) for X=100%, 80%, and 60%.
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IV. CONCLUSION

Adding up to 40% of Cr to the R€r; _,/Ta underlayers
has been shown to reduce the angular dispersion in the
(0002 texture. Heteroepitaxial growth of CoCrPtB layers as
then successfully achieved on the Ta/Ry_, seed layer
The heteroepitaxial relationships have been confirmed by
XRD and TEM. Improved:-axis anglar dispersion ¢6002
CoCrPtB magnetic layers was observed as the Cr concentra-
tion was increased from 0% to 40%. Stacking faults were
observed in the hcp CoCrPtB thin films deposited onto all
RuCr; _, underlayers.
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