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Evaluation of thickness of initial growth layer in CoCr-based perpendicular
media by perpendicular torquemetry

Shin Saito,® Fumikazu Hoshi, and Migaku Takahashi
Department of Electronic Engineering, Graduate School of Engineering, Tohoku University,
Sendai 980-8579, Japan

Quantitative evaluation of the initial growth layer thickness was performed by using perpendicular
torquemetry. It was clarified thatl) The thickness of the initial growth layer becomes thicker by
the increment of the content of Cr, Ta, or B additional element for CaBrFPa) media. In the case

of CoCr¢PtgB, media, with increasing from O to 8 at. %, the initial growth layer thickness was
increased from 1.5 to 2.2 nm. In the case of C@PTa, media, with increasing from 0 to 4 at. %,

the initial growth layer thickness was increased from 1.5 to 4.8 nm. In the case ofRiHr
media, with increasing from 16 to 24 at. %, the initial growth layer thickness was increased from
1.6 to 2.6 nmy2) In the CoCrPtB medium, the initial growth region is relatively thin, arplane
oriented fine grains with homogeneous columnar structure are realized. On the other hand for the
CoCrPtTa medium, the initial growth region is relatively thick, and the grain size distribution and
surface roughness is large due to selective grain gro@hThe CoCrPtB magnetic film grew
epitaxially on the CoCr/C/Ti underlayer. The perpendicular squareness of CoCrPtB/CoCr/C/Ti
epitaxial medium was improved up to 0.88 and was maintained even fdgthe 30 nm. © 2002
American Institute of Physics[DOI: 10.1063/1.1452270

I. INTRODUCTION The saturated torque coefficient of the two-fold component,

For CoCr-based perpendicular recording media, it haé‘ 29> Was obtained by extrapolatiqg the two-fold coefficient
been pointed out that an initial growth region in a recordingversus 1A curve toH — . By.t‘?""”g. account of th? self-
layer formed on top of an underlayer should be removed- 'Y caused by demagnetizing field, the experimentally

since it behaves as a soft magnetic layer, resulting in th(te)bta“necl total ‘perpendicular magnetic anisotropy of the

. exp
decreases of perpendicular coercivity and squareness of tl){\(’ahOIe film, K", can be expressed as
medium?? However, quantitative evaluation of the depen- — K&P=L53427M2, D

dence of the thickness of thg initial growth layer on magneticFOr perpendicular media composed of the initial layer and
layer and underlayer materials has not been done yet. Herene columnar structure, the following equation can be

we study the effect of the magnetic layer and underlayeF

fefi a5
materials on the thickness of the initial growth layer and Onsat|sf|ed‘? .
the film microstructure in CoCriB, Ta) perpendicular thin KaPX dmag= K™ (dmag— dini) » 2
film media. . .
whered,,gandd;, are the thicknesses of the magnetic layer
and the initial layer, respectively. According to @), with
Il. EXPERIMENTAL PROCEDURE AND ANALYSIS using a linear portion oKX dyyag VS dynag CUrve, K92 can

CoCrPtB and CoCrPtTa perpendicular thin film media
were fabricated by dc magnetron sputtering method on 65 (a) CoCr..Pt.B. media (b) CoCr, Pt Ta, medic
mm diam glass substrates using the so-called ultraclean sput- e e

tering systent.The substrate was heated by quartz lamp and [x10°] ' ' ' ' ' '
the temperature was in the range from 200 to 300 °C. The a0k x= 4 | y= |
sputtering was made under Ar pressure ob61D ! Pa. The =
film thickness of the media is varied from 5 to 50 nm. The ?,"”E 30l //O/o {11l //O/O |
underlayer and the protective layer were Ta with the thick- &8 | //A"ﬁ’A

. . > 6 2
ness of 25 nm, and C with the thickness of 7 nm, respec- &3 , | W |1 //A/“ ]
tively. The film thicknesses were controlled by sputtering Sg- 8
times. The microstructure was examined by the transmission & % [Vﬂ/fl/4u
electron microscopéTEM) method. The saturation magne- < 1.0 171 |
tization and perpendicular magnetic anisotropy were evalu- . . . . .
ated by vibrating sample magnetometer and high sensitive Oo 1020 30 0 10 20 30
torque magnetometer, respectively. The torque curves mea- Thickness, Gnag. (NM) Thickness, drag. ( M)

sured in various fields up to 20 kOe were Fourier analyzed.
FIG. 1. Experimentally obtained perpendicular magnetic anisotrsf,

as a function of magnetic film thickness,,4, for (@) CoCrPB, media
dElectronic mail: ssaito@ecei.tohoku.ac.jp and(b) CoCr¢PgTa, media deposited on a Ta underlayer.
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(a) CoCr,¢Pt,B, media (b) CoCr,¢Pt;Ta, media growth layer plotted against the content wfor y. KPP
X dnag Shows a linear correlation with,,q for various me-

T T T

x
—
=]
=

’€: dia, except for Ta additional media witlh,,5=5 nm. The
= evaluatedd;,; for various media were summarized in Table I.
1ol %o The mediaA, B, C, andD corresponded to the media with

0 2 46 8

X(at%) the B contentx of 0, 4, 6 and 8 at. %, respectively, and the

mediaA, G, andH corresponded to the media with the Ta
contenty of 0, 2, and 4 at. %, respectively. In the case of the
media with B additio{Fig. 2(@)], d;,; increases from 1.5 to
2.2 nm with increasing from 0 to 8 at. %. In the case of
media with Ta additiorfFig. 2(b)], d, also increases from
1.5 to 4.8 nm with increasing from 0 to 4 at. %. It is well

KP % dinag, ( erg/em® x nm )
o
[6)]

1 L 4 1

0 10 2'0 30 0 10 2'0 30 known that B or Ta addition is effective to realize magnetic
Thickness, dinag. (nM) Thickness, dneg. (NM) isolated structure by segregation of a Cr-rich phase in the

grain boundary. However, it was found out that these ele-
FIG. 2. K{PXdnag VS dmgg plot for (a) CoCnePB, media and(b)  ments tended to enhance the formation of initial growth layer

0

CoCrPigTa, media deposited on a Ta underlayer. The insets to Figs. 2 ; : : : :
and 2b) show the thickness of the initial growth layer plotted against theIn these media. Comparing CoCrPtB with CoCrPtTa media,

content ofx or y. with the same additional content of B or Ta, it was found that
the CoCrPtB media has the thinner initial growth layer thick-
ness. We also investigated the initial growth layer thickness

be uniquely determined from the gradient, athg can be for the CoCyPtB, media with various Cr content. As

also determined from the intersection of the extended linghown in Table I, the mediB, E, andF corresponded to the

With the dyaq axis™® media with the Cr contertt of 16, 19, and 24 at. %, respec-
tively. It was found that with increasing the Cr conterfitom
ll. RESULTS AND DISCUSSION 16 to 24 at. %d;, increased from 1.6 to 2.6 nm.
Figures 1a) and Xb) show the experimentally obtained To further investigate the initial growth structure depen-

perpendicular magnetic anisotropgS®, as a function of dence on the additional elements, microstructure observation
magnetic film thicknessdmag for CoCrPtB and CoCrPtTa by the TEM method for the CoCrPtB and CoCrPtTa media

media on a Ta underlayer, respectively. For every mediumere carried out. In Figs.(8) and 3b), bright-field images
KEP gradually decreases with decreasiiig,. This fact in- of plane view and cross-sectional view are shown for the
dicates that nanocrystalline ferromagnetic grains, whose media Ce,Cri¢P%B, and C@gCraoPtgTay with the dyag0f 50
axes are three-dimensional randomly oriented and perpefm, respectively. As seen in the plane view for the CoCrPtB
dicular magnetic anisotropy is fairly low, are formed in the medium in Fig. 8a), magnetic grains enclosed by the Cr-rich
initial growth region of the magnetic layer. Therefore, in or- phase can be clearly observed. In the cross-sectional view,
der to clarify the dependence of perpendicular anisotropy oithere exists an interface layer with light gray contrast be-
film thickness, the data in Figs(d) and Xb) were replotted tween the magnetic film and Ta underlayer, and a columnar
with a K§PXdnag VS dmag graph. layer with striped contrast just on the interface layer. The
Figures 2a) and 2Zb) show the product of the experi- light gray contrast layer is considered to be the initial growth
mentally obtained perpendicular magnetic anisotropy to thdayer. On the other hand for the CoCrPtTa medium in Fig.
magnetic film thickness plotted against the magnetic film3(b), relatively larger grains are found in the plane view. In
thickness (KZ1PXdpag Vs dmag for CoCrePgBy, and  addition for the cross-sectional view, it can be easily found
CoCrgPtsTa, media on a Ta underlayer, respectively. Thethat a relatively thick initial growth layer is formed. Further-
insets of Figs. &) and 2Zb) show the thickness of the initial more, some grains grew with an inverted corn shape with

TABLE I. diy;, KI" andM, for various CoCrPtB ad CoCrPtTa media. Perpendicular magnetic propétties,
and S(dy,g=50 nm) are also summarized.

Media composition and dini Kgrain Mg H. (kOe) S
layer structure (nm)  (erglen®)  (emu/crd) (50 nm (50 nm

A C0;CrisPt /Ta (25 nm 15  3.7&10° 630 4.27 0.92
B Co0,,CrP1B, /Ta (25 nm) 1.6 2.88<10° 570 3.20 0.65
c C0;Cri6PEBs /Ta (25 nm) 20  2.40k10° 504 3.37 0.57
D C0geCriePBg /Ta (25 nm 22 22x10° 467 3.35 0.60
E CassCriPEB, /Ta (25 nm) 20 2110 442 3.18 0.66
F CO0s,CrPEB, /Ta (25 nm) 26  1.4510° 330 1.78 0.50
G Co,,.CrePtTa /Ta (25 nm 23 24%10° 470 3.09 0.88
H Co,,CrPlTa, /Ta (25 nm 48  1.8x1C° 366 2.21 0.70
| C0sCridPB4 / C0seCla (20 N 0 2.76x10° 477 3.48 0.88

/C (1 nm)/Ti (25 nm *(30 nm *(30 nm
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dmag- WhereM® means the total saturation magnetization
of the whole medium divided by the volume of magnetic
film. MJ®x dp,,q decreases linearly with decreasitig,,and

the extended broken line intersects with M&¥x d,,,q axis

at 1.2<10° emu/cnix nm. This appearance of magnetiza-
tion atdy,g= 0 is due to the magnetization of the CoCr un-
derlayer with the saturation magnetization of about 100
emu/cni. The saturation magnetizatiolls, of the CoCrPtB
film on the CoCr layer was determined as 477 emd/rom

the gradient of théVl "X dp,aq VS dmag Plot. It is clarified that
the KPXdm,g curve is proportional to them,g Crosses zero,
which means no initial growth layer with low perpendicular
anisotropy is formed in the medium. Therefore, it suggests
that the CoCrPtB magnetic film grows epitaxially on the
CoCr underlayer. The validity of this expectation is sup-
ported by the cross-sectional image of high resolutional TEM
analysis. It was found that the perpendicular squareness of
the CoCrPtB/CoCr/C/Ti epitaxial medium was improved up
to 0.88 and was maintained even for tig,~30 nm as
shown in Table I.

glass

FIG. 3. Bright-field images of plane view and cross-sectional view for the
(a) CoCrPtB medium and for théh) CoCrPtTa medium with the thickness
of 50 nm deposited on a Ta underlayer.

increasingdmag,_while _the surrounding grains growth Was |y CONCLUSION

suppressed. This fact is considered to be due to the different L . _— .
speed of grain growth, originated from the disordered crystal ~ Quantitative evaluation of the initial growth layer thick-
orientation of initial grains. Comparing the surface rough-"€SS was performed by using perpendicular torquemetry. It

ness of the media, a very smooth surface is realized for thas clarified that(1) The thickness of the initial growth
CoCrPtB medium, on the contrary for the CoCrPtTa me-layer becomes thicker by the increment of the content of Cr,

dium, roughness with the period of the grain diameter caused® OF B additional element for CoCi®, Ta) media. In the

by the grain growth is formed. Therefore, it was clarified that®3S€ of C(_)C_:lr_éPtBBX media, With_ increasingt f_rom Oto8
in the COCrPtB medium, the initial growth region is rela- at. %, the initial growth layer thickness was increased from
tively thin, and thec-plane oriented fine grains with homo- 1-2 0 2.2 nm. In the case of CofgPgTa, media, with in-
geneous columnar structure are realized. On the other harfi€asin from 0 to 4 at. %, the initial growth layer thickness
for the CoCrPtTa medium, the initial growth region is rela- Was increased from 1.5 to 4.8 nm. In the casoe of GBEB,
tively thick, and the grain size distribution and surfaceMedia, with increasing from 16 to 24 at. %, the initial
roughness is large due to selective grain growth. growth layer thickness was increased from 1.6 to 2.6 ¢&n;
Finally, to reduce the initial growth layer perfectly, we In the CoCrPtB medium, the initial growth region is rela-

tried to prepare an epitaxial medium utilizing the Cocrptglively thin, andc-plane oriented fine grains with homoge-
material. The construction of the underlayer was,Coy, neous columnar structure are realized. On the other hand for

(20 NM/C (1 nm)/Ti (25 nM. CogCr,gPEB, magnetic film the CoCrPtTa medium, the initial growth region is relatively
was deposited on the CoCr Iayelr witr: hexagonal closdhick, and the grain size distribution and surface roughness is
packed structure. In Figs. (@ 'V|§Xp><dmag and 4b) K®P large due to selective grain growtt8) The CoCrPtB mag-

X dpnag for the CoCrPtB/CoCr/C/Ti media are plotted against"etic film grew epitaxially on a CoCr/C/Ti underlayer. The
perpendicular squareness of the CoCrPtB/CoCr/C/Ti epitax-

ial medium was improved up to 0.88 and was maintained

C0gCr1oPtyB, / Cog,Crye/ C / Ti media even for thedmag=30 nm.
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