THIN FILM STRUCTURE HAVING A SOFT MAGNETIC INTERLAYER
FIELD OF THE INVENTION [0001] The invention relates to thin film
structures, and, more particularly, relates to thin film structures having a soft
magnetic interlayer. BACKGROUND INFORMATION [0002] Thin films of
various types and configurations are generally known. One particular thin
film application is for a data storage component, such as a recording media.
For a specific type of media for perpendicular recording, it is known to
include a magnetic soft underlayer and a magnetic recording layer. In such a
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orientation and size of magnetic grains in the magnetic recording layer.
Presently known interlayers have considerable thickness in order to achieve

acceptable microstructurepiiing magpatigNgaoEinoNayer. When the
thickness of a conventional interlayer is reduced, the thin film structure
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achieve higherareal densities usingperpendicular recording, so as to realize
the benefits of the writeability of the soft underlayer and enhanced head field

gradient, the interlayer tgg‘@ﬁ%ﬁ{éﬂﬂﬁﬁﬂiﬁl(ﬁ%og] Accordingly,

there is identified, a need for improved thin fifm structures that overcome the
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the microstructure in the magnetic recording layer and reduces the thickness.
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recording layer, which render poor magnetic properties and recording performance. To achieve
higher areal densities using perpendicular recording, so as to realize the benefits of the
writeability of the soft underlayer and enhanced head field gradient, the interlayer thickness
should be reduced.

[0003] Accordingly, there is identified, a need for improved thin film structures that
overcome the limitations, disadvantages, or shortcomings of known thin film structures. There is
also identified a need for improved recording media that overcome the limitations,
disadvantages, or shortcomings of known recording media. There is further identified a need for
improved recording media that improves the microstructure in the magnetic recording layer and

reduces the thickness of a conventional interlayer.



magnetic layer and the hard magnetic layer. The intermediate layer
comprises a second soft magnetic layer and a non-magnetic interlayer
between the second soft magnetic layer and the hard magnetic layer. The
second soft magnetic layer may be cryspalline. More particularly, the second
soft magnetic layer may have fcc or bcc crystalline structure. [0006] In

accordance with anotheggspect R togr imyaniQy:ENreERPKding medium
comprises a soft magnetic underlayer, a recording layer, a non-magnetic
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representation of a data storage system that may utilize a perpendicular
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Fiaure 4A is a schematic side view of a portion of a perpendicular magnetic
r
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magnetic recording head and a portion of a perpendicular recording
headq 4 éﬁ@ﬁ‘i‘@%ﬁdﬁ?‘iﬁpgbéﬁmh%é #$@ft magnetic underlayer, a recording layer, a non-

magnetic interlayer between the soft magnetic underlayer and the recording layer, and a soft

magnetic interlayer between the non-magnetic interlayer and the soft magnetic underlayer. The
recording medium may be a perpendicular recording medium.
[0008] These and other aspects of the present invention will be more apparent from the

following description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figure 1 is a pictorial representation of a data storage system that may utilize a
perpendicular recording medium in accordance with the invention.

[0010] Figure 2 is a partially schematic side view of a perpendicular magnetic recording
head and a perpendicular recording magnetic medium in accordance with the invention.

[0011] Figure 3 is a schematic side view of a perpendicular magnetic recording medium

in accordance with the invention.



the invention. [00141 Figure 5 is a graph that illustrates the coercivity of the

hard magnetic recording layer versus the thickness of the interlayer. [00151

Figure 6 is a graph that illustrates the coercivity of the hard magnetic

recording layer versus the thickness of the interlayer. [00161 Figure 7 is a

graph that illustrates a MOKE hysteresis loop for a magnetic recording
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graph that illustrates a perpendicular hysteresis loop for a thin film structure
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DETAILED DESCRIPTION

[0019] The invention provides a thin film structure. The invention is particularly
suitable for use with a data storage system, and is particularly suitable for use with a
perpendicular magnetic recording medium of a data storage system. However, it will be
appreciated that the invention may also have other applications, such as, for example, magneto-
optical recording, heat assisted magnetic recording, or other technologies that may utilize thin
film structures.

[0020] Figure 1 is a pictorial representation of a disc drive 10 that can utilize a recording
medium in accordance with this invention. The disc drive 10 includes a housing 12 (with the
upper portion removed and the lower portion visible in this view) sized and configured to
contain the various components of the disc drive. The disc drive 10 includes a spindle motor 14
for rotating at least one magnetic storage medium 16, which may be a perpendicular magnetic
recording medium, within the housing 12. At least one arm 18 is contained within the housing

12, with each arm 18 having a first end 20 with a recording head or slider 22, and a second end



this view and is well known in the art. [00211 Figure 2 is a partially schematic
side view of a perpendicular magnetic recording head 22 and a thin film
structure, such as a perpendicular recording magnetic medium 16. The
recording head 22 is well known in the_art and includes a write section
comprising a trailing main pole 30 and a return or opposing pole 32. Flux (H)
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the Substrate 38. The soft magnetic underiayer 40 may Be made of any
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magnetic domains 44, is on an intermédiate Iayera%(l)st?ma
in thdeposited on the soft magnetic underlayer 40. Suitable materials for the hard
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capabilities or magneto-optical data storag ciapabiiiéie.s. protective
first SOE/MagngEc laygs such as a soft magnetic uhderlayer 40, is deposited on the substrate 38.
The soft magnetic underlayer 40 may be made of any suitable material such as FeCoB, CoZrNb
or NiFeNb. Typically, the soft magnetic underlayer 40 is amorphous. The soft magnetic
underlayer 40 may have a thickness in the range of from about 50 nm to about 500 nm.

[0023] A hard magnetic recording layer 42, which in this embodiment is a perpendicular
recording layer as illustrated by the perpendicular oriented magnetic domains 44, is deposited on
an intermediate layer 50 that is deposited on the soft magnetic underlayer 40. Suitable materials
for the hard magnetic recording layer 42 may include, for example, CoPtX and alloys thereof
where X may be Cr, Ni, B, Si, C, Nb, Mo, Gr or combinations thereof, Co/Pd, Co/Pt, CoY/PdZ
and CoY/PtZ multilayer systems, wherein Y and Z may be Cr, B, Si, Au, Ag and/or

combinations of these elements. It will be appreciated that the recording layer 42 may be

constructed in accordance with the invention to provide, for example, magnetic data storage



diamond-like carbon and/or a lubricant layer may be applied over the hard
magnetic recording layer 42 as is generally known. [00241 Referring to
Figure 3, an embodiment of the recording medium 16 is illustrated in more
detail and, more particularly, an embodigment of the intermediate layer 50 is
shown in more detail. Specifically, the intermediate layer 50 includes a
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deposited on the soft magnetic interlayer 52, The pon-magnetic interlayer, 54
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on tHodvMagpeticciniedalygeb4ocan comprise a crystalline non-magnetic material,

such. as Pt, Cu, Ag, An, Al, CoCrRu, Ru, CoRu, CrRu, Re, CoRe, CrRe,

HOR20k-o T&‘F qggi%q,y&}*o% may comprise any suitable material such as Pt, Cu, Ag, Al
and/or combinations thereof. The seedlayer 56 can be deposited on the soft magnetic underlayer
40 to any desired thickness, such as a thickness of from about 1 nm to about 10 nm. In one
example, the seedlayer 56 may comprise a material having an fcc crystalline structure having a
(111) orientation. Such a seedlayer 56 can provide a compatible starting orientation for a soft
magnetic interlayer 52 comprising either an fcc material having a (111) orientation or a bce
material having a (110) orientation in which hetero-epitaxy growth can occur between the
seedlayer 56 and the soft magnetic interlayer 52.

[0027] The non-magnetic interlayer 54 can be deposited on the soft magnetic interlayer
52. The non-magnetic interlayer 54 can be deposited to a thickness of from about 1 nm to about

20 nm. The non-magnetic interlayer 54 can comprise a crystalline non-magnetic material, such

as Pt, Cu, Ag, Au, Al, CoCrRu, Ru, CoRu, CrRu, Re, CoRe, CrRe, ReRu, Co, Cr, Re and/or



-6 alloys and/or combinations thereof. The non-magnetic interlayer 54 can
comprise more than one crystalline non-magnetic material, such as a layer
of CoCrRu and a layer of Ru. Such a non- magnetic interlayer 54 can be
used in a recording medium 16 with a hgrd magnetic recording layer 42
comprising CoPtX or CoPtX alloys having hexagonally close packed (hcp)
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soft m@ﬂayemﬁaemmrmsmaﬁfoﬁth@etic interlayer 52 and optionally a seedlayer 56. In
order to minimize the spacing (S), it is important to reduce the non-magnetic portion of the
recording medium 16 by utilizing a non-magnetic interlayer 54 that is as thin as possible.

[0029] Figure 4A illustrates the spacing (S;) between the ABS and the soft magnetic
underlayer 40 of a thin film structure when a hard magnetic recording layer 142 and a
conventional non-magnetic interlayer 154 are present. Figure 4B illustrates that the spacing (S;)
between the ABS and the soft magnetic interlayer 52, in accordance with the invention, is
thinner than the conventional spacing (S;) shown in Figure 4A. As shown in Figure 4B, spacing
(S,) is thinner than the spacing (S;) because the soft magnetic interlayer 52 comprises part of the
soft magnetic portion.

[0030]  The soft magnetic interlayer 52, constructed in accordance with the invention,



soft magnetic portion. [00301 The soft magnetic interlayer 52, constructed in
accordance with the invention, -7 allows for the formation of the recording
medium 16 and, more specifically, for the formation of a hard magnetic
recording layer 42 having suitable properties for perpendicular magnetic
recording such as improved grain distribution and controlled grain size.
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in Figure 4B, has magnetic properties, the thickriess of the Soft magnetic
hardimeghgfy Seaddias e datripdimagnpecelziaeds shefahe avmaradgactiel tartioft
magﬁétﬁ@%ﬁﬁtﬂ digje layer 50. As a result, as shown i_n Figure 4B, the real

spacing (S2) between the ABS and the soft magnetic underlayer 40 is
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recording” medium 1o, according to the present invention, includes bo e
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layern g)&-t&%%nr%tsigﬂ’n atlgrslﬁX\%rnSlf{ SgrlT eriéﬁg,] %hg(r)e%ﬁgagﬂ% Egé) between the ABS and the soft
magnetic underlayer 40 is reduced as compared to the spacing (S;) of a conventional thin film
having a conventional non-magnetic interlayer. The soft magnetic portion of the recording
medium 16, according to the present invention, includes both the soft magnetic underlayer 40
and the soft magnetic interlayer 52. The non-magnetic portion of the intermediate layer 50
comprises the non-magnetic interlayer 54.

[0032] Figures 5 and 6 illustrate the coercivity (H,) of a hard magnetic recording layer
42 of a recording medium 16 having a non-magnetic interlayer 54 comprising CoCrRu and Ru
layers of varying thickness. More specifically, the recording medium 16 of Figures 5 and 6 is as
follows: glass substrate 38, simulated soft magnetic underlayer comprising an amorphous Ta

layer having a thickness of 2 nm, seedlayer 56 comprising Pt having a thickness of 3 nm, soft

magnetic interlayer 52 comprising FeCo having a thickness of 10 nm, non-magnetic interlayer



layers of varying thickness. More specifically, the recording medium 16 of
Figures 5 and 6 is as follows: glass substrate 38, simulated soft magnetic
underlayer comprising an amorphous Ta layer having a thickness of 2 run,
seedlayer 56 comprising Pt having a thigkness of 3 nm, soft magnetic
interlayer 52 comprising FeCo having a thickness of 10 nm, non-magnetic
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Figure 5 as the thickness of the Ru layer. [00331 As shown in Figure 5, the
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~shown'in Figure 5, for each Ru layer thickriess shown on the"graph, the
vari¢egatuthedbidkecss ebhespfrdingu@oRurray tayef thickeressemcTiganterlayer 54. As
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tH03Wss, Mseshoiekineds @frthe€ fGocaR namahBRentaiveirsairy beddalackadskg several
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can ha coercivity as high as 6 kOe in the hard magnetic recording layer )
Cocs B R R R R A e e e R s TR Rt prcording
layer@ordinghbeads. Agstech a théorndorz magingiic 6intehlayensSnd dheitceostlingr 54

.mediu 6 exhibits Hc - 6.14 kQe, S -1, H~--1.57 kOe, and Alpha - 2.1,
b T R AT, O T b G SR Y B can have
a cothehnticleatigh afielttO¢ iheHe bprdnd lgharie drduaiMight whegudt- kicosrtindity value is

slope of the loop at H - Hc. [00351 Figure 7 illystrates a normalized . .
verypienand Bsyg e idge weﬁ%@?m&&%@ﬂ& pdst é?é&ﬁbﬁﬁdb%%amgnem
interlf,/fie54N¢ha eBralag nRlHIiRTabayeiBiz CoamisRAec o 1, H, = -1.57 kOe, and Alpha

= 2.1, where H, is the coercivity, S is the squareness of the hysteresis loop, H, is the nucleation
field of the loop, and Alpha is 4ndM/dH where H=H_. is the slope of the loop at H = H..
[0035] Figure 7 illustrates a normalized Magneto-Optical Kerr Effect (MOKE)

hysteresis loop of a recording medium 16 having a soft magnetic interlayer 52 comprising fcc Co
and a recording medium 16 having a soft magnetic interlayer comprising FeCo. The recording
medium 16 structure of Figure 7 is as follows: glass substrate 38, simulated soft magnetic
underlayer comprising an amorphous Ta layer having a thickness of 2 nm, seedlayer 56
comprising Pt having a thickness of 3 nm, soft magnetic interlayer 52 comprising FeCo or fcc Co
having a thickness of 10 nm, non-magnetic interlayer 54 comprising CoCrRu/Ru wherein the

CoCrRu layer has a thickness of 5 nm and the Ru layer has a thickness of 7 nm, hard magnetic



and a recording medium 16 having a soft magnetic interlayer comprising
FeCo. The recording medium 16 structure of Figure 7 is as follows: glass
substrate 38, simulated soft magnetic underlayer comprising an amorphous
Ta layer having a thickness of 2 run, seedlayer 56 comprising Pt having a
thickness of 3 run, soft magnetic interlayer 52 comprising FeCo or fcc Co

recoRBMING e tiokRegs RIFOBP: ARNoNas RetimhhiaHaee S4EAMARSIRLY a protective
CoCrRu/Ru wherein the CoCrRu layer has a thickness of 5 mn and the Ru
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soft magnetic interfayer 52 comprising fcc Co has higher toercivity than a
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hi which the straight-line plot of Kerr rotation versus applied field begins to turn,
thickpessiibtafPation field is about 1.7T. This value is

[0038] As shown in Figure 8, the thin film is close to the saturation point at the highest
field of the MOKE loop. It is estimated from the point at which the straight-line plot of Kerr
rotation versus applied field begins to turn, that the saturation field is about 1.7T. This value is
close to the 4nM; value of pure Co. Accordingly, Figure 8 shows that the soft magnetic
interlayer 52 has similar properties, including softness, to the amorphous soft magnetic
underlayer 40.

[0039] Figure 9 illustrates an in-plane MOKE hysteresis loop for the recording medium
16 structure of Figure 8. As shown in Figure 9, the thin film having a Co soft magnetic
interlayer 52 has the magnetic easy axis aligned in the radial direction. The hysteresis loop in
the radial direction is square and the coercivity is about 15 kOe. The hysteresis loop in the

circumferential direction is a slanted line and the saturation field (Hy) is about 40 kOe. In-plane



close to the 47uM, value of pure Co. Accordingly, Figure 8 shows that the
soft magnetic interlayer 52 has similar properties, including softness, to the
amorphous soft magnetic underlayer 40. [00391 Figure 9 illustrates an
in-plane MOKE hysteresis loop for the.rggording medium 16 structure of
Figure 8. As shown in Figure 9, the thin film having a Co soft magnetic
anisOUSPAKEERZhIES the IHAGHALIEBaSY dHa RIGAGR MR HIBcTAsliahslifReiioR cieng.
hysteresis loop in the radial direction is square and the coercivity is about 15

Figugerd shyssiatdhe srfideens tsd ntsriysira et BiRE fe AR es  dAtdeineradial in-
planfh AREALION fRld ke @bt A KRE: Ihdlanglibanisotropy is critical in

the soft magnetic underlayer in perpendicular magnetic recording. Figure 9
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0401 Whereas particular embodiments of the invention have been '
appraeistaiblex theseipf foiditeypikibosetlest it dirannmeneuinvemtiorant thediipilhematerials,

and QH£B§§1%8%E UG L0E, S0 G b, ARPERGIAISG Q}’dt&‘l%?)% of C?{é’ R without

In thé art that numerous variations of the details, materials, an

depagtiagemdhes wioptias malpdsebad deraiinrindive theinpisiedad¢leovpe of the
invention without departing from the invention as described herein and in the
appended claims. WHAT IS CLAIMED IS: 1. A thin film structure, comprising:
a first soft magnetic layer; a hard magnetic layer; and an intermediate layer
between the first soft magnetic layer and the hard magnetic layer, the
intermediate layer comprising: second soft magnetic layer; and
non-magnetic interlayer between the second soft magnetic layer and the hard
magnetic layer. 2. The thin film structure of claim 1, wherein the second soft
magnetic layer is crystalline. 3. The thin film structure of claim 2, wherein the
second soft magnetic layer



has bcc or fcc crystalline structure. 4. The thin film structure of claim 1,
wherein the second soft magnetic layer has a thickness in the range of from |
nm to 50 mn. 5. The thin film structure of claim 1, further comprising a
seedlayer between the first soft magnetic layer and the second soft magnetic
layer. 6. The thin film structure of claim 1, wherein the seedlayer and the

WHageend softmpanretic layer each have fcc crystalline structure. 7. The thin
film structure of claim 1, wherein the seedlayer has a thickness in the range
of from | nim to 10 S GIRSEYRIAEFPEIAIIE of claim 1, wherein the

non-magnetic inteayean eamphisesiayere than one crystalline non-magnetic
material. 10. The thin film structure of claim 1, wherein the non-magnetic
interlayer has a 1BKhBEEASHRSHES from | nm to 20 mn. 11. A recording

medium, Compriaifﬂgit@rﬁ@&imgpaﬂsew%{ |ﬁa¥éef'i'_r§% $6RAANGIRYRS R and the hard
non-magnetic interlayer between the soft magnetic underlayer and the

magpetig a1 Hyreintaacdiote laper sRappidtieghterlayer between the non-magnetic

interlayer and the soft PagReHGHRdeIAVEE ke AfFecording medium of
claim 11, wherein the soft magnetic interlayer is crystalline. 13. The recording

medium of claim 11, wHebelhiHereds iaiat A acpéhp spenadlseliaageatec layer

and {ﬁgﬁggméigxgﬁc%y&?he recording medium of claim 11, wherein the soft
magnetic interlayer has a thickness in the range of from 1 nm to 50 nm. 15.

The recording méHRiib fidiaiructuigeé @iinhb HbAreNagretRs omb el anagagiic layer
is C@S{Qjﬁhg.ess in the range of from 1 nm to 20 nm.
3. The thin film structure of claim 2, wherein the second soft magnetic layer
has bcc or fcc crystalline structure.
4. The thin film structure of claim 1, wherein the second soft magnetic layer
has a thickness in the range of from 1 nm to 50 nm.
5. The thin film structure of claim 1, further comprising a seedlayer between
the first soft magnetic layer and the second soft magnetic layer.
6. The thin film structure of claim 1, wherein the seedlayer and the second
soft magnetic layer each have fcc crystalline structure.
7. The thin film structure of claim 1, wherein the seedlayer has a thickness in
the range of from 1 nm to 10 nm.
9. The thin film structure of claim 1, wherein the non-magnetic interlayer
comprises more than one crystalline non-magnetic material.
10. The thin film structure of claim 1, wherein the non-magnetic interlayer has
a thickness in the range of from 1 nm to 20 nm.
1. A recording medium, comprising:
a soft magnetic underlayer;
a recording layer;
a non-magnetic interlayer between the soft magnetic underlayer and the

recording layer; and



16. A data storage system, comprising: a magnetic recording head; and a
recording medium positioned adjacent the recording head, the recording
medium comprising: a soft magnetic underlayer; a recording layer; a
non-magnetic interlayer between the sofp magnetic underlayer and the
recording layer; and a soft magnetic interlayer between the non-magnetic

interlayer and thg soft MAKREHGHAUSHRWREwWbE THRENdATtBIARARS RYBISB @hd the

claim 16, wherein the recording layer is a perpendicular recording layer. 18.
soft PREHGWIEFHEEEystem of claim 16, wherein the soft magnetic interlayer is

crystalline; 9. Thedai@RIMAaR XM QhHRIM KhcrdietrisIrenshetic interlayer is

magnetic interlayer has a thickness in the range of from 1 nm to 50 nm. 20.
CWS*PHélPecording medium of claim 16, wherein the non-magnetic interlayer has

a thicknesgsin thg raRg&RfifPMLNM &7 AQiMM1, wherein the recording layer is a
perpendicular magnetic recording layer.
14. The recording medium of claim 11, wherein the soft magnetic interlayer
has a thickness in the range of from 1 nm to 50 nm.
15. The recording medium of claim 11, wherein the non-magnetic interlayer
has a thickness in the range of from 1 nm to 20 nm.
16. A data storage system, comprising:
a magnetic recording head; and
a recording medium positioned adjacent the recording head, the recording
medium comprising:
a soft magnetic underlayer;
a recording layer;
a non-magnetic interlayer between the soft magnetic underlayer
and the recording layer; and
a soft magnetic interlayer between the non-magnetic interlayer and
the soft magnetic underlayer.
17. The data storage system of claim 16, wherein the recording layer is a
perpendicular recording layer.
18. The data storage system of claim 16, wherein the soft magnetic interlayer
is crystalline.
19. The data storage system of claim 16, wherein the soft magnetic interlayer
has a thickness in the range of from 1 nm to 50 nm.
20. The recording medium of claim 16, wherein the non-magnetic interlayer

has a thickness in the range of from 1 nm to 20 nm.





