- 1 MAGNETO-ELASTIC ANISOTROPY ASSISTED THIN FILM

STRUCTURE CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of United States Provisional

Application No. 60/667,349 filed April 1, 2005, which is incorporated
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BACKGROUND INFORMATION

[0004] Demands are currently being made to further increase the capacity of
magnetic data storage. A major objective of research efforts in thin film magnetic
materials is to make magnetic recording media with properties that are suitable for
recording at higher data densities. Achievement of higher recording densities is impaired
by several problems. First, as the quantity of magnetic flux corresponding to the data
becomes smaller, it becomes increasingly difficult to separate the data signal from the
noise. Second, as the recording density increases, the super-paramagnetic limit of the
material is approached so that thermal energy can potentially randomize the data stored in
the magnetic material. Both of these problems are related to the energy density associated
with the magnetic anisotropy of the magnetic material.

[0005] There is identified a need for an improved magnetic thin film, and
particularly an improved magnetic recording media, that overcomes the limitations,

disadvantages, or shortcomings of known magnetic thin films.



comprises a magnetic layer and a stress-effecting layer adjacent the
magnetic layer that induces a magneto-elastic anisotropy in the magnetic
layer. [0007] In accordance with another aspect of the present invention, a
data storage system comprises a regording head and a recording
medium positioned adjacent the recording head. The recording medium
comprises a magnetiglayRi ARY »eirese-elfeqiiagdayer adjacent the

magnetic layer that induces a magneto-elastic anisotropy in the magnetic
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induced magneto-elastic anisotropy in accordance with the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 is a pictorial representation of a disc drive that may utilize a
recording medium constructed in accordance with the invention.

[0011] Figure 2 is a schematic representation of a perpendicular heat assisted
magnetic recording head constructed in accordance with the invention.

[0012] Figure 3 is a schematic representation of a longitudinal recording head
constructed in accordance with the invention.

[0013] Figure 4A is a schematic side view of a magnetic recording medium in
accordance with the invention.

[0014] Figure 4B is a schematic side view of a magnetic recording medium in
accordance with the invention.

[0015] Figure 4C is a schematic side view of a magnetic recording medium in
accordance with the invention.

[0016] Figure 5 is a graphical illustration of the principal stresses applied to the
stress-effecting layer of a magnetic recording media in accordance with the invention.

[0017] Figure 6 is graphical illustration of the composite tilt angle resulting from



[0018] Figure 7 is a graphical illustration of the magneto-elastic induced
tited media versus the intrinsic tilt angle in accordance with the invention.
[0019] Figure 8 is graphical illustration of the relationship between in-plane
magneto-elastic anisotropies and tilt angle in accordance with the
invention. [0020] Figure 9 is a graphical illustration of the relationship
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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, such as a magnetic
recording medium 16, which may be a perpendicular, longitudinal and/or tilted 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 24 pivotally mounted on a shaft by a bearing 26. An actuator motor 28 is
located at the arm's second end 24 for pivoting the arm 18 to position the recording head
22 over a desired sector or track 27 of the disc 16. The actuator motor 28 is regulated by a
controller, which is not shown in this view and is well known in the art.

[0023] Figure 2 is a partially schematic side view of a perpendicular HAMR head
22 and a magnetic recording medium 16. Although an example of the invention is
described herein with reference to recording head 22 as a heat-assisted perpendicular

magnetic recording head and the medium 16 as a perpendicular magnetic recording



medium, it will be appreciated that aspects of the invention may also be
used in conjunction with other type recording heads and/or recording
mediums that employ heat assisted recording as well as recording heads
that do not utilize heat in the recording process. [0024] As shown in
Figure 2, the HAMR head 22 may include a writer section comprising a
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constructed with a write pole 30 only and no return pole 32 or yoke 35.
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30 applies the magnetic write field H to the recording medium 16. Specifically, such
structure for HAMR can include, for example, an optical waveguide, schematically
represented by reference number 51, in optical communication with a light source 52. The
light source 52 may be, for example, a laser diode, or other suitable laser light sources for
coupling a light beam 54 into the waveguide 50.

[0026] Figure 3 is a partially schematic side view of a longitudinal magnetic
recording head 122 and a magnetic recording medium 116 in accordance with an
embodiment of the present invention. As shown in Figure 3, the recording head 122
includes a write portion, generally designated by reference number 124. The write portion

124 of the longitudinal recording head includes a pair of write poles 126 and 128 with a

connecting yoke 130 there between. The write poles 126 and 128 are structured and



connecting yoke 130 there between. The write poles 126 and 128 are
structured and - 5 arranged to apply a magnetic write field H to the
magnetic recording medium 116, as is generally known. A hard magnetic
recording layer, which in this embodigent is a longitudinal magnetic
recording layer 142 as illustrated by the longitudinally oriented magnetic
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[0028] Figures 4A-4C are cross-sectional views of thin films, such as magnetic
storage mediums 216, 316 and 416, in accordance with the present invention. The
magnetic storage mediums 216, 316 and 416 can comprise a substrate 38 and a magnetic
layer 42. The substrate 38 may comprise any suitable material such as ceramic glass,
amorphous glass, or NiP plated AIMg. The magnetic layer 42 can comprise any suitable
magnetic material, such as a hard magnetic material. Example hard magnetic materials
include FePt, FePd, CoCrPt, CoCrPtB, Co-Pt alloys, or Co-Pt alloys with oxides such as
Co,0,, SiOz, NiO, TiOz’ ZrO, or Sn0O,.

[0029] A stress-effecting layer 40 can be deposited adjacent the magnetic layer

42. As used herein, the term “stress-effecting layer” means a material and/or materials

that, when activated, produce an induced magneto-elastic anisotropy in an adjacent



[0029] A stress-effecting layer 40 can be deposited adjacent the magnetic
layer 42. As used herein, the term "stress-effecting layer" means a
material and/or materials that, when activated, produce an induced
magneto-elastic anisotropy in an adjgcent - 6 magnetic layer 42. As used
herein, the term "activated” means an external force is applied to the
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sjress-effecting layer 40b, and a second stress-effecting layer 40a can be
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layer may be a ]glied over the hard magnetic recording layer 42 and/or
As shpwadnnkgRd B, the stress-effecting layer 40 can be deposited on the substrate 38

and the magnetic layer 42 can be deposited on the stress-effecting layer 40. As shown in
Figure 4C, a first stress-effecting layer 40b can be deposited on the substrate 38, the
magnetic layer 42 can be deposited on the first stress-effecting layer 40b, and a second
stress-effecting layer 40a can be deposited on the magnetic layer 42. In each of these
embodiments, a protective overcoat 45, such as a diamond-like carbon and/or a lubricant
layer may be applied over the hard magnetic recording layer 42 and/or stress-effecting
layer 40. An optional seedlayer may be deposited on the substrate 38 in order to facilitate
growth of the magnetic layer 42. The seedlayer may comprise any suitable material such
as Pt, Cu, Ag, Al and/or combinations thereof, as is generally known.

[0032] When the stress-effecting layer 40 is activated, such as by exposure to an

activator capable of applying a mechanical force, heat, magnetic field and/or electric field



layer 40. An optional seedlayer may be deposited on the substrate 38 in
order to facilitate growth of the magnetic layer 42. The seedlayer may
comprise any suitable material such as Pt, Cu, Ag, Al and/or
combinations thereof, as is generallyknown. [0032] When the
stress-effecting layer 40 is activated, such as by exposure to an activator
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fieldgenerates a strain/stress in response to an applied electrical field which
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piezéieehatenifadatitan R AR MEL T A pfoduces an electric charge when a
mechanical force is applied to the material, and/or produces a mechanical force when an
electric charge is applied to the material. In this embodiment, the piezoelectric material
generates a strain/stress in response to an applied electrical field which propagates into the
magnetic layer 42. Example piezoelectric materials include quartz crystal, lithium
niobates, barium titanate, lead titanate, lead zirconate-lead titanate (including PZT and
PZT including ternary system), meta-lead niobate, and/or polyvinylidenfluoride (PVDF).
[0035] In another embodiment, the stress-effecting layer 40 can comprise a
thermal expansion material. A thermal expansion material increases in volume in
response to an applied heat. The applied heat can have any elevated temperature, such as
from slightly elevated room temperature to 300 degrees centigrade. Suitable sources of
heat include activators such as lasers, which may be coupled with a HAMR head as shown

in Figure 2. When the stress-effecting layer 40 is subject to heat from an applied source,



PZT including ternary system), meta-lead niobate, and/or
polyvinylidenfluoride (PVDF). [0035] In another embodiment, the
stress-effecting layer 40 can comprise a thermal expansion material. A
thermal expansion material increasegin volume in response to an applied
heat. The applied heat can have any elevated temperature, such as from
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order to eliminate magnetic anisot opy. Examp e therma expansion
InTimaddridNmFichideahapemeawrpyr ativis]s ion.asl WIT igedd @/ ouaAlplis thereof.

InTi and FeMnSi, and aluminum, copper,, nickel, irap, silver, gol
e e A R R OB g S IR REARED can
comptiessraffedtiogdayaeid€riahn Acoshyetisstaticatectidst aticdnateniayoAme and/or
elect[lostatlc material |ncre:fls%s1 érh(\g/%umrﬂe and/o %han es %\g

in
changeS SRS 1 SHPEMEH T HerE oA “o%ﬁ&%“r?&"a TR A S ucture
constaisstlictaccisr dmeerdathde guith Ay uoenp s samprgesstaffestieg sagéicctiagand
layers 40a and  40b made of electrostatic materials. The first . .
400 G LR 5 AP U Lo R A G ECHUGEALE pesifiged with
first @lyingdhe spiingtphoass thadvifienggeoncs sties shefecting siaysreAobtisg layer
charged with a second opposite electrostatic polarity during the writin
400 e B GO S Tt G e BBt Uy 08 e B
Foll@kengtTaalechtosdash atbsrcfactingiagerpeoaendiguinicampiassivecatiessher
throughout the. magnetic layer 42. Example . electrostatic materials include
and gﬂ%??@&ﬁ%@@& ﬁﬁiﬁﬂﬂﬂrﬁﬁﬁ‘d&%ﬁ?ﬁ?cﬁﬂg%%ﬂi} CBARRS i ¥y atfesExample
clectiosistaneatattials (Mangganisy, ioppeandignialiaysiheseel. if0a3gkiihem, copper-
stress-effecting Iai/er of the present invention is suitable for use with

man AR S NS I R R ¢ RE 4 TR¥O P nedia. Tilted

regoORINY MEdi@i8s-effecting layer of the present invention is suitable for use with
conventional recording media as well as tilted recording media. Tilted recording media is
characterized as media having a tilt angle between the direction of the magnetic easy axis
and the surface normal that falls between 0° and 90°. The required media-switching field
of a tilted media is minimum when it is applied at a 45° tilt angle to the magnetic
anisotropy of the media. As used herein, the term “media switching field” is the field
required to switch the media magnetization from a first direction to a second direction.
When the media switching field is reduced, the signal to noise ratio (SNR) is increased,
thereby allowing for a higher recording density. In traditional tilted media fabrication
techniques, it is often difficult to obtain a true permanent 45° tilt angle because C-axis

dispersions resulting from fabrication limitations can offset the tilt angle as much as +/-



characterized as media having a tilt angle between the direction of the
magnetic easy axis and the surface normal that falls between 0 and 90.
The required media-switching field of a tilted media is minimum when it is
applied at a 45 tilt angle to the magngtic anisotropy of the media. As used
herein, the term "media switching field" is the field required to switch the

40°. MR pragnetirAliRR oA HEFAIERUARIOI R RRGEGE HIGE NI REBSits
media swﬂcj&:&g field is reduced, the signal to noise ratio (SNR) is
of copvpationd! tedansdildwing sereinneiheacardiag aedsigyviichragitioldal A

it edmedipdabtaaian, HEeuESHE RRERCHIE i ARINE HHeternal

permanent 465 tilt angle because C-axis dispersions resulting from
forc¢dpribattaskraffations leser offis atriediiharg e amaaneticas sy 2x3s40tad figen the

med Y GSRALI RN IR AARIMARANLHE A0S IR A0S IRAUFED 100D 1H§d%r 40, a

benefits of conventional tilted media, i.e. a reduction in the required
magpeéeticlasiitenisgtfiand (A istinguskid dn che ibacneins lepiey4Ad Jdesi thansient

indu?%‘a%gﬁe?of@lﬁ%oilﬁi’&% %Q%IF&%LJ%E‘?&HIH?&S SRNALRHNG the

ayer. [n a media having a 6(196 etic easy axis tilted from the media
magpefitialyaki®2-when an external force is applied to the stress-effecting layer

4 agneto-elastic anisptro (FEe is induced in the m etic layer 42.
g S e L R DO Ay e
layerditniz @l theg eides nhtilbinattec vedignétic taendll {0a28HhByfihdustingtan.

induced magneto-elastic anisotro e) in the magnetic layer 42, a tiltj
Increeaf?len etcg;fn %%ﬁ-% i—ge{/aé%ca%rafo}[ro ?E) Xf(Ee %a%ﬁet{%i ra&ﬁr HE and. inducing a%ﬁgng

or ehhanced e m structure.
effednureasimdative malyieionetasiomanisetiopyedfighermagndig dyeitdd.and
[ ing a tilting effect in accordance with the invention can achieve
ﬁgﬂ@gﬁca}éﬂba&eﬁ%ﬁw 101553 OVRERCR KA Tonce 1S3 REA ot e
applidtepsceifecpneiayaitdthdhen aplicdyiarae piapagaiesamitgmtiienmagneiic-

layer. 42 and induces a transient magneto- elastic anisotropy field (Ee)

clastirABIARGRY Gt shiorP SR X 1S AR GatuPRRIA ‘S dHetBLiatiodn of the

magHRagneticIaYEhe ifdheelasiierstesshib dhastinagastia la¥enagnetiMryis tAgd M,
.. saturation magnetization. Equation 1: Ee = (3X0)/Ms [0040] Figure 5 is an
is thQ SAlEAION SrERFERIGBal stresses applied to a stress- effecting layer

which theg grapsigate ito-a3agpetic layer. An axially symmetric

distribution with respect to the perpendicular axis is achieved in the

n{g@ﬂ@]m |§§@]fr_eA5[ is an illustration of the principal stresses applied to a stress-
effecting layer which then propagate into a magnetic layer. An axially symmetric
distribution with respect to the perpendicular axis is achieved in the magnetic layer. At
the center of the area of applied stress and/or strain, the perpendicular tensile strength is at
a maximum. The principal stresses shown in Figure 5 are thermal stresses in the form of
an applied external heat of 200 Kelvin. The resulting perpendicular tensile strength shown
in Figure 5 is as high as 1 GPa, and can be as high as 2.2 GPa. These applied thermal
stresses induce a magnetic anisotropy field according to Equation 1. For example, for a
Co-alloy where Ag =-130e-6 and Mg = 360 emu/cc, the applied thermal stress introduces
an in-plane magnetic anisotropy of 2.38 kOe. Therefore, the thermal stress can effectively
alter the tilt angle of the media and enhance the magnetic anisotropy. Increasing the
applied temperature can further enhance this effect.

[0041] The principal stress elongation of magnetic grains in the magnetic layer is

substantially perpendicular due to in-plane constraints. Depending on the sign, i.e.



the center of the area of applied stress and/or strain, the perpendicular
tensile strength is at a maximum. The principal stresses shown in Figure
5 are thermal stresses in the form of an applied external heat of 200
Kelvin. The resulting perpendicular_tegsile strength shown in Figure 5 is
as high as 1 GPa, and can be as high as 2.2 GPa. These applied thermal

posiﬁVé‘%?ﬁ%gﬁ@&&%ﬁtﬁé%QﬁQ&W%ﬁ%ﬁﬁ%@&Qﬁf ﬁi@%&%&%e}ﬁ%ﬂalf (S

example, for a Co-alloy where As = -130e-6 and Ms = 360 emu/cc, the

perpgpdisattaieREtitAdRec tasdueEs stahl arpiblses ragirdit dheseigep9lof 2.38
magh S AbR B SelPeneimAhSEESS SAaaTESME e AlRr e RRElE PP Blane

media and enhance the magnetic anisotropy. Increasing the applied

of Wﬂmf@m lnngiy@déw_h aﬁ@etmmeﬁ%ms_qgm}ym@;sﬁh@%& tidbs
enhZAQRORNON QA RAGAELG LA ILING IBRANGHE MBS SHRSIRA BN ced for a

perpendicular due to in-plane constraints. Depending on the sign, i.e. - 10
perppadigviarcmaéyranireceditdaphngiedosgitiion constant X of the magnetic

'166%&3'4 eﬂ?f{ 59%“1'%&%%3rt‘}ﬁ‘}h%”??f%‘é%ﬁ%moﬁﬁ S%ﬁbﬂ%aﬂﬂu'géﬁn%or tilt

favored in the plane of “magnetizatiofi for a perpenélcu ar anls%tropy an
angltesSthtalnkel antlomo ferfaxargdeinctine piandoohmabipetiz #ticn tareaexample, an

.. longitudinal anisotropy. Consequently, the tilt angle. will. be. enhanced for a
incugS AT TS SO LR RBoRS SR STy o
morerpentiowar and/diopat pe Misoutes|\ it tton ettian 0O 24 uthedrésrsienthe
induced tilting effect can alter the {ilt maghnit.ude andéor til anijegof he
magReliG; ASSFORY (EX SARPE 2SS YA LY SBITRIHNE SRfr &S 218 it BBR i n
anisineipSEr, BTapoetoddastitdiseuany anajiaedh el 45To @ tRtubbatilting
structure from more than 0 to 60. As shown in Figure 6, a desired tilt )
effe%{ﬁgéeo[? fﬁ%ﬂl&@éﬁ%%ﬂﬁﬁ%@#ﬁéﬁ& am%%tﬁ%yf(gsf\@aw@&%@ima%%ﬁlastlc
anisGROMYI i thectil aasia-alefithe shRpeinamsoisapy fHif inglmedi Ahickongly
has a tilt angle of less than 45 with an induced tilting effect angle [3 for an
or waldy Hi g 810 % 1A e h Lo sy B RS e d magneto-elastic
a[D@QE{P PYWRRAEHIeNSi A H8eS H%iﬂﬁiﬁgaﬁﬁ%@ﬁdﬂyﬁ'ﬂaﬂf@ﬁﬁwiﬁ% 'ﬁl?gi@’

such as a strongly or weakly tilted media, or a media having no intrinsic
o, Whiergd043} Whn withaeshestiashe oatasisliaHonegietivatimntiiersaenhen, as
shovADE&: , XYR%@e294E+rﬁrgdu%gxg\’\fﬁlbf%ﬁl%%}féw-%lgﬁ{p %HQWJ)?)"}/ by activating the
magnetization direction then, as” shown In Equations 2-4, introducing
stresapfagiengbigaetocetasticthnidoaragly bydavrgaitngdetné tharbecetfoataggetic layer.

IayEr lilrg1 reases t@e tzilkarsligk? ﬁn(g magnitude of the adjacent magnetic
Iayelg. ' s

In Equation 2, £, is a uniaxial magnetic anisotropy energy with a magnetic anisotropy
energy constant of K, and a tilt angle «. @ is the polar angle, which is the angle between
the magnetization and the easy axis.
Equation 3:  E, =K, cos’ 0
In Equation 3, £ is an in-plane magneto-elastic anisotropy energy with a magnetic
anisotropy energy constant of K|
Equation 4:
E=E, +E|
=K, sin’ (O@+a)+K, cos” 6
=K, (sin® @ cos® a +cos” Osin’ a+2sinfcosfsinacosa+K /K, cos” 6)
[0044] In Equation 4, E is the composite magnetic anisotropy energy. By solving

for the first and second derivative of E over the polar angle 6, the tilt angle of the



Equation 2: EL =KL sin2(0+a) In Equation 2, El is a uniaxial magnetic
anisotropy energy with a magnetic anisotropy energy constant of K1 and
a tilt angle a. 0 is the polar angle, which is the angle between the
magnetization and the easy axis. Equgation 3: El =KlI cos' O In Equation 3,
Ell is an in-plane magneto-elastic anisotropy energy with a magnetic
comPOYRRL ENErAYs GROF IS Kbt ALAtIRP A frEiby BHE 1id-axis where E is
sin2(0+a)+KIl cos 2 0 =KL(sin2 Ocos2 a+cost Osine
max gneinGee0sifacosa¥h /RLapddR0R004} MhErUATDHE NENkWe (TE/00 =
composite magnetic anisotropy energy. By solving for the first and
second derivative of E over the polar angle 0, the tilt angle of the - 11
' E/66mp O3ifEhmagaeticcanisotropy caerieiohipinsuhted retiendeifcbyntiecbbiaveen
E a>1(l| hege Eri mmaxl'll‘-muq} %r/,DQO= 0, ge/o02> 0), and the easy axis where
max 2§ AinImunT t& 68%°8,>"E/00z < 0). The magnetic anisotropy
enéigyaiorefresented by the difference between Emx and Emin
according to Equation 5: Equation 5: aE = KL (sin 20 cos 2a + sin 2a cos
— 20k Kikinklosio 20 a0ial& 00an@20Q= / &I 2ma@gos 2a - KIl /KL a2E
90 aB2 KL (2 cos 200 cos 2a - 2 sin 2a sin 200 - 2KII | KL cos 200 ) 0=00 =

OF 2K{. [(cos 23 » 5!l 1 KL )2=#58Ir# 2a] cos 200 cos 2a - Kl | KL [0045] In the
06 case of a perpeﬂdicut&rlecermpglﬁledia, a= 0, when Equation 6 is

, Splved:
S r =K, (2cos 20, cos2a —2sin 2a sin 26, — 2K / K, cos26,)
0=0,

cos 20,

=2KL[(00820[—KH/KL)2+Sin2 2a]cos2a X /K
Bl 1

[0045] In the case of a perpendicular recording media, a = 0°, when Equation 6 is
solved:
Equation 6:
Epae = Evin =K K /K, =1
Epax = K| Opax =0°,180°; Epy =K, Gy, =390°, K /K, >1
Epox =K, O =390°; E . =K 6in =0°,180°, K, /K, <1
the composite magnetic anisotropy either: [1.] disappears when K|, = K, [2.] is in-
plane when K| > K, , or [3.] is perpendicular when K| < K, with an energy constant of
1K), - K.

[0046] In the case of a longitudinal recording media, & = 90°, when Equation 6 is

solved,
Emax = KJ_ + KH emax = 00 s 18007 Emin = O emm = i900

the composite magnetic anisotropy is in-plane, with an energy constant of K, + K, .



Equation 6: E. -EO,j. - KL, KII /KL =1 E.=KII 0.-0',180'; Ego =KL ens
=+90., Kll 1KL >1 E.=KL 0.=++0; E.j.=KIl enn=0,180, KI/KL<1 the
composite magnetic anisotropy either: [I.] disappears when Kll, = K1 [2.] is
in- plane when Kil, > K1, or [3.] is peppendicular when KlI, < K1, with an
energy constant of IKIL-K1l. [0046] In the case of a longitudinal recording
HLGQLP?_;I_ 19%%@9&‘1%?&1}&& %ﬁgdg 0&@5}@%%@9 Eﬁ.\atlgn 6 is
90 the composite magnetic anisotropy is in-plané, with an energy
solvednstant of KIl + K1 . - 12 [0047] In the case of a tilted recording media, O
< 90, when Equation 6 is solved, 1 arctan - sin 2a, cos 2a ? KI | KL 2
cog 2a-KIIIKL ma>6iﬁ Z_Oarcta - sin 23 0525 KIITKL 2 cos

(© é’%rct@ﬂJ“ Kll cH8tdiax nifg = KI(:()%IQg(QH]t/kaHKII COS min the
osite ag;riealleﬁmgéy py Is a function of K, 1, KL, and a. [0048] In

tilted magnetic recording media, the crystallographlc orientations of the

m gnetl%: films masyorilst exactly align Wlt thg %olqumar growth orientations
of fe" mad nesiceraiks/ Kor icertain thin filth magnetic media, the

O nin CF stallogr%phlc orlentatlon}may remain normal to the substrate planes,

irespective of depositon anglg,Accordingly, .
cos2a—K, /K ’ L

E .« =K, sin 20, + ) +K, cos’ O,ax

max

E.. =K, sin*(@

min

+a)+K| cos® 6, .-
the composite magnetic anisotropy is a function of K| K, and .

[0048] In tilted magnetic recording media, the crystallographic orientations of the
magnetic films may not exactly align with the columnar growth orientations of the
magnetic grains. For certain thin film magnetic media, the crystallographic orientations
may remain normal to the substrate planes, irrespective of deposition angle. Accordingly,
an induced magneto-elastic anisotropy in accordance with the invention can provide a
transient supplementary tilting mechanism in order to obtain the desired tilted magnetic
anisotropy.

[0052] For a tilted media having an initial tilt angle &, where 0 < a <435, in order
to obtain a 45 degree composite tilting, an in-plane magneto-elastic anisotropy is needed
with a magnitude ratio, as compared to the intrinsic anisotropy, following the design curve
shown in Figure 7. The resulting composite tilted anisotropy has a magnitude ratio, as
compared to the intrinsic tilted anisotropy, following line A. The required in-plane
magneto-elastic anisotropy has a magnitude ratio, as compared to the intrinsic tilted
anisotropy, following line B.

[0053] Figure 8 shows the variation of the tilt angle 6,,,, of the composite
magnetic anisotropy with the initial tilt angle « at different in-plane magneto-elastic
anisotropy energies K| (normalized with the initial tilted magnetic anisotropy energy K, ).
As shown in Figure 8, the tilt angle of the composite magnetic anisotropy increases with

K. Figure 9 shows the variation of the composite magnetic anisotropy energy



an induced magneto-elastic anisotropy in accordance with the invention
can provide a transient supplementary tilting mechanism in order to
obtain the desired tilted magnetic anisotropy. [0052] For a tilted media
having an initial tilt angle a, where 01ga <45, in order to obtain a 45
d(_agree composite tilting, an in-plane magne_to-gla_stic e_misotropy is ne_eded
(nontffift ARG UGS, o A RRMPREGE 10NG ARIKNSIG RIS HaRAfB!I9uing
the design curve shown in Figure 7. The resulting composite tilted
anisetmigytrmeyeiska (magmiducid ratib tlasingtah pdietine ghetinminsigdifednergy K ).
nisotropy, following line A. The.required in-plane magneto-elasti
A D i I e s & ThaPPy cmerey
depcaidisotr apyinfioltseinidk kngls o b & FHiglive Btbows e vauBiqk of Kng. tiks
angle Om. of the composite magnetic anisotropy with the initial tilt angle a
shov HirtdRUEE m-[aR EFHREGHIAA4HER SHISf Oy BRARENR MAGRSIATEIELS
anis&iﬂﬁmilﬂitﬁ’é tiliad maghele @@\i\wmpmﬁw&mkﬁ-q&&@ﬁwghaﬂ?igure
_ 8, the tilt angle of the composite magnetic anisotropy increases with KiIl.
anisigpie 9 sho_ws thg variation of the_ c_o_mp_osite magne_tic anis_otropy energy
“[opsapmaliect it St i IRl anaiR RbHEIeRL IR e
agneto-elastic anisotropy energies Kl | (normalizéd with the initial tilted
orientrapmetictBisis oragpytermrgytkipy Wishsisepeatito Figutislo, thecentigrelasdis ofress is
' i ) . : o the intrnsi
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gle a and the ratio o magnitudes (KI '/ KIl). As shown in
an efSgplend,ifotha plenseridicutaednediamlityamdryadidtrighaihet the effect of the
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cancels out t gneticanisotropy. e elastic siress induce
the grragnetisEisotropycessndtabffechthizonrbtitagonrod¢iftect inagnedegree of

dowt;al\rt\rlgcolyopgrgvslt respect to the disk. Since the elastic stress is axially

ymmetric Wl%hrrespect to the perpendicular direction, the induced
aj0866bpy Aadisaissabybohas) ehie s qleine aftihe inediah: fordisyminhetry
dictates tqat theif

ffegt 0 tklle stre(gs-i uced anisotr.op?y g\/ill be to increase

perpfelite (SPU RRPL LIS ARISTHo SIS YR EFAH HHSpRRNRE B e e

recogZimedthakarientatomoinegoaiis dpfiied toyithel degliae bf tddwidhacktod
JEross track tilt. [[0055 As,di?cuaﬁjed.above, e pﬁesqnt inyention is A

medg,the magnetization.of an isolated bit is reduced as the tilt angle ncreases.

minimum energy barrier is found as a function of the tilt angle for a region with a large

number of bits of the same polarity. As a result, this leads to an increased loss of signal for

the tilted media. However, this effect would disappear if the tilt angle is a transient effect,

i.e., only present during the transient writing process. The applied stress and/or strain on

the stress-effecting layer can be ceased once the writing process is complete.

Accordingly, the transient stress induced magneto-elastic anisotropy disappears and the

intrinsic anisotropy Eininsic Of the media takes over.

EXAMPLE
[0056] A sample magneto-elastic assisted tilted media design was constructed
comprising a cobalt magnetic layer having a thickness of 15nm and a stress-effecting layer
comprising magnetostrictive material TbFe; having a thickness of 10nm. The tilted media
had an intrinsic shape anisotropy with a 20° tilt angle and 20 kOe magnetic anisotropy

energy constant. In order to obtain a 45° tilted composite anisotropy, an in-plane magneto-



perpendicular, longitudinal and tilted media. However, certain additional
benefits are recognized when the present invention is applied to tilted
media. In traditional tilted media, the magnetization of an isolated bit is
reduced as the tilt angle increases. A4minimum energy barrier is found as
a function of the tilt angle for a region with a large number of bits of the
elasORE BRIy i Sathisstili LIS dsRds, QRN CRRRRE J25310DS19aakLHIiEAe The
tited media. However, this effect would disappear if the tilt angle is'a
magnefisleyrdifdot, sateratonmigseinsiigiing ceastamsiduewtidng prétedsamhe
ie nd/ inon_the.s -effect can.
AT e o AL B T S
was aphlicddnibg sleessedfistitanisptrap\ecliseppearspahcdtbecineinsits GPa. The
iSOtr J el Qf the media. : P. 6 le
corr G o B TR N s R A S Bt
of 1kfobalt nragjastiic dayey daang eryhitientss of dEmimgathd bl shessgiéfending
layer comprising. magnetostrictive material, ToFe2 having a thickness of
enta R B, Y RATEIER T eng e e
stresargfecting RQ d@enmalgmeticlanisocpy energy constant. In order to obtain
ijted composite anisotropy, an in-plane magneto - 14 elastic )
0B, R R A SE B ry B SA  SE gribed
abovapoligairgdies oragnstigdayeit hal Besaiideati o thagreidstictite eankiant
value of As = -130e-6 and a saturation magnetization value of Ms = 360 .
g P T N TRBGBR MEIG R HRRE Pt fout departng
fronsthesselieioting yblcigenespiradeapplied stress of 1.38 GPa. The
corresponding 45 titled composite anisotropy had a magnetic anisotropy
energy constant of 13 kOe. This elastic stress can be very effective in
altering the tilting angle and enhancing the magnetic anisotropy. It is
anticipated that increasing the excitation in the stress-effecting layer can
enhance this effect. [0057] Whereas particular embodiments of this
invention have been described above for purposes of illustration, it will be
evident to those skilled in the art that numerous variations of the details of
the present invention may be made without departing from the invention
as defined in the appended claims. - 15- WHAT IS CLAIMED IS:



1. A thin film structure, comprising: a magnetic layer; and a
stress-effecting layer adjacent the magnetic layer. 2. The thin film
structure of claim 1, wherein the stress-effecting layer comprises at least
one of a magnetostrictive material,_g giezoelectric material, a thermal
expansion material or an electrostatic material. 3. The thin film structure of
wHERIR Z1whgie (ke magnetostrictive material comprises iron, cobalt,
and/or nickel in combination with praseodymium, terbium, samarium,
holium, erbium af\dfoR dYBpYEYRIATC AOTHEIRE film structure of claim 2,
wherein the piezg%ggg&gcq@t&{i%gomprises guartz crystal, lithium
niobates, barium titanate, lead titanate, lead zirconate-lead titanate,
meta-lead niobatestarrd/orfprsipgitpricadiiesnd roonagectisidativn structure

of claim 2, wherey dhe tharmak EXARANSIUMACHALRINAESER & S/3BAng layer

memory alloy, aluminum, copper, nickel, iron, silver, gold, and/or alloys
compsrsait Bastactihdimagnatestiretiobaraier 2] \ehueee tedrsl serrodedtic thermal

expaﬁﬁk%%riﬂhtgﬁﬁlﬁ‘BEjﬁﬁ%l%iéYl%rstEé?PH%&eﬁLHminum’ tungsten, iron, platinum,

managanin, lead and/or alloys thereof. 7. The thin film structure of claim
1, whereid the méyhétio fayesisietyerpeeidioufarvheagndlic reagneipngrictive
i o © . ‘ i L
L R R B S
terbistorageanediuheli@nTebithindiidrostdyspuesiaihclaim 1, wherein the

magnetic jayer iﬁﬁé%ﬁﬁ“ﬁ? ét?&c%‘d{é‘%_@ﬁifrﬁrz‘,’%F%e%é%%ﬁgt?%e‘%o&%&} in
film structure of claim 1, further comprising an "additional stress-effecting

matdegbc@adpacesqretmaysetidityen dibbatee, thindilmtistnattulea dticiante ead

. wherein the stress-effecting. | r comprises an electrostatic material

zire g E R e e e
an electroStatic ratethal hidwingwesecofdlpolalityhitreisebotiterpalarkyansion

matEDIRRRRG g R RRIA B G5 A SRR UGR SYSIR, L3 BRSIN G 014,
and/or alloys thereof.

6. The thin film structure of claim 2, wherein the electrostatic material
comprises silver, copper, aluminum, tungsten, iron, platinum, managanin, lead and/or
alloys thereof.

7. The thin film structure of claim 1, wherein the magnetic layer is a perpendicular
magnetic recording layer, a longitudinal magnetic recording layer, or a tilted magnetic
recording layer.

8. The thin film structure of claim 1 formed as a data storage medium.

9. The thin film structure of claim 1, wherein the magnetic layer is
structured and arranged for data storage.

10. The thin film structure of claim 1, further comprising an
additional stress-effecting layer adjacent the magnetic layer.

11. The thin film structure of claim 10, wherein the stress-effecting
layer comprises an electrostatic material having a first polarity and the additional stress-
effecting layer comprises an electrostatic material having a second polarity, the second
polarity being opposite the first polarity.

12. A data storage system, comprising:



- 16- a recording head; and a recording medium positioned adjacent the
recording head, the recording medium comprising: a magnetic layer; and
a stress-effecting layer adjacent the magnetic layer. 13. The data storage
system of claim 12, wherein the strepg-effecting layer comprises at least
one of a magnetostrictive material, a piezoelectric material, a thermal
expansion material.ep elgepsipiic material. 14. The data storage
system of claim 12, wherein the magnetic layer is a perpendicular

magnetic recordisfejeiamsdgrudAttiensgrstiacest shairg oagiag beag, the

recofﬁ‘iﬁg H?@cﬂﬁﬁf@o‘lﬁﬁﬂé%?g layer. 15. The data storage system of claim 12,
wherein the magnetic layer is structured and arranged for data storage.

16. The data storage systarsticlanei2ndherein the recording head is a
heat assisted magnetlc?[_g&ggg_lggelaﬁﬂ .lg}?ﬂgﬁﬁ%ﬁﬁé%ggﬁe_%q%pf

claim 12, further comprising an activator in communication with the _
stress-effdéting |Apedats stpiege avatsmorigdasysidnndicetairthe stragptisdiecting

layef® fﬂ@:gM%%Rroﬁﬁ%ﬁgx%o@ﬁ&%%ﬁﬁ%ﬁianléé’c?él-e&?i&r{@t%ﬁhq,da
com SS-€

rising: providing a stre ffecting layer adjacent a magnetic layer,
thermabexapiingragiasiaben ahfolesdrostitis stpéesabffecting layer to induce a

Tgagneto"ﬂﬁsm FRISAL B%i@é@ flﬁ%?t!:‘fa'ﬂ 45, 2%hel 0 4]%8598 QlielAm, is
, Whereln the applying an external force to the stress-eftecting layer
a petpgmb'gglarnmﬂgg@fte@pmdhg dnagr,] gtlgngygd_inal magnetic recording layer, or a
tilted magnetic recording layer.
15. The data storage system of claim 12, wherein the magnetic layer is
structured and arranged for data storage.
16. The data storage system of claim 12, wherein the recording head is
a heat assisted magnetic recording head.
17. The data storage system of claim 12, further comprising an activator
in communication with the stress-effecting layer.
18. The data storage system of claim 12, further comprising means for
activating the stress-effecting layer.
19. A method, comprising:
providing a stress-effecting layer adjacent a magnetic layer; and
applying an external force to the stress-effecting layer to induce a
magneto-elastic anisotropy in the magnetic layer.

20. The method of claim 19, wherein the applying an external force to

the stress-effecting layer induces a tilting effect in the magnetic layer.
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MAGNETO-ELASTIC ANISOTROPY ASSISTED THIN FILM STRUCTURE


CROSS REFERENCE TO RELATED APPLICATION


       [0001]     This application claims the benefit of United States Provisional Application No. 60/667,349 filed April 1, 2005, which is incorporated herein by reference.


STATEMENT REGARDING FEDERALLY 


SPONSORED RESEARCH OR DEVELOPMENT


       [0002]     This invention was made with United States Government support under Agreement No. 70NANB1H3056 awarded by the National Institute of Standards and Technology (NIST).  The United States Government has certain rights in the invention.

FIELD OF THE INVENTION

       [0003]      The present invention relates to thin film structures, and more particularly, relates to a stress-effecting layer for inducing magneto-elastic anisotropy in a thin film structure.


BACKGROUND INFORMATION


       [0004]     Demands are currently being made to further increase the capacity of magnetic data storage.  A major objective of research efforts in thin film magnetic materials is to make magnetic recording media with properties that are suitable for recording at higher data densities.  Achievement of higher recording densities is impaired by several problems.  First, as the quantity of magnetic flux corresponding to the data becomes smaller, it becomes increasingly difficult to separate the data signal from the noise.  Second, as the recording density increases, the super-paramagnetic limit of the material is approached so that thermal energy can potentially randomize the data stored in the magnetic material.  Both of these problems are related to the energy density associated with the magnetic anisotropy of the magnetic material.  


       [0005]     There is identified a need for an improved magnetic thin film, and particularly an improved magnetic recording media, that overcomes the limitations, disadvantages, or shortcomings of known magnetic thin films.

SUMMARY OF THE INVENTION

       [0006]     In accordance with an aspect of the present invention, a thin film structure comprises a magnetic layer and a stress-effecting layer adjacent the magnetic layer that induces a magneto-elastic anisotropy in the magnetic layer.  


       [0007]     In accordance with another aspect of the present invention, a data storage system comprises a recording head and a recording medium positioned adjacent the recording head.  The recording medium comprises a magnetic layer and a stress-effecting layer adjacent the magnetic layer that induces a magneto-elastic anisotropy in the magnetic layer.


       [0008]     In accordance with yet another aspect of the present invention, a method comprises providing a stress-effecting layer adjacent a magnetic layer, and applying an external force to the stress-effecting layer to induce a magneto-elastic anisotropy in the magnetic layer.


       [0009]     These and other aspects of the present invention will be more fully understood following a review of this specification and drawings.



BRIEF DESCRIPTION OF THE DRAWINGS


       [00010]      Figure 1 is a pictorial representation of a disc drive that may utilize a recording medium constructed in accordance with the invention.  

       [00011]     Figure 2 is a schematic representation of a perpendicular heat assisted magnetic recording head constructed in accordance with the invention. 

       [00012]     Figure 3 is a schematic representation of a longitudinal recording head constructed in accordance with the invention.

       [00013]     Figure 4A is a schematic side view of a magnetic recording medium in accordance with the invention.

       [00014]     Figure 4B is a schematic side view of a magnetic recording medium in accordance with the invention.

       [00015]     Figure 4C is a schematic side view of a magnetic recording medium in accordance with the invention.

       [00016]     Figure 5 is a graphical illustration of the principal stresses applied to the stress-effecting layer of a magnetic recording media in accordance with the invention.


       [00017]     Figure 6 is graphical illustration of the composite tilt angle resulting from application of an induced magneto-elastic anisotropy in accordance with the invention.

       [00018]     Figure 7 is a graphical illustration of the magneto-elastic induced tilted media versus the intrinsic tilt angle in accordance with the invention.

       [00019]     Figure 8 is graphical illustration of the relationship between in-plane magneto-elastic anisotropies and tilt angle in accordance with the invention.


       [00020]     Figure 9 is a graphical illustration of the relationship between the magnitude of the effective magneto-elastic anisotropy and the intrinsic tilt angle in accordance with the invention.


DETAILED DESCRIPTION

       [00021]     The present invention encompasses thin film magnetic structures that have transient induced magneto-elastic anisotropy during the writing process and can be used, for example, with magnetic, magneto-optical and/or optical recording heads.  The invention has utility for use as a perpendicular, longitudinal or tilted magnetic recording medium of a magnetic data storage system.  In addition, the invention has utility for use with a system that utilizes heat-assisted magnetic recording (HAMR).


       [00022]     Figure 1 is a pictorial representation of a disc drive 10 that can utilize a thin film structure 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, such as a magnetic recording medium 16, which may be a perpendicular, longitudinal and/or tilted 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 24 pivotally mounted on a shaft by a bearing 26.  An actuator motor 28 is located at the arm's second end 24 for pivoting the arm 18 to position the recording head 22 over a desired sector or track 27 of the disc 16.  The actuator motor 28 is regulated by a controller, which is not shown in this view and is well known in the art.  


       [00023]     Figure 2 is a partially schematic side view of a perpendicular HAMR head 22 and a magnetic recording medium 16. Although an example of the invention is described herein with reference to recording head 22 as a heat-assisted perpendicular magnetic recording head and the medium 16 as a perpendicular magnetic recording medium, it will be appreciated that aspects of the invention may also be used in conjunction with other type recording heads and/or recording mediums that employ heat assisted recording as well as recording heads that do not utilize heat in the recording process. 


       [00024]     As shown in Figure 2, the HAMR head 22 may include a writer section comprising a main write pole 30 and a return or opposing pole 32 that are magnetically coupled by a yoke or pedestal 35.  Flux (H) is directed from the main pole 30 into the recording medium 16 and can be returned to the opposing pole 32.  It will also be appreciated that the HAMR head 22 may be constructed with a write pole 30 only and no return pole 32 or yoke 35.  A magnetization coil 33 may surround the yoke or pedestal 35 for energizing the HAMR head 22. The recording medium 16 is positioned adjacent to or under the recording head 22 for movement, for example, in the direction of arrow A.  A magnetic layer 42, which in this embodiment is a hard magnetic perpendicular recording layer as illustrated by the perpendicular oriented magnetic domains 44, is deposited adjacent to or on a stress-effecting layer 40 that may be formed adjacent a soft magnetic layer 50.  The HAMR head 22 also may include a read head, not shown, which may be any conventional type read head.  The read section may include, for example, a conventional giant magneto-resistance (GMR) reader, magnetic-resistance reader, inductive reader, magneto-optical reader, or the like as is also generally known in the art.  


       [00025]     Still referring to Figure 2, the recording head 22 may also include structure for HAMR to heat the magnetic recording medium 16 proximate to where the write pole 30 applies the magnetic write field H to the recording medium 16. Specifically, such structure for HAMR can include, for example, an optical waveguide, schematically represented by reference number 51, in optical communication with a light source 52.  The light source 52 may be, for example, a laser diode, or other suitable laser light sources for coupling a light beam 54 into the waveguide 50. 


       [00026]     Figure 3 is a partially schematic side view of a longitudinal magnetic recording head 122 and a magnetic recording medium 116 in accordance with an embodiment of the present invention.  As shown in Figure 3, the recording head 122 includes a write portion, generally designated by reference number 124.  The write portion 124 of the longitudinal recording head includes a pair of write poles 126 and 128 with a connecting yoke 130 there between.  The write poles 126 and 128 are structured and arranged to apply a magnetic write field H to the magnetic recording medium 116, as is generally known.  A hard magnetic recording layer, which in this embodiment is a longitudinal magnetic recording layer 142 as illustrated by the longitudinally oriented magnetic domains 144, is deposited adjacent to or on a stress-effecting layer 140.  

       [00027]     The effective composite magnetic anisotropy (E) of a magnetic thin film structure, such as a recording medium, is the combination of the intrinsic crystalline anisotropy (Ec), the intrinsic shape anisotropy (Es), and the magneto-elastic anisotropy (Ee) of the magnetic thin film.  Crystalline anisotropy is determined by the crystalline property of each individual grain within the magnetic material.  Shape anisotropy is determined by the shape of each individual grain within the magnetic material.  Magneto-elastic anisotropy is induced by applied external forces that generate strains and/or stresses in the magnetic material.  The combination of these anisotropies produce a composite effective magnetic anisotropy of a given thin film structure, such as the magnetic storage mediums 216, 316 and 416 shown in Figures 4a-4c.  In one embodiment, the induced magneto-elastic anisotropy (Ee) can decrease the overall composite magnetic anisotropy (E) of the magnetic thin film during the writing process.  The induced magneto-elastic anisotropy (Ee) can effectively cancel out at least some of the intrinsic crystalline anisotropy (Ec) and/or the intrinsic shape anisotropy (Es) of the magnetic storage medium.  Decreasing the composite effective magnetic anisotropy (E) during the writing process can improve the writeability of the magnetic recording medium by reducing the magnetic field required to switch the magnetic orientation of the magnetic layer 42.

       [00028]     Figures 4A-4C are cross-sectional views of thin films, such as magnetic storage mediums 216, 316 and 416, in accordance with the present invention.  The magnetic storage mediums 216, 316 and 416 can comprise a substrate 38 and a magnetic layer 42.  The substrate 38 may comprise any suitable material such as ceramic glass, amorphous glass, or NiP plated AlMg.  The magnetic layer 42 can comprise any suitable magnetic material, such as a hard magnetic material.  Example hard magnetic materials include FePt, FePd, CoCrPt, CoCrPtB, Co-Pt alloys, or Co-Pt alloys with oxides such as Co2O3, SiO2, NiO, TiO2, ZrO2 or SnO2. 

       [00029]     A stress-effecting layer 40 can be deposited adjacent the magnetic layer 42.  As used herein, the term “stress-effecting layer” means a material and/or materials that, when activated, produce an induced magneto-elastic anisotropy in an adjacent magnetic layer 42.  As used herein, the term “activated” means an external force is applied to the stress-effecting layer causing a change in volume and/or shape of the stress-effecting layer.  External force can be generated by applied mechanical forces, applied electric and/or magnetic fields and/or applied heat.  The applied external force alters the stress/strain between the stress-effecting layer 40 and the magnetic layer 42 by inducing a magneto-elastic anisotropy (Ee) which reduces the composite magnetic anisotropy (E) of the magnetic layer 42, thereby decreasing the magnetic field required to switch the magnetic orientation of the magnetic layer 42.


       [00030]     In one embodiment, the induced magneto-elastic anisotropy is localized within the magnetic layer 42.  As used herein, the term “localized” means that energy in the surface between the stress-effecting layer 40 and the magnetic layer 42 is altered in regions having an area on the order of 1 bit.  In another embodiment, the induced magneto-elastic anisotropy is transient.  As used herein, the term “transient” means that the inducement of a magneto-elastic anisotropy in the magnetic layer 42 occurs only when the stress-effecting layer is activated, such as during the writing process.  When the application of the external force to the stress-effecting layer is stopped, the transient induced magneto-elastic anisotropy ceases and the intrinsic magnetic anisotropy (Ec and Es) of the thin film is returned, thereby avoiding subsequent erasure of information.  

       [00031]     As shown in Figure 4A, the magnetic layer 42 can be deposited on the substrate 38 and the stress-effecting layer 40 can be deposited on the magnetic layer 42.  As shown in Figure 4B, the stress-effecting layer 40 can be deposited on the substrate 38 and the magnetic layer 42 can be deposited on the stress-effecting layer 40.  As shown in Figure 4C, a first stress-effecting layer 40b can be deposited on the substrate 38, the magnetic layer 42 can be deposited on the first stress-effecting layer 40b, and a second stress-effecting layer 40a can be deposited on the magnetic layer 42.  In each of these embodiments, a protective overcoat 45, such as a diamond-like carbon and/or a lubricant layer may be applied over the hard magnetic recording layer 42 and/or stress-effecting layer 40.  An optional seedlayer may be deposited on the substrate 38 in order to facilitate growth of the magnetic layer 42.  The seedlayer may comprise any suitable material such as Pt, Cu, Ag, Al and/or combinations thereof, as is generally known.  

       [00032]     When the stress-effecting layer 40 is activated, such as by exposure to an activator capable of applying a mechanical force, heat, magnetic field and/or electric field during the writing process, the stress-effecting layer 40 can expand or contract.  Because the stress-effecting layer 40 is confined between the substrate 38, the magnetic layer 42 and/or the overcoat 45, perpendicular compressive/tensile elastic stresses are developed and transferred into the magnetic layer 42.  Alternatively, as shown in Figure 4C, a thin film structure 416 can comprise two stress-effecting layers 40a and 40b separated by a magnetic layer 42.  Accordingly, the magnetic layer 42 can experience compressive/tensile stresses from both sides when the stress-effecting layers 40a and 40b are activated.

       [00033]     In one embodiment, the stress-effecting layer 40 can comprise at least one magnetostrictive material.  A magnetostrictive material undergoes a change in volume and/or shape in response to a change in magnetization.  In this embodiment, the magnetostrictive material generates a stress/strain in response to an applied magnetic field that propagates into the magnetic layer 42.  Example magnetostrictive materials can include iron, cobalt and/or nickel in combination with 

       [00034]     praseodymium, terbium, samarium, holium, erbium and/or dysprosium, such as TbFe2, Tb0.3Dy0.7Fe2, CoFe, Ni2MnGa, Co2MnGa, CoNi, FeNiCoTi, Fe30 at %Pd, and Fe3Pt.  The magnetostrictive material may have an anisotropic volume expansion relative to the direction of an applied magnetic field.  

       [00035]     In another embodiment, the stress-effecting layer 40 can comprise a piezoelectric material.  A piezoelectric material produces an electric charge when a mechanical force is applied to the material, and/or produces a mechanical force when an electric charge is applied to the material.  In this embodiment, the piezoelectric material generates a strain/stress in response to an applied electrical field which propagates into the magnetic layer 42.  Example piezoelectric materials include quartz crystal, lithium niobates, barium titanate, lead titanate, lead zirconate-lead titanate (including PZT and PZT including ternary system), meta-lead niobate, and/or polyvinylidenfluoride (PVDF).  

       [00036]     In another embodiment, the stress-effecting layer 40 can comprise a thermal expansion material.  A thermal expansion material increases in volume in response to an applied heat.  The applied heat can have any elevated temperature, such as from slightly elevated room temperature to 300 degrees centigrade.  Suitable sources of heat include activators such as lasers, which may be coupled with a HAMR head as shown in Figure 2.  When the stress-effecting layer 40 is subject to heat from an applied source, an intense transient thermal stress field is generated.  In one embodiment, the maximum temperature applied to the stress-effecting layer 40 is well below the Curie temperature of the material.  In another embodiment, the maximum applied temperature is about 200 Kelvin.  By applying heat having a temperature of less than the Curie temperature of the material, the applied heat does not significantly alter the magnetization of the magnetic layer 42.  Accordingly, heating a thermal expansion material to a temperature of less than the Curie temperature is distinct from HAMR, wherein the magnetic layer is heated close to the Curie temperature in order to eliminate magnetic anisotropy.  Example thermal expansion materials include shape memory alloys such as NiTi, AuCd, CuAlNi, CuSn, InTi and FeMnSi, and aluminum, copper, nickel, iron, silver, gold and/or alloys thereof. 

       [00037]     





       [00038]     In another embodiment of the invention, the stress-effecting layer 40 can comprise an electrostatic material.  An electrostatic material increases in volume and/or changes shape in response to an electric field.  In one embodiment, a thin film structure constructed in accordance with Figure 4C, comprises two stress-effecting layers 40a and 40b made of electrostatic materials.  The first stress-effecting layer 40a is charged with a first electrostatic polarity during the writing process and the second stress-effecting layer 40b is charged with a second opposite electrostatic polarity during the writing process.  Following Coulomb’s law, stress-effecting layers 40a and 40b are attracted to each other and impose perpendicular compressive stress throughout the magnetic layer 42.  Example electrostatic materials include silver, copper, aluminum, tungsten, iron, platinum, copper-manganese resistance alloy (managanin), lead and/or alloys thereof.  

       [00039]     The stress-effecting layer of the present invention is suitable for use with conventional recording media as well as tilted recording media.  Tilted recording media is characterized as media having a tilt angle between the direction of the magnetic easy axis and the surface normal that falls between 0° and 90°.  The required media-switching field of a tilted media is minimum when it is applied at a 45° tilt angle to the magnetic anisotropy of the media.  As used herein, the term “media switching field” is the field required to switch the media magnetization from a first direction to a second direction.  When the media switching field is reduced, the signal to noise ratio (SNR) is increased, thereby allowing for a higher recording density.  In traditional tilted media fabrication techniques, it is often difficult to obtain a true permanent 45° tilt angle because C-axis dispersions resulting from fabrication limitations can offset the tilt angle as much as +/- 40°.  In the present invention, a permanent tilt angle is not required to obtain the benefits of conventional tilted media, i.e. a reduction in the required media switching field.  A tilting effect can be transiently induced in the media as a result of applying an external force to the stress-effecting layer.  In a media having a magnetic easy axis tilted from the media normal axis, when an external force is applied to the stress-effecting layer 40, a magneto-elastic anisotropy (Ee) is induced in the magnetic layer 42.  This transient induced magneto-elastic anisotropy (Ee) can effectively mimic a permanent tilt in the magnetic layer 42.  


       [00040]     By inducing an induced magneto-elastic anisotropy (Ee) in the magnetic layer 42, a tilting effect can be achieved and/or enhanced in the thin film structure.  Increasing the magneto-elastic anisotropy of the magnetic layer 42 and inducing a tilting effect in accordance with the invention can achieve higher recording densities.

       [00041]     When an external force is applied to the stress-effecting layer 40, the applied force propagates into the magnetic layer 42 and induces a transient magneto-elastic anisotropy field (Ee) according to Equation 1, where λs is the saturation magnetostriction of the magnetic layer, σ is the elastic stress in the magnetic layer, and Ms is the saturation magnetization.

Equation 1:
Ee = (3λsσ)/Ms

       [00042]     Figure 5 is an illustration of the principal stresses applied to a stress-effecting layer which then propagate into a magnetic layer.  An axially symmetric distribution with respect to the perpendicular axis is achieved in the magnetic layer.  At the center of the area of applied stress and/or strain, the perpendicular tensile strength is at a maximum.  The principal stresses shown in Figure 5 are thermal stresses in the form of an applied external heat of 200 Kelvin.  The resulting perpendicular tensile strength shown in Figure 5 is as high as 1 GPa, and can be as high as 2.2 GPa.  These applied thermal stresses induce a magnetic anisotropy field according to Equation 1.  For example, for a Co-alloy where s = -130e-6 and Ms = 360 emu/cc, the applied thermal stress introduces an in-plane magnetic anisotropy of 2.38 kOe.  Therefore, the thermal stress can effectively alter the tilt angle of the media and enhance the magnetic anisotropy.  Increasing the applied temperature can further enhance this effect.







       [00043]     







       [00044]     The principal stress elongation of magnetic grains in the magnetic layer is substantially perpendicular due to in-plane constraints.  Depending on the sign, i.e. positive or negative, of the magnetostriction constant λs of the magnetic material, the perpendicular orientation becomes more stable and less favored in the plane of magnetization for a perpendicular anisotropy and less stable and more favored in the plane of magnetization for a longitudinal anisotropy.  Consequently, the tilt angle will be enhanced for a longitudinal media and/or longitudinally tilted media, and reduced for a perpendicular and/or perpendicularly tilted media. 

       [00045]     The transiently induced tilting effect can alter the tilt magnitude and/or tilt angle of the media from, for example,  to as shown in Figure 6.  In one example, an induced magneto-elastic anisotropy can alter the tilt angle of a thin film structure from more than 0° to 60°.  As shown in Figure 6, a desired tilt angle θ, such as 45°, of the magnetic anisotropy (E) can be achieved by combining the tilt angle α of the shape anisotropy Es of the media, which has a tilt angle of less than 45° with an induced tilting effect angle β for an in-plane magneto-elastic anisotropy Ee. An induced magneto-elastic anisotropy can achieve a desired tilting effect in an already tilted media, such as a strongly or weakly tilted media, or a media having no intrinsic tilt.

       [00046]     When 







       [00047]     













       [00048]     





a material has a uniaxial anisotropy that is tilted at an angle where 0(( ( 90(, with respect to the perpendicular magnetization direction then, as shown in Equations 2-4, introducing in-plane magneto-elastic anisotropy by activating the stress-effecting layer increases the tilt angle and magnitude of the adjacent magnetic layer. 


Equation 2:
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In Equation 2, E( is a uniaxial magnetic anisotropy energy with a magnetic anisotropy energy constant of K( and a tilt angle .  is the polar angle, which is the angle between the magnetization and the easy axis.  


Equation 3: 
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In Equation 3, E|| is an in-plane magneto-elastic anisotropy energy with a magnetic anisotropy energy constant of K||, 


Equation 4: 
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       [00049]     In Equation 4, E  is the composite magnetic anisotropy energy. By solving for the first and second derivative of E over the polar angle the tilt angle of the composite magnetic anisotropy can be obtained, represented by the hard axis where E is maximum ((E/( = 0, (2E/( > 0), and the easy axis where E is the minimum ((E/( = 0,



(2E/( < 0). The magnetic anisotropy energy is represented by the difference between Emax and Emin according to Equation 5:


Equation 5: 
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       [00050]     In the case of a perpendicular recording media, = 0°, when Equation 6 is solved:

Equation 6:
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the composite magnetic anisotropy either: [1.] disappears when K||, = K( [2.] is in-plane when K||, > K( , or [3.] is perpendicular when K||, < K(, with an energy constant of |K||, - K(|.

       [00051]     In the case of a longitudinal recording media, = 90°, when Equation 6 is solved,
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the composite magnetic anisotropy is in-plane, with an energy constant of K||, + K( .

       [00052]     In the case of a tilted recording media, 0° <  < 90°, when Equation 6 is solved,  
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the composite magnetic anisotropy is a function of K||, K(, and .







       [00053]     





       [00054]     In tilted magnetic recording media, the crystallographic orientations of the magnetic films may not exactly align with the columnar growth orientations of the magnetic grains.  For certain thin film magnetic media, the crystallographic orientations may remain normal to the substrate planes, irrespective of deposition angle.  Accordingly, an induced magneto-elastic anisotropy in accordance with the invention can provide a transient supplementary tilting mechanism in order to obtain the desired tilted magnetic anisotropy. 







       [00055]     For a tilted media having an initial tilt angle , where 0 < 45, in order to obtain a 45 degree composite tilting, an in-plane magneto-elastic anisotropy is needed with a magnitude ratio, as compared to the intrinsic anisotropy, following the design curve shown in Figure 7. The resulting composite tilted anisotropy has a magnitude ratio, as compared to the intrinsic tilted anisotropy, following line A. The required in-plane magneto-elastic anisotropy has a magnitude ratio, as compared to the intrinsic tilted anisotropy, following line B. 

       [00056]     





       [00057]     





       [00058]     

       [00059]     









       [00060]     Figure 8 shows the variation of the tilt angle θmax of the composite magnetic anisotropy with the initial tilt angle at different in-plane magneto-elastic anisotropy energies K|| (normalized with the initial tilted magnetic anisotropy energy K( ).  As shown in Figure 8, the tilt angle of the composite magnetic anisotropy increases with K||.  Figure 9 shows the variation of the composite magnetic anisotropy energy (normalized with K( ) with the initial tilt angle at different in-plane magneto-elastic anisotropy energies K|| (normalized with the initial tilted magnetic anisotropy energy K( ). As shown in Figure 9, the magnitude of the composite magneto-elastic anisotropy energy depends on the intrinsic tilt angle  and the ratio of the two magnitudes (K|| / K().  As shown in Figure 9, for a perpendicular media with  = 0, an in-plane magneto-elastic anisotropy with the same magnitude (K|| = K() simply cancels out the magnetic anisotropy.

       [00061]     The elastic stress induced magnetic anisotropy does not affect the orientation of tilted magnetic anisotropy with respect to the disk.  Since the elastic stress is axially symmetric with respect to the perpendicular direction, the induced anisotropy has an easy plane in the plane of the medium; and symmetry dictates that the effect of the stress-induced anisotropy will be to increase the angle of the net effective anisotropy of the grain, irrespective of the azimuthal orientation of the grain defined by the degree of down track or cross track tilt.

       [00062]     As discussed above, the present invention is suitable for use with perpendicular, longitudinal and tilted media.  However, certain additional benefits are recognized when the present invention is applied to tilted media.  In traditional tilted media, the magnetization of an isolated bit is reduced as the tilt angle increases. A minimum energy barrier is found as a function of the tilt angle for a region with a large number of bits of the same polarity. As a result, this leads to an increased loss of signal for the tilted media.  However, this effect would disappear if the tilt angle is a transient effect, i.e., only present during the transient writing process.  The applied stress and/or strain on the stress-effecting layer can be ceased once the writing process is complete.  Accordingly, the transient stress induced magneto-elastic anisotropy disappears and the intrinsic anisotropy Eintrinsic of the media takes over. 

EXAMPLE


       [00063]     A sample magneto-elastic assisted tilted media design was constructed comprising a cobalt magnetic layer having a thickness of 15nm and a stress-effecting layer comprising magnetostrictive material TbFe2 having a thickness of 10nm. The tilted media had an intrinsic shape anisotropy with a 20° tilt angle and 20 kOe magnetic anisotropy energy constant. In order to obtain a 45° tilted composite anisotropy, an in-plane magneto-elastic anisotropy with a magnetic anisotropy energy constant of 15kOe was applied.  The magnetic layer had a saturation magnetostriction constant value of s = -130e-6 and a saturation magnetization value of Ms = 360 emu/cc.  A proper longitudinal magnetic field was applied to the stress-effecting layer to generate an applied stress of 1.38 GPa.  The corresponding 45° titled composite anisotropy had a magnetic anisotropy energy constant of 13 kOe.  This elastic stress can be very effective in altering the tilting angle and enhancing the magnetic anisotropy.  It is anticipated that increasing the excitation in the stress-effecting layer can enhance this effect.


       [00064]     Whereas particular embodiments of this invention have been described above for purposes of illustration, it will be evident to those skilled in the art that numerous variations of the details of the present invention may be made without departing from the invention as defined in the appended claims.

WHAT IS CLAIMED IS:


1.
A thin film structure, comprising:


a magnetic layer; and


a stress-effecting layer adjacent the magnetic layer.


2. The thin film structure of claim 1, wherein the stress-effecting layer comprises at least one of a magnetostrictive material, a piezoelectric material, a thermal expansion material or an electrostatic material.


3. The thin film structure of claim 2, wherein the magnetostrictive material comprises iron, cobalt, and/or nickel in combination with 

4. praseodymium, terbium, samarium, holium, erbium and/or dysprosium.

5. The thin film structure of claim 2, wherein the piezoelectric material comprises quartz crystal, lithium niobates, barium titanate, lead titanate, lead zirconate-lead titanate, meta-lead niobate, and/or polyvinylidenfluoride.

6. The thin film structure of claim 2, wherein the thermal expansion material comprises a shape memory alloy, aluminum, copper, nickel, iron, silver, gold, and/or alloys thereof. 

7. The thin film structure of claim 2, wherein the electrostatic material comprises silver, copper, aluminum, tungsten, iron, platinum, managanin, lead and/or alloys thereof.

8.  

9. 





7.
The thin film structure of claim 1, wherein the magnetic layer is a perpendicular magnetic recording layer, a longitudinal magnetic recording layer, or a tilted magnetic recording layer.



8.
The thin film structure of claim 1 formed as a data storage medium.  



9.


The thin film structure of claim 1, wherein the magnetic layer is structured and arranged for data storage.


10. The thin film structure of claim 1, further comprising an additional stress-effecting layer adjacent the magnetic layer.


11. The thin film structure of claim 10, wherein the stress-effecting layer comprises an electrostatic material having a first polarity and the additional stress-effecting layer comprises an electrostatic material having a second polarity, the second polarity being opposite the first polarity. 


12. A data storage system, comprising:





a recording head; and




a recording medium positioned adjacent the recording head, the recording medium comprising:





a magnetic layer; and





a stress-effecting layer adjacent the magnetic layer.


13. The data storage system of claim 12, wherein the stress-effecting layer comprises at least one of a magnetostrictive material, a piezoelectric material, a thermal expansion material or an electrostatic material. 


14. The data storage system of claim 12, wherein the magnetic layer is a perpendicular magnetic recording layer, a longitudinal magnetic recording layer, or a tilted magnetic recording layer.


15. The data storage system of claim 12, wherein the magnetic layer is structured and arranged for data storage.  


16. The data storage system of claim 12, wherein the recording head is a heat assisted magnetic recording head.


17. The data storage system of claim 12, further comprising an activator in communication with the stress-effecting layer. 


18. The data storage system of claim 12, further comprising means for activating the stress-effecting layer.


19. A method, comprising:


providing a stress-effecting layer adjacent a magnetic layer; and 


applying an external force to the stress-effecting layer to induce a magneto-elastic anisotropy in the magnetic layer.




20.
The method of claim 19, wherein the applying an external force to the stress-effecting layer induces a tilting effect in the magnetic layer.
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