29 MARCH 2007 Thin Film Media with a Dual Seed Layer of RUAIRYNIAREGH BOGE d of
the Invention 5 The invention relates to magnetic thin filmnedia and

nmet hods for their fabrication and nore particularly to magnetic thin film

di sks having a seed |layer structure prior to an underlayer. 10 Background

of the InventiPhirf Rild Niddiey With & DutilSedd Layer-dERUAINIAIB ustrated in

figure 1. In operation the magnetic transducer 20 1 s supported by the
suspension 13 as it flies above the disk 16. The magnetic transducer 20,
usually called a "head" or 15 "slider,"” is conposed of elenents that perform
the task of witing magnetic transitions (the wite head 23) and readi ng

t he magneti f Wd (the read head 12). The electrical signals to and
fron1thegﬁggékéﬁ%ﬁh##@gﬁheads 12, 23 travel along conductive paths (I eads)
14 whsch are attached to or enbedded in the suspension 13. The nagnetic

transducer 20 is_positioned over, points at 20 varying raditsl _di stances from
the cent dihegnveniioryrelates do magnelig thindilgy media: apd aneinods feIciReir not shown) .

The di sk e ol ] ; )
24 to ofdvsatich 4REgele bauRuRRE Fadfeddifin fifh Bl RavING Zsed@idlr 7, oL
pl ural i t wtraktdrgipriof td &am udtledagerdeposi ted. The thin filnms 21 include

ferromagnetic material in which the wite head 23 records the nagnetic 25
transitions in which information is encoded. The conventional disk 16

consi,gt's - AM with an electroless coating of Ni P which
has 3 en %cgar@'ﬁ%%ﬁ@ﬁég\(&@ﬁss is also

A typical prior art disk drive system 10 is illustrated in figure 1. In
operation the magnetic transducer 20 is supported by the suspension 13 as it
flies above the disk 16. The magnetic transducer 20, usually called a "head" or

15 ‘"slider," is composed of elements that perform the task of writing magnetic
transitions (the write head 23) and reading the magnetic transitions (the read
head 12). The electrical signals to and from the read and write heads 12, 23
travel along conductive paths (leads) 14 which are attached to or embedded in
the suspension 13. The magnetic transducer 20 is positioned over points at

20  varying radial distances from the center of the disk 16 to read and write circutar
tracks (not shown). The disk 16 is attached to a spindle 18 that is driven by a
spindie motor 24 to rotate the disk 16. The disk 16 comprises a substrate 26 on
which a plurality of thin films 21 are deposited. The thin films 21 include
ferromagnetic material in which the write head 23 records the magnetic

25 transitions in which information is encoded.

The conventional disk 16 consists of substrate 26 of AIMg with an
electroless coating of NiP which has been highly polished. Glass is also
commonly used for the substrate 26. The thin films 21 on the disk 16 typically
include a chromium or chromium alloy underlayer which is deposited on the

30 substrate 26. The ferromagnetic layer in the thin films is based on various alloys
of cobalt, nickel and iron. For example, a commonly used alloy is CoPtCr.

Additional elements such as tantalum and boron are often used in the magnetic



commonly used for the substrate 26. The thin filns 21 on the 20iMkr&$2007
typically include a chrom umor chrom um all oy underlayer which is
deposited on the 30 substrate 26. The ferronmagnetic layer in the thin filns
is based on various alloys of cobalt, nickel and iron. For exanple, a

commonl y auri)?d RbtaEctive Sadtesat layéididiusedtalim w@n@ara@m}raﬁa dofridsInum and
boron are often used in the nagnhetic 1 29 RCH 2007 alloy. A protective

over coat Thg/#wee dilm slisk desaribgd AhoVRelnesyigtiexpausidhe Aosshiildies. TMarews ee il m
e e . SHURIN ) <
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descri bedjdgaribBa imtheprierart. 5 | n particul ar, seed | ayers have been suggested
for use with nonnmetallic substrate materials such as gl ass. Ty&i cally the
seed ISayer is la pasticulay; segdilayers haygheeprsuggested: fee upaiwithamonmetalligeposi t ed

ioe as b rEtes sheh A ER T e e SR ap el BIES, car bon.
LUNgSt en, [aWhiERAL theiial Al dRipBbited bn e SLiSstraelardts TollMbDBP e Bi an, et

al., the use of a OTi seed layer is described. The underlayers mentioned
are Cr, Gndeslayecr Materialsiprepoped &aituse, asiseerbiByets ignkde, chsemaim, a magneti ¢

di ng..medi um. i ' ich h f idized seed |
Such as. Rk Teotaih NG Ao by BnaBnedirdl Al ReAl Rl BBaNATads) ayer and
a O -1gont@iqlinaterts 789 O66REIBIAE dtal thediisd bFa Wrii sédd §at isideiRiibader . The

underlayer is said to have a (200) crystallographic orientation. A MjO seed
| ayer is thesuhderayars merionediaratCrs Cod@ndddrio Lee, et al. A

In U.S. patent 6,010,795 to Chen , et al. a magnetic recording medium is

described which has a surface oxidized seed layer ( such as NiP), a Cr-
containing sub-underlayer, a NiAl or FeAl underlayer and a Cr-containing

15 intermediate layer on the NiAl or FeAl underlayer. The underlayer is said to have
a (200) crystallographic orientation.

A MgO seed layer is disclosed in U.S. patent 5,800,931 to Lee, etal. A
B2 structure underlayer, preferably NiAl or FeAl., is used along with an optional
thin Cr or Cr alloy intermediate layer between the underlayer and the magnetic

20 layer.

In published US application 20010024742, Bian, et al. described a RuAl
seed layer deposited directly onto a pre-seed layer and an optional layer of NiAl
following the RuAl. This double layer configuration could result in cost savings
by reducing the amount of Ru required to form the seed layer. Ru is an

25 expensive element so a reduction in the required quantity of Ru reduces the
costs. In the double layer structure the RuAl seed layer establishes the grain size
and orientation and the subsequently deposited NiAl follows the established
patterns.

Continued improvement in the magnetic recording properties is needed to

30 further increase the areal recording density for magnetic media.



B2 structure underl ayer, preferably Ni Al or FeAl., is used alomgai¢i poem
optional thin G or C alloy internediate | ayer between the underl ayer and
the magnetic 20 layer. In published US application 20010024742, Bi an, et

al . described a RuUAI seed | ayer deposited directly onto a pre-seed |ayer
and an optional layer of NiAl follow ng the RUAI. This double |ayer

confi gurati on coulg rzriul tt in cost savings by reducing the anount of Ru
requi red MR fiRe lventioByer . Ru is an 25 expensive el enent so a
reduction in the required quantity of Ru reduces the costs. In the double
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3 29 MARCH 2007 Brief Description of the Figures Figure 1 i 29aMagohebeT
illustration of the prior art showi ng the relationshi ps between the head
and associ ated conponents in a disk drive. 5 Figure 2 is an illustration of
a preferred enbodi ment | ayer structure for a magnetic thin filmdisk
accor di ng Brief Descriptiemdf the Fijatesi | ed Description of the Invention and the
Preferred Enbodi mnents 10 Reference is nade to Figure 2 to illustrate the
thin filmlayers in a preferred enbodi nent of a magnetic filmdisk 16

i ncl udi ng g I : : [ Q.fb : : ﬁsq'ﬁp ayer of the
i nvention F}iilﬁsffégear g@ﬁgohﬂ@&m&{l% g%?ﬁ}bgegg eﬂegih%@h@e- seééd | ayer is
sputter déptweértheheadbhy agsboatdiecampshents én adiskidfieee 26 whi ch may be

gl ass or any other appropriate material or surface. The preferred pre-seed
layer 81 is an anorphous or nanocrystalline layer of OTi alloy, wth

CrTi 50 beigs : ' A Ta, O
T 50 beigggn 218 APk ﬁéﬁjﬁgrefé%pgﬁ?ﬂé@d@;epgﬁ"@féﬁﬁéﬁé kit A Ta, GTa

or AITi carfa be considere S pre use as a pre-seed

| ayer 31. nfdghetieehivs film disk-aseedingiethedhvéitibn. CrTa, Al Ta or AITi 20
i nproves gralin size, grain distribution, in-plane crystall ographic
orientation, coercivity and SNR The dual seed |ayer of the invention

e oS5 DI BT ahe Tivdh o I GHER bRl 21 e LV ey
anor phgus pre-seed | ayer. The N A B

Reference is made to Figure 2 to illustrate the thin film layers in a
preferred embodiment of a magnetic film disk 16 including the dual seed layer of
the invention. The dual seed layer of the invention is preferably used with a pre-
seed layer. The pre-seed layer is sputter deposited directly onto the substrate

15 surface 26 which may be glass or any other appropriate material or surface. The
preferred pre-seed layer 31 is an amorphous or nanocrystalline layer of CrTi
alloy, with CrTiso being even more preferred. Amorphous or nanocrystalline
AlTa, CrTa or AlTi can also be considered as preferred materials for use as a
pre-seed layer 31. The use of a pre-seed layer of CrTi, CrTa, AlTa or AlTi

20 improves grain size, grain distribution, in-plane crystallographic orientation,
coercivity and SNR.

The dual seed layer of the invention includes a crystalline layer of RuAl
32A followed by a crystalline layer of NiAIB 32B. The RuAl layer grows as a B2
crystallographic structure on the amorphous pre-seed layer. The NiAIB

25 epitaxially follows as a B2 crystallographic structure. The addition of boron to
NiAl reduces the grain size of the NiAIB layer and this reduced grain can be
maintained through the subsequent crystalline layers. The preferred
composition includes from 2 to 5 at.% boron, with nickel and aluminum being
approximately equal, but several atomic percentage points difference between

30 the nickel and aluminum are acceptable. An even more preferred composition is

NiAl4sB2. RuAl tends to be more expensive than NiAIB, so one advantage of the



25 epitaxially follows as a B2 crystallographic structure. Ti29 March 2007 of
boron to Ni Al reduces the grain size of the NNAIB |layer and this reduced
grain can be nmintained through the subsequent crystalline |ayers. The
preferred conposition includes from2 to 5 at.% boron, w th nickel and

al um num bielapgr isahat el ReAkbyerecarabe kbpt verg\thinadavirigoom thephighesdsd@é poi nt's
di fference between 30 the nickel and al um num are acceptable. An even nore
preferredR8Ohposition is N Al48B2. RuAl tends to be nore expensive than

Ni Al B, so one t 4 Rﬂ'q‘ - ef | e RuAl
| ayer can be k?&léad\}e’ﬁg'% ﬁriﬁdnérlsbi/slrsnagg%lwe ﬁgﬁéé%&r do@l RBRP.E”%%%EC%I Qrmr e
under | ayegsmasbrilpthemitirealldydl B HeapreferdedBuntiedeydray €rsi ancevernmural y

chrom um al | oys. The preferred underlayer is CTi and even nore 5 preferred
i s an underaferyed issan gndedayeraf Crd i o hhgrhsamiiam baged uagerlager $hRanal so be

kept verya%gi%r%%@ﬁ&ﬁi?@eﬁ%ﬁei id hséd known that the cobalt alloy magnetic

films may i n-plane preferred orientations of (10-10) or

(11-20) by fir gts Kepwaithattie @obaltadey negrietivifims adylB& yrown WibOthepr ef erred
orientations respectively. 10 The RuAl seed | aéer with a B2 crystall ographic

st r uct ur einaplene eseferreddoriantationscof (3BT 40)ora(l 1uAALPY fisst deppsiting apr ef er r ed
- PLane ShLH B 21 A 200 bR HenBhbSY AR, T e e
ek pcl "SI0 RSB O e gt Sybne KBNS oo
medi a wi t bbtain angededayenwith aqrefestedoineplane erientation i ¢200)efret a edbalt
alloy magnetic film with the preferred in-plane orientation of (11720). The
addition of the NiAIB does not change this epitaxy when used following RuUAl.
However, NiAIB used without RuAl will tend to produce a (10710) which is
15 undesirable for media with a target orientation ratio greater one. The preferred
embodiment disk structure uses a circumferentially textured substrate and has an
orientation ratio greater than one.
Figure 2 shows a magnetic layer stack 34 following the underlayer 33. A
protective overcoat 35 is the final layer. The magnetic layer stack 34 can include
20 any of a large variety of single or multiple layers at least one of which must be
ferromagnetic. Examples of commonly used ferromagnetic alloys are CoPtCr,
CoPtCrTa and CoPtCrB. Laminated magnetic layers and antiferromagnetically
coupled magnetic layers can be used along with the seed bi-layer of the
invention. An onset layer can also be used. The preferred embodiment uses a
25 magnetic layer stack 34 of CoCr/spacer/CoPtCrB. An even more preferred
embodiment uses a magnetic layer stack 34 of CoCryo/Ru/CoPt;2Cr¢gBs.
Experimental data on the magnetic performance for selected experimental
disks is presented in table 1. The preferred NiAlssB; alloy and the most preferred
materials and compositions given above were used for the other layers. Disk 3
30 used RuAl with no other seed layer to show the benefit of adding the NiAIB layer.



enbodi ment di sk structure uses a circunferentially textured 20bsik&i 2005nd
has-an orientation ratio greater than one. Figure 2 shows a magnetic |ayer
stack 34 follow ng the underlayer 33. A protective overcoat 35 is the final
| ayer. The magnetic |ayer stack 34 can include 20 any of a large variety of
single orTgmétﬂ pl e Iayers at | east one of which nust be ferromagnetic.
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i nvention.
S Qﬁ\fg 25 magnetic
| ayer stjack 34naf) CoQ (mmpcer/CoPtCrB. An eve(Dipr e preferre

nboldi nent
uses a nagnetlic layer|stack 34 of CoCr10/Ru/{obPt12Cri8 ntal dat a

E
on the naﬁnet |5:7perfor8r@nce f orl %@I e¢B8dP exp=29rﬁent al dﬂ@‘k-ﬁ %-1[9|53esent ed in
t abl e 1. —FhetpreferredIN-ArH48H82 oy the-post—preferret—nateri al s and
conposi tl%ns §6en abo@j wer e L[}sg% )rszt e of ﬁg‘lzal ayer s‘.fobrs"sk%&% 30 used
RuAl  wi tjeno r Se rayer ZNowW benegiq of ad EE ?I—NB | ayer.
5 29 MAR 2(8I 2!Tabl ;Tl D sk RUQ%\I |2?BFMt 8%1DC SNR g%ﬁgp 36 FTAA
t hi ckness thi ckness (dB) @BlOKBPI (nn') (rrv) (nm (nm) (Db) 1 5.7 8.6 1.43
33.9 29.3 101.5 1.193 %% B? 129.3.101.3 1,186 ,3 17.2 0 1.27
33.7 29. 1 101.bhedisks with the RuAI/NlAI seed bi-layer of the invention had

significantly higher Mrt OR than did the RuAl disk. The SNR is increased and

5 PWS50 is lower at higher amplitude.

The total thickness of the seed bi-layer only needs to be sufficient to
establish good crystallographic orientation. The upper limit on the thickness will
be determined by the tendency of the grain size to increase with thickness. The
NiAIB layer can be thicker than the RuAl. Table 2 shows the Mrt orientation ratio

10  (OR) for four different thicknesses of RuAl used with a constant NiAIB layer of
8.6nm. Mrt OR increases slightly with decrease of RuAl thickness.

Table 2

RuAl Mrt OR
thickness

(nm)

1.7 1.45
2.3 1.46
438 1.43
8.3 1.40

15
The atomic percent compositions given above are given without regard for
the small amounts of contamination that invariably exist in thin films as is well

known to those skilled in the art. The invention has been described with respect



The disks with the RuAl/N Al B seed bi-layer of the invention2bMiARCH2007
significantly higher Mt OR than did the RuAl disk. The SNR is increased and
5 PWO is |l ower at higher anplitude. The total thickness of the seed

bi -1ayer only needs to be sufficient to establish good crystall ographic
ori ent at i toparfibelav pperodiments, bat dther tibés ané applicdtionstfer thet Isitayened by t he
tendency of the grain size to | ease with thickness. The, N Al B |ayer can
be ¢ hi crestrudtae caBpReing 5 RuBIAISB ST be Hnrrant o dhsenenledin Medd 10’ (oR
for four different thicknesses of RuAl used with a constant N Al B | ayer of
8.6nm Mt OR increases slightly wth decrease of RuAl thickness. Table 2
RuAl Mt OR thickness (nm 1.7 1.45 2.3 1.46 4.8 1.43 8.3 1.40 15 The
atom c percent conpositions given above are given wi thout regard for the
smal | amounts of contam nation that invariably exist in thin filns as is
well known to those skilled in the art. The invention has been descri bed
Wth respect 6 29 MARCH 2007 to particular enbodi nents, but other uses and
applications for the bilayer



structure conprising a RUAI/Ni AIB will be apparent to those g&kMArgii007t he
art. 7 29 MARCH 2007 dains: 1. A magnetic thin filmlayer structure
conprising: a layer of RuAl; a layer of NiAIB epitaxially deposited on the
| ayer of RuAl; and a ferromagnetic |ayer structure deposited after the |ayer
of Ni AlB. @aiMe magnetic thin filmlayer structure of claim1 wherein the
Ni Al B has approximately from2 to 5 atom c percent boron with the renmai nder
bei ng generally divided between nickel and alum num 3. The magnetic thin

filmlayer]. ¥ maghetie thih filthaayeratuwiecarreicompridirg:has approximately 50 atonic
percent nickel, 48 atonm ¢ percent alum numand 2 atom c percent boron. 4.

The magnetic t 1A RYeT PhRPAlier structure of claim1 further conprising a

substrate and = I : ki ' ha .S trate prior to
the | ayer of mﬁ@?éég?@ﬁgB%@&aﬁ& dtghgﬁ'tﬁﬁﬁn%%%&ﬁ{s}{ F{&C I’uégﬁeasof claim4
wherei n the subsfer@intagrieticdayenstfustanetdepdsited eftentiarlagenssNiAB. The magnetic

thin filmlayer structure of claiml1l further conprising an underl ayer of
CrTi deposited on the layer of NNAIB. 7. The magnetic thin filmlayer

structure Hf aj el Ne fearr t] r q 4K xh
conpri ses 2:3'1 ménléﬁgéepgy{erﬁﬁ th"fa'gﬁa}'éﬁ’f: Isu I nggabfaé;@)fﬂeo% @%éﬂaﬁhgaw@gygasof
CoPt Cr B segppratinvhtely from 2atoeb dtaynés pe@ent beromwithtthe rehiainderl eihg\generally

structure qof cl %i m 7 wherejn the spacer layer is ruthenium
divided between nickel and alumihum.

3. The magnetic thin film layer structure of claim 2 wherein NiAIB has approximately

50 atomic percent nickel, 48 atomic percent aluminum and 2 atomic percent boron.

4. The magnetic thin film layer structure of claim 1 further comprising a substrate
and a pre-seed layer of CrTi deposited on the substrate prior to the layer of RuAl.

5. The magnetic thin film layer structure of claim 4 wherein the substrate is

circumferentially textured glass.

6. The magnetic thin film layer structure of claim 1 further comprising an underlayer
of CrTi deposited on the layer of NiAIB.

7. The magnetic thin film layer structure of claim 1 wherein the ferromagnetic layer
structure further comprises a magnetic layer stack including a layer of CoCr and a
layer of CoPtCrB separated by a spacer layer.

8. The magnetic thin film layer structure of claim 7 wherein the spacer layer is
ruthenium.

9. A magnetic thin film disk comprising:
an amorphous or nanocrystalline pre-seed layer;



9. A magnetic thin filmdisk conprising: an anorphous or nan2gMaxcd 100ne
pre-seed layer; 8 29 MARCH 2007 a seed layer of RuAl with a B2
crystal |l ographic structure deposited on the pre-seed |ayer; a seed |layer of
Ni AIB with a B2 crystall ographic structure deposited on the |ayer of RuAl,
the Ni Al B havi r?gsﬁﬁ%ﬂ%%rnﬁﬁ Ué\l Wittha2B2 cPWSStQHQQT?EhGe%'éﬁW%@FBHSWQ ?n thee
remai nder bei n%r@%@%ﬂ%'éfr di vi ded between ni ckel and alum nunmy and a
ferromagnetic lfayer st r)(ucfure above the layer of Ni AIB. 10. The nmagnetic
thin filmdi sk aobeed dayaroofwNeIBi with tee BReergstaliggrapbic BirdttBrd alepoaiped oxi thet el y

2 at. % bqron. . .The etic thin fil i sk of claim9 further conprisin
2 Subst r atevelaf Rl e, NoRBCHa\nd SpBroAmAlely fiSmee 46 SiBt PELCL boren Wit 0
substrate. } i : j fri i £, b r nprising an
under | ayerth%fe3 rErEIIP_fI%inggp s??neé g d[\ﬁhdeéq %@?egfnlﬁﬁlagbgarl?@rﬂ%' ?'%ae)
ferromagneti ¢ |aafeeronsagneticlayer stBictiiecabavgrtbeilayertaf NiAIB.m di sk of claim 9

wherein the ferromagnetic | ayer structure includes is CoPtCrB and is
preceded by a spacer layer and a |layer of CoCr formng a nagnetic |ayer

stack. 14.10A TROMRAdHetRl fHin dilhY 8isk OFPElafrh 'Y wierBRI R iseell” RPEH WF NIAIB Haddi ng
a read head and a write head; a suspension supporting the nagnetic

t r ansducerappveximatelp@nalt Pebdiask; and the nagnetic di sk including a dual
seed | ayer conprising a layer RuAl followed by a layer of NiAIB epitaxially
deposited onto the |ayer of RuAl.

11. The magnetic thin film disk of claim 9 further comprising a substrate and wherein
the pre-seed layer is CrTi deposited on the substrate.

12. The magnetic thin film disk of claim 9 further comprising an underlayer of CrTi
deposited on the layer of NiAIB prior to the ferromagnetic layer structure.

13. The magnetic thin film disk of claim 9 wherein the ferromagnetic layer structure
includes is CoPtCrB and is preceded by a spacer layer and a layer of CoCr forming

a magnetic layer stack.

14. A magnetic disk drive comprising:
a magnetic transducer including a read head and a write head;
a suspension supporting the magnetic transducer over a magnetic disk; and
the magnetic disk including a dual seed layer comprising a layer RuAl
followed by a layer of NiAIB epitaxially deposited onto the layer of RuAl.

15. The magnetic disk drive of claim 14 wherein the layer of NiAIB has
approximately from 2 to 5 atomic percent boron with the remainder being generally
divided between nickel and aluminum.

16. The magnetic disk drive of claim 15 wherein the layer of NIAIB has
approximately 50 atomic percent nickel, 48 atomic percent aluminum and 2 atomic

percent boron.



15. The magnetic disk drive of claim14 wherein the |ayer of 20\VARRH D7
approximately from2 to 5 atom c percent. boron with the renai nder being
generally divided between nickel and alum num 16. The nagnetic disk drive
of claim 15 wherein the |layer of Ni AIB has approxinmately 50 atom c percent
ni ckel, 48 atom c percent alum numand 2 atom c percent boron. 9 29 MARCH
2007 17. j i i ' : ' 'Wﬁﬂﬁi '
further C(;@ﬁ}hgg'ggﬁrgét& g'%ﬁ?frﬁe;réedrfﬁlég f/j, '?Jg%%ﬁetﬁ@%ﬁqbrﬁacﬁsan re #&g%‘égtsi c
di sk has ancidumierertidligttegtured substrgtecand ithe Inzagnetie. dil .hashen g meientatidns k
drive of claim14 wherein the magnetic disk further conprises an underl ayer
of OrTi dépbRpreaeutianNg. ayer of Ni AIB. 19. The magnetic disk drive of
claim 14 wherein the magnetic disk further conprises a nagnetic |ayer stack
deposited after the layer of NNAIB including a | ayer of CoCr and a |ayer
CoPt Cr B sdBaTheadagnyetic diskaeivel afyotaim 14 wherein the magnetic disk further comprises

an underlayer of CrTi deposited on the layer of NiAIB.
19. The magnetic disk drive of claim 14 wherein the magnetic disk further comprises

a magnetic layer stack deposited after the layer of NiAIB including a layer of CoCr
and a layer CoPtCrB separated by a spacer layer.

10





