Thin FilmMedia with a Dual Seed Layer of RuAI/NiAIB Field of the
| nvention 5 The invention relates to nagnetic thin filmnmedia and methods
for their fabrication and nore particularly to magnetic thin film disks

havi ng a see . rl round of the
| nvention A ?Eb%i“'ﬁfM#&L*Pﬁaﬁsiﬁdféeﬁydsﬂl%ﬂéi%érsm?hwtﬁ’ged in figure
1. In operation the nagnetic 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 conposed of elenents that performthe
task of witing nmagnetfic transitions (the wite head 23) and reading the
magnet i cFielb@idNgilayent@me read head 12). The electrical signals to and
fromthe read and wite heads 12, 23 travel along conductive paths (| eads)
14 \M‘?i ch are attached to or enbedded in the suspension 13. The nagnetic

E Lansducﬁﬁe &?ehﬁongélb}(és?nedagneﬁcm filrs meetdi Gancbmethragisrfad thir di st ances from
e center of the dis 6 to read and w.ite circular tracks ot shown).
The di skfabgcatiomand g Rasticuiagy magngtie Hyp ?"f@ dmhw@vlrwaéeeﬁﬂmn e m)% or

24 to ro{;ﬁ&ﬁu%e&?rri]éjr}t?:%nl@%ej;%&epi sk 16 conprises a substrate 26 on which a

pluralit ns € deposited. The thin filns 21 include
ferromagnetic material in which the wite head 23 records the nagnetic 25
transitions in which information is encoded. The conventional disk 16
consl(st sBaekgrourd ohthe bweBtion AlMy with an el ectrol ess coating of N P which
has been highly polished. dass is also comonly used for the substrate
26. The thin filnms 21 on the disk 16 typically

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 circular
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 aiso
commonly used for the substrate 26. The thin films 21 on the disk 16 typically
include a chromium or chromium alloy underiayer 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.
Additiona! elements such as tantalum and boron are often used in the magnetic



I nclude a chromiumor chrom um all oy underl ayer 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 exanple, a commonly used
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seed | ayghe imderiagéresAgniichdd Sre ORIt arkd 60D, 931 to Lee, et al. A B2
structure underl ayer, preferably NNA |1l or FeAl., is used, along. w th an

optional thi lh drS.cratent 8018,/ 95rodshri et @ f mRgnalisirpeaiding, m rfayer and
the magngé'sccribed which has a surface oxidized seed layer ( such as NiP), a Cr-
containing sub-underiayer, 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.



20 layer. In published US application 20010024742, Bian, et al. described a
RuAl  seed | ayer deposited directly onto a pre-seed |ayer and an opti onal

| ayer of NiAl  following the RuUAl. This double |layer configuration could
result in cost savings by reducing the amount of Ru required to formthe
seed layer. Ru is an 25 expensive elenent so a reduction in the required
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seed | ayer e shes the grain size and orientation and the subsequently
deposited NiAl follows the established patterns. Continued inprovenment in
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bet ween the head and associ ated conponents in a disk drive. 5 Figure 2 is

an illustration of a preferred enbodi nent |ayer structure for a nagnetic

thin filmdisk according to the invention. Detail ed Description of the

Invention,a{ﬁ%the Pref%hé$p Enbodi ments 10 Reference is made to Figure 2 to
I

i 11 ust r 2BEek Heseriptionofithe FIGHIES i n a  preferred embodi ment of a magnetic
filmdisk 16 including the dual seed |l ayer of the invention. The dual seed
| ayer of the invention is preferably used with a pre- seed |ayer. The

pr e- seedFigayen is 2 symbalierillustadiontafdhelpriot attyshoming therelationshiftse 15 surface
26 whi ch may be gl ass, or, any other appropriate materjal or surface. The
preferreBeMe@%ngd‘qa%@Fd §§¥9%at§ﬁ cgﬁgcf%‘ﬁot g sk B)Fystal line | ayer of
CrTi calloy, with CrTi5a being even nore preferred. Anorphous or
nanocrystalline AlTa, CTa or AITi can al so be considered as preferred
mat er i al Figues 2us andbustrationeofseprférage entibdiment layer struciuierfer eeed | ayer of
CrTi, CTa, Al Ta or_ Al TM 20 i %oveié (]:Hai n size, grain distribution,

i n- pl anemaopetia thip fin hskageqrn itBR INVEWANci vity and SNR The dual seed
| ayer of the invention includes a crystalline |ayer of RuAl 32A foll owed
by a crystalline layer of NN AIB 32B. The RuAl |ayer grows as a B2

cryst al | pat#iedi Desdriptiohwf ¢he nviendionamdithe RreferredsExdodimpents The Ni AIB 25
epitaxially follows as a B2 crystallographic structure. The addition of
borollto N Al reduces the grain size of the NiAIB |ayer and this reduced

O o ron "o R G R bR Skl T
al uni nunphgéned 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 NiAlB

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
NiAl.sB2. RUA! tends to be more expensive than NIiAIB, so one advantage of the



approxi mately equal, but several atomi c percentage points difference
between 30 the nickel and alum numare acceptable. An even nore preferred
conposition is N Al 48B2. RuAl tends to be nore expensive than N Al B, so

one adv;’j@ﬁg?% @lthaf e RIAI IR ar B kBAt vdr iR BN iHPOIR the Aghtask Pt very

thin sa I'gh cos or nore€ underlayers 33 fol |l ow
the N ARBal.ayer 32B. Underl ayers are commonly chrom um all oys. The

preferred underlayer is C T and re f ' f
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deposy t i pefared Wae uhdEgayerdfiCrai0 1 The arorhR00 bapediuadedayen 3&0aat i ons

respectively. 10 The RuAl seed_| ayer th a B2 crystallographic structure
has beenalgede kerivery thin whes; Grid s H?ﬁfml ayer with a preferred in-plane

orientati . ; i ; i .
" plane. or i chisndkn 3t e Tk ayod dhdRETRS rfay he Grein itfienr 2 Brr e
change tffﬁLﬂaﬁé!pﬁ'éﬁéYréd*‘@Ibdﬂéﬁhsf@(HOM@por (R4AR0) byfirst depositinglaB used

wi thout RUAI will tend to produce a (10-10) which is 15 undesirable for
medi a wi thderlayer géth (1 E)tit(260) prefersed peaniations sesprevelyef er r ed

Thodi \ ¢ ¢ . . .
has th " She Sl R Rt A2 EnSIAIBHRRIC S Bl S BRUN SRS IS B ¢ OV,
stack 34oh@id SHiundehhgerWile &l prérirettin-plane bfitatition of ¢2E0)Caai adbbalt t he
final layer. The nagnetic |ayer stack 34 can include 20 any of a |large

vari ety afloyimaghnetiofilnmwithi thepreteyradsingnlane agentationof (Whiz. g be
addition of the NiAIB does not change this epitaxy when used following RuAl.
However, NiAIB used without RuAl will tend to produce a (10710) which is
15 undesirable for media with a target crientation 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 foliowing 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 CoCro/Ru/CoPt12CrysBs.
Experimental data on the magnetic performance for selected experimental
disks is presented in table 1. The preferred NiAlsB2 alioy 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.
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The disks with the RuAl/NIAIB seed bi-layer of the invention had
significantly higher Mrt OR than did the RuAl disk. The SNRis increased and
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
(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
thickness

(nm)

Mrt OR

1.7

1.45

2.3

1.46

4.8

1.43

8.3

1.40

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
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28.65. 71. 3934. 129. 3101. 31. 186 317.201.2733.729.1101.91. 162 The disks with
the RUAI/Ni AlB seed bi-layer of the invention had significantly higher
Mt OR than did the RuAl disk. The SNR is increased and 5 PWs0 is | ower

at hi ghey %ﬁé@{%ﬁ’?@b&égﬁ%bﬁs tétHEFB%EnQEPBW&t%@%r Me'ﬁi%f only needs

to be surf good crystallographic orien ion. The upper
limt ongthiteuiehésHipesing\d RUAINAIB avit bei apparént toltboseskitied in thie atke gr ai n
size to increase with thickness. The N A B |ayer can be thicker than the
RuAl . Table 2 shows the Mt orientation ratio 10 (OR) for four different
t hi cknesses of RUA | used with a constant N A B layer of 8. 6nm Mt OR
increases slightly with decrease of RUA thickness. Table 2 RuAl

thickness Mt OR (nm 1.71.45 2.31.46 4.81.43 8.3 15 The atom c percent
conpositions given above are given without regard for the small amounts of
contam nation that invariably exist in thin filnms as is well



known to those skilled in the art. The invention has been described with
respect 6 to particular enbodi nents, but other uses and applications for
the bilayer structure conprising a RUAI/NIAIB wll be apparent to those
skilled crifge art. 7 dains 1. A magnetic thin filmlayer structure
conprising: a layer of RUAl; 5 a layer of NA B epitaxially deposited
on the layer of RUAl; and a ferromagnetic |ayer deposited after the |ayer

of NNAIB,. ,2. The,. netic thin fi I .sf.ructure of claim1 wherein the
N Al B had AJpBeBs! ﬂ&ﬁg?@ngﬁy&%@%gj@%ﬂﬁoﬂs'ﬁper cent boron with the
remai nder bei ng)fe]:Q)fgﬁﬂ.ﬂr ally divided between nickel and alum num 3. The

magnetic thin filmlayer structure of claim2 wherein N Al B has
appr dxi nat el yaiayeitof NidlBepitwrallynienasited o thedayer Qfeﬁlé‘é'nﬁn‘al umi num and 2

atom c percent ;boron. 1 er structure of claim
1 further con‘BF?@?Wﬁ'gﬁegﬁ@F?Q‘Eeggwéﬂé&p}bg Iésééerélflrﬂa{%/\gér/ of OrTi deposited
on the substrate prior to the |ayer of 5. The magnetic thin film

| ayer structure of claim1 wherein the substrate is 20 circunferentially
t ext ur ed29TIaemagi‘tetrcﬁblnrfd@riavercSthﬂtWefQfl qigim avheseintbe NidIBhag| ai m 1

N Al B, 2appromeekim /I B perdeaidon MR B Rde g Y IT  Re

conp{¢ Si genéralifidiided between nickel and aluminum.

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.

15
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 1 wherein the substrate is
20 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.

25 7. The magnetic thin film layer structure of claim 1 further comprising 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

30  ruthenium.



| ayer stack including a |ayer of CoCr and a |ayer of CoPtCrB separated by
a spacer layer. 8. The magnetic thin filmlayer structure of claim?7
wherein the spacer layer is 30 ruthenium 8 9. A nmagnetic thin filmdisk

conpri si%gé 'ﬁﬁgmmﬂfﬁﬁ‘ stk%ﬁ%sbﬁﬁ%al line pre-seed | ayer; a seed |ayer of

RUA wit cryst ographic 'structure deposited on the pre-seed |ayer;
5 a seed | ayesn amdpe® odequirystdliine pne-sebd laysrst al | ogr aphi c structure on

the layer of RuAl; and_at |east_ane ferromagnetic,|ayer t | ayer
of NAB . 108 Sﬂ'ﬂ@%ﬁ’gﬁ%lt‘“ﬂ‘i naB%qwﬁﬁ'@%rapﬁtﬁS&f%t@%a?eéw@qﬁgﬁﬁ‘é%l\u Al B
has appr i—é%trﬁlager'lo from2 to 5 atomi c percent boron with the remai nder
bei ng generally drvided between nickel and alumi num 11. The nagnetic thin
filmsdi sk of gkabdidy@raidiaiBdeposites wittsa Heryziaiageaphiostractuss opdhen. 15
12. The magnetic thin filmdisk of claim9 further conprising a substrate
and mhe'ﬁbéernOftlﬂ\éAblanseed | ayer is O Ti deposited on the substrate. 13. The

g_glg_inet ic thi n%}flééglqcﬂ.\'ees{%é%npgi@tﬁI%Y%ngdq@rthgqugrioqi gign underlayer of 20

deposite prior to the terronmagnetic |ayer. 14.
The magnetic thin filmdisk of claim9 wherein the ferromagnetic |ayer is

CoPtCrB and_is preceded by a spacer, | r and a |l. of CoCr. formng a
10. The m%gnetic thin ﬁYm diskpof claim S%V%erelrﬁ the NlﬁYﬂwas approximately g
10 from 2 to 5 atomic percent boron with the remainder being generally divided

between nickel and aluminum.

11. The magnetic thin film disk of claim 10 wherein NiAIB has approximately 2
at.% boron.

15
12. The magnetic thin film disk of claim 9 further comprising a substrate and

wherein the pre-seed layer is CrTi deposited on the substrate.

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

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

magnetic layer stack.

25
15. 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
30 the magnetic disk including a dual seed layer of RuAI/NIAIB.



magnetic | ayer stack. 25 15. A mmgnetic disk drive conprising: a magnetic
transducer including a read head and a wite head; a suspension supporting
t he magnetic transducer over a magnetic disk; and 30 the nagnetic disk

cl'ai m 15T Maarege dikgbre IR Mbrpi S AR oS BREbmalip” OO0

boron Wi jfmiNg & GNRISErcBAt BeroBanet Bid tenthinderesking generallyrdivided and
al um numfra@ i1]7. The magnetic disk drive of claim 1% wherein N Al B has

appr oxi na¢teenotickeltand alupdnwent ni ckel , 48 atonic percent al umi num and 2
atom c percent boron. 18. The magnetic disk drive of claim15 wherein the
magnetic disk further conprises a circunferentially textured substrate and

the rganey i phélhHondie didk drife of dlainAIBMeTbin N8 Hae approsintatélydo one. 19

The magnetic Ive of claim 15 wherein the magnetic disk further
conpr i seatonic petesntajekel 048 Gromic gepeant mékminum had [23temie peragniberons 20.
The magnetic disk drive of claim15 wherein the magnetic disk further
conprises a nmagnetic |ayer stack including a | ayer of CoCr and a | ayer

CoPt Cr B 4 8ePRS Aldghdtt RsiSAREES 13515 witeréf the magnetic disk further
comprises a circumferentially textured substrate and the magnetic disk has an

10  Mrt orientation ratio greater than one.

19. The magnetic disk drive of claim 15 wherein the magnetic disk further

comprises an underlayer of CrTi deposited on the layer of NiAIB.

15  20. The magnetic disk drive of claim 15 wherein the magnetic disk further
comprises a magnetic layer stack including a layer of CoCr and a layer CoPtCrB

separated by a spacer layer.

20

10



