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A NONUNI FORM COVPOSI TION 5 Field of the Invention The invention rel
- magneti c tWPR302PM ai ml lm lmﬂHmuods for their fabricatiof FHeBRIY
particularly to magnem mm “ m nmedi a havi ng nonuni form magnetic
properties due to nonunifBtH#f'conpositi on and nmet hods for creating the
nonuni f orm conposi tion. 10 Background of the Invention A typical prior art
head and di sk system 10 is illustrated in figure 1. In operation the
{fﬁgngf 'SE tlganiggcrer; g%&cﬁ&ﬁuﬁw 8k lBYsé$ﬁgﬁ§§Dﬁél&bﬁBonﬂ@oﬂﬁod:&:&L i es above
metTC transaucer 20, usually Ib callTed a "head" or
"slider," is conposed of elenents that performthe task of witing
magneti c tr amisilii @éNxhéthwenkidne head 23) and reading the nagnetic
transitions (the read head 12). The electrical signals to and fromthe
"read and wite heads 12, 23 travel along conductiv (! '1)%‘ 14 whi ch
are @ tached to OFMecAPERIGEERintletRs SOJIRERET IS EHT %fgaaé Ty’“go‘“% 8Pe oFe
two el ectri caleigofirattaiadsardabres pavmnicudacly formagheticeabirafdlm wedia Hayans
12, 23. Wreg or; oitg'ndl%ag]n%@‘lc ]p%pezjéAs dhaBe ABn&OiHISRt Rfhpb it ibhESR Ragivaand

routed in the arm armel ectronics (not shown). The nagnetic
transducer 284 §T%0<PE| BiReBOBPEFOPHFATRCSAE* Par yi ng radi al  di stances from
the center of the disk 16 to read and wite circular tracks 25 (not shown).

The gdi sk 16.,,&3:!%,@,;,;@@9@,4 envanePdndl e 18 that is driven by a spindle
notor 24 to e disk 16 conprises a substrate 26 on
which a plurality of thin fil m; 21 are deposited. The thin filnms 21

i nclude ferronmagnettypiel eriat st rhepfiad firk writee hedd PBlustcdiedsiz Hégure
mlilgnet ' Ct trapsi tzhoéb%rhﬂ?c)m kgD niaaééHllEBéﬂaQEdﬁi%regll_ﬁQ(éedupr%Qtfd QY €he? suspension
illustrates a section, o ri r S convention S

26 is a condttffve® ditdgs c?g g\’i N?S‘ V\;lt% NS :tsig CESETT TS 9# NEE&M
has b®en hi gbdllegos i"shedl. oFhtslifer 'f {4 rP@mEqseG‘n°€ lpd ements that’ perform the taSk

of writing magnetic trxansitions (the write head 23) and readlng 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. Typically
20 . there are two electrical contact pads (not shown) each for the read and

write heads 12, 23. Wires or leads 14A, 14B, 15A, 15B are connectgd to
these pads and routed in the arm 13 to the arm electronics (not shown) .
The magnetic transducer 20 is positioned over points at varying radial

_ distances from the center of the disk 16 to read and write circular tracks

1') 25 (not shown). The disk 16.is attached to a spindle 18 ;hat is driven by a
spindle motor 24 to rotate the disk 16. The disk 16 compriges a substrate
26 on which a plurality of thin films 21 are deposited. The thin films 21
include ferromagnetic matérials in which the write head 23 records the

magnetic transitions in which information is encoded.

30
Figure 2 illustrates a section of a prior art disk 16. The
conventional substrate 26 is a conductive disk of AlMg with an electroless
coating of NiP which has been highly polished. The thin films 21 on the
aisk 16 conventionally include a chromium or chromium alloy underlayer (s)
35 31 which is deposited on the substrate 26. The recording layer (s) 33 is

are) 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 to magnetically isolate the grains. A protective

overcoat layer 35 is used to improve wearability and corrosion. While
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di sk 16 conventionally include a chrom umor chrom um alloy under| aypmMARSDO6

35 31 whi sited on the substrate 26. The recording |layer (a) 33 is
are) base&b&%ﬁ@g?%gus al l oys of cobalt, nickel and iron. FoPCEHGRAHIIB00 5

commonly used alloy is CoPtCr. Additi onal el enents such as tantal um and
boron are often used to magnetically isolate the grains. A protective
overcoat layer 35 is used to inprove. wearalfility and corrosion. Wile -
7 MAR 2006 WO 03/025909 PCT/ GB02/03800 2 instructive, the three filmdisk
descri bed above does not exhaust the possibilities. Various seed |ayers
(not shown), multiple underlayers (not shown) and |am nated nmagnetic films
(not shown) Rasteruativheshe weserfilleddisk tbembedmbarvé dobs madekinBe gleher

materials bepbslasiAiMEAre vaaibid |s'eZ§C!l. ?éré%léé rdbesr, Wen %er@%@ é.cer(gISSk

16 i s design d fo a futyre disk drive et ‘coer crvit
det er ni nedgb 224 oﬁ“‘i’hé“gv;‘eaf"&f‘f‘t%bg‘f‘%?ﬁ“Feﬁdf“F e??@gt%‘?c’warhaé’kaﬁ%N &semn upper
limt on thedewribrdiiry ths mébr Brtl0it hediwiohe dvead mtasiaAli bedivebaivMgduse

transstions h(piltib@anBOREbiGakbsm 33. Therefore, part of the disk
designer's task is to obtain a specific coercivity range rather than the
hi ghest possible coercivity. One nethod of adjusting the coercivity _
follows fromthe Fhet at mzanethe qilsit i61uim dadptehifonfa ttheurmgnat isgitd |19, 33 is

known to diregidey addreetidiheahdd msl&tggﬁfrfé'dvbééé'd Wtk Nofel T § S, sé‘? qrar gi nal
change in thg Iat| m conf ent w?l directly affect hthe coercrvity by a
predictabl e a rfme#h ﬁ'p%’é "Pr Bn 25f URETE hibhe?? Ehei TP IBViAY Eorsett b
conptsi tion Bife whéte é’ﬁaﬁt%rzp ngpitaryete todwegooaskeiels of taeouergaey;c FQ1Mm 33,

mar gi nal i ncrieaseoid) phec rﬂfat;md"luﬁfmemfs@gﬁerhg &Qutiﬁrtbn&tfa@ﬁg@ ;hf_rl%f lected

ve sirabie for t
[ the deposiiasval LULMD el URE! Syl SShold puspdasirable Tor The o)
ci rcunf erent‘?falafiglus“iﬂ@vxfe‘%PeF°e‘f%<¥FéY radlevsc forms tm figgt kthat ghed ipdke hiumy e
whi ch may nedamtett 25 desivaghéteict pihave sdikhd &achﬁ-lecglryagtﬁé"ttzsthé‘ dihg

coergg vity. f&&c%@wl e1W1tﬁ§.n Cﬂﬂﬂ?”% h L ?‘xtil Ol eeGQh tgaeep{;t.)(xlx{z] coblgl:xgtht of

nsducer. 20 a
the transd will dlrectly affect the coercivity by a predictable amount. The

composition of the magnetic film 33 mirrors the composition of the

sputtering targét.to a good level of acéuracy, S0 a marginal increase in

the platinum content in sputtering target is reflected in the deposited
20 film.

At a macro level it is aesirable for the coercivity of the magnetic

film 33 to be fairly uniform both radially and circumferentially.
Howevexr, there are facfors at work in a disk drive which may make it

25 desirable to have subtle radial gradients in the coercivity. For éxample,
at constant rotation speed, the flying height of the transducer 20 above
the disk 16 may vary from the inner diameter (ID) to the outer diameter
(OD) of the disk 16. The flying height directly affects the field
strength generated by the write head 23 in the magnetic f£ilm 33. The

30 linear velocity (for constant rpm) is higher at the OD than the ID. This
implies that the head flies higher at the OD as compared to the ID. This
presents a writability problem at the oD.

Films are grown by sputtering from alloy targets whose compositions
35 : are optimized to provide the desired magnetic properties. The target
material is held at a negative voltage to provide acceleration for the
positively charged sputter gas ionms (typically Ar). The ground potential
for this arrangement is normally the chamber walls. The substrate is not

grounded. Current-art sputtering systems used for fabricating magnetic



the disk. 16 may vary fromthe inner diameter (1D) to the outer diame Z[UP]B
(OD) of the disk 16. The flying height directly affects t treng
- gener at edwt%/o:’f%égo\?vrl te head 23. in the nmagnetic film 33. ?ﬁ%{/ggl’ﬂ?%@
velocity (for constant rpm is higher at the OD than the ID. This |rrplies
that the head flies higher at the OD as conpared to the ID. This presents
"a witability problemat the OD. Filns are grown by sputtering fromall oy
targets whose conpositions 35 are optim zed to provide the desired
magnetic properties. The target material is held at a negative voltage to
provi de acceleration for the positively charged sputter gas ions

(typical | y AHsksTHe pgPGifgdapst &he icaPabildFY t9fi Bryi A SABMIVESONEPAHEIIVE t he
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systems used far _fabricating magnetic WO 03/025909 3 - 7 MAR 2006

PCT/ GB02/ 03800 "d 8Ks 16 provide also the capability of providing negative
or positive bi as to the disk substrate. The voltage used is typically on
the arder oOfgummafp ofOkdeS Inberyibrary of the Invention A nmethod of
influencing variations in conposition of thin films is described. The

el emental plasma field distribution in sputtering systens is nmanipul ated
by generating a roM§aitberh Bifiduerqiggryasigtiongntp SouRpsihten ¢0 @fint felms is
substrat e t cezkted. heI‘HéOBpﬁﬁeln'tth’plendjlfiélﬂr enddrabhefioheis ppht QriAg sylsBems
target elen® ﬁanl-g&%awﬂg %Q'xregl C; rnloﬁmilf?L-rg elgcézf){%l eqdel Ol’%e Osrlﬁcfrrgée

electrodes |n contact condu t|ve surface or u5|ng
SI p The Hohilhi FEFREEER AlEeT L8P FIBORILE AR thy Feptdal by regepiditesing
ner gy of t htel onyegesriamahed. | mhd henpliisrm edbctticstidlieid hppl fddnby ki bal S

surface Si %‘i—et&ﬁcﬂ%' &n &30E % @E‘EL tahé’odﬁﬁéév%f s&x@"acémﬁ fa?rds'lg 2R i ons
and neutral s affect ihe re-

sputtering rate, e nonuniform eecrlcfleld

di fferenti ali3#®af¥®éts R Fré‘ﬂbfrﬂrg‘ %@cﬁ’@lcdéé)%]ﬁ tadeed Pt HGte ot ifass. By
appl yi ng varkinrtielesetayl of pateeitrisabenexiated ghuttel plasmef wipichnétsrida the thin
condicti ve syihaseuekadk . Subsictatiy kimleléﬁkw Gnhi @led mas%ooacms§p&ﬂ%rmg
surface of the substr atterns For

exanpl e, t he3fi e7F &an nﬁutﬁaqrsl %ﬁgo‘ﬁ‘g& f%espgf‘%(fﬂﬁ? e‘}""é%t iXF Aonun{ forn

electric field dlfferentlally affects the elements being deposgited

s according to mass. By applylng varylng electric potentials at a plurality
" of points on a conductlve surface of a substrate, the electric field
20 across the surface of the substrate can be modulated in a variety of
patterns. For example, the field can be varied along the circumferential
and/or radialidirection of_a disk. In the preferred-embodiment a radial
.voltage gradignt is appliéd“to a conductive surface of a disk on which a
) magnetié thin film is being formed to radially modulate the platinum
. 25 conteﬁt of the magnetic film. Modulating the radial platinum content in

turn modulates the radial coercivity.

Accordingly the present invention provides a method of sputtering a
thin film comprising the steps of: installing a target.containing first
30 ' and second elements in a sputtering chamber, the first élemeht having a
' higher atomic weight than the second element; placing a substrate with a
conductive surface in electric contact with at least a first electrode;
generating a plasma containing positive ions of first and second elements;
and differentially re-sputtering the first element by applying a first
35 electric potential to the first electrode to form a nonuniform electric
field along the conductive surface to deposit the thin film with
variations in an atomic percentage of the first element along tﬁe
conductive surface. The substrate is preferably a disk having a central

_ hole and the first electrode contacts the conductive surface at an outer



and/or radial direction of a disk. In the preferred enbodi ment a radi AIMAR 2006
vol t age gradi he¢ applied to a conductive surface of a di n which a
| PO upsols e aBPHEHD s

magnetic thin mis being formed to radially nodul ate t

content of the magnetic film Modul ating the radial platinumcontent in
turn nodul ates the radial coercivity. Accordingly the present invention
provi des a method of sputtering a thin filrh conprising the steps of:
installing a target containing first 30 and second elenents in a sputtering
chanber, the first elenment having a higher atom c weight than the second
el ement; placing a substrate with a conductive surface in electric contact
with at | easBigneftiersanceltbe tnopdet forgeslaratingialPvasies GORSRINDEND PRSI Ve

ions of firstaand sesandnalRMBMdicr 1A dudifherentially re-sputtering the
first element by applying a first 35 electric potential to the first

el ectrode to forma nonuniformelectric field along the conductive surface

to deposit the thiFhe fiirat wilehenty ampltyiedns: ithe aittab® MHsCpPelee P AGSa OfnuhN e e

firstsel emensedhangldrear GoBLaklal ey SUHLACEHq e SURSLIAL 6, sﬁigr eferably a

di sk having g,gept q\lﬂéhgl e an]cgis(fg_he first el ectrode contacts$ sEondBeti ve

surface at an oute 3628 G oINS 2ENT6 1 BT QB0 A0GBBBMEe et 05

and the nonuf?¥ 8i#f elrBgtrredefiidlydtanbasmifonoteasi el yiﬂlaongriersagécq,lrdg+§et%
e

on the condugddive sasitase oaf cidaish sk e fifgtoeligmpnt enpl oyed in t
oLati ik Sfa OV AR sEebhs Berorncasmlat

met hod is prefet Y. .platinum. the 5 _

and fhe subs raat%mllsfsaa%ngkf%ﬁgt“é‘ﬁ?t%‘blti?etq?ékfi e damitredeesoyeact s t he
di sk'%r ound REAEIRERYiFePrafesally lovrstdatsche anidcprafienablos the qagiuni f orm
electric field varies according to radial position on the disk and the

variation in the g{ 00L& RELceNt age of latinumis along radial lines on
the disk. The atom c er?ge%%egﬁéno elﬁ“"ﬁ%éf?%dm $ Sdigk ckepadforabimese terehe

ci rcunf er enc@ofPhéitt SR, magRet hetand chasher aiemcthizysahstieat @ lbfig dadisK 14Ses
preferably owethhetiekn antiheorehpredeirhiny snemanetiL a0d ;0as, a coercivity
gradisent al Ngcdi-ghed bBESe QD he disk, and rmré pr elpe?}éblfy S eés:;e?%at he
coercivity is lowest at a 15 circunference of the disk.. The nethod aptly

further conprises the steps of placing the
The method aptly further comprises the steps of placing the
conductive surface in electric contact with a second electrode; and
applying a second electric potential to the second electrode, the second
20 electric potential being different from the first electric potential, and
more aptly further compriszes the steps of placing the conductive surface
in elgctric contact with a‘third electrode; and applying a third electric
potential to the third electrode, the third electric potential being

different from the first and second electric potentials.
25
The method alternately further comprises the steps éf placing the
conductive surface in electric contact with a plﬁrality of electrodes
arranged in a pattern and applying nonuniform electric potentials to the
plurality of electrodes to modulate the electric field distfibutioﬁ across
30 . the disk surface to produce a pattern in the variations in an atomic
pe?centage of the first element along the conductive surface, preferably
wherein the plurality of electrodes are arranged in a concentric array.
The atomic percentage of the first element preferably varies
circumferentially, in particular the variations in an atomic pércentage of

35 the first element form serve islands which are distributed
circumferentially.

In a furthgr embodiment the present invention provides an article of

manufacture comprising: a substrate; and a thin film on a surface of the



conductive surface in electric contact with a second el ectrode; and- 7Méﬁ @8
.applylng a second electric potential to the second el ectrode, the s%%o

el ectric pYOIRORN being different fromthe first el ectric BSIVERE203800 and
nmore aptly further conprises the steps5of placi ng the conductive surface

in electric contact with a third electrode; and applying a third electric
potential to the third electrode, the third electric potential being
different fromthe first and second electric potentials. 25 The nethod
alternately further conprises the steps of placing the conductive surface
in electric contact with a plurality of electrodes arranged in a pattern
and appl yi ng sihsgneforinrhiddey ratclemdteftrstl snd @etdrel epémenal ivdiyhodn akeaia odes
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vari ations |na ato percentage of 35 the first el enent formservo
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substrate; anfaaihdi ﬁsfpﬂe&bﬁalrblg Biekaca chiﬂaemfl%?egé’*é %5&%2dlsege%t%9%6t .
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an at oni c %?rgg%'tp% E}?e PREME Pe '%en%aégnen? R/lﬁ# “r’f‘gl%g%%?ﬁt PEat 19Tt RGence
nestbn the °isfhpe k The substrate is preferabl y a disk, the first

elenent is platinum the second elenent is cobalt the thin filmis

I
magnetic and the t r eo atln ri.es accordin to radi a
position on the ?ﬁr%f g‘m&rgﬁ qg ef' it tlﬁ ?%"flgr%?ﬁc)?“Tﬁagf the first
coercivity \Mﬁleﬂe%rlﬁe%quaécﬁbr:@???@tﬂf P&H‘F-‘alonpﬁlﬂ tiwh formingea satfeos. The

at om c per certlagenafely pihat subisnrate pEef aiablapdl ©yeestoml ﬁez%leﬁ@éﬁf 6f afeer Ofse

the dissk, andieRsic vgfgsefzﬁtgu)ﬁféﬂ%tﬂ]ﬁ? o eL CRILRGE a?f:?z%a@lve I S‘%E{d’g%]t}efzt

nf er enc 10 .of th strate Is
ZE Oﬁ’l gl Lglrjceﬁtsaﬁe‘%ﬁlk ttHaé %urns Im is magnetic and the variatlons in an atomlc
percentage of the first element form servo islands which are distributed

i circumferentially.

20 ' In yet a fufther embodiment the present invention provides a disk
drive comprising: a magnetic transducer including a read and a write
head; a spindle; and a magnetic thin f£ilm disk mounted on the spindlé, the
magnetic thin £ilm disk including cobalt and platinum, and the magnetic

‘(') thin £ilm having a systematic pattern of variation in an atomic percentage

25 of platinum. The magnetic thin film preferably has a radial gradient in
coercivity corrésponding to thé radial gradient in the atomic percentage
of platinum. The atomic percentage of platinum is most suitable lowest at
a circumference of the disk, or alterhately the atomic percentage of
platinum ig higﬁest.at a circumference of the disk. The'atbmic percentage

30 of platinum may suitably be equal in concentric bands on.the disk forming
a pattern. The atomic percentage of platinum may vary-circumferentiélly.
Preferably the varjations in the atomic percentage of platinum form servo

_islands which are distributed circumferentially.

35 In a fourth embodiment the present ihventién provides a method of
sputtering a thin film comﬁrising the steps of: installing a target
contalnlng first and second elements in a sputtering chamber, the first
element having a higher atomic weight than the second element; generating

a plasma containing positive ions of first and second elements; and



el ement is equal in concentric bands on the disk formng a pattern,y y
al ternatelwoto%zss)upstrate is a disk and the atom c percentage of the M 12@05
15 el enent varies circunferentially. As a further alternatikel/GB82/&38b&t r at e

is a disk, the thin filmis magnetic and the variations in an atom c
percentage of the first elenent formservo islands which are distributed
circunferentially. 20 In yet a further enbodi nent the present invention
provides a disk drive conprising: a magnetig transducer including a read
and a wite head; a spindle; and a magnetic thin filmdisk nounted on the
spindle, the magnetic thin filmdisk including cobalt and plati num and
the magnetic thin filmhaving a systematic pattern of variation in an

atonmi c perce 5 |.atinum _The nagnetic thin filmpreferably has a
radi al gradi eq)tr'}tggl??lg acgié'?%r\#?ymc@r"rcé%‘brfﬁf‘ﬁ@“c Yithatr ktissl a friadi enectrvdde
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atom ¢ per cent S‘S‘Leﬁé% gg]tﬁ’leaf‘fb%ﬁfﬁtrﬁafﬂ SFPPEH Fhpethdgusiln mitdomeentLines hands
on thé di sk PEPPh@Pereeniane i thdiférat eretereatayl 88L Qb £ leat | AT TN LALY
circunferentiialpseferBBf Qr alxy nii@gVardeat L ANK 1 e.atom c percentage o

g degHaﬂ ﬁgi@eahﬁ e glrﬁs rgjrﬁ‘itéﬁclley. 35 In

pl ati num for msernQ islands which are distributed circu
a fourth embodi ment t %cﬁ?euscetﬁf'eisﬁﬁg?ﬁel 8h Fr Bvterediapeyerhod of sputtering

athin filmconprising the steps of: installing a target containing first

and second el enentriei firat SElehbRY icRP1SRAME he G LEL rissp%léeetjegg%r}}agﬂ%viinr&g’ a .

hi ghes at om g Weiqobldan,: t he_second el ement; generati

cont ai ni ng positive ?Oe%g B% lg’?F?esrta‘gisl’h&"g%’c“oﬁ‘ﬁ‘-’e‘1 nBthe§ratnds \ADBBK 025909 6 -
7 MAR 2006 PCFFEBBYY (380t uRitarngetecsnbs tiald vianial aciddding il agdiWi th at
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applying a RRARlia6hriLa; entialfo the first electro fo torm &
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fhin fil nlmj%i1m€g??%ﬁﬁ Sﬂ% Qaﬁ g foercivity gradient along radial lines on the disk.
15 The substrate is most suitably a disk, the nonuniform electric field

varies along radial lines on the disk, the variation in the atomic
percentage of the fi;st element is along the radial lines, the thin film
is magnetic and has a variation in coercivity corresponding to the
variation in the atomic pPercentage of the first element.
20
In a preferred alternative gf the method the substrate is a disk and
the atomic percentage of the first element ig equal in concentric bands on
the disk forming a pattern. In a further prefeired alternative the
substrate is a disk and the atomic percentage of the first element varies
25 circumferentially. Preferably the substrate is a disk, the thin film is
magnetic and the variations in an atomic percentage of the fifst element

fo;m servo islands which are distributed circumferentially.

Brief Description of the Figures

30

Figure 1 is a symbolic illustration of the prior art showing the

relationships between the head and associated components in a disk drive

Figure 2 is an ;llustration of one type of prior art layer structure
35 " for a magnetic thin film disk.

Figure 3 is an illugtration of a mechanical setup for applying bias
to a disk substrate during sputtering.



5 atomi c percentage of the first elenent along the surface. The Suqﬁﬁﬂﬁﬁﬁﬁ
Is preferably a disk having a central hole and the first el ectrode
.contacts WRO¥RIMIctive surface at an outer diameter. The PCTABO0IBIRNt
enployed in the nethod is preferably platinum the 10 second elenent is
preferably cobalt and the substrate is a dysk. Preferably the nonuniform
electric field varies according to radial position on the disk and the

variation in the atom c percentage of platinumis along radial |ines on
t he disk. Most preferably the thin film is magnetic and has a coercivity
gradient along radial lines on the disk. 15 The substrate is nost suitably
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coercivity corresEondln to the wvariation in the atomc percentage of the
first el ement. SpterBridysHAtdrhA R eSS ﬁé?]t‘lioﬁratddé“%lfgé’f‘?a‘i*@ i's
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concentric gggggiggtotpﬁaqhsgnngnlng a pattern. In a further preferred
alternative the substrate is a disk and the atom c percentage of the first
el ement varies 25 circunferentially. Preferably the substrate is a disk,
the thin filmisFigmmgnetis agpibtt bl exmediatehbals drha aonimmTithe melacermag@m‘nt
the first ebenenlsk fREAISQGVE ittt ANenWMUNCH AkBa AyS bt 8fktance.,
C|rcunferent|ally Brief Description of the Figures 30 Figure 1 is a
lic illustration of the prior art showing the relationships between

le head and ass8tduted conprimenes the exrdritentel viataFshpwieg Zhescaarcivity
I | | ustrationuéf vepsust ¥R glbe MumOEoreht | Y¥EEneS WAME 4N £igu3s £0r a magnetic
thin filmdisk. Figure 3 is an illustration of a nmechanical setup for
applying bias to a disk substrate during. sputtering. WO 03/025909 7 - 7
MAR 2006 PCT/ GBB29W3800 sFpgurldugttagiom of| ¢ goppatficsh ¢ifecarid dieldk aders itbn
vi ewsof t hemtdirihkesection of a substrate applied with a plurality of electrodes

according to the invention.

“* Detailed Description of the Invention and the Preferred Embodiments
&

20 ’ Figure 3 is an illustration of one method of applying a voltage bias

to a disk 16 while the‘thin films are being sputtered. The disk 16 is
mechanically supported by a conductive carrier 41 which is connected to a
voltage source 43. The voltage range of the voltage source 43 should be
approximately -150 to -600v. Typically both sides of the disgk 16 are used
so the carrier 41 needs.to be designed to support the disk 16 without
obscuring any more of either surface than is necessary. There are cleaxrly
_ numerous ways to achieve this and the details are outside of fhe scope of
the invention. For the purpose of describing the preferred embodiment of
the invention, it is only necessary to have the disk 16 in contact with an
30 electric conductor in a substantiélly continuous way around the outer
circumference or alternatively around the inner diameter. The carrier 41
can be a large movable rack with supports for many disks 16 which can
travel through a pass through sputtering system or it can be a designed
. for stationary support of a single digk 16.
35
Figure 4 is a midline section view of the disk 16 and carrier 41 of
Figure 3 along line IV. This section shows that carrier 41 supports disk
16 by a narrow lip 42 which extends around the entire circumference of the
hole in carrier 41 which supports the disk 16. This arrangement leaves

40 substantially all of both sides of disk 16 exposed for sputtering. More



and di sk shown in Figure 3 along the line marked IV. Figure 5 is an . 7006
Il lustrati &%n§m9electr|c field gradient along the 5 mdline sectlon &
the disk and carriér in the sputtering chanber according t8CTGBRNAIIALI on.
Figure 6 is a plot of experinental data show ng the platinumcontent of a

. disk according to the invention plotted by radial distance. 10 Figure 7 is

a plot of the experinmental data show ng the eoercivity (Hc) versus the

pl ati num content for the disk of Figure 6. Figure 8 is an illustration of a
nonuni formelectric field along the 15 mdline section of a substrate
applied with a plurality of electrodes according to the invention.

Det ai | ed DesCirigat-k h v Pr.ef erred Enbodinents 20
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di sk 16 whi | EPHRETRTYT 1P fonsee Bé‘f’hghgpqﬁnﬁ‘é?@dfe T¥rridi sl the ieectric field

nmechani cal | y whipporesd tbyf:@mc omduesati@e Cfifalsi €61 thge WY Ghi #SmCAMRSEtEA to a

vol t age sour g 4dmeekla@c¥0ld 29€ 4:aR of the voltage source 43 shou be
appro>g5| mately -150 to -600v. Typically both sides of the disk 16 are used

25 sothe carrier 41 needs to be designed to support the disk 16 w thout
obscuring any nor eFigfurei § her tsalrshae emifhate bSctl’l%e§§Qiﬁ¥ureTlaertﬁ.1ta§.r? dpigarly

nunmer ous waysr-hQ hineves &ihh d La e outside of the scope of
the inventi on; lefé:t he }Fi oie&g CJI}E?:?I |hléestiﬁrlustr§1;§ 1é‘dtléer'rﬁBH‘itr?é’ﬁ{‘9 of
the inventi o 27T $%W ’sfhné%‘ét?éﬁ? PIEEh4deWtifd evnting tha monteacingwydh iaAs

30 electric @dAdtkst crraet apstﬂ:meamueaém;s CONtthaUdke WBdeak Qdddet RE QLSS

circunferenceioh 8 t,eg,g\gatd &4 -.M: ar,_g_,Hg Pyl di aneter. The carrl er 41
can be a largg novable raeE 3 gorljt%sn %Jr“%e WAk S 96 WA RAFSEa fould
travel through & pas$ ftr%v&ub‘?f’ 5’&‘? t“& taid = s9s e %R“tFtrﬂ@angd:Beaa w3 gmed

for stationaP§ustglpere dfargedingl® didkrlfpecissFi gubee1dctSi@ sl LDSerated

section Vi ewapbuddendi Siex16e ai%diﬁ%H:aQ:red By ok ifﬂo%r & 13, A,0N ﬁlﬁng%)l XZ
a fnar
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whi ch_ext endgégé)oun%i ?ah %gﬁt‘% rsg Pﬁfﬁ?é}"é“rﬁ% of°“t1Me°neha%e PA wer disk 141is
whi cf® suppor f&°RE g wiEhy ghe ?ﬁrewsannmgem shegnieg 2 suhstandioal dyg al | of
both sides opreitisle #éoneXposeid émmeﬁpu{utnsadﬁgnd'\@afbglé/\ob(&@/ 9252034 on the

undecorated side is symmetric with what is shown. The size of the arréw
- indicates the strength of the electric field relative to a selected
baseline. ' In absolute terms the variation in the electric field is small,
20 but nevertheless significant. The electric field is shown as being

strongest at the circumference of the disk 16 and monotonically declining
to the lowest value at the inner diameter.

One effect of the electric fieldvia accelerate the .positive ions in
25 the plasma 43 toward the disk 16. In the'absence of the electric field
bias, positive ions are only accelerated towards the target matexial.
Application of negative bias to the substrate results in positive ion
bombardment of the growing thin film surface. The predominant 1mp1nglng
spec1es on the growing thin £ilm surface are positively charged Ar ions.
30 Thls results in re- sputtering effects and since the field is stronger at
the outer diameter, the acceleration will be correspondingly greater at
the ocuter diameter. Re-sputtering effects during film growth.have been
discussed by D. W. Hoffman, "Intrinsic Re-sputtering — Theory and
Experiment", (J. vac. Sci. Tech. A(8), 3707, (1890)). The intrinsic re-
35 sputtering efficiency was found to strongly depend on the mass ratios of
the target material (Mt) and the sputtering gas (Mg) and shows mostly a
linear dependence on the following dimensionless parameter: (Mt - Mg) /
(ME + Mg). Experlmentally it is found that Ar ionms (mass= 40 amu) re-
sputter Pt (195 amu) more effectively than Co (59amu) or Cr (52 amu). The



S - 7 MAR 2006 PCT/ GB02/03800 inportantly, however, because the outer

Ci rcum‘ergp(gﬁ {))f ﬁ%he disk 16 is continuously in contact with the =7 MAR 200
- conductiv ¥1158P 41 the electric field which results fr8MI{GRO2 H%@ﬁtlve
bias voltage is uniformaround the circunference of the disk 16. 5 Figure
51is the sane mdline section of Figure 4, but in this drawing the disk 16
and carrier 41 are illustrated in the sputtering chanber 50 which contains
pl asma 43 which contains the sputtering gas ions and the target sputtered

el enents. In the case where a CoCrPt magnetic 10 filmis being deposited

usi ng argon as the working gas, the pI asma would contain positive ions and
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val ue at thelsi rnmerplitdnet eonténeigfdreaictali thancpdet Ei&gf b&id1 1S nes from

ehgrate tRg. RRSEE I M48mb QNS (LI} pl 4 he disk 16. In
thg absence ofet he el ec{nrl C f(l el °a‘af§ xtetl‘é‘e) aﬁén&\?eg’?noeﬁ\g’gar ett8ﬁ1 y accel erated

towards the target material. Appllcatlon of negative bias to the substrate
results in positi¢epemGnentzanbaralmentheopldtiaum gloavérty ok i BphideresWikbRcss The

predom nant bﬂ&t’é@llﬂg ra§P£LCH§§taEB@e the oW ﬁ'gmngtlw fil sg{fag? S
positively ch%}greﬁr his résults in-re- sput erlngefects and
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since the fi&'Frs st‘r“oﬁ‘@eef“e’é"t‘“ R PR ragriatetbrin ermilsédiakepaasi bhranah]
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during film gsipanh. have L8sorad §§%§eﬁ1@ngh WNH’EE%QQ " l’I‘ﬂEr 2L ayer
Re- sputterl NGas CIOeOT eanpa%netlc film and the targets were CoPtCrTa. The bias
% voltage was about -300v. The platinum content was measured by micfoprobe
a (the squares on the graph) and XRF (the circles). Each method confirmed
20 . the clear trend of increasing platinum content from the outer
. circumference to the inner diameter. The total increase in the platinum -
content along a 35mm radial line was approximately 2 at.%, i.e. from about
9 to 11 at.%. The slope of the platinum content could be expected to
reverse if the voltage source is shifted to the inner diameter of the disk
25 '
Figure 7 is a plot of the coexrcivity (He) vefsus the platinum
coqtent for the same disk of Figure 6. For the 2 at.% increése of
platinum content the data show an increase of Hc from about 2550 Oe to

2800 Oe as confirmation of the relationship between coercivity and
30 platinum content.

The method of varying the electric field distribution across the
surface of the disk is not limited to linearly increasing or decreasing
fields. Spec1al bias contacts and geometries across the surface of the

35 disk can be used to produce dlfferent bands and /or sectors with varying
compositional properties. For example, a concentric array of bias
- contacts each of which is held at a selected potential can be brought into
contact with the substrate to modulate the electric field distribution

across the disk surface. In the embodiment described in detail above



Experinment”, (J. Vac. Sci. Tech. A(8),,3707, (1990)). The intrinsic Iﬂ’éﬁ 2008
sputteri ngveffl Cl ency was found to strongly depend on the nass ratios o

t he target (M) and the sputtering gas (M) and sHREBEGREHE860 a

l'i near dependence on the follow ng dinensionless paraneter: (M - M) /

(M + My). Experinmentally it is found that Ar ions (mass= 40 anu) re

sputter Pt (195 anu) nore effectively thani@G (59anmu) or C (52 anmu). The
WO 03/ 025909 PCT/ GB02/ 03800 - 7 MAR 2006 re-sputtering efficiency is also
found by Hof fman to depend on the energy of the sputtering ion. This is
provi ded by the substrate bias and as discussed it is Iargest at the outer
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pl ati num CQm&ﬁBsf;%mTthé‘on%QQP quéé%tgf FI ggne b6e ar'x:}prshape The elecI:tr::(t::rdeesaSG% of
can be connected to independent power sources to allow each one to have a
potential independent of the other electrodes and, therefore, to allow
.20 maximum flexibility in tailoring the variations in the electric field for
the particular application. The electrodes 67'of the embodiment of Figure
8 can also be arranged in any x-y pattern in the plane of the substrate.:

| In any application of the invention the substrate is not required to
25 be conductive except for the surface. Thus, nenmetallic materials such ‘as
glass may be used with the method of the invention if a layer of |
conductive material is applied to the surface. The conductive layer may
be sputtered or deposited by other means. If the bias is applied using an
RF signal, there is no need for the surface to be conductive,

30
It is well known in the sputtering art that variations in sputtering
systems make it difficult to make quantitative predictions; therefore, the
experimental data given above s@ould be used for qualitative undérstanding
of the technique.

35
The ability to affect the compogition of a thin f£ilm according to
the mass of the elements by an applied electric field can conceptually be
applied to nonmagnetic films and to nondisk-shaped substrates. If the

electric field can be varied over distance or time and the masses of the



.pl atinum content the data show an increase of He from about 2550 Ce tg MAR 2008
2800 Ce as_confirmation of the relationship between coercivity and 30
- pl ati num ORI The et hod of varying the electric fiel dPGTERRAZP0N
across the surface of the disk is not Ftnited to linearly increasing or
decreasing fields. special bias contacts and geonetries across the surface
of the 35 disk can be used to produce different bands and /or sectors with
varying conpositional properties. For exanple, a concentric array of bias
contacts emmbnof ashiaiffisidield dtrarael enteedeofight ict tEAN P& BERUGI bi Nt O
cont act m@&ﬁoggg substrate to nodulate the electric field distribution
across thedi surface. In the enbodi nent described in detail above WO
03/ 025909 10 - 7 MAR 2006 PCT/ GB02/03800 results in nodul ati on of the
electric field along radial |ines; however, using an array of bias
contacts would allow the nodul ation to occur circunferentially as well.
Vari ations of such an approach could allow servo islands or sectors with
| arge nodul ati ons of coercivity to be 5 distributed circunferentially.
Patterned'nmedia for use in disk drives have also been proposed as a way of
decreasing the track width. Using the nethod of the invention patterned
magneti c nedia could be produced by tailoring the electric field
distribution across the surface of the disk. 10 Figure 8 is an illustration
of a nonuniformelectric field along the mdline section of a substrate 17
applied with a plurality of electrodes 67 according to the invention. The
prfvious illustration used a single electrode which was also the carrier.
These two function need not be provided by the same nenber. The el ectrodes
67 in Figure 8 contact the 15 substrate 17 on one surface and generate the
electric field on the opposite surface where the deposition is occurring.
The el ectrodes 67 are shown as point contact elenents, but can be any
shape. The el ectrodes 67 can be connected to i ndependent power sources to
al l ow each one to have a potential independent of the other el ectrodes
and, therefore, to allow .20 maximumflexibility in tailoring the
variations in the electric field for the particular application. The
el ectrodes 67 of the enbodi nent of Figure '

&



8 can also be arranged in any x-y pattern in the plane of the subst%a}e. I n
any application of the invention the substrate is not required to ~ AB&2006
conductive except for the surface. Thus, nonnetallic materials such 'as

gl ass" may be used with the nethod of the invention if a |ayer of conductive
material is applied to the surface. The conductive |ayer may be sputtered
or deposited by other neans. |If the bird2-s applied using an RF signal,
there is no need for the surface to be conductive. 30 It is well known in
the sputtering art that variations in sputtering systens make it difficult
to make quantitative predictions; therefore, the experinental data given
above e id chemb$ped for qualitative understanding of the technique. 35
The ability. to affect the conposition of a thin filmaccording to the
mass of the elenents by an applied electric field can conceptually be

applied to Qf@ﬁ@gﬂﬁqmgfﬁ$#%%c%€1ﬁgggnondisk-shaped substrates. If the

electric fie be var r stance or tinme and the nasses of the WO
03/ 025909 13 substfra\Bhdzoos PCT/ GB02/ 03800 el enents are sufficiently

different, the techpigue of the inyention nmay be enployed. - 7 R 2006
“12 Vhat | s edregnRstirdi on a sutfaceob i subyielt iolping ALTeast S and sergnd elgments
subst r atigh arfitéma FERGNRIE 6f tHRI flistl didrer® Radingybemetiilytaldhgaies bh MeSsukMed Mgh Ng
at least first and second el enments, w th an atom c percentage of the first

el enentth atopin persgatagsraf iteaafiry elgramy beingeequah insifls enmeenitie bands o Hee disknarc
percenta aPBa%P&y%E%&Rwﬁ$ﬁQBﬂk1gﬁﬁﬂgagﬂg§£.i”Side concentric bands on the
t I

di sk an nequa et ween e concent ands formng a pattern. 2. A
magnetic thin filmdisk conprising: a substrate; and

2. A magnetic thin film disk comprising:

a substrate; and

a magnetic thin film on a surface of the substrate including at least first and second elements,
with an atomic percentage of the first element varying systematically along lines on the surface and
wherein variations in the atomic percentage of the first element form servo islands which are

distributed circumferentially.

3. A disk drive comprising:

a magnetic transducer including a read and a write head;

a spindle; and

a magnetic thin film disk mounted on the spindle, the magnetic thin film disk including
cobalt and platinum, and the magnetic thin film having a systematic pattern of variation in an atomic
percentage of platinum and wherein the atomic percentage of platinum is equal inside concentric

bands on the disk and is unequal between the concentric bands.

4. A disk drive comprising;

a magnetic transducer including a read and a write head;

a spindle; and

a magnetic thin film disk mounted the spindle, the magnetic thin film disk including cobalt |
and platinum, and the magnetic thin film having a systematic pattern of variation in an atomic

percentage of platinum and wherein the atomic percentage of platinum varies circumferentially.
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a magnetic thin filmon a surface of the substrate including at |east first
and second elenents, wth an atomc percentage of the first el enent /7 MAR 2006
varying systematically along lines on the surface and wherein variations
in the atom c percentage of the first elenent formservo islands which are
distributed circunferentially. 3. A disk drive conprising: a nmagnetic
transducer including a read and a wi td3head; a spi ndl e; and a magnetic
thin filmdisk nounted on the spindle, the nagnetic thin filmdisk

i ncl udlsng S“{@J Jri A gn@tx% num and the magnetic thin film having a
systematic pattern of vari tlon in an atom c percentage of platinum and
wher ei n t hea aaghidtic tpesdeat iageding apeattdanduwrite dealgual i nsi de concentric bands
on the disk and |s nequal between the concentric bands. 4. A disk drive
conpri si ng: a §pifg) c transducer including a read and a wite head;, a

spi ndl e; angd rﬁagﬂw@%h crmtnha@k fmdume@o%kthwmd&d th tha ?ﬁ’éti&dﬂhfh ﬁIrHthlEHﬁBl%thg
thin filmdisk1ncluding cobalt and platinum and netic thin film
havi ngcebadyast eledinbm, prt the mregostiothin; flm hewingr Sdpie@tawe@tenp@f? vasiatienyia apfatomic

pl atinum i e i

G cump e ERfae i Rl %%h%&&”&r%ﬁ@h?% o Mp PRl i torm serve
transdmzardswrhtdhmdedngtrmutedadcxanféremualﬂye head; a spindl e and a magnetic thin
filmdisk nounted on the spindle, the magnetic thin filmdisk including
cobalt and platinum and the magnetic thin filmhaving a systematic pattern
of variation in an atomc percentage of platinumand wherein the
variations in an atom c percentage of platinumformservo islands which
are distributed circunferentially.
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