WO 03/ 025909 PCT/ GB02/03800 1 MAGNETIC THIN FI LM DI SKS W TH A NONUNI FORM
COWOSI TION Field of the Invention 5 The invention relates to nmagnetic
thin fil nwdimslksssand net hods for their fabrication and noreTgB®Riostbarly to
magnetic thin filmmedia having nonuniform nagnetic properties due to
nonuni f orm conposi tion and nmethods for creating the nonuniform
conposition. 10 Background of the Invention A typical prior art head and

di sk system 10 is illustrated in figure 1. In operation the magnetic

transducer 20 is supported by the suspension_ 13 as it flies e the disk
16. The nmgnetic trmm%wgﬂﬁi der," is
conposed of elements that performthe task of witing magnetic transitions
(the wite pead 23)n@MhJefadix-ng the magnetic transitions (the read head
.12). The el®ectricatr—stgnatrs to and fromthe read and wite heads 12, 23
travel along conductive paths (leads) 14 which are attached to or enbedded
in the suspensi othel 3nvéhrpbe alellyt20 tb hewgeetire thip felrctiske Andcemarbadt f9ads

(not shown) ceache£,0n Ahenr £a0 n8RM pa Wi d8aPBAdS ddned® cMid @s1@MmebieadavidA,
14B, 15A, 15B are connected to these ads and routed in the arm 1§th t he

arm el ect r oRFTESL S "SHEIN§ Pr°?ﬁ%tlﬁﬁgc?1 FR PARE QG e ™80% 1S Bosit 'oned: over
poi nts at vésyicagatriadi e nd:n\snémsorflnmnﬂm center of the d| sk 16 to read
and wite circular tracks 25 (not shown). The disk 16 is attached to a
spindle 18 that isddrifvtn b a .s indle notor 24 to rotate the disk 16. The
di sk°16 COW&MOH which a plurality of thin filns 21 are
deposited. The thin filnms 21 include ferromagnetic materials in which the
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35 31 which_is deposited on the substr T r ecor. s) 33 is
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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 connected 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

25 (not shown). The disk 16 is attached to a spindle 18 that is driven by a
spindle 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 materials 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
disk 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



boron are often used to magnetically isolate the grains. A protective
overcoat layer 35 is used to inprove wearability and corrosion. while WO
03/ 025909wWB@3H0eAB0L/ 03800 2 instructive, the three fil m dipsh/cGBezossobed
above does not exhaust the possibilities. Various seed |ayers (not shown),
mul ti pl e underlayers (not shown) and | am nated magnetic filnms (not shown)
have all been described in the prior art.z2ln addition, other materials
besides AIMy are 5 utilized as substrates. Wien a nagnetic disk 16 is
designed for a future disk drive 10, a target coercivity range is

determ ned based on the overall system requirenents. For exanple, an upper
limt on thQnQ&Qﬁ@L\)@- 1 ¥né Sth%f@é ME%&SR?_%M%ﬁ@ 2] 5T2 dse;%?atu'ﬁhsﬁ.% Qe i Nduce
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kno to direct. Z)édaffe%sg hg film15 coercivity. Wthin limts, a marginal
change in the J1at| num content. will di rectly affect the coercivity by a
predi ctabl e amount. The conposition of the magnetic film33 mrrors the
conposi ti on of t RRen &puagﬁthagiltsargehst&saggmdof eveltfe aCOUBAGH, 160 ad
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coercivity. For exanple constant ftotation spee ng hei ght of
the transdu€BF 35 EhGRaIS trﬁéh%ﬁ $Ran FrRei ety W?%’rﬁlﬁh‘é’ﬁrﬁh‘élrtydl arBedtetppd)
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sputtering E&&ms@l:i&:y ok aikgzeﬁl§gn\é,@9§efi(igng%oﬁiﬂlfoqgsthe composition of the
sputtering target to a good level of accuracy, so a marginal increase in
the platinum content in sputtering target is reflected in the deposited

20 £ilm.

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

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

25 desirable to have subtle radial gradients in the coercivity. For example,
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 1s6. The flying height directly affects the field
strength generated by the write head 23 in the magnetic film 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 ions (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



35 are optim zed to provide the desired magnetic properties. The target
material is held at a negative voltage to provide acceleration for the

posi ti velwooharyed sputter gas ions (typically Ar). The grourgBopossent i al

for this arrangenent is normally the chanber walls. The substrate is not
grounded. Current-art sputtering systens used for fabricating magnetic WO
03/ 025909 PCT/ GB02/ 03800 3 disks 16 proviéde also the capability of

provi di ng negative or positive bias to the disk substrate. The voltage
used is typically on the order of -300 volts. 5 Sunmary of the Invention A
met hod of influencing variations in conposition of thin filns is
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7 TR Pl akede N SR0RIEL 18, ANANUILLOLNELE L) & LELLLPLP0 B urace. 10

of the substrate 1o alter e ‘conposition eren re-sputtering
the target eP&feits§s- The nonuniformelectric field is applied by one or
nore el ectrodes in contact with a conductive surface or by using an RF

bi as si gnal .o fhe ngpunifarmelgctric field is used to nmodulate the Kkinetic
ener gy of tﬁe—mr@'gwwr‘a'lz%—%-rrthe pl asma which strike the thin 15 films
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direction of a disk. Int eg?eferre nbodi nent a radial voltage gralent
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substrate w_th a.
according to mass. By applying varying electric potentials at a plurality

of points on a conductive 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 radial direction of a disk. In the preferred embodiment a radial
voltage gradient is applied to a conductive surface of a disk on which a
magnetic thin film is being formed to radially modulate the platinum

25 content 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 element 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



conductive surface in electric contact with at least a first el ectrode;
generating a plasnma containing positive ions of first and second el enents;
and dif f ewermsioadoby re-sputtering the first el enment by applpgirrgpoa/ossonst 35

el ectric potential to the first electrode to forma nonuniformelectric
field along the conductive surface to deposit the thin filmwth

variations in an atom c percentage of the first elenment along the
conductive surface. The substrate is preferably a disk having a central

hole and the first electrode contacts the conductive surface at an outer WO
03/ 025909 PCT/ GB02/ 03800 4 dianeter and the nonuniforn1e|ectric field

di sk. The first el enent enplo e rret fera |nu?n t he
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t he di sk. Tt@éamunods @pthy rhdidlhetneonpriheesdiskhe meepsonik pdaehtyget be

conductive pubface i ebechiblf 1600i@GE Wel B; AHEE & Q and
appl ying a second el ectric poi'(t;entl al to tehelsélcon%m‘gfe%f?%%edqgt he second 20

el ectric potential being different fromthe first electric potential, and
nore aptly furthéhectarped sbsreinethe epbsofatpl @ciangiskhes qaaaiell Y onsUikaeen
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di fferent from *he rg? ana® & 38?1‘31’2?’68‘(3?”?’(5‘ (BE TEFats Y 5 1mstnet od
al t éPnat el yCF’Eﬁ"’t‘“ﬁéiFe‘k?Gn?ﬁf itdesditshe steps of placing the conductive surface
in electric contact with a plurality of electrodes arranged in a pattern

and applying nonypl oL M eLeeL i:¢, AoLentlals ¢, Lhe

er 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 comprises the steps of placing 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 from the first and second electric potentials.
25
The method alternately further comprises the steps of placing the
conductive surface in electric contact with a plurality of electrodes
arranged in a pattern and applying nonuniform electric potentials to the
plurality of electrodes to modulate the electric field distribution across
30 the disk surface to produce a pattern in the variations in an atomic
percentage 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 percentage of
35 the first element form servo islands which are distributed

circumferentially.

In a further embodiment the present invention provides an article of

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



plurality of electrodes to nodulate the electric field distribution across
30 the disk surface to produce a pattern in the variations in an atomc
per cent agwoaB/oedve f i r st el enent al ong t he conductive surf @ca/Ggretsnabl y
wherein the plurality of electrodes afe arranged in a concentric array.
The atom c percentage of the first elenment preferably varies
circunferentially, in particular the variations in an atom c percentage of
35 the first elenment formservo islands which are distributed
circunferentially. In a further enbodi nent the present invention provides
an article of manufacture conprising: a substrate; and a thin filmon a
surface of the\WhO3/102608008g RETLERA2EDI[0BNd 5e8&k&$t=.taxteﬁt£ nﬁltlddalmgt&qtlc| east
first and s S&l@n@i ngp V\%Ir};ta&e?‘nterqg]v%ry & gerge?ﬂgt all q.ofl rlslgeselo%rr?nt
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preferably a“titéke- t © fIPStraEP et RE e Tarabhy &t F‘hﬂm thEisele ghematehent is
cobal t, the phitintm| fhe Sertgnet éfendngs tdeBatx at;mént&up&rlmnitsageg&ftlalaath e

vari es accorgomct&rea,qua@g @P\A%hé | QRO 55 0E ac%g%l%%et% §lagﬂgn§}t'0 thig,film

preferably has a coercivit varies accor 03|t|on on
t he surface.S“fi&°at ofi*e “b‘@??;"e‘ﬁt"alb’é" 6tim pratarabhy |h§5par EPRFHIE {Y Iwmelstvaatesa
ci rcunf er encecotrditie tdisidianmds oish opreatkeswatibye t hehakosmhiz pefd‘eaB&@egefOf

platinumis highest iatpareldyrisiencs 1911%Lm%4}%ngé e ¢ J'% K LEate.is
aptly a disk and the atom c péercentage of th Irst erren |s eua

concentric b%ﬁ?ﬁ?r%‘ﬁyt Fiee GF%‘R"Cf BFTi*RGe% PAtRIGE U™ 4F t}%ﬁﬂ%&"elay 3 wer@miétf?%e
is al®di sk amk the d&itsgm ¢ percentage of the first 15 el enent varies
circunferentially. As a further alternative the substrate is a disk, the
thin filmis magng tic and the variations in an atom c percentage of the

first el ement form s8R PET dfoPWKi T8k 2ndi EbS PO iEdPRGerERSr 8F citsi At 1sy.
20 In yet a flgreheriseedrdi reobntdrgrpe eseds dnnvienidion fpraigdespaateirsk drive

COprI’I si ng: a’it@ﬁﬁ&tlyctﬁer &Eb%dklé;@é 1'sn§|dligk rkgldatﬂ@QGOﬁr&dp@rc égee Ee&g £fst
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magnetic thih Frim 3 ﬁ%ﬁumafﬂed’t&%b]é’l t 2héa f)T%PFﬁLﬁhte%lY%éhﬁaﬂWéFF%te
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circumferentially.

20 In yet a further 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 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

25 of platinum. The magnetic thin film preferably has a radial gradient in
coercivity corresponding to the radial gradient in the atomic percentage
of platinum. The atomic percentage of platinum is most suitable lowest at
a circumference of the disk, or alternately the atomic percentage of
platinum is highest at a circumference of the disk. The atomic percentage

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

islands which are distributed circumferentially.

35 In a fourth embodiment the present invention provides a method of
sputtering a thin film comprising the steps of: installing a target
containing 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



coercivity corresponding to the radial gradient in the atom c percentage
of platinum The atom c percentage of platinumis nost suitable | owest at
a circunfwopamoessed the disk, or alternately the atom c percarcmg@3snh
platinumis highest at a circunference of the disk. The atom c percentage
30 of platinum may suitably be equal in concentric bands on the disk
formng a pattern. The atom c percentage of platinummay vary
circunferentially. Preferably the variations in the atom c percentage of
pl ati num form servo islands which are disthibuted circunferentially. 35 In
a fourth enbodi nent the present invention provides a nethod of sputtering
a thin filmconprising the steps of: installing a target containing first
and second el enents in a sputtering chanber, the first elenment having a
hi gher at oni glasehgta sthefirat & eins ebondie|conesrt; wignet aldany a dipstashectrode;
cont ai ni ng p@lssfteweclla@n,s at sgdtlegélr@n@lhes eeond ceLRIR N S apfTYEnYQ G3/ 91?&%9%
PCT/GB02/0380g e %? ? u rate_in ectrlc contact with at |least a
first electroder= ¢ fferBnfiHit f/{ercér%cbeutt?e TR (WBUFHPET BFENEIft Thytd along
applying a RF sk &ege o6 theoserticate to ddpesit tde wliectilodeithoviomamiens in an

nonuns f or m eateﬁamcerfmeda@ea&pr&ge ﬁrggreflaﬁ@ntoal&réetﬁybs%&f;&fee tfhedepsi-hed he
thin filmwth varl the first el enent
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di anmeter. The first el errent enpl oyed in the net hod i's pref erably pI at| num
the 10 second elgnent,.d rmeefn rabl1¥ cobaltthe e, subs {a IS sk.
Preferably the nonuni orme 161 a°vari €3 aCCOI’HIr?'I & Haf‘%num' the
posi 11 on on t97endiSiemarid lﬁh@ﬁfaﬁ?a}b&ﬁ’l ?ﬂ*Pailﬁ Jridetha sHP<trpee dene atjekof
platinumis meagamadimd nbhnaSomn b be: Ak Stie1Wbsirips ch%ﬁemny theathiin film

is magnetic and has g GRenelVL {5(? t%a\édf{r?%l al ong.radial ] nes on the disk.

15 The substrate is nost suita & nonuhilor ¥ CFiel d
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percentage of the first element is along the radial lines, the thin film
is magnetic and has a variation in coercivity corresponding to the
variation in the atomic percentage of the first element.
20
In a preferred alternative of the method the substrate is a disk and
the atomic percentage of the first element is equal in concentric bands on
the disk forming a pattern. In a further preferred 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 first element

form 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 illustration of one type of prior art layer structure

35 for a magnetic thin film disk.

Figure 3 is an illustration of a mechanical setup for applying bias

to a disk substrate during sputtering.



the atom c percentage of the first element is equal in concentric bands on
the disk formng a pattern. In a further preferred alternative the
substr at ewo3mssk and the atom c percentage of the firstecalGnoenssovari es
25 circunferentially. Preferably the substrate is a disk, the thin filmis
magnetic and the variations in an atonmic percentage of the first el enent
formservo islands which are distributed circunferentially. Brief
Description of the Figures 30 Figure 1 is a synbolic illustration of the
prior art showi ng the relationships between the head and associ at ed
conponents in a disk drive. Figure 2 is an illustration of one type of
prior art |ayer BERARtULE 2BE1Iwtrativaghetd BITHPA $ITAPRIVERY FEi §if €23Tier an
il lustrati omdofisx srehanhCRlgusetupidmr tapplivé nirkédsv.t o a di sk substrate
during sputtering. WO 03/025909 PCT/ GB02/03800 7 Figure 4 is an
illustration of a mdline section view of the carrier _and disk shown in
Figure 3 al ong tTHEYFT e *fetk e Usyratdicgure 38 FLecanit Ifiad maptismtorliogg the

el ectric fimgldtligy adtenin af ang dise all phchilemeirs etk i Qrutoéringeciindkr and
carrier in the sputterdnng; charher according to the invention. Figure 6 is
a plot of experinméntal data show ng the platinumcontent of a disk
according to the invention plotted by radial distance. 10 Figure 7 is a

pl ot of the expetigneatealisdataoshonweipgritentebetatavsioping Hhk Mertsohen chetent
pl ati num copt gnd; fokcddigi bl 3K Ofe FhaME o p1 5L QM By SahSaPRysbid gt ration of a
nonuni formelectric field along the 15 m'dline section of a substrate
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disk 16 while the thin filnms are being sputtered. The disk 16 is
mechani cal | y supported by a conductive carrier 41 which is connected to a
vol t age source £3gufheé ¥olaragblusangdonfot henwpint fgpan sbeptoec 43 e aullodg behe
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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 disk 16 are used

25 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 clearly
numerous ways to achieve this and the details are outside of the 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 substantially 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 disk 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



25 so the carrier 41 needs to be designed to support the disk 16 w thout
obscuring any nore of either surface than is necessary. There are clearly
nuner ous ways/ntwoachi eve this and the details are outsi deprofi/GHeeossvope of
the invention. For the purpose of describing the preferred enbodi nent of
the invention, it is only necessary to have the disk 16 in contact with an
30 electric conductor in a substantially c%ntl nuous way around the outer
circunference or alternatively around the inner dianmeter. The carrier 41
can be a |l arge novabl e rack with supports for many di sks 16 whi ch can
travel through a pass through sputtering systemor it can be a designed
for stationary support of a single disk 16. 35 Figure 4 is a mdline
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8 inportantly, however, because the outer circunference of the disk 16 is
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sputterl ng gas ions ~and the target sputtered el enents case ere a
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generated aroun | lustrated by the arrows whi are
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arranged péf B‘élhcg %‘ﬁl%‘r’s}‘t he 16i ]k"u§t]bé1t§ﬁal?y EBF 14E8YS TGP Gig %ﬁraég%ﬁ t he
di sk 16 is DPsreecdrated the tdiskhe pdrrawsurfacer d@nly corei siplel by thkedisk 16 is
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tric h what i s _shown. The size of
Ilhgl gr :_)(r;wt he cgae(w::gcgn?'tf%g t e element nmers angVI labels, but the field on the

undecorated side is symmetric with what is shown. The size of the arrow
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 field is 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 material.
Application of negative bias to the substrate results in positive ion
bombardment of the growing thin film surface. The predominant impinging
species on the growing thin film surface are positively charged Ar ions.
30 This results in re-sputtering effects and since the field is stronger at
the outer diameter, the acceleration will be correspondingly greater at
the outer 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, (1990)). 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) /
(Mt + Mg). Experimentally it is found that Ar ions (mass= 40 amu) re-

sputter Pt (195 amu) more effectively than Co (59amu) or Cr (52 amu). The



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 newerwiedsess significant. The electric field is shoowGE2baiong
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to the lowest value at the inner dianeter. One effect of the electric field
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given in Figlleade wdheapdii6K 356y Wa%he platinum content was measured by microprobe
(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 coercivity (Hc) versus the platinum
content for the same disk of Figure 6. For the 2 at.$% increase 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. Special bias contacts and geometries across the surface of the

35 disk can be used to produce different 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



supported in the nmethod shown for carrier 41 in a nultidisk pass through 15
sputtering systemsuch as those commercially available fromthe U vac
conpany. Woassetserate 26 was AlMy with a NI P coating. Thecarckmioasper was
CrV. The magnetic filmand the targets were CoPtCrTa. The bias voltage was
about -300v. The platinum content was neasured by m croprobe (the squares
on the graph) and XRF (the circles). Eachgethod confirmed 20 the clear
trend of increasing platinumcontent fromthe outer circunference to the

i nner dianeter. The total increase in the platinum content along a 35mm

radi al |ine was approximately 2 at.% i.e. fromabout 9 to 11 at.% The
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tailoring thhe el ectrlc field distribution across the surface of t
point contact elements, but can be any shape. The electrodes 67

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, nonmetallic 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 cother 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 should be used for qualitative understanding
of the technique.
35

The ability to affect the composition of a thin film 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



10 Figure 8 is an illustration of a nonuniformelectric field along the

m dline section of a substrate 17 applied with a plurality of el ectrodes

67 accor dwog3mesddhe i nvention. The previous illustration reFctcE29880g| €

el ectrode which was also the carrier. These two function need not be

provi ded by the sane 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 .pOidAts Ot 8¢ds; 8L &Y o sBUInC A DR DY (3D AR I NG 8861 RJeS. 67
can be connected to i ndependent power sources to allow each one to“have a
potentiaFm?ﬁﬁgﬁendent of the other electrodes and, therefore, to allow 20
maxi mum flexibility 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 substrate. In
any application of the invention the substrate is not required to 25 be
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 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 systens nmake it
difficult to nmake quantitative predictions; therefore, the experinental
data gi ven above shoul d be used for qualitative understanding of the
technique. 35 The ability to affect the conposition of a thin film
according to the mass of the elenents by an applied electric field can
conceptually be applied to nonmagnetic filns and to nondi sk-shaped
substrates. If the electric field can be varied over distance or tine and
t he masses of the WO 03/025909 PCT/ GB02/03800 11 elenents are sufficiently
different, the technique of the invention may be enployed. WO 03/ 025909
PCT/ GB02/ 03800 12



CLAIM5 1. A nethod of sputtering a thin filmconprising the steps of:
installing a target containing first and second elenents in a 5 sputtering
chanmber, wioasfoesse¢ el enent having a hi gher atom c wei ght trlearGBozesisecond
el ement; 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 10 elenents; and differentially re-sputtering the
first element by applying a first electric potential to the first

el ectrode to forma nonuniformelectric ffeld al ong the conductive surface
to deposit the thin filmwth variations in an atom c percentage of the
first elenment along the 15 conductive surface. 2. The nethod of claiml
wherein the substrate is a disk having a central hole and the first

el ectrode contacts the conductive surfa&®2®S an outer dianmeter and the
nonuni formelectric field vari es rmnotoni cal | y 20 aI ong radial lines on the
conductive surface QL% % stk 1t1m oS 1 W@erelg the first
el ement is Pl atindi the Sﬁ]amé:’I 1'5co glrfLSlnﬁd StSXbStiate is a
di sk. 25 4. The imstthobingf acttaa\gm ZOM@rnerlg\ fiet tandns4don ¢lemppignétia and has
a ceercivi émtgéﬁﬂigeeﬁana;@ngh@aﬂi@lt dichest MAvIME adhSter atohhe WwaBEROAREL ai M
1 further t rrprl Si ng_i men§teps of placing the conductive surface in

el ectric contalt“WtR A Setond el ectrode; and 30 applying a second el ectric
potential to thepkrsépac: ehberrroelerith e copdusidve ehstaqe &n pdeetticaroiierhg

di fferent fyim gtha_efaisfset fefggué&rp@;,enti al. 6. An article of manufacture
conprising: a substr a 35 athin filmon a. surfac e _Substrate
i ncl udi ng at leaSt f1 rsrig 2 nlésrélaeccé)ﬁda ements Wt O%lsnogt%mg gr cent gge of
thelfirst etlements: ¢Bfyi ng systematically along lines on the surface VO
03/ 025909 PCT/ CB8iAre3800 a113 ré-sphit€edtinkl €hee £0fstCledbtn® MWRPLIVIngIe first
substrate |50l Slioclii8all Stne FiEEPIeL&ARLAS YR of RS BEEQNT PLETEDT 1S

field along the conductive surface to deposit the thin film with
variations in an atomic percentage of the first element along the

15 conductive surface.

2. The method of claim 1 wherein the substrate is a disk having a
central hole and the first electrode contacts the conductive surface at an
outer diameter and the nonuniform electric field varies monotonically

20 along radial lines on the conductive surface of the disk.

3. The method of claim 1 wherein the first element is platinum, the

second element is cobalt and the substrate is a disk.

25 4, The method of claim 2 wherein the thin film is magnetic and has a

coercivity gradient along radial lines on the disk.

5. The method claim 1 further comprising the steps of placing the
conductive surface in electric contact with a second electrode; and
30 applying a second electric potential to the second electrode, the second

electric potential being different from the first electric potential.

6. An article of manufacture comprising:
a substrate; and
35 a 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.



magneti c and the atom c percentage of platinumvaries according to radial
position on the surface. 5 8. A disk drive conprising: a nmagnetic

t ransducewoionobi®dd ng a read and a wite head; a spindl e; pamcGED2/0889n€et | C
thin filmdisk nounted on the spindle, the nmagnetic thin 10 filmdisk
including cobalt and platinum and the magnetic thin filmhaving a
systematic pattern of variation in an atom c percentage of platinum 9. The
di sk drive of claim8 wherein the nmagnetic thin filmhas a radial gradient
in coercivity corresponding to the radialigradient in the 15 atomc
percentage of platinum 10. A nethod of sputtering a thin filmconprising
the steps of: installing a target containing first and second elenents in
a sputtering chanber, the first el enent having a higher atom c wei ght than

20 the second e'ﬁ[@@&ue&@”@f %E,Lﬂxg sawyPJr%§£r9ch§0£1Ib%kPé{L9lQoaS'dELNethQrk%rQE

first and second elenents; and placing a substrate in electric contact
with at | eaSte"sn jissPlatapiit FHESeCoB G PFRteit iSRPRYE 1 P2 FHEE efithgit he first
el enent by wppeyingna the agirgctpdreepoigendi allatinutmhearfies s{ccet@icigr odeativaf or m
a nonuni f ormal egt LihCond kgl al ong a surface of the substrate to deposit
the thin filmwth wvariations in an atom c percentage of the first el ement

al ongy the surface.
8. 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
10 film disk including cobalt and platinum, and the magnetic thin film having

a systematic pattexrn of variation in an atomic percentage of platinum.

9. The disk drive of claim 8 wherein the magnetic thin £ilm has a
radial gradient in coercivity corresponding to the radial gradient in the

15 atomic percentage of platinum.

10. A method of sputtering a thin film comprising the steps of:
installing a target containing first and second elements in a
sputtering chamber, the first element having a higher atomic weight than
20 the second element;
generating a plasma containing positive ions of first and second
elements; and
placing a substrate in electric contact with at least a first
electrode;
25 differentially re-sputtering the first element by applying a RF
electric potential to the first electrode to form a nonuniform electric
field along a surface of the substrate to deposit the thin film with

variations in an atomic percentage of the first element along the surface.



