D- 21055 1 H GH MAGNETI C FLUX SPUTTER TARGETS WTH 6 APR 2004 VARI ED
MAGNETI C PERVEABI LLTY I N SELECTED REG ONS Fi el d of the Inventiong5, This
invention rel 3tés%¢3 ferromagnetic planar sputter targets havrngAPrm@d
perneability regions thereby inproving target perfornmance, and net hod of
manuf acturi ng sanme. 10 Back round of the Invention Sputter targets nmade of
-ferromagnetic materials are critical tolthin filmdeposition in industries
such as data storage and VLSl (very large scale

i ntegration)/senm conduehLar fiacNegqet Fpnwcathode 13 sputieriRg i s one neans
of sputtering ntnetiC_fﬁfﬂ__EgfﬂBT_%gé‘tﬁfhﬁﬁ%“ﬁﬁﬂffﬁffﬁg“prOCESS I nvol ves
i on bonbar dnent VHREED sMAE TOIREraEAHE 1 Ter N0 SEretTED RBGEONGl . The
target forns part of a cathode assenbly 20 in an evacuated chanber
containing an inert gas, such as argon. An electric field is applied
between the gathqdgragsgenbly-ard-gn anode in the chanber, and the gas is
I oni zed by cottTsromwtiretectTons ejected from the surface of the

cat hode, fsorm ng aThlhiasmmvbetiwesnr2bathe ter fetrrsmepaetianglEemarsubstrate.
The positive gas ions are _attracted to,the cathoge surface,. and particles
of material dFBPBEGEACRRERTEhB2YORY SPFiRE PERESERIJerYt AEF O 5verse the
encl osure andtHepepit idpravihBi Bakhk® pRFBcA2mEHBSEL M ahe kthdsigtat es
positioned on 30 a support malntained at or near anode potential. Although
t he sputtering2préeesyrénd Beamearried out solely in an electric field,
substantially increased D 21055

10 Background of the Invention

Sputter targets made of ferromagnetic materials
are critical to thin film deposition in industries such
as data storage and VLSI (very large scale
integration) /semiconductors. Magnetron cathode

15 sputtering is one means of sputtering magnetic thin
films.

The cathode sputtering process involves ion
bombardment of a target composed of a ferromagnetic
material. The target forms part of a cathode assembly

20 in an evacuated chamber containing an inert gas, such
as argon. An electric field is applied between the
cathode assembly and an anode in the chamber, and the
gas 1is ionized by collision with electrons ejected from
the surface of the cathode, forming a plasma between

25 the target surface and the substrate. The positive gas
ions are attracted to the cathode surface, and
particles of material dislodged when the ions strike
the target then traverse the enclosure and deposit as a
thin film onto a substrate or substrates positioned on

30 a support maintained at or near anode potential.

Although the sputtering process can be carried out

solely in an electric field, substantially increased




- 2 - 6 APR 2004 deposition rates are possible with magnetron cat hode
sputtering, in which an arched magnetic field, formed in a ng)g‘rﬂjmgpop
over the surfldcel®P5the sputter target, is superinposed on the electric
field. The 5 arched cl osed-1oop nmagnetic field traps electrons in an
annul ar region adjacent to the surface of the target, thereby multiplying
~the collisions between el ectrons and gag atons to produce a correspondi ng
increase in the nunber of ions in that region. The magnetic field 10 is

typically created by.placi one_or [ e.magnet s hind_th rget. This
produces a Ieai%ﬁ%lﬁﬁgﬁef?ggsf?E?dp8ﬁ t %ES%%Eéc@ag eFﬁgntggéé%d%o that the

pl asma densi §yubByrbRgi ncheasedh EhosireReaf mpantrekegiknanm ttheng@utter
target 15 surface generally occurs in a relatively parrow ring- shaped
regi on correspBndi fYosedt haoshaperofhensuefasedot| 68 FRYHEETC field. Only

the portion ofjbe.{ofal ubBtRboBBECELALLNCL LS, SLO3 08 0" 0ye, Lhe

so-called "race Ion, IS consune ore the target nust 20 be

repl aced. sThearesalit clsseéal obppmaghkyiontyell- 2b8%psoklebe rbasgen wmt eri al

is utilized. Thus consi derabl e ampunt_ of material, which is generally
e, a

a [ :
very expensi V@ nLag; T8I oRadEaaceRtnhSt the FBEBFEACL ERFt heFRS

consi der abl e gnpuELy Ofy, fEPOS,1hgNtBa e8Yh PARRLs” He¥MiebhMR] c@EGWINE due to
the necessity of frequent target replacenent. To sol ve these di sadvant ages

of the magnetawmd gapuatemsnyoppvedsse garPoussposdibbeisglkgpisendrhave been

pursued: e pe oflele 0FULLED 15 EAbrRLaRRE. ShLIBLILReR AL the

a |ongenoperiodtpbitabbybetoacelineyr ptaci hgckneegirofoir® magnets

| behind the target. This produces a leakage magnetic
field on the surface of the target so that the plasma
density may be increased.

Erosion of particles from the sputter target

15 surface generally occurs in a relatively narrow ring-
shaped region corresponding to the shape of the closed-
loop magnetic field. Only the portion of the total
target material in this erosion groove, the so-called
“race track” region, is consumed before the target must

20 be replaced. The result is that typically only 18-25%
of the target material is utilized. Thus, a
considerable amount of material, which is generally
very expensive, is either wasted or must be recycled.
Furthermore, a considerable amount of deposition

25 equipment “down time” occurs due to the necessity of
frequent target replacement.

To solve these disadvantages of the magnetron

sputtering process, various possible solutions have
been pursued. One potential solution is to increase

30 the thickness of the target. If the target is

relatively thick, then sputtering can proceed for a

longer period of time before the race track region is




D- 21055 - 3 - 6 APR 2004 consuned. Ferromagnetic materials, however,
present a difficulty not encountered with non-ferromagnetic et RRAPRIGDE
_For magnet ronPsgdPPeéring, the magnetic |eakage flux (MF) or |eakage
magnetic field at the 5 target surface must be high enough to start and
sustain the plasma. Under normal sputtering conditions, such as an argon
pressure of 5-10 mforr, the mninmum M.F, 3 al so known as pass through fl ux
(PTF), is approximately 150 gauss at the sputtering surface, and

preferably is 10 abogt 280 gaugsnf I hh%% sgeﬁd sButtering. The cat hode
magnet strengtRPH"pdrt d&f8PATHES ¢ He"VEE *The - hi'gher €t hE T rEghet @
strength, theghighetlthenbtFenktBuhbereaseitf nbarrereghrnetsputter
targets, however, the high intrinsic magnetic perneability of the nmateri al

15 effectivel PasArépds - or FSRUMRSNERECRRGRELFETH NGl d theoMRames Igagnet s _
behind the taiQSkaggdfﬁﬁgC?miF2“8§s1E9ﬁagEFm?§HEEQ% F3L9et juihace. For air
erials, “perneabrli

and non-ferromagnetrc ma I's very Cclose to 1.0.
Ferronagnet i ct28geat enrfhse masceber heght enbagai B starthase mRistEiial S
having an intrinsic nmagnetic perneability greater than. 1.0. Magnetic
permeabi | ity BB§cPLBE®At heUF‘@%oﬁ%’éma%nﬁ@HgF?{épﬂoﬁ?nﬁlﬂt&%reﬁ“ﬁh under a

magnetic fielgde hnaCG8nUBKkESsukl bE 86hbhNR@cas, eRePRiMRARM My = 1 +
4n(MH where Mis the magnetization and His the nagnetic field. For
currently avaalabl bnspuot eer peasgehzpugheflpsr ie3bi i iy eppgeximatelyl ose to

1.0 to 100 igher. T | d h icul ial_and 30
vanuf act ur | ng-BPOSBUES Fbr tRaNRPECCh HcALRERCED “CRIPEar CaPget Tas a

permeabi hity &b60yghoUt g@hske§ér high speed sputtering. The cathode
| magnet strength in part determines the MLF. The higher
the magnet strength, the higher the MLF. In the case
of ferromagnetic sputter targets, however, the high
intrinsic magnetic permeability of the material
15 effectively shields or shunte the magnetic field from
the magnets behind the target and hence reduces the MLF
on the target surface.
For air and non-ferromagnetic materials,
permeability is very close to 1.0. Ferromagnetic
20 materials, as referred to herein, are those materials
having an intrinsic magnetic permeability greater than
1.0. Magnetic permeability describes the response
{magnetization) of a material under a magnetic field.

In CGS units, it is defined as:

25 Permeability = 1 + 4n(M/H)
where M is the magnetization and H is the magnetic
field. For currently available sputter targets, the
permeability ranges from close to 1.0 to 100 or higher.
The value depends on the particular material and

30 manufacturing process. For exampie, a machined Co

sputter target has a permeability throughout of less




D- 21055 - 4 6 APR 2004 than about 10, whereas nmachined Ni Fe and Fe sputter
targets have perneabilities throughout of greater than 20. Becawfﬁgfgmgigh

permeabi | ity amt§%us | ow MLF, and 5 because M.F decreases with i ng

di stance fromthe cathode nagnets, ferromagnetic sputter targets are
general ly made nuch thinner than non-magnetic sputter targets to allow
enough magnetic field to be | eaked out- &o-the sputtering surface to
sustain the sputtering 10 plasma necessary for nagnetron sputtering. Non-

ferromagnetic targets are typically 0.25.inch _thick qr_ greater, whereas
forr omagnet | c=itat gavastr B0 yoefReed PrERLnEHaN B o8nRnER PREEESEW th some
ferromagneti ccay@ées imde %afﬁ.egyimtyceé heseowghbubi ghegrpgeprabhbhnty, 15
the targets have to be nmachined to 0.0625 inch thick or less to achieve an

M.F at the spiftering surface of 150 gauss, and sone very high
perneability mater] e I S] : e n t au an M.F
of 150 gauss mlnaég%%%%o?fbgP ch#%%@%%gﬁﬂgg? %%? 8%?5 %gﬁ ggﬁfhégg
ferromagnet i chd@d get MIPt detrphyebewitei hbrekeingsaiasahoer EduometRegui pnent
down-time, they nust actually _be nmade thinner. To increase thickness, the

M.F nust sorfetidiPde TagrebSedtetrgragatent RBUTESH0T25A68i 8EFoses a
pl anar 25  er ORBEDELY Cnd @k Ofbch Nk ASDE CVSnnbhl AKARSE1 6 o8u20cri noh (S

nm by neans a segnented target, where t segnents are Separated by
gaps through winmgers heo abbmet exofigk| dagraksct biptddticebanlihkedf o200 gauss

on the surface qg the target. This_is descriged a hbeign g an i mpr ovenent
over conventﬁb at ?eﬁ?%ﬁ%%ﬁ%??cs?ﬁf%% st Ct RAF %6HI§ Be H§E§|ﬁe89to no
thicker tban gl dahe inébessary for magnetron sputtering. Non-
| ferromagnetic targets are typically 0.25 inch thick or
greater, whereas ferromagnetic targets are generally
less than 0.25 inch thick. With some ferromagnetic
materials, particularly those with higher permeability,
15 the targets have to be machined to 0.0625 inch thick or
less to achieve an MLF at the sputtering surface of 150
gauss, and some very high permeability materials are
impossible to magnetron sputter because an MLF of 150
gauss simply cannot be achieved. Thus, not only can
20 these ferromagnetic targets not simply be made thicker
so as to reduce equipment down-time, they must actually
be made thinner. To increase thickness, the MLF must
somehow be increased.
U.S. Patent No. 4,401,546 discloses a planar
25 ferromagnetic target that achieves a thickness of 0.20
inch (5 mm) by means of a segmented target, where the
segments are separated by gaps through which the
magnetic field leaks to produce an MLF of 200 gauss on
the surface of the target. This is described as being

30 an improvement over conventional ferromagnetic targets

that could be machined to no thicker than 0.055 inch




D-21055 - 5 K 6 APR 2444 (1.4 mm, preferably no thicker than 0.028 inch
(0.7 mm, to produce an M.F of 200 gauss. U.S. Patent No. 4,412,907 also
di scl oses, inPtA&052mbodi ment of Figure 4, a segmented planar 5 =5 APR 2004
ferromagnetic target up to 1 inch thick (25 mm wth individual segnents
havi ng sl oped portions so as to produce angled gaps through which the
magnetic field |eaks to produce an MLF at -the surface of the target of up
to 730 gauss. 10 U. S. Patent No. 5,827,414 discloses a planar

f t t th t | t 0.,16- -1 0 h
ST ooTanSt Lo L2 06 L TBLAFLRRT ! BoPEL BN 2. bbCKTED SRL0.A0T O ok

radi al gaps fﬂmﬂﬁdtobyréﬂﬁbé BA MDE bar get @adysthat are perpendicular to
15 the flux of the magnetron, thereby producing a nore effective and
hombgeneous | eakag¥- fagRet £BEf Nel d4ehland07part &Pl B SCAOPRE saff 488 of the

target body sQ ﬂggggmggﬁo?§pygbggéng pgagggmggggthélggg e increased. These

nmet hods of machrnrng s S o °groovés in target body and
assenbl i ng a targehafnemicndavoduabp seghenhshsohaskt d2BEnomgawethhe MF,
al t hough all owi ng  for_thicker taggets a desi rabl e becaus% t he gaps

al | ow for thelEGHY%QP?ﬁgsﬁﬁ@eHEEo ViBH B OPSBePBEtlSQFtF8I8§ Such as from

the backing pﬁ@ésuceraﬁsysaegaéSDEBkbﬁﬁﬁ grRehat heNmauBet@ct F@eagcumul ation
of target redeposition materials in the slotted or grooved regions. This

particle geneteskentpnprhduchi anfMLAsatsabei heéscenefli fbegprpest Athe
article being cngteg 0 Furthernore, this solution of increasing target 30
t hi ckness by YR V|na tgrge? material along certain patterns |ike grooves
or slotsaigoes nothitng.tpadeatense 5,827,414 discloses a planar

ferromagnetic target that claims to achieve a thickness
of 0.16-1.0 inch {(4-25 mm), also by gaps in the target.
The gaps in this configuration are radial gaps formed
by slots in the target body that are perpendicular to

15 the flux of the magnetron, thereby producing a more
effective and homogeneous leakage magnetic field on and
parallel to the surface of the target body so that the
sputtering plasma density may be increased.

These methods of machining slots or grooves into

20 the target body and assembling a target from individual
segments so as to increase the MLF, although allowing
for thicker targets, are undesirable because the gaps
allow for the sputtering and deposition of foreign
particles, such as from the backing plate, or severe

25 particle generation due to the accumulation of target
redeposition materials in the slotted or grooved
regions. This particle generation in the thin films
sacrifices the integrity of the article being coated.
Furthermore, this solution of increasing target

30 thickness by removing target material along certain

patterns like grooves or slots does nothing to decrease

the amount of target material waste.




t he ambunt of target material waste. D-21055 - 6 - 6 APR 2004 In general,
the higher the perneability of the ferronagnetic nmaterial, the %hA the
sputter targét-23%Fequired to be. Such a limtation on target @Qﬁg
however, |leads to a shorter target life, 5 waste of materi al and a need for
nore frequent target replacenent. Furthernore, the high perneability and

| ow MLF of a ferromagnetic target can eaase problens of high inpedance,

| ow deposition rates, narrow erosion grooves, poor filn1unifornity and

poor film 10 perfoymance. I s, thus desi bIe to e a h| M_F

f erromagneti c sput{%rg?%?ﬁﬁi tﬁ%?hﬂbﬁg ﬁepeF@?gﬁ?gégy PEI mnthout
sacrificing fidmiRieeEtiy. mSUEPRLY, OthéheniAvent tra iputBerptasest

i nvention provides a pl anar ferronagnetlc Sputter target for use as a

cathode in the regaeredntepbet erPaghod hagheeFEonhPR ERFAEE wherein the
ferromagnetlcl_rlnatterlg\.S hﬁéweggkonfﬁg%ﬁ differin tg@g?g%ﬁgtpgrggablllty To
ep

this end, an actordance M r|nC|p €s o € pfesent

i nventiong a.@@ét@,oﬂnm&aéylaplaﬂ@raSﬁeéﬁefofamgeé fseghenmedacgepri sing a
ferromagnetic material, such as  cobalt, nickel, iron o n _alloy thereof,
and this plafePlageeent;s EubFBe¥RaTeo BRReBRIR; ﬁFmﬁépbiﬁﬁyléﬁ 95

techni que, hegg, LAt ek PO Bathet 18!  gREIRNLGAI calibBabiRBL hid el ect ed
regions of the target. t deformation”and/ or thermal processing, the

intrinsic ndgn@mlnmpedanabLIIOy dépohit raneribes, whkchowWs epsipgast 1. 0,
Is lowered in_deforned re ifﬂi and. Orﬁ %enth llXo aI§§% in thermally
treat ed area§g¥?9%?%atgooge ElaRRavAl ¥e?e £hidtighout the
ferronagﬂ©t|Qperformance. It is thus desirable to provide a high

| MLF ferromagnetic sputter target that may be made

relatively thick without sacrificing film integrity.

Summary of the Invention

15 The present invention provides a planar
ferromagnetic sputter target for use as a cathode in
the magnetron sputtering of magnetic thin films,
wherein the ferromagnetic material has regions of
differing magnetic permeability. To this end, and in

20 accordance with the principles of the present
invention, a solid, unitary, planar sputter target is
formed comprising a ferromagnetic material, such as
cobalt, nickel, iron or an alloy thereof, and this
planar target is subjected to a mechanical deformation

25 technique, heat treatment and/or thermal-mechanical
treatment in selected regions of the target. By this
deformation and/or thermal processing, the intrinsic
magnetic permeability of the material, which is at
least 1.0, is lowered in deformed regions and

30 potentially raised in thermally treated areas to create

permeability differences throughout the ferromagnetic

material, which results in an increase in leakage of




material, which results in an increase in | eakage of - 6 APR 2Qp€ 5E§ 55 -
7 the magnetic field at the sputtering surface. The ferronagnet é ter
‘targets are tRusléapable of starting and sustaining a plasma for nagnetron
sputtering. 5 A further feature of the present invention is the ability
to increase the thickness of the planar sputter targets while stil

achi eving a high enough magnetic flux-tg start and sustain the pl asng,

whi ch greater thickness increases target |ife and decreases the 10

frequency of target changes. rr netic targets of __any ferromagnetic
mterial my BECREAENAEAT 4AGG 60 ROC BPIRCCRIES SRICRC b ealif T aventi on
with a thicknessrghagatrheasbuabawt t@r8ecisnehet @ Nplodugad eigfi num MLF of
about 150 gauss. The i npedance of the target material 15 is also | essened,

such that hi gherrdépasiendorusaréningya béasheailmad "@ENIESWEN ar gon pressures

may be used tg uQQE%EH stabl e plasmas which may be maintai ned throughout
t he sputteringpprocessg'These and ot her objects and advantages of the 20

present irmvention gshalkthegomeamure appahenpriesemtt iaveatdomparyithg
drawi ngs and description thereof. Brief Description of the Drawi ngs The
acconpanyi ng 8PahiRYstOwANEReare FREoFPIFETESS 9% ithCakd 30GTs AU E a part

of this spepikggggkgnwh‘hg Wt qt scﬁ&m@h%ea_t $igh EReuhY el 1@nd,
together with a~general description of the invéntion given™ above, and the
det ai | ed descEilpki bn gtagh bedowussernve theopdrgiai, nwbhehpcinesitsires of t he

vent Lo, 30, Bl es s An L dspLoL 2 Bt et oW BHOkaB ) B (0o

10 frequency of target changes. Ferromagnetic targets of
any ferromagnetic material may be made according to the
principles of the present invention with a thickness of
at least about 0.05 inch to produce a minimum MLF of
about 150 gauss. The impedance of the target material

15 1is also lessened, such that higher deposition rates may
be obtained or lower argon pressures may be used to
obtain stable plasmas which may be maintained
throughout the sputtering process.

These and other objects and advantages of the

20 present invention shall become more apparent from the

accompanying drawings and description thereof.

Brief Description of the Drawings

The accompanying drawings, which are incorporated
25 in and constitute a part of this specification,
illustrate embodiments of the invention and, together
with a general description of the invention given
above, and the detailed description given below, serve
to explain the principles of the invention.
30 _ Figures 1A-1C depict a schematic view of a planar

target configuration having even magnetic permeability

throughout subjected toc selective pressing to create




t hroughout subjected to selective pressing to create D-21055 - 8 - 5 APR
2004 differin erneability regions within the sputter target a hag to
t he princiMcﬁ?iﬁoéﬁe present invention; Figure 1D depicts the GQPquﬂ
perneability profile for the 5 target of the present invention shown in
Figure 1C, Figures 2A-2C depict a schematic view of a planar target
~configuration having even magnetic perne8@brlity throughout subjected to
sel ective bending and flattening to create differing perneability regions

in 10 the sputt e ' t - rjnciples, of resent
i nvention; F%%hf%géﬁéﬁe%?gﬁég%ﬂ%gggr§%§g§?$t§g%bgbi?ggfgénﬁﬁgg target of
the present itwentt ocShoddngntél €he2frinfiglee 3A dRpi presant

cross-sectional view of a 15 cathode assenbly including a planar
ferromagnet i GAY@RgEP 0f the prior art having a uniform perneability;

Figure 3B depicts @ GEoSSSeaLP0AL Vhevhatndab2inpde psseihl foknehudi ng a

pl anar ferromagnetic™ target o e present I1nvention having regions of 20
di fferingSmagretget pef neladi préyen€i juovendios ahpkot iof Fdgposi LliCen rate vs.
i nvention and the rior art;

target |ife for Fe targets_of the presen
and Figure 5 19 a PHSETef Zhut R PRGCT npoRdEB-Vee v95"; AFg8t BRAPEYT or CoFe
targets of thespyeserdnf IyE€Rst O8n ﬁﬂdih@eeﬁéboﬂhaghéti@ebéirhédbmiﬁﬂri ption
The present invention provides a high magnetic 0 flux, planar,
si ngl e- pi ece Fe¥emaegalet $ebipatedrtot apyectiThebanghngagnetic flux is
achi eved by E%&%é@éﬁhng to create differing permeability regions in
10 the sputter target according to the principles of the
present invention;

Figure 2D depicts the permeability profile for the
target of the present invention shown in FIG. 2C;

Figure 3A depicts a cross-sectional view of a

15 cathode assembly including a planar ferromagnetic
target of the prior art having a uniform permeability;

Figure 3B depicts a cross-sectional view of a
cathode assembly including a planar ferromagnetic
target of the present invention having regions of

20 differing magnetic permeability;

Figure 4 is a plot of deposition rate vs. target
life for CoFe targets of the present invention and the
prior arxt; and

Figure 5 is a plot of sputtering impedance vs.

25 target life for CoFe targets of the present invention

and the prior art.

Detailed Description

The present invention provides a high magnetic
30 flux, planar, single-piece ferromagnetic sputter

target. The high magnetic flux is achieved by applying

deformation, heat treatment and/or thermal-mechanical




deformati on, heat treatnment and/or thermal-nechanical D-21055 - 9 - 6 APR
2004 treatnent as described herein to achieve localized differgriPRS0n
-magnetic perngabliPPey within the solid, unitary sputter target. By
creating regions of |ower nagnetic perneability in the ferromagnetic
material, 5 and optionally regions of higher magnetic perneability, a
-significant increase in the MLF at the-sputtering surface of the
ferromagnetic target is achieved by virtue of elimnating the shunting of

the magnetic _field produced b net s, behi d t he 18 ter .10 target.
Upon proper atf %ﬁ@ﬁgtm??hg?ﬁ8¥&g?ﬁogageﬁﬁgﬁgt?8 LY Fe 8&83&?.9 flux flow
may be gui dedgipraredessred ﬂé?hétﬂctﬁekﬁégbimﬁtyagmehhﬁ thel dotthagugh to
the regions of the sputter surface where the majority of sputtering

occurs. The v@mlé@rpe$m@éb¢r|t§r@@§|onEYlSr@ﬁt@ﬁ@ regienaghét LeWRlt eri al
further al | owg,[oL 20 pLDGLERPP;LD LATPRL FOLEKASSRe 1A rO RLOYCES a

| onger targe decr 8ases requency o arge replaéenents.

Vari ed pernmeaphdli byt ieqgadhg eegbbﬁshbghhlgaée flepastticoperatadnleqy, val ent

or | ower magnetron 20 field strength, which contributes to inproved film
magnetic properEisBifiant ningrEREENEPyTBE YHE RFI DSt RPRKREEL™Ps i nproved.

The varied perypapilily Eﬁgl?Q?rthgﬁQ@lépHBEﬁétt§59§Ehgg¥eél%?I|ead to

wi der sputtering ~erosion grooves hence higher target utilization, 25
whi ch is extrenetyeiaopoelaminaningdubenghwasivaf of thear gegsemade of

expensive nater | I ro nerjc naterLaI gonte Iagegtg rthe pr esent
i nventi on |ncfﬁﬂ€, B§°§H§egag¥xghﬁlga%ﬂ? ﬁo?e LR tHEi 8R! é a) Pure Co and
Co- based 1al | oygrgétith BFokOFEoper alignment with the cathode
magnetron, the magnetic flux flow may be guided in a
desired pattern to leak the magnetic field through to
the regions of the sputter surface where the majority
of sputtering occurs. The varied permeability regions
15 of the ferromagnetic material further allows for an
increase in target thickness, which produces a longer
térget life and decreases the frequency of target
replacements. Varied permeability regions enable high
rate depositions at an equivalent or lower magnetron
20 field strength, which contributes to improved film
magnetic properties, and the uniformity of the film
thickness is improved. The varied permeability regions
in the sputter target may also lead to wider sputtering
erosion groovesg, and hence higher target utilization,
25 which is extremely important in reducing waste for
targets made of expensive materials.

Ferromagnetic materials contemplated by the
present invention include, by way of example but not
limitation:

30 a) Pure Co and Co-based alloys, such as CoCr,

CoCrPt, CoCrTa, CoNiCr, CoCrNiTa, CoCrPtTa, CoCrPtTaNb,

CoCrPtTaB, and CoCrPtTaMo, used for magnetic recording




CoCrPt, CoCrTa, CoN Cr, CoCrNi Ta, CoCrPtTa, CoCrPtTaNb, CoCr pt 'Eﬂag%and
CoCr Pt TaMb, used for nagnetlc recording - 6 APR IN D 21055 - ia, and
CoFe, CoNi Fe,DGoNE5 CoNbZr, CoTaZr, CozrCr, used in magnetic recording
heads; b) Pure Ni and N|-based aIons, such as NiFe and N FeCo; 5 c) Pure
Fe and Fe-based all oys, such as FeTa, FeCo and FeN; and d) Oher binary,
ternary, quaternary and hi gher degree afo el enental alloys conprising N,
Fe, Co and other elements having an intrinsic nagnetic 10 perneability of

oLt A0 i SCOCERICE AL, OByBT BEyRLES Slpble pesye,

i nventi on, anar

unitary sputtgded af gehagest i gUratbpding SHehias a plate havi ng an even
perneability value 15 throughout the material._ By planar, solid, unitary

sputter target is mbantP%I¢I@& a%@ﬁ%%hbéﬁﬁ@téiiﬁgsﬁsﬁPFQcésmﬁﬂﬁenénérooves
slots or otheg gﬁ di scontinuities in the target to create gaps for
magnetic fl ux }e age The sputter target is then 20 subjected to a
deformati @n technique, heat FeeahdeRt-basddoallbespasunbchanFedk,treat ment
as described herein to achieve localized perneability differences in the
target materi%BFco THed d%?%%ha??%n is preferably applied selectively in

regions in which the %Qﬁéiybpﬁagé SpatheHyNIgukt brageyr anAohigxampl e, the
sputter target may be deformed, such as by préssing or bending, in a

pattern corre@gmnﬁ&ngft@leMenéﬁbsabhOg$o@@@sr%ﬁangmNPb Feor #Pi Athe sputter

gg;g?;eguriﬂg q? OSI é%gnténhggfng agl el riﬂs%@'%agﬁhglgarget blank i's

10 permeability of greater than 1.0.

In accordance with the principles of the present
invention, a ferromagnetic material is formed into a
planar, solid, unitary sputter target configuration,
such as a plate, having an even permeability value

15 throughout the material. By planar, solid, unitary
sputter target is meant a flat, smooth sputtering
surface with no grooves, slots or other such
discontinuities in the target to create gaps for
magnetic flux leakage. The sputter target is then

20 subjected to a deformation technigue, heat treatment
and/or thermal-mechanical treatment as described herein
to achieve localized permeability differences in the
target material. The deformation is preferably applied
selectively in regions in which the majority of

25 sputtering will occur. For example, the sputter target
may be deformed, such as by pressing or bending, in a
pattern corresponding to the erosion grooves that will
form in the sputter target during deposition. 1In the
regions in which the target blank is deformed, the

30 permeability of the ferromagnetic material is lower

than its intrinsic value. Alternatively, the target

blank may be subjected to localized heat treating in




30 perneability of the ferromagnetic material is lower than its intrinsic
val ue. Alternativelg, the target blank may be subjected to loﬁikﬁﬂﬁg heat
treating in 3?246%3>- 11 - 6 APR 2004 areas adjacent to the ™ ack"
region to increase the magnetic perneability in the adjacent areas. In

ei ther method, or a conbination of both, varied perneability regions are
created, which increases the 5 MF. Preflerably, the difference in nmagnetic
perneability between regions is at |east about O S. Thus, "high MF"

ferromagnetic_targets.of the_present,__invention, .used _h ' refers to
sputter targe?gea%oﬁ%??g?ﬂg Bgngﬁgriﬁﬁcgfg A orﬁ?%ﬁ#ﬁiggigaﬁggﬁgfic 10°
pernmeabi l ity gheahegnéban pebmandibavingnobBeOrndiBEEGntr agie@ss i Irwhi ch the

magnetic pernmeability is greater than 1.0 but |ess than or greater than
the intrinsi celrbgrereehpds nBEbRI FEPPdRat hennafebPah, YRE18Er esses and

strains intro | h i b 5 : | t hemal
processi ng, iﬁggﬁg?#g%?5$ g§5?h§§ %%gséf%gggé'bgﬁggﬁgggkggﬁggﬁateFiaI by
t he def or mat i10DF . pr PeessrabhysetheddifEasenor incmegeetin the permeability

of ferromagnetic materials in the treated .region. 20 Wthout bhei ng bound
by theory, itPFE™BaPFevEY PREVECR FEELCERd1Et Phi AERAtr B8GEEdYiRto t he

material changgss, t Rg; GRIAEE! CrEPREAYgAEL L BetAREBELALE WRCBrieBehtr N
changes the perneabiliTy. Because unl?orn1h|gh perneability in a
f erromagnet i cinaegeioni | ksbliseR bere2s, sheékdst he mpyhéercthraedsfrom t he

e LA ETHS aulRbETiR BF L e SAPERgHE Mg

mat eri al ;10r espéthegbiniayhggbateM Ehan the and having one or more

| regions in which the magnetic permeability is greater
than 1.0 but less than or greater than the intrinsic
magnetic permeability of the material. The stresses
and strains introduced intc the material by the

15 deformation or thermal processing, in particular by the
pressing or bending of the material by the deformation
process, cause a decrease or increase in the
permeability of ferromagnetic materials in the treated
region.

20 Without being bound by theory, it is believed that
stress and strain introduced into the material changes
the magnetic energy of the material, which in turn
changes the permeability. Because uniform high
permeability in a ferromagnetic target will block or

25 shield the magnetic field from the magnets, the
creation of varied permeability regions in the target
material will allow the magnetic field to leak through
the target material, resulting in a higher MLF on the
target surface to sustain the plasma.

30 The deformation techniques of the present

invention include any deformation process that

introduces stress, stain or other microstructural or




target surface to sustain the plasma. 30 The deformation techni ques of the
present invention include any deformation process that introduces stress,
stain or otheP ®il&BSstructural or D-21055 - 12 6 APR 24U4 physbchiR BManges
into the material to produce a |ocalized change in nmagnetic perneability.
The bendi ng, conpressing, stretching or other deformation action affects
the target blank material in |ocalized- %2regions. By way of exanple, and
not intended in any way to limt the scope of the invention, the

deformation techni.qu be any  of bendi Spi nNnin ress formng, roll
f orm ng, deepp%‘VéE’ i r?gl, SIS roavxtnl?lr‘?g,ma ee| af—zjlxt r%sﬁgfo%qlpcs? aarrpi ng,

punchi ng, drop ok 1iaseicHeIg8 NG, nERuRAZINP a4l ias) ve Tigs mi ng.  Besi des
t hese nmechani cal deformati on techniques, the sputter target may al so be
treated by he®endi@sti FP "B eSHemalStkedidHin on rddtsiemiciortalel®® t he

| ocal i zed reqi of J jdd . r I rat . i ques
effecting a bgﬁglq%é] of t dé:%dné—'?ge;i aa%aééd %ﬁg%ga%%%eﬁbﬁﬁmo{%é%}bﬁ%@lo
degrees or5 gr eagdons .| | By mavodifc exeanfflieci entd statesimtantieod ot rawyy t 0 cause

a change in perneability. By way of exanple and not limtation, Figures
| A~ 20 1C dep?“’@ty i &Fﬂ%% isé%’p@né’fal NS 361 ¢ He'® present i nventi on

for formng agelraRdlatfieh! YRINBGe ndf 3R My hvald R Rer gability, Figure
1A depicts a planar, circular target "blank I0 having an even perneability
| throughout Pessatienming, Tacddt figiranks deeomar aya ricor ek ¥¥own a
ferromagneti C 48 (?,Lri al dbe)(-:- any . known nmet.al | ur Rr.QcC sugh as vacuum

nmel ting/ casting, hgtg'pres?l ng SRS SSSRTY PUBC Sisﬂg' TP

10 hammer forming, squeezing and explosive forming.
Besides these mechanical deformation techniques, the
sputter target may also be treated by heat treating or
thermal-mechanical treatment to create the localized
regions of varied permeability. For deformation

15 techniques effecting a bending of the material, a
change preferably of about 10 degrees or greater will
introduce sufficient stress and/or strain to cause a
change in permeability.

By way of example and not limitation, Figures 1A-

20 1C depict in cross-section one alternative of the

present invention for forming a planar ferromagnetic

target with varied permeability. Figure 1A depicts a
planar, circular target blank 10 having an even
permeability p; throughout the material. Target blank
25 10 may be formed from a ferromagnetic material by any
known metallurgy process, such as vacuum
melting/casting, hot pressing or hot-isostatic-
pressing. As depicted in Figure 1B, the sputter target
blank 10 is then deformed by pressing on selected

30 regions, in this case on region 12, which is a ring-

shaped region intended to correspond to a region in




pressing. As depicted in Figure 1B, the sputter target blank 10 is then
defornmed by pressing on selected 30 regions, in this case on regi_%nﬂ_‘]ﬂ%
which is a riRg2l8haped region intended to correspond to a regionVdi 04
D- 21055 - 13 - 6 APR 2004 which an erosion groove will formduring
sputtering. As a result of pressing on region 12, a conpressed region 14
is formed having a perneability |lower thekh -surroundi ng or adjacent areas
16a, 16b. The magnitude 5 of the pressure applied on region 12 will depend

on the type of material bein ressed.and .t he ampunt of change in
per neabi | ?”toy H%éf‘" ed™ ?ﬁ83§ﬁﬁgﬁgpot"§r gg?qugp{@ %b’rling tsI?éI?\Etr?ac Wied down to

the condensedpkedi @Rsl4t0bft @readsdingt dRCeBalAwibhe ot epr@frecanrdensed region
14 to form 10 a sputter target IS having a flat, smooth surface 20 and
regi ons of vargedopelfeabi EpriedAbazhedn abperRe abddifyaBiossy Bagtil e of
Figure 1D, from.the nter._of .. ircul.ar rg 18 i out ward
radial ly, thguﬁétrj%@glnbi P§ ﬁdﬂéggél hla%%a\%allt&%'oﬁ% 1, ia'fﬁga ] cegdt&%S regi on
16b, then girops theapkeweurvabpelpedmeabideigiynVa2 wildondgrsel arediten 14,

and then raises again to the_ higher perneability value pi, i dj acent
region 16a. THBS, ©& PetfEaBL PEyIS: Pff&séﬁ@e,a“&ll)éﬂ?l -a‘{}"?)‘ﬁﬁts Od(-pé:i't €in the

planar ferr omgneLl Gesyster bacdekaby Hmilckna 20 kasadoed s o | nto

the material. AVis prefera | east about 0.5 for "sputter targets of
the present #svehenomachnoekdedoant €éon&hieveohgiengeid evwiaigpn ddaldzdd

P gur os 24 3C% FhECBIFEPRLo AL oot SEPIR BB a0 o Fi e 2
agai n hasi@an gveputpermeakikit ¥ g[ hbaviihigougaut:., Ascshowsurtddegure 2B, the
and regions of varied permeability. As shown by the
permeability profile of Figure 1D, from the center of
the circular target 18 and extending outward radially,

the permeability p has a high value of i, in adjacent

15 region 16b, then drops to a lower value permeability p;

in condensed region 14, and then raises again to the
higher permeability wvalue p,, in adjacent region 1léa.

Thus, a permeability difference, Ap (pi-M2)is created
in the planar ferromagnetic sputter target by inducing
20 localized stress into the material. Ap is preferably
i at least about 0.5 for sputter targets of the present
invention.
Another alternative for achieving localized
permeability differences in a planar sputter target is
25 depicted in Figures 2A-2C. The circular, planar
sputter target blank 30 of Figure 2A again has an even
permeability py throughout. As shown in Figure 2B, the
sputter target blank 30 is bent as shown by the arrows
by the use of die tools (not shown) that press downward

30 in the center of the target and upward toward the edges

of the target, followed by flattening to produce the




sputter target blank 30 is bent as shown by the arrows by the use of die
tools (not shown) that press downward 30 in the center of the tarpgapR g0
upwar d t owar dPt RéO&fges of the target, followed by flattening to produce
the D-21055 - 14 - 6 APR 2004 varied perneability target 32 having a ring
34 of lower perneability than surrounding or adjacent regions 36a, 36b.
As depicted in Figure 2D by the perneabil4ty profile, sputter target 32,
fromits center and 5 extending outward radially, has a high perneability

|, in adjacent_reqgion_36b, .a.lower [ bilLity i2in_th regi-on of ring
34 and the i SGH-CRePRERBIPIt) T YakaECrT B¢ (RS 156t & el dr nd Tiiget ai
adj acent regi parABabilCepsenuantyroandanal bzeddgarmpabidddiyrd ffear,ence A
is 10 created, which increases the MLF at the flat sputtering surface 38
of sputter tap§bt 32s GEREFLREt ABAE1I8HEN2Rs PHe et PEAMESHL 16N her mal -

nechani cal ‘processhay UBY:BLsO BEqURed,! 0£baALe ot incdasiel permeability

difference w erronmagneti c.target. exanpl e, a sputter

target b'B’J‘n_keﬂE)énB@n%i petwhieat-adia30¢h assby heah eeale®illitgr 19t her

met hods, to increase fhe perneability of the material first, followed by
processes thatnl adgacehe rpgipmabiébity lpweel eetreeabddiiays poihhubemaxi m ze
the 20 perneability difference A In addition, various degrees (i.e., two
or nore permeabBlipni ef) rand B4t eednsheohipbesl peamepdidddti Malyedithf er ences

may be created d conveniently_.arranged in njunction wth th cat hode
magnets to na?Fn?E? ?ngEnggF é% F%Fgggrggtlégkgé@%ﬁﬁig. éﬁ%h%§§i

permeabi lity pegk@RicARYyDea hOEARY bR BeRRERSNN 1@y WildBredidddny dafs or
any other pattern desired.
10 created, which increases the MLF at the flat sputtering
surface 38 of sputter target 32.

Other methods, such as heat treatment or thermal-
mechanical processing may alsoc be used to create the
desired permeability difference within the

15 ferromagnetic.target. For example, a sputter target
blank may be first treated, such as by heat treatment
or other methods, to increase the permeability of the

material first, followed by processes that lower the

permeability in selected regions to thus maximize the

20 permeability difference Ap. In addition, various
[ degrees (i.e., two or more permeabilities) and patterns
of localized permeability differences may be created
and conveniently arranged in conjunction with the
cathode magnets to maximize the effect on target
25 leakage flux. The varied permeability regions may be
formed in a pattern of rings, grids, dots or any other
pattern desired.
Without being bound by theory, Figures 3A and 3B
are intended to demonstrate the improvement of the

30 present invention by comparing the expected magnetic

leakage flux of a prior art sputter target to the




W t hout being bound by theory, Figures 3A and 3B are intended to
denonstrate the i nprovenent of the 30 present invention by corrpaﬁiM?B Blae
~expect ed magietdlds3 eakage flux of a prior art sputter target to the - 6
APR 2004 D- 21055 - 35 expected magnetic | eakage flux of a sputter target
of the present invention. In Figure 3A, a cathode assenbly using a prior
art sputter target having an even perma&bi-lity throughout is shown in
cross-section. 5 A sputter target 40 is attached to a backing plate 42 and

the poles 44 of the net ass l.y. 46 are arranged hi cki ng
plate 42. Fore’iﬂﬁ%t?‘gfrgacﬁfheg%ﬁ ie]géoa}%laac-?%ef{% ‘?éivall nsgp‘&%'? Iér?ngf)égﬁegﬁi lity,
the flux flownhe gs-Shawn v dheidn! ovsn Mdhreos) s ehthugemajor 10
conponents: the vertical |eakage flux flow and the horjzontal shunted fl ux

flow. As nay drsatsky weing a Byiee IR FPHEHRY prrePchrP2¥pigt 8P targets,

the mgjority of magneti.c.flux w ] even r hipg:t bs.
sputtering sﬁ?%é}%@?eal%l%t}ée%%{)%%?ﬁ{ﬁ%uér}g&ﬁ%, 9121 g{’pﬁtg"ts\eégtgarget 50 of
the presept iNVanidsr itarised daviagaveddciesd peraebdckiny pegtend2accordi ng
to a single rin pattern, such_as that created by the nmethod described in

conj unction vandh FgReked 44O brtha- MRINTheAFFHIPIY 54 B3FC| DR pRFfBabi ity
corresponds t,0. the a{;"gé ééﬁlﬁm%%lé@@ ] orgdy ©hispPpiiebhAgnéthilt occur.
o] e

The sputter ar get resent invention having the same thickness
as the prior twatgéargethading sumt facheperoeabbhtky ngtheaftus2fland t he
pol es 54 of an identical

art target i% 4t %%gtgy b‘ékﬁ?Sn%ra %‘gﬂtad ﬁ‘éﬁsgg‘%%n%gségo% Eg&g;ﬁg?ow th the prior

10 components: the vertical leakage flux flow and the
horizontal shunted flux flow. As may be observed in
Figure 3A, in the prior art sputter targets, the
majority of magnetic flux will be prevented from
reaching the sputtering surface 48.

15 As depicted in Figure 3B, a sputter target 50 of
the present invention is used having varied
permeability regions according to a single ring
pattern, such as that.created by the method described
in conjunction with Figures 1A-1C or 2A-2C. The ring

20 51 of low permeability corresponds to the area in which
the majority of sputtering will occur. The sputter
target 50 of the present invention having the same
thickness as the prior art target 40, is attached to a
backing plate 52, and the poles 54 of an identical

25 magnet assembly 56 to that used with the prior art
target is arranged behind backing plate 52 in the same
manner. Without being bound by theory, because the
magnetic flux flow tends to follow the path of higher
permeability, the leakage flux flow, as shown by the

30 axrrows, will be enhanced due to the higher permeability
regions 58a, 58b being arranged above the poles 54 of

the magnet assembly 56, with the shunted flux flow



manner. W thout being bound by theory, because the magnetic fl t]'x5 AF%@W
tends to follow the path of higher perneability, the | eakage flux flow, as
‘shown by the B024PP6ws, will be enhanced due to the higher permeability
regi ons 58a, 58b being arranged above the poles 54 of the magnet assenbly
56, with the shunted flux flow - 6 APR 2004 D-21055 - 16 being depressed
due to the lower perneability region 51 1ésol ating the higher perneability
regi ons 58a, 58b. The localized perneability difference created and

properly alig i ;0 t e _magnets w ll prod 5. an _increase in
WLF ot the spierad HekRerss, 86 P ENE T elley, sRREr st WAt e
sputtering wlbkodaetihg kthet heégpast petrheagaali thoreigieneasisag Meb.has been
to reduce the gerneabi[ity of the ferromagnetic material throughout the
sputter targetl8olpRatigfeePeymragdeity Hadkggerrirurreas ive 81t ai ned at the

sputtering shEbAgey! fagengralchotng Latashenilinbhe $ATY dhbickyess and

i denti cal et " ass nor e erronagneti € the targe S, O

equi val entd y, ahhénchegher inh&LFagnethe peuntealrihot wurfackehe ondre tihee 15

magnetic flux flow w e shunt ed mﬁthiE t he target, iﬁnd therefore the
%

| b
l ess the Ieakﬁﬁgl?PuWLFFSMF | P2BeT16KsarvEFUt Per WitHe o5t of

perneabi ity redughienetPa%pUathegagmi@&@dihe&@ﬁgh%@tM&meha%e&kﬁﬂﬁgnetiC
material is usually very limted due to 20 the nature of ferromagnetic
materi al s, andoi sedikse thespreramgedibytyt Rér tpeoferriosagnstidls as Curie

emperatur e, BAPRELSEYFrUBLERERE BT gpTRER PaBopSee BHAP e S0 ©
usefulnga$ foﬁagneti&SléékagﬂagmekiCaﬁaberb&tainaddathehbed@mmdering
permeabi ity surface. In general, for a target with the same
thickness and identical magnet assembly, the more
ferromagnetic the target is, or equivalently, the
higher the magnetic permeability is, the more the
15 magnetic flux flow will be shunted within the target,
and therefore the less the leakage flux flow will be
cbhserved. However, the amount of permeability
reduction that may be achieved throughout the
ferromagnetic material is usually very limited due to
20 the nature of ferromagnetic materials, and is also
restrained by other properties, such as Curie
temperature, ductility, hardness, etc. Therefore, the
prior art method of reducing the permeability of the
material throughout is of limited usefulness for most
25 ferromagnetic materials, and the reduced permeability
may still be too high to obtain sufficient magnetic
leakage flux. According to the present invention, a
limited reduction in permeability in a portion of the
sputter target can be used to significantly improve

30 target MLF. This is achieved by the selectively

created localized permeability difference within a

single unitary sputter target. It has been discovered




may still be too high to obtain sufficient magnetic | eakage fl ux.
According to the Bresent Invention, a limted reduction in perneability in
a portion of Prel éﬁutter target can be used to significantly i-fABKEIBO0
target MLF. This is achieved by the selectively created |ocalized
pernmeability difference wwthin a single unitary sputter target. it has
‘been di scovered D-21055 - 17 - 6 APR 2004 that the degree of MF

i mprovenent depends on the pattern of |ocalized regions and the magnitude

of the diffe el bi | |.ac reql +hNli ke the
case of even-%gggegbgl?F%gggrggtgmﬁﬁgbﬁﬁggfg%ggiﬁ%ﬁﬁggﬁigﬁfﬁ¥F§ t hr oughout
the target napetitabn sf lbeadilzyddiregdiongn anhd ither easmivude tdfe thew

approach of the present invention allows for maintaining or raising the
perneabi | i ty PATEEFERFR ABgPERTCRAT I SMoRE TG RED S5émtedidi P i n ot her
regions. In tfis;pet Rad, c3k0 FRXLENILEHHLRIN 1ith REMRAR hiHatdbet ween

adj acent regions, preferably in conbination with nmagnet poles being
arranged BBehi hdwkirghgr ppemgebbillityy thegughoutcduhe berast ewvadticlrdd m ze

the effect of jncreased M.F at he .sputter rface. 15 Unlike the otted
of “arooved {aFhB ER0F PRESEHAGR Ly LPRREBR NPT afe: S5 GRSy The

met hod of thethpr pgeBknkNY@Ren@n chake 1awsMEiN mAthtSAithes it tefidithg
surface. The lack of grooves, slots or other nachined patterns avoids

potential soukbesPEFMBaPiililty 1D gemerdri srIirRas &dgar dicxenifmc Fha m

O on T L, MBI (BT i e e CoE N T

per neabi liay thxdémgh thetrasterinaperasalbs ldaye betwicee mdjaceartt . One of the
| regionsg, preferably in combination with magnet poles

being arranged behind higher permeability regions, can

be achieved to maximize the effect of increased MLF at

the sputter surface.

15 Unlike the slotted or grooved targets of the prior
art, high MLF targets produced by the method of the
present invention have a smooth and solid sputtering
surface. The lack of grooves, slots or other machined
patterns avoids potential sources of particle

20 generation that jeopardize thin film uniformity.

By way of example and not limitation, tweo circular
CoCrNiTa targets were processed by casting and hot
rolling to achieve an even permeability through the
material, as is done in the prior art. One of the

25 targets was then further processed according to the

principles of the present invention to create varied
permeability regions. The even-p CoCrNiTa target of
the prior art was processed to have a peak permeability

of 18.3. The Au CoCrNiTa target of the present

30 invention was further processed by deformation with a

pressing die pressing to create a low-permeability ring




25 targets was then further processed according to the principles of the
present invention to create varied perneability regions. The evengppR Zln
CoCrNi Ta targBt26f>5the prior art was processed to have a peak perneability
of 18.3. The At CoCrN Ta target of the present 30 invention was further
processed by deformation with a pressing die pressing to create a

| ow- perneability ring D-21055 - 18 - 6 APR 2004 with peak perneability of
7.1 and surroundi ng high- perneability regions with maxi mum perneability of
18.3. In this.case At _of 2.was cretedlnthe et .of . the present
“nvent i on.  BovhCPaP§ERs CEFERRAT {EH, Qndse & FerE dC MAINE PO Sput  or od
using a cat hogerassenblyy ¢Matienisaks tReseaiainCoepaieatiiant yOcgehw.g, New
York) having a magnetic strength of 410 gauss without a backing plate.
Bot h targets Wwer ehtibenabendedAgnbd al. l@awlasngrplaategl amd tihesttaldgedt orf t he
cat hode asserrb%1 10 The flux rating shO\gvte pI‘OXI te a _95% her
| eakage flux F S RECREBSCLRVFR LR get PO @Fé?e nti kﬁﬁ%ﬁ? in the
even- CoCrNi Taotarget mg ntea%onpgbgrtt@&ted E@&h@%ﬂ%%d@éeras%@mgﬁd to the
even-|. CoCerTatargl§ the prior art, thé A CoCrN Ta 15 target of the
present inventMahezhe dRﬁﬁﬁél’FhaﬁfO5@Walte@mt p@ﬁneﬁwpr@t,t dlewhyarmpedance
at the beginnin tar Life, (s ered rgQn _pressure and
1 kW power). h %e "Pe8ul't ngrtécp%\(ﬂe(%égh %ngroe%fus uch %lognl%e ance
reduction i s baprRihanplheepr erenth phaget s2Getrer @enabcnyedsueitcas ar ci ng.

D- 21055 - 6 APR 2004 -_19 Table |
backing plate and installed on the cathode assembly.

10 The flux rating showed approximately a $5% higher
leakage flux in the Ap CoCrNiTa target of the present
invention than in the even-p CoCrNiTa target of the
prior art. Furthermore, when compared to the even-u
CoCrNiTa target of the prior art, the Ap CoCrNiTa

15 target of the present invention showed more than 50%
reduction in sputtering impedance at the beginning of
target life (sputtered at 6 micron argon pressure and 1
kW power). The results are provided in Table 1. Such

impedance reduction is important to prevent plasma

20 irregularity, such as arcing.




Magnetic Perneability and Sputtering |npedance for CoCrN Ta Targets Target
wWith Target with Target with even p even p varied p (0% strain) 9
strain) (part?éﬂ?ﬁét rai ned) Magnetic Perneability - Starting Sptﬁ P‘@fm’g
18. 310. 37.1-18. 3 I npedance at | kWpower |evel (ohn) Target thickness
0.250 in Ar pressure (mcron)4>1200247 6459212 10274179 15220154 Tar get
‘thickness 0.200 in. Ar pressure (mcrom#229201 6201181 10178163 15156147
Target thickness 0.180 in. Ar pressure (mcron)4248 -200 6200181 10169161
15147148 Table I

Magnetic Permeability and Sputtering
Impedance for CoCrNiTa Targets

Target with Target with Target with
even H even N varied p
{0% strain) {~10% strain) (partially
strained)
Magnetic Permeability -[ 18.3 10.3 7.1-18.3
Starting Sputtering
Impedance at 1 kW power
level (ohm)
Target thickness
0.250 in
Ar pressure (micron) 4 >1200 247
6 459 212
10 274 175
15 220 154
Target thickness
0.200 in.
Ar pressure {micron) 4 229 201
6 201 181
10 178 163
15 156 147
Target thickness
0.180 in.
Ax pressure (micron) 4 248 ) 200
6 200 181
10 169 161l
15 147 148

In addition to the even-p target of the prior art
in which 0% strain was introduced, an even-u target
with about 10% strain was also processed for
comparison. As shown in Table 1, with the target

10 thickness reduced to 0.180 inch, lower sputtering
impedance of the Ap target was evident, especially
under lowexr argon pressure.

By changing the permeability of the ferromagnetic

material in localized regions, thereby increasing the

15 MLF at the surface of the target, the ferromagnetic




5 1n addition to the even-p target of the prior art in which 0% strain was
I ntroduced, an even--p target wth about 10% strain was al so processed for
conparison. A %Hbwh in Table 1, with the target 10 thickness reg Cﬁﬁfmﬂ
0.180 inch, |lower sputtering inpedance of the At target was evi d@
especially under |ower argon pressure. By changing the perneability of the
ferromagnetic material in localized regiCons, thereby increasing the 15
MLF at the surface of the target, the ferromagnetic D-21055 - 20 6 APR

2004 sputter ﬁr%g%sftar%ek&e PL sgg%aﬂ) %&H O{Fmg&){rrtépgn flelh[hgggr t han

previously ma err nagne net no | onger

bei ng sever elyhisdiey echdry pﬁ@mmlmmﬂiﬁgdtmﬁﬂ@h@gmeth@ targets.can now
| eak 5 throu%? t he thicker tar‘gﬂgt material . The sputter_ targets_of the
present i nventhorimagtetal s of ¥t dj%slo%ﬁ?ﬁlfa???/llibﬁie%%‘éer%]cﬁihs?‘i’l‘é’feﬁobffore| gn

particles arg,;dnty Qq,lrg%&%{g 19@&9# filpydue 9,939 18akhe
target confi guréatl pemﬁe | cfﬂjeesses and configurations of the
sputter targetlsraigh ktéqq)rtﬂsmi{ernwgemnnammhallffeTheasp@t‘deng to custoner

S eC|f|cat|ons andt rticular ferronmagnetic I n general,
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def or ned aCCq_[rgitﬂé}:yt Cbiéteeé)“él%}@'@&a@fné heops £§€Nbart WEES | #Ae The present
invention is of particular benefit in thep‘g{ oducti on of nickel-based and

i ron- based tsanstgm@qed viieh the derpreited petheabiei ¥9 9RPEhenstARti ng
material is stoIh [{}?jgrf_ﬁﬁ,g\g_f of 150 gauss 20 could not previously be
gne

achi eved and SO
10 The specific thicknesses and configurations of the

sputter targets of the present invention will differ
according to customer specifications and the particular
ferromagnetic material used. In general, any target of
any configuration and material may be made thicker if
15 deformed according to the principles of the present
invention. The present invention is of particular
benefit in the production of nickel-based and iron-
based targets in which the magnetic permeability of the
starting material is so high that an MLF of 150 gauss
20 could not previocusly be achieved and so magnetron
sputtering could not be used, or those targets which
had to be machined to very thin dimensions to allow
sufficient leakage of the magnetic field. The
materials are now capable of being formed into
25 relatively thick targets that can leak sufficient
magnetic field to start and sustain the plasma, and
even higher amounts to increase the deposition rate,
with the same magnetron field strength.
As demonstrated in the plot of Figure 4, the high
30 MLF targets of the present invention enable higher

rates of deposition with the same or lower magnetron

field strength. For an equivalent target life of 5




sputtering could not be used, or those targets which had to be machined to
very thin dinensions to allow sufficient |eakage of the magnetic field.
The naterially &% how capable of being fornmed into 25 rel ati vel y=~8MRRKI0,
targets that can | eak sufficient nagnetic field to start and sustain the
pl asma, and even higher amounts to increase the deposition rate, wth the
sanme magnetron field strength. As denonstlrated in the plot of Figure 4, the
high 30 M.F targets of the present invention enable higher rates of

deposition w.th the same or |ower netron. field strength. .an
cabival ent +AFpSTEY T s oBEsaPY "B F80 D RRk b ke DsaPE S Y s, the
CoFe target ofayasphetk ®esdeabidihyghyasdspotieied akra hhghagsdepasi tion

rate in angstrons per second than the CoFe target having even
per neabi | i ty. P4¥ giecen@ depopsihe orofe Faundati RAWaRY SVEAses hel pful to

| mprove [ 1 MRQNEL) 0 0TI 8. - LOW 4DBLIPARLHI 1Y EBLAA 9nahafyl ead to

nore uni form ess and w der Sputtering erosion groovez and
hence hi gher dasgethelpfulatd ohmpddus, £1lve hagnet scobrbpherpiesent Lowventi on

decrease the frequency, of target 10 replacenment and reduce target nmaterial
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An addi tionaltbeneldds odnd hei RELSEPhL £ E¥ERY T 8Pos18A0YRCBYeENENAI O Oof
Figure 5, is that with an increase 15 in The MF of 'the target there is a

cor r espondi nghefees dakghen tpugeeringlinpetionce, ThhEchthpkbargetsdeér eases
(e o SRR S EERIE e Ohar 8o AL EORGR BT Phase. The
10 replacement and reduce target material waste, in
addition to providing uniform, high purity magnetic
thin films.
An additional benefit of the present invention,
shown by the plot of Figure 5, is that with an increase
15 in the MLF of the target there is a corresponding
decrease in sputtering impedance, which likewise
decreases the minimum argon pressure necessary for
obtaining a stable plasma. The CoFe target having
varied permeability displayed low sputtering impedance
20 throughout the target life, whereas the CoFe target
having even permeability did not achieve low sputtering
impedance until the very end of the target’s life.
High impedance causes plasma arcing, which may render
the plasma unstable, making the target more difficult
25 to sputter. By lowering the impedance of the targets
of the present invention, a stable plasma may be
obtained and maintained throughout the sputtering
process at lower minimum argon pressures.
While the present invention has been illustrated
30 by the description of an embodiment thereof, and while
the embodiment has been described in considerable

detail, it is not intended to restrict or in any way




20 throughout the target life, whereas the CoFe target having eveng ppp 2304
pernmeability did not achieve |ow sputtering inpedance until the very en
of the target?s2}9¥%. High i npedance causes plasma arcing, which may render
the plasma unstable, naking the target nore difficult 25 to sputter. By
| owering the inpedance of the targets of the present invention, a stable
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| ower m ni mum argon pressures. Wile the present invention has been
illustrated 30 by the description of_an odi nen e : .while the
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magnetic perneabilities. The jnvention_in its broader alg%ect S
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departures nay be made from such details w thout departing from the scope

or spirit of repheaantstigenerdliei ivesntiven &ontept broagenpPrepeoss- 23 Wat
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10 representative apparatus and method and illustrative
examples shown and described. Accordingly, departures
may be made from such details without departing from

the scope or spirit of applicants’ general inventive

concept .




cat hode sputtering conprising a solid, unitary ferromagnetic materi al
having a ring-shaped first region and a second regi on adj acent téﬁiq rst
region, the ferromagnetic material selected fromthe group consﬁi Q)" of :
Co, Co-base alloys, N, N -base alloys, Fe and Fe-base alloys, the first
region having at least a 0.5 | ower magmetic perneability than the second
region. 2. The sputter target of claim1l wherein the ferromagnetic

mat eri al has Whatiintlaimed : nagnetic perneability greater than 1.0 and the
first region is a deforned region having a magnetic perneability | ower
than the intrinsic magnetic perneability of the material. 3. The sputter
target of claim2, wherein the second region is thernmally treated and has
a magnetic perneabj| i tYAglﬁQPfen%HﬁQnétﬁ% Lidrthipei for usBBNRidnetreer Neabi ity of
the ferromagnetic material. 4. The sputtper target of claim1l wherein the

o oot | .Sk s BB S A BRIt B, O
E;Q Pt,:l?—g/f)’ Fé'éogl-: ; Be *,g}F?e’giocr:loal\rllt()i’a s%gcl)\}lbdzrrégiog%&%%{:ﬁt thcc:aot%rrstcrre’giol}lh, theNI Fe, N FeCo,

ferromagnetic material selected from the group consisting of: Co, Co-base

-y

alloys, Ni, Ni-base alloys, Fe and Fe-base alloys, the first region having at

least a 0.5 lower magnetic permeability than the second region.

2. The sputter target of claim 1 wherein the ferromagnetic
material has an intrinsic magnetic permeability greater than 1.0 and the first
region is a deformed region having a magnetic permeability lower than the

intrinsic magnetic permeability of the material.

3. The sputter target of claim 2, wherein the second region is
thermally treated and has a magnetic permeability higher than the intrinsic

magnetic permeability of the ferromagnetic material.

4. The sputter target of claim 1 wherein the ferromagnetic
material is selected from the group consisting of: Co, CoCr, CoCrPt, CoCrTa,
CoNiCr, CoCrNiTa, CoCrPtTa, CoCrPtTaNb, CoCrPtTaB, CoCrPtTaMo,

CoFe, CoNiFe, CoNb, CoNbZr, CoTaZr, CoZrCr, Ni, NiFe, NiFeCo, Fe,

FeTa, FeCo and FeNi.




