ROTARY SPUTTER TARCET ASSEMBLY Field of the Invention [0001] This invention
relates generally to the field of sputter targets. In particular,

enbodi menwe 20f2/17h628 i nvention relate to i nproved rot aryPspaist@r/oteayet
assenblies where the target is directly joined to a backing tube through a
co-drawi ng or co-extrusion process. Background of the Invention

[ 0002] Cat hodi ¢ sputtering is wdely used for the deposition of thin
material s of conductive naterial onto desired substrates. This process
requires a gas ion bonbagé a-1.a @S‘ugé‘ﬁi%@é—esi red materi al
that is to be deposited r@%’é&f‘.’ 1t 812%‘13 13 9 | on bonbardnment of
a surface of the target causes atons or ions of the target material to be

sputtered. The target fornms a part of a cathode assenbly with an anode. The

cat hode asserﬂsﬂﬁ_‘ﬁjﬂﬂﬂﬁﬁﬂﬂn an evacuated chamber filled with an inert

gas, prefera rgon. | . i gale f i i i across

the cathode ilr)m%”? he an%hA% ﬂi‘%‘ﬁ%@%&?@%ﬁé@i 9 gl%iﬁzeiedd&lb@“{é% t%l%g{lsb%g with

el ectrons ej gaitkdlalrombddiacraabhbdantantibareufpas improetd rabrgrspectr gageti ons. The

positively charged ga iOFS are attracted o the cat odﬁ. Upon i npi ngenent

with the tar getTObFs Here et ISGHECCHY 491Bee ateking t thigwebaicar | The

di sl odged t arggatin I’@é-ief‘tlrusricfr?]tyI%Eecs@S the evacuated enclosure and deposits as
ate,

a filmon the desgr%ed substr which is normally located close to the
anode. [0003] Pl anar and rotary type targets are the two main types of

Sputtering t ts. Pl rItar ets are generally defined as a

rect angul ar-%&%ﬂé@&—%ﬁ%ﬁt ed onto a rectangul ar-shaped backi ng

pl ates. Rotanyog2ar get scithédiddputterbphakicianed féﬁh@@%}ﬁ)ﬁﬂohf&)fﬂ_ﬁnw t hout

backi ng tubes. The tubul ar targets are elongated and cylindrically-shaped,

char act er i zedndigriads diotondetivietreaterinl onteedesired sabstraan dBlus bipcesspeewieser mi ned

‘g’f]"tl) H"gﬁkgffgf%s i AN ARGE ofh ER G AT RYED A RLCRAGS S s @l ol ass,
deposited as a thin film onto a substrate. lon bombardment of a surface of the

target causes atoms or ions of the target material to be sputtered. The target forms
a part of a cathode assembly with an anode. The cathode assembly is placed in an
evacuated chamber filled with an inert gas, preferably argon. A high voltage
electrical field is applied across the cathode and the anode. The inert gas is
ionized by collisions with electrons ¢jected from the cathode to form positively
charged gas ions. The positively charged gas ions are attracted to the cathode.
Upon impingement with the target surface, these ions dislodge the target material.
The dislodged target material traverses the evacuated enclosure and deposits as a
film on the desired substrate, which is normally located close to the anode.

[0003] Planar and rotary type targets are the two main types of sputtering
targets. Planar targets are generally defined as a rectangular-shaped targets
supported onto a rectangular-shaped backing plates. Rotary targets include
tubular-shaped targets with or without backing tubes. The tubular targets are
clongated and cylindrically-shaped, characterized by a hollow interior that is
surrounded by a predetermined wall thickness.

[0004] Large area coatings, such as architectural glass, onto high areca
substrates require high rates of coating speed and long life of the targets to lower

manufacturing costs and reduce downtime of the systems. Rotary targets are



substrates require high rates of coating speed and long |life of the targets
to | ower manufacturing costs and reduce downtine of the systens. Rotary
targets awe20iriowe2t o achi eve a hi gher deposition rate aou/useghasi2ear get
utilization efficiency conpared to planar targets. As a result, the
sputtering of rotary targets, as opposed to planar targets, can be suitable
for producing the |large area coatings. [0005] Several techniques are
utilized to assenble tubular targets. One technique known in the art

i ncl udes bondi n f _the act.ive portion of the target (i.. e, e _portion of
the target wirgRmreedEfsinlEhT PRy haRaptfal Phat blisdior SH06™ backi ng
tube using aromphed@yRham@igers as a debulQhie: Hrasmeof oty tiigagas be used as a
sol der-bonding interl ayer material. However, because of indiums |ow

mel ting t enpE&PBSGH L0 plapardtaigetsntan ke suHablaARr niodusingathe ipiee yee cPRigRI st ress.
The sputter! fgogyjocesssd,angtchqRECHUGRRAME L URRR hbubPUFLS: (GRE result in
t enper at ures ‘exceeding the nelting point of ind umand other |ow nelting
poi nt bondi ngedimaiqae kabsn i1 MOAG]iMInésvendinglodse qeawe pordien oif the thieee!l s
generated durjng sputtering can cause the rotary target assenbly to attain
a hi gher t embes-at’GPEroRA ?h%aggﬁw%?i%owmﬁ@aﬁ%ﬁ T%Fi%E‘i“FF@mﬁlpé‘P@FS)t ar get s.
The hi gher t eaREI RIS ubAis ST Rl BEmPeAs. fIRLARERAGIWERMutNGntbul ar
target and the backing tube. For instance, if the tubular target is

sol der - bondedis¢dbasthwldradondigg intbdayct hatdrieht Hoevelr opwdusdofiimbumsdowput t er i ng

process can be.sufficient to nelt the sol der bond and debond t t ar get
Pr e Trom t ne b ebe: L RECOIUHBIGne 85T BPoUy A RSt DI on

sui tabl e for sphtendk prédc8Eichids ©PlodRe PORL EMBL) CvERAhAté@AInt ar gets. The
bond between the tubular target and backing tube nust be thermally

conducti ve arfempuatapisexeesdugdbermstimegaontt of inslienand edicy loay mektingpoud

encount er ed I .sputtering process. [0007]In addition, conventional
sol der or br;%?[elalggr@cﬁtg%ba%gan be difficult when being used as an interlayer

materi al for [p@06]i Ng tEGERNEL tHeSe PONE deh¥iey ladle péraed durindWpaticianghysi cal

property of the materials (e.g., mcrostructural grain size, hardness,

yi el d st r engtcAn causp dhq ratagy Faé%t“gtaﬁﬁeﬂ@l%@t%“ia@aq high¢idemperetursthandn t her mal

conduct i vi ko FRARGSR ARG AEI AP AERUN B haRh SthurSHaR BT | ol o may

i ncl ude net al oys, ceram nmers. sl ca erties
i ncl ude the dhavensl fonsedbetsbapthe afbuldreargeitaaditiad backone texanfdrenstancoptal t ube
may contain stress n he

o B oL PS5BS, A8, TS © 0
tenper at ur e- sRNGubibN S PRE&SIch Be bithkiAeoahdPHe s b&RANnRSESIERgt hened by
cold work or heat treatnent such as alum numalloys (e.g., the 5000 and
6000 series ¢drgetl foewi fromtlal bagkiny tebvd Awppbnglal obdes-bonding, while often

suitable for planar targets, can be problematic for rotary targets. The bond

between the tubular target and backing tube must be thermally conductive and be

able to accommodate or prevent residual stresses encountered during the

sputtering process.

[0007] In addition, conventional solder or braze bonding can be difficult

when being used as an interlayer material for joining temperature-sensitive

materials, in which a physical property of the materials (e.g., microstructural grain

size, hardness, yield strength, tensile strength, electrical conductivity and thermal

conductivity) changes an appreciable amount when heated. Such materials may

include metals, alloys, ceramics and polymers. Other physical properties include

the dimensions or shape of the material. For example, a metal tube may contain

considerable residual stress. Upon heating, the metallic tube may bend or warp



[ 0008] Anot her techni que known for tubular target preparation is to take a
nonobl ock tube and affix end fittings to one or both ends to one or both
end portiwo0i17062¢ active part of the target. The end PCTitiSag/owey2 be
af fi xed by el ectron beam wel di ng, nechani cal assenbly or any other suitable
assenbly method. Specific surface treatnment may be applied to the inner
side of the active part of the target to enhance its corrosion resistance,
t hereby all owi ng the nonobl ock tube to remain structurally intact and

accormodat e tarqg revnqa{iril ?u 0 Lo {1rroanI o%rﬁg n‘ﬁ%ﬂe%vnoir&laltenslt erretsl%e-sengl%ng%% ee%lsduri ng
the sputtering proce S OTRET PSERNCE, TOhe A iney R ae ot 5ure al*tmi num

tubul ar acti vecli@ gl s drnchebanrdihesed sy @lddveeochdaptelemest sauli hace
coating. However, this tégge of manufacturing process is typically costly,

tinme consum SYTAAEMEYREY €2 ol PPOG preahAPEScxigeo i wpmupr alloys) apdcgpgid
fittings to gﬂﬁysor both end portions of the target, applying a specific
treatment on the inner side of the active part of the target and machi ni ng
[ 0009] Sorre t 40@08] mat eAn@hs teamidie kdasinl fyr wdsliar tygd pehpatangn isoudlact ur i ng

due to a variet f reasons_inclyuding but not limted to brittleness,
ther mal _sensiarpblopk “ﬁlﬁy@‘]ﬂ ?ﬁ@ﬁ?@gbmne%%mwdm Wﬁtggmahﬁlddi ffering
rates of the%@ﬁion@%?ﬁf&%‘cﬁ{?e paﬁ%’f the %Q&t.‘ Sthe lefld Eﬁﬁlg§%§tb%ra'fﬂ?>gadpcfyocess1
cycling tenperatures, vacuum conditions, high sputtef surface plasma

t enper at ur es ¢cldcirmn beamgyelhog gndchgnicdliagieimbly oodiynghofsuitibde postmbly t ube, hi gh
operating power. | evel s.. and. ot her raneters..c |l contribyte to the
Foilure or " proaErarer Gt e ormEt o P Ur B fa dulhoty of e Bl

[ 00010] Fur t h@aARFehe thipRtlodnhbcdBtcdrbliah raistinci th&eby AldwiRgkhdbacki ng t ubes
often prematurely fail during the sputtering process. In particular, during

sputtering, segwplrckabedp rerhansiybetheatly infpgiend apepmmeddpadrivagotube at t he

expansi on codt1a! S Earpsary Enist B obife B SRR R T ube. sucn

a separ at i on iftan¥af Qe irdler SEPLAPGES alliginumabbilidt 4¢tiof tdrf@ chiab@edodifeddi ssi pat e
heat. As a result, the exposed target surface continues to ingcrease in
surface tenpd? BIOGHES 2 hardpraghpuiiBese@diing Hepardt theviyps of mandfagtydne f r om t he

backi ng tUbep{éO%%agi\%/‘gfpgéﬂﬂz &L%g@ﬁeﬁr&g{ﬁgﬁﬁg%ﬂh%@%&a@%fitftélves[t%% 4t would

be desirable p rnpr s°to ass e ular targets to
backi ng t ubesffifug tikfittinghe @teidribbth ¢nol irtigalsioff yhet taggeprapplesg f pecifimki ng a
rotary target assenbly and at toge sanme tinme_.inmprove the structural
integrity of CRENBOHABEY PATGHle AdRetbivg PRY Ot tiigs) wd r@iqi‘@?n%lspe_ct s of the
present invenpyg@) Wil lSHecoRR:: ARRMENanttR 0F Rty M@y relfublcrirmot he art
upon review of the specification, draw ngs, and clains appended hereto.
Summary of t lec kmyeardtpnf reasons including but not limited to brittleness, thermal

sensitivity, low impact strength, bonding failures and differing rates of thermal

expansion. Additionally, in the sputtering process, cycling temperatures, vacuum

conditions, high sputter surface plasma temperatures, fixturing integrity, liquid

cooling of the rotary tube, high operating power levels, and other parameters can

all contribute to the failure or premature failure of the rotary target assembly.

[00010] Furthermore, tubular targets that are joined to inner backing tubes

often prematurely fail during the sputtering process. In particular, during

sputtering, separation of the tubular target and the backing tube at the bonded

interface can occur as a result of the difference in thermal expansion coefficient

between the tubular target and the backing tube. Such a separation of material

compounds the inability of the target to dissipate heat. As a result, the exposed

target surface continues to increase in surface temperature, thereby worsening



[ 00012] The present invention utilizes a co-extrusion or co-drawi ng process
to directly bond a tubular target to an i nner backing tube by fornmation of
a groovedwpnoeyfe@e. The co-extrusion or co-drawi ng pro®esase@duoees2t he
inner and outer dianmeters of the outer target material to cause portions of
the target to protrude and at |east partially fill into grooves disposed

al ong the periphery of an inner backing tube. The target interlocks to the
backi ng tube to formthe grooved interface. [00013]In a first aspect, a
rotatable sputter.target. assenbly s .proyvide The assenbly, conprises a
backi ng. t ube SSERRITS e WS fPg e SPretby Wareets ARG IHEVar target is
al so provi dedcbaitixid &nngsuddd | nner surface. The inner surface is in direct
contact with the outer surface of the backing tube. The backing tube is
coaxi al 'y con®Ydted it ek %?hdeisﬁﬁlé?F%ﬁie‘ﬂ%ﬂpuﬁ’é’f‘?}fedt%hqdéﬁ@l?%“gkﬁ get. A
plurality of %Rﬁ"ﬁ g L $Po A i surface of
the target ar% t ggrggtggér;t)%%ﬁ a\élgés()?r %Qﬁgfg%c%?l%ﬁ%%ﬁﬁm%&é {/E@ggoéh of the
plurality of ngikogyvestaytapdussintigaad pethe pdnes ymofimploec dssseinbtuyal The grooves

are configured to interlock with portions of the sputter target projecting
therewi t hin tl%teféf#@f? dhebaprlpdinsert @gﬁe@?Yalééi?Slr@&n%i%asae%e 4 PESPRct, a
met hod for fogyeAgn @il YRR ap%%hiﬁon*e%%f‘&inﬁ?%ﬁﬂ%&‘héa%tll%d?i%@i%@ dronpri sing
the steps of providing a cylindrical backing tube conprising a nonplanar
out er sur f acehaspdcidicptiam, diawtiygsofind dpamsadppeaded hdiede.i nct grooves situated

al ong the no%ol anar {))]luthea surtf ace, whereby the grooves extend al ong an end
portion of t e HARIY gtf’ BENTR% ubul ar target blank is also provided

conpri si ng a [penR| anarThdeiens HvEAESh: utiiPes 4 85-8Rkudddkcol FraRf frb@Red over

t he backing tube. The target blank and the backing tube are fed through a
di e. An out erto diregtirttond gftubiier targetetangnegifaclgng adgdgdormiiondby a portion of

arooves. of ¢ RORRARTBELOBC B S BRRNY ALt oo  BREeR RHEVERR b B oy e

obj ects and adwadiaagess of thk At PargettnhDE iaMitd tare pbgioheof e @ap&tteod from t he
foll ow ng detail ed description of the preferred enmbodi ments thereof in
connect i on wiPE9frudsand aklsays Rattiaky il igter eovgsdisvpied glang the ppdpheryehst e sane

features throygh %%ki@ﬁb@h?ﬁ@laﬁ%et interlocks to the backing tube to form the grooved

interface.

[00013] In a first aspect, a rotatable sputter target assembly is provided. The
assembly comprises a backing tube comprising an outer surface. A sputtering
tubular target is also provided comprising an inner surface. The inner surface is in
direct contact with the outer surface of the backing tube. The backing tube is
coaxially configured within an interior volume of the tubular target. A plurality of
spaced apart grooves are disposed between the inner surface of the target and the
outer surface of the backing tube, whereby each of the plurality of grooves
extends along a periphery of the assembly. The grooves are configured to
interlock with portions of the sputter target projecting therewithin to create a
grooved interface.

[00014] In a second aspect, a method for forming a tubular sputter target
assembly is provided comprising the steps of providing a cylindrical backing tube
comprising a nonplanar outer surface and a plurality of separate and distinct
grooves situated along the nonplanar outer surface, whereby the grooves extend

along an end portion of the backing tube. A tubular target blank is also provided



Brief Description of Drawi ngs [00016] Figure 1 shows a cross-sectional end
view of a tubular target assenbly in accordance with an enbodi nent of the

i nvent i orwO[200T42Ei gure 2 shows a cross-sectional end PCEWSOI12Am1242
alternative tubular target assenbly in accordance with an enbodi ment of the
I nvention; [00018]Figure 3 shows an alternative groove design having
rounded edges characterized by a height, weight and depth of specific

di mensi onal proportions; [00019] Figure 4 shows a cross-sectional end view

ot tachment ¢ APBTSREpopbaRTE Mo S, A Y AR ot PR BR UBL & 1 ar ger
bl ank and t héatkingtube. The target blank and the backing tube are fed through a die. An
outer diameter of the target blank is reduced, whereby a portion of an inner
diameter of the target partially at least protrudes into the grooves of the backing
tube to lock the target blank therein.
[00015] The objects and advantages of the invention will be better
understood from the following detailed description of the preferred embodiments
thereof in connection with the accompanying figures wherein like numbers denote
same features throughout and wherein:
Brief Description of Drawings
[00016] Figure 1 shows a cross-sectional end view of a tubular target
assembly in accordance with an embodiment of the invention;
[00017] Figure 2 shows a cross-sectional end view of an alternative tubular
target assembly in accordance with an embodiment of the invention;
[00018] Figure 3 shows an alternative groove design having rounded edges
characterized by a height, weight and depth of specific dimensional proportions;
[00019] Figure 4 shows a cross-sectional end view of a backing tube
positioned within a tubular target blank and prior to attachment thereto;
[00020] Figure 5 shows a side view of the tubular target blank and the inner
backing tube of Figure 4 co-drawn in accordance with an embodiment of the
invention to form a grooved interface;
[00021] Figure 6 shows a temperature profile of a rotary target surface as a

function of powder density levels that were ramped up during a sputtering

process;

[00022] Figure 7 shows a test set up for performing bend testing of targets;
and

[00023] Figures 8-12 show bend tests of the inventive rotary target assembly

having a grooved interface and monolithic extruded tubular targets.

Detailed Description of the Invention

[00024] One aspect that embodies the principles of the present invention will

now be described. Figure 1 shows a cross-sectional end view of a rotary target



backi ng tube of Figure 4 co-drawn in accordance with an enbodi nent of the

I nvention to forma grooved interface; [00021]Figure 6 shows a tenperature
profil e oVoaorxtes2g target surface as a function of poweer/usemiosiz4t evel s
that were ranped up during a sputtering process; [00022]Figure 7 shows a
test set up for performng bend testing of targets; and [00023] Figures 8-12
show bend tests of the inventive rotary target assenbly having a grooved

i nterface and nonolithic extruded tubul ar targets. Eetailed EEscription of

the Invention [n%%w?(ﬁ e as gn?@gsl@p a%mﬁrr{?e%%neos tetr rfuet) acl)rtar l%sdlre { he

ctl
present i nveAtion now cross<secti onal

end vi ew of &oh@dadYintidicg Bhclkassibbl120 ﬂ&&eatw%rmemi’abrfacbmocmrl ses an
outer tubular target 110 directly bonded to an inner backing tube 120 to

create a gr oy HttéfrﬁFC&c]éOlS@eatTﬁéy@Faé?ﬂﬁéalopﬁtth?rlﬂa%réh%@eﬁ af the B8g&dd by
material al OQQObQﬁlahg%ﬁ{e@gg at egfn§| 8‘6&@13& afdd’ ;dngh eg?ﬁ%{?”d' ng or

protruding into grooves a perip ry 0 ng tube

120. The tar@éﬂmﬂ%ﬁkmgnﬂeddmedhamﬁgﬂddbeds&ﬂmﬁhﬁdhﬁ&kdngﬂtmhddﬂgﬁmat t he

grooved i nt er1f S%te th%Sg(f)ooved interface 150.
[00025] The tubular target 110 comprises an inner surface that is in direct
contact with the outer surface of the backing tube 120. The backing tube 120 is
coaxially configured within an interior volume of the tubular target 110 to form
the resultant rotary target assembly 100.
[00026] As will be explained in greater detail below, the locking
arrangement is created by co-extruding or co-drawing the target 110 to the
backing tube 120. During the co-extrusion or co-drawing process, the backing
tube 120 is positioned within the outer tubular target 110. The periphery of the
backing tube 120 contains multiple grooves 130. Both tubes 110 and 120 are fed
through a die. The opening of the die has a diameter that is smaller than the outer
diameter of the tubular target 110. As a result, when the target 110 is fed through
the die, the outer tubular target 110 undergoes a reduction in its internal and outer
diameters. At least a portion of the target material flows radially inward to at least
partially fill the grooves 130 located along the inner backing tube 120.
[00027] The inner backing tube 120 is preferably formed from a harder
material than the outer tubular target 110. The harder inner backing tube 120
provides structural rigidity to the outer tubular target 110 during the sputtering
process. The harder inner backing tube 120 also enhances the ability of the softer
material of the target 110 to be pushed radially inwards towards the grooves 130
of the inner backing tube 120 during the co-extrusion or co-drawing. As a result,
at least a portion of the target 110 material is filled into the grooves 130.
Generally, the inner backing tube 120 is composed of a thermally conductive
material capable of transferring heat from the tubular target 110 that is generated
during the sputtering operation. In a preferred embodiment, the backing tube 120

is formed from aluminum alloy and the outer tubular target 110 is formed from



[ 00025] The tubul ar target 110 conprises an inner surface that is in direct
contact with the outer surface of the backing tube 120. The backi ng tube
120 i s coawialdyoeenfi gured within an interior vol une ofCrius2ebwi2az t ar get
110 to formthe resultant rotary target assenbly 100. [00026] As will be
explained in greater detail below the |ocking arrangenent is created by
co-extruding or co-drawing the target 110 to the backing tube 120. During
the co-extrusion or co-draw ng process, the backing tube 120 is positioned
wi thin the outer tubul ar, target 110. The. per.iph of the,backing tube 120
contains mut v diRiben 588 g pirel Bt e ey B b B PF ough a

di e. The openmittgsedmilie, idiuidSe anddiacmt @at thbptesérs iswaatibealsé han the outer
di aneter of the tubul ar tar%et 110. As a result, when the target 110 is fed
t hrough the d@petemplgesghe sqleqtiopof ather Bipgeef magrighdweldbJonexeBPlcPrtn in its
internal and i S . .t f i al

fl ows radi al Itgﬂélﬁ%g%é{ggbﬁr’ l?ugg\gl%a!nggl? %?%Plpg a#%@qu@haélbggo%ggeggﬁggﬁ gg:at ed

al ong the i neach hackibgat bbeasci20 fornDMEDéhdduieassemidy. backiangl¢, ubackiad® i s

preferably fornmed fr a har.der terial, than the outer tubular target 110.
The har der iﬁ%%ﬁﬁ%"gpﬂ@ titgfemesp bp e@fﬁ‘&é@ aé&%%rttaﬁgai f%ml PEVPYS t he out er

tubul ar tar gebpdd@r el aignin(1f, a1YS.t BY dalB oPIREESSmplRiethRatdeod siner backi ng
tube 120 al so enhances the ability of the softer material of the target 110
t 0 be pushed magcliadsd isyuchnthar s otonaubdbr tdrgetdr 6 ovpsfctddy efsoft¢repimner backi ng

tube 120 during t.he co-extrusi an or co-draw.ng. As.a.result, at |east a
por L1 on ot FECHLF GETEL & tisr pagt badang fibed 2P ia BEFRIGR Dovies AHaesd
General ly, t hgtalNBefatdRRACKYBGodsyREityl ROcls S BRITMQSEHateFald atd@nidhdIegonduct i ve
mat eri al capabl e of transferrln? heat fromthe tubular target 110 that is

gener at ed durbiyriae prsecns penteon, mierlehes. duf vef limitedgo giNelier, PR 7enddi-¢rent , t he
backi ng tube IS um num al l oy and the outer tubul ar target
110 is formg%%gg%anéﬁﬁﬁ'gl’g%@%%b' In addition to pure alum numtarget /

al um num al | ¢gg0028¢ ki Ndintd¢berdassantd kidsvn tethiBfie il theert) Aaeisé gpdvéhat t he
present invention also contenplates the selection of other tg es of
material's, suéf agsformed ings Bigspdacenfithe bagking tubs 13l Ehecupoess | Bmee titanium
and pure al umg D i : il e used to
formthe bonglég as@leolrrrg(?lé(.)m@é{rlﬁ%ﬁlg%f%@ gﬁgg%ﬂ?ﬁ%m ﬁ%?@é@%&%ﬂg&n titani um
can be bondeRcfariagtabBighar 1, tlar gredvdsdB ik Ehracartqpizee bg apypéth, or, hpughe, lal um num

alloys. In each of these exanples, the selection_o terials is. such that
the outer tp@ﬂﬂ&?pt{la‘ﬂdﬁ’fteﬁ(ﬁ@gf 0@1@@}%&% %ﬁggbﬁaéfh,o @POYR D

mat erial whi l,g, thg it Qfé%{er%%ml!ﬁgcﬂe%% r%c”th%u%ar 'h%é%irc%ﬁhgu@ti&irﬁﬁé al | oyed
nmetallic material. Various purity levels of the target materials are

cont enpl at ed gogovehé3paresbonwn sepagaicd fom daple bibdi byga predeterroined sprcinggdst o 3N
(i.e., 99.9%, .4N (i.e.. 99 9999 and,5N (i.e... .99.999% . 0028]1n

Seeor dance wHHARREHSHIR frgt: FY ke SiieRacnitpp PEmob BT 50 ar e
formed into tih@uditg frrRGEqAfedttdad l@@@f@tt)lﬁlgnd B ecqhd tHd@abéRavasith30 are forned
prior to positioning the backing tube 120 within the tubular target 110.

Referring to [§0Q8 e 1, Suffieicatnndetengb baimecce e tabuler fapgst | Byand thedt h, wi,
hei ght, hl1, . , i i nt | Each of
o, S B, LB B 9 S s

rect angul ar - ghapes 1 3®rf drgite diciinkrlodiieg girapéasnil Iomeschavficisapar ated from
each other by a predeterm ned spacing, si. Suitable dinensigons for wi, hl
and d1 are dépaRabsrnduBAtYHEABEd P theemerat ofitgriubi0fgatend at Bgureegdbond

strength and ;ffg, reOigigeRfldhs %et G 96! gﬁ@ﬁl'e\é'r(;&(ied backing tube 120. In other

words, increasing the spacing, s;, between adjacent grooves 130 increases the

amount of material at the interface available for sufficient thermal conductivity to
occur. Accordingly, the suitable range of dimensions of s;, wy, h; and d; is
preferably selected to achieve a balance between the required thermal

conductivity and the required bond strength for a particular sputtering application.



[ 00029] Sufficient bond strength between the tubular target 110 and the
backi ng tube 120 is related to the anount of target 110 material that fills
into the woaowewoe30 to create the interlocking arrangemremtuS2@onyensel vy,
sufficient thermal conductivity is related to the amount of target 110
material at the grooved interface 150 between the target 110 and the
grooved backing tube 120. In other words, increasing the spacing, si,

bet ween adj acent grooves 130 increases the am)unt of rrateri al at the

interface avgj e fo suff|C|ent to occ

Accor di ngly, ?{’é@gim t aBiisr faiRle OnFld Ssls%ns o’?‘] ev\ffgﬁofvg g§0d1 is
preferably sengcilethifet deRtRvitoroa) \alnﬁeartbedlvx&em eiehﬂplé aqamm@githbher mal
conductivity and the required bond strength for a particul ar uttering

appl i cation. nuv@elz@fﬂpqwééﬁPMU@Z@M@&E@&N{%@@&DW@H@FG a»@g hgsize
consideratio f t he

sel ection of %%a&l# Qo‘ﬂeslﬁ)r]?n%}i’éggﬁfto%élggfnrgﬁ%ﬁértg%tg@é) i Iﬂg%? et§ (rgllljlﬁgﬂcoee%l? gr ooves
130 al ong t hefithengooteadRBOnth dthbrewd20, thayesukait ivo Rintchdtcatthgrosve €3(ds each

groove 130 is,increased to allow nore target 110 material to fil] into each
of the groov&Barg8ErzqdPYyhdy a Al fEeY eropRLonish nyEhsHD eﬁcog%# %t oove 130
as character 'aﬁ%r%e&"ﬁlhﬂéjof@'ﬁgetdljl 0TRMRR (REERYS hiRNAL &lYuatBpbr@sed to
accomodate an increased filling of target 110 naterial therein to produce
adequat e bondtrsigtengohver@bnversasing the nombersifrggodavies 1 dlimagremiiregr ooves 130
may require nodi.fyin i, an such .t hat 't he | t ant l.ume of each
o vove 130" SRl El-Sh ety MR LI RE e A ab PRl e S o “tar get
110 materi al pwnmlatdliz HededsB@5iftNa Herisod eBuRGEHHae 10Rdersd HeRIh.

[ 00031] Vari ou gr oove di nensions and shapes are contenplated. By way of
exanpl e, Fi glﬁ“@ sheseinvie pepdued adednate bord stemgily t ar get assenbl y 200 in which
an i nner bac ube r t ar et 210 at a
gr ooved i nt e& (gg% 250, %%ﬁous&g&oai\%gcﬁrq 5n% a%a SR%)ggare c%% cm latéc?

ext ensi on or ofedmpls] Eipuref2 shavgah aRélﬁatﬁFaattefdrﬁllargéﬁassegbeOMﬂBmMﬁch 5ach of
the grooves 230 is characterized by a predetermned 52, w2, h2 and d2. Each
of the groovédneyBackingtuhe ¢g0 t%a@kngn@ﬁﬁmfﬁrﬁﬁhmwar@ah?al|0 %3 HOVED create a
squar e- shape r A Vv, epar ed
al ong the pe?tll% eIyglgfé‘{hllg |Oﬁ-r§g?[1tgg&%l n8§$%%§tg%%gﬂ%n&gec%§?lc?g%goe&§mlt known
t echni ques. Ionﬁtamge‘rﬁat)lnsamalalmtbIgmoge@m(bsEabB(bfdfe dgrogues @30 js ¢Haeacgnruodes 230

of Figure 2 have a, w2 l.ess than wl t han hil 52 | ss t han 51.
g by a predetermined s;, wy, hy and ds. %Eacﬁ he grooves 2318 ﬂas aw,t at is

approximately equal to h; to create a square-shaped configuration. The square-
shaped grooves 230 can be prepared along the periphery of the inner backing tube
210 in accordance with known techniques. In comparison to the grooves 130 of
Figure 1, the grooves 230 of Figure 2 have a w; less than wy, h; less than h; and s,
less than s;.

[00032] Other groove shapes are contemplated by the present invention. For
example, the edges of the groove may be saw-tooth shaped or circular-shaped.
Alternatively, the grooves can have rounded edges, as shown in Figure 3. Figure
3 shows a backing tube 320 with a groove 300 along a periphery thereof. For
purposes of clarity, the corresponding outer tubular target is not shown. The
groove 300 is characterized by a height, hs, and width, w3 and depth (extending
into the plane of the page). The bottom of the groove 300 is shown to be a flat
surface. Portions of the corresponding tubular target at least partially fill into the

groove 300 during a co-extrusion or co-drawing process. The selection of a



[ 00032] Ot her groove shapes are contenpl ated by the present invention. For
exanpl e, the edges of the groove may be sawtooth shaped or

ci rcul ar -wbaped.7o/t er nati vel y, the grooves can have roeatas2@dgers2 as
shown in Figure 3. Figure 3 shows a backing tube 320 with a groove 300

al ong a periphery thereof For purposes of clarity, the correspondi ng outer
tubul ar target is not shown. The groove 300 is characterized by a height,
h3, and wi dth, w3 and depth (extendi ng into the pl ane of the page). The
bottom of the ove 30 ace ons.of the
cor respondi ng"t (T ERevs q%aBS%S Q%pe‘ildeeélg °6la1%‘%r?ear1’?s é‘?mf e 4R %EE%S r%ﬂfué%t\?e 300
during a co- éildéfihé iged mat@tall thiRvdindcdiicd e schicvERA aﬂ@dpﬁt‘d gxaavémfmerfaw tabl e
groove shape i s dependent %Pon nuner ous factors, |nclud|ng the requisite
fill of the LaPen thaipeset and backing thbgsenelbiay e apasitis wutieringrplis 4101 ooved

| nterface be%ﬂ?%th&%laﬁﬁﬁcgﬁl%ﬁ %Pé't?é‘s él%s§ hee el}é@n]'h. as the specific

sputtering application and t er ma mechani cal stresses associ at ed
t herewi t h. [ QO®IZ3] Fi guFigu# 4s¢hows aa:rms&sett@ebéﬂdariah of el owticetibolar aingaut er

tubul ar targ | ank 410 that i s posi.tioned .over i nner backing tube 420
prior to For Tikd ﬁoélFaéS%‘?SH&RPQGIOV B POt HiBH 5105 QLAGRAT 0 TpHcg 0r e
enbodi ment, & dRk@lint@ffaRAn Gt BENRSN 4 BOhAT EniuiaNEn! Dot LERE (RRNVUS 43¢1€ backi ng

tube 420. Thé grooves 430 are shown equal |y spaced about the entire
peri phery of athshowmriecxtead kbay thalipekimgube™id. dincegrodicaddd erc sbbwnhe i nner

backi ng tube 42Q, corre nd roxi.natel y to th |nne i r of the
Cubul ar ¢ ar gefBpamReApont e SRS R LPR o) tgpicd paehiintoe 430y SB6e or mi ned
gap nmay exi sfou&@Hmrm%&uh&rbadklﬁgmter4zofco{:re@>oha§prpa@mhumay f2fcand the
i nner dianeter of the tubular target bank 410 prior to co-draw ng or

co- ext r usi on lyfer ﬁtﬂ@leﬁrl@ééh%ﬂbulah@rmman{(é@@3m1 ameéterrmtlgeﬂrrmwﬁwnmo may be a
conponent t h% ﬁe?en% neel(} rggﬁgﬁa Yst BXLIUS Lh%% errgitlar%geﬁie lﬁ'ﬁpl!)ackglgFube AMget bl ank

410 is prefera B num DI an roma pure

al um num bi | lagdl ﬂwlnnagﬁztmet&heftb@ﬁiburagtatrgéicbaﬂzwlmpryorabeedbﬁmagpf €of or med
conponent. In particular, the backing tube 420 is preferably extruded to
t he di nensi 0% Sl@h@“ﬁ?ﬂ&“f‘é‘?@@ 4¥ssenbly as it does not undergo a

substantial Ghggrge in

co-draw ng o:[ co- Extrut@;%{%%%{el@g%%g%éﬁ\ggv Oﬁ%g&ggﬁﬁge eralh| ned into

t he backi ng tewtresidi? Olnafreekamhle, tha @ gdtADanks4 Ifrie pfoderaielet.a phird elomaiinvel y, t he
grooves 430 be extr.uded rectly into.the hacking type 420 when the
backi ng { ube DH3% P‘getaﬁesgwwg drasg 2 et e igm ﬁfé}rﬂe%%hﬁpah l%wgf)repar.ng
the grooves 4@@1@&5/‘%1&05@ 'f@hﬁé&&ﬁ{n @ntPrIE?%Eul'af‘\fﬁ‘é‘Edcﬁﬂl t{[l')’hedQﬁ%k' ng tube

420 is preferably fornmed froman al um num al'l oyed seri es havi ng acceptabl e
corrosion regigtahlyextmdedochadingabiogtof drglinal taugainsteniply spittiosrmong.

[00035] The t Ahd eertgotajl sﬁ‘bsl%an% apchang mn ferei‘ét b(IhX tetre{r 81#( wall %hl rhegsh urlngn[ﬁe cob acki ng
drawing or co-extrusion process. The grooves 430 can be machined into the
backing tube 420 after the tube 420 is pre-formed. Alternatively, the grooves 430
can be extruded directly into the backing tube 420 when the backing tube 420 is
pre-formed by extrusion. Other techniques for preparing the grooves 430 are
contemplated by the present invention. The backing tube 420 is preferably
formed from an aluminum alloyed series having acceptable corrosion resistance
and mechanical strength to undergo sputtering.

[00035] The target blank 410 is preferably thicker than the inner backing
tube 420, as shown in Figures 4 and 5. Various thicknesses of the backing tube
420 and target blank 410 are contemplated. Selection of a suitable thickness for

the backing tube 420 may depend on various factors, including, for example, the



tube 420, as shown in Figures 4 and 5. Various thicknesses of the backing
tube 420 and target blank 410 are contenpl ated. Selection of a suitable

t hi cknesswbani1zties2backi ng tube 420 may depend on vari ouPCraSR@R®41242

i ncluding, for exanple, the anount of structural rigidity required during
the sputtering process and the desired electrical and thermnal
conductivities. Selection of a suitable thickness for the target blank 410
may | i kew se depend on various factors, including, for exanple, the anount

of material requi to be fil.led i.nto, the grooves 430 to prqduce. a, desired
bond st engt fTBGESEr AR selib P o e RE A TR D el PLORURS e br ank
to a backi ng clagheatbdd theowil bendicpligic s esklédliod &F @lsdRitte thidkinbssXof Bredr awi ng
process. Referring to Figure 4, having positioned the inner backing tube
420 and out ertargeiian H0apgetikayisniersnd on yaripusipctorspcluidigs or egamplg. 420 can
now be inter 'tﬁ’é?é%g&nh89ﬁfa{%‘?{fah&ﬁuﬁe&@'&rfﬂl’@d’lﬂto%@%%Bées AFJOQH@‘?O cShows an
exanple of a co-drawing nethod to forma grooved I nterface that interl ocks
t he tubes 4l1@csind bb2Q.strdipgh.i nner backi ng tube 420 is coaxially positioned

inside of th bul ar target blank 41Q i.n i.m | ar ner as shown in
Figure 4. Thiﬂ@ﬁ*érg al | n%mlgw_rr@%rh?%ggémﬁr@c a et B0k ipaRe urg ed
through a di GuAbQill o BEHIUIRG mORcbrafMeatinfh BY.dkifn@picots. Rk-hiRR &Y

backi ng tube 420 extends over a supporting mandre The outer di aneter

of the mandr dligusa, hayimpsitantd dic iyndriveclangtubag2f hed bnﬁaetubdlaatmgﬁr of the

backi ng tube 410. As resul t, . the mandrel 450 i.nt gi ns .t he shape and size
of the i nner kK% Sr i ekt GRG0 4500 TRANFHRGrBHHIR BV eube. 420
has an outer diRIBIEHréRHN. FiguleSsholvban ckiifploRERcHUralink AR tiideo46@n SO t hat
t he i nner backing tube 420 does not undergo substantial reduction in

di amet er dur iarggodvsdneteifage thit intseogsgby biles hikarda2d. (Idegnner Gaglanetibent er f ace
150 or 250 of;5Fi.gures 1 xr i . . QUt: di anet er of
t he tubul ar t4§§ée a%faélﬁ&’%%ﬁgﬁdsmglﬁggﬁehre Ylt%#e{f}r{ t%r{%gt%g%@n%ﬂgmoaf%]gﬂ%r di e 460,

t her eby causinfgnthe dhbafikn #ilrd 0. Thalesgtllg coafipatd aves 11 @amiElefrcas it is
pul | ed througgh the die 460. Specifically, the outer and inner dianeters of
I

the target biteapulled hypuch @dgl infherlingCuet indipisddy e Heey edbenngr wal |
thi ckness as 3%@82%8%@ I‘gzé%Qteﬁﬁkd?\le?Q%ﬁ@gﬁ@mn&reﬂ%&%%eghger%%&& rdrawn

t hrough the rictional resi I'S generate etween the outer
surface of t hiee maildrblad50hk sutstahlifllyathd shine as thefiawe didmdtéreofdhebatithganbe bet ween
the inner surface of the tubul ar blank 410 and the outer.surface of backing
tube 420, Théfr %maﬁasqlgthﬁém@fﬁé 0 puntaigp ﬂwglalewrtdﬁlmtﬁ? Biges. As a

resul't, tensignnds ofIRMBIRIRAub4 B, | ANRGht 4 FaBidhe dive@ebin@faPbutthe tube bl ank
410. Portions of the target blank 410 materi al %ecorre pushed i nwar ds

towar ds the grastesha3glesfingnitle apeningeditlieddiaHoheo thatthoeniapbeckyngpfubehe i nner
backi ng tube . The softer _targe | ank .410 can penetrate in t he harder
backi ng. t ube ‘A8dopeeniass BB i i0nERg AERE L RsBob Bl ned ther e
al ong. W t hoyodvel igtedPueane eDyraid ihedick. 150 e 260 bf FidgreRnogges my be

facilitated by the softer target blank 410 material pressing up against the

ri gid backi ngesra®f&eyo, whi ch subsequently directs the target 410 materi al

fl [ 4 h ' : RN f th
arooves 430 AT a0 pravare frmbrolRe SR WiTR shek o S ekl A RY "

create the gropeneg of ticelid 46e thereyi @nsidd thel Barnkepitas antaib Yeedictibinat porti on
of the backing tube 420 and tubul ar tar get 410 that has been. interlocked to
form the grodNERetsfsdlis gulded wroyieh the disvibl Spe@lisallyethenytes pndByehi Fi gures 1

and 2, res pe&iﬁﬁd&fé&&@oftﬂ&&’&@ﬁllmﬂﬂf £ESHUEARA 2RO rEPonlif g diGcEQ AT aw ng. may

vary over a
wall thickness as the blank 410 and inner backing tube 420 are pulled or drawn

through the die 460. Frictional resistance is generated between the outer surface
of the tubular blank 410 and the surface of the die 460 and between the inner
surface of the tubular blank 410 and the outer surface of backing tube 420. The

drawing is performed against the frictional forces. As a result, tension is
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range. The pressure and tinme required are controlled by adequate formation
of an interlocked grooved interface in which the grooves 430 are at | east
parti al | ywoizbi2edosset h t he softer target 410 material. TireTarsoma4zi2filling
of target material into the grooves of the backing tube 420 is optimzed to
achi eve sufficient bond strength at the grooved interface w thout

conprom sing the necessary thermal conductivity required to effectively

di ssipate heat fromthe surface of the target 410 during a sputtering

process. In one_enhod nent. ..each of th | urality,of Qgrooves is at, | east
506 1111 ed wiebTerehg Ry Ston PR e ®' BB Pl ety
several advamizges 0ehatére beCoraks ﬁyﬂhwilﬂl’a@m&ﬁ/aﬂ@ thd @bl &at30qRigafe 4)he rotary
target assenbly. For exanple, there_ is |ow. | evel oxidation and high

strength due le@tenoraagige prrephesy gethe dHgr barkinenybe b Hhe yolshiarestblankt ure in
compari son 1 o1hehy R B0 Har8lNELAY R 2RAS IRy Al BARLY, Lher e s

relatively greater m crostrucCture conpare and t her mal
het er ogeneougrasseddd yompaiocktsesalongheéWéhow bemgdioshd b ang ehcory, thee

metal lurgical_structure of ejther the target or th cki ng tube, when

const r uct ed ifﬂll%&BfBP%Féﬂ@é_%fjﬁﬂniaFFé %tﬁea?fﬂ%ﬁ%rg_etd%la*ﬁﬁ@%ﬁp@s%ﬂtprw%nti on. As
a result, thepassaohhy iR LDyl 0MRhRh!sHb@L G 1y dHceQMthd Mrget ¥ ,

2012/ 170622PC‘|Q/ S2012/ 041242 [ 00040] Further, the fabrication process in

accor dance windteridhéo foesentthd groewtsi 430 of sheshaefinigftitedd 20T HighedBling oftht o
directly bond the et and backing..tu materials elimnates the cost,
i e and comsresiet o ey aRP Qudnas LambrT Frdtmunen 2L Bn aeG Rt et ng | he
active part QfodvRe ittairaRl ReBlod A0kardpkdienthiReohithodtibr HHRE baxelg nateri al
in combination with specific surface treatnent of the inner side of the

active part &fba4?8 andrtefatlarttergpr EhPethet has beassingslockad tadein thergroevsdvent i onal
co-extrusion.and ¢ raw n ) r i Fe. t tar erial to
undergo s ubstllgtrelﬁ?c@flo(?%"%oev% 8 Ergtgﬁ%aefl i%§r10 r ? gH(O: £ E@tuge%tlh%d%g%e&g%t“ivﬁ,t@r face,

whi ch typi cal[000381 ans| BiiEsrcés0tc0applitd dEriBIHAE GY-diraiviap $iayesagnol e astidy
fabrication process. Accordi ngl y, the reduction in required deformation
created by t K#gsr ddemrespyg epd fipls regHrodaraermdiollad by adcanpiefoenssionynf 4y

material s whiB gy dddves el il SheliThe Sa0Ld 4 GARE htvrlﬁlé&gémaﬁ by on in

thickness is required to create a grooved~intertace. resence of the
grooves redusath thbheofaresgetrd Orregiariale dht ambantoftfiBngoOerpedmatetriel méce bet ween

the target and backing tube in co rison to conventiopal co-extrusion and
co-draw ng prtlbe(:%@g%%g.og%[tl%%??&ﬁngﬁ%ber P PRIIZ5E HRy2 ?V&'?{:}&%lenégo aracteri zed

by the groovegde.idi &f thagfove@hilieactalneat &Rk eBsdsb &y sidrgrot h or
shear strength testing.” The resultant bond does not cause Wwarping and is

capabl e of wicohdtcamdy nguirbé toneffecaimely essivatei heal fremitkssefice ppiheddrigyt | ncurred

012 P B 05T O T A2 UL 355 RELRRTES o P
grooves is at least 15% filled with the deformed target blank material.
[00039] There are several advantages of the co-drawing process for
fabrication of the rotary target assembly. For example, there is low level
oxidation and high strength due to working the target and backing tube at room
temperature in comparison to hot extrusion and other hot processes. Additionally,
there is relatively greater control of microstructure compared to hot and thermal
heterogencous assembly processes. There is no disturbance in the metallurgical
structure of either the target or the backing tube when constructed in accordance
with the embodiments of the present invention. As a result, the assembly

maintains its metallurgical integrity.
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resi stance allows for use of higher power density levels (i.e., higher
sputtering tenperatures) and extends the range of target sizes achievable
wi t hout cwopeomizeéizag structural reliability. [00042] ThePrCarusee12beak 410
material can also fill the grooves 430 with a co-extrusion process. In the
co-extrusion process, the target blank 410 and the backing tube 420 are
pushed through a die 460 by a ram The ramslides onto a needle, which fits
wi thin the inner dianeter of the backi ng tube 420. Movenent of the needle

i s dependent nov e ram ra ed, the needle
pushes. the bAlBFRL Ty bER s e Rt B rafsh R T8 TS BT RIS, Ough ¢ he
die 460. An aps\ieaholprs@sﬁpln@ed OF leeabiility §6 diedallytdna shd gy coaiEbacllingnger of the
target blank 410 presses agai nst the inner portion_of the die 460. The
axi al pressi mgpterigipplapingtes Eecogt figiciaad cemp{eﬁéypﬁkusaﬁsgmb Iwmgthogs conpr ess

three-di ”ens'sa&ﬁ'i ﬁ;gf&?%%ﬁ ﬁﬂeca%hbé’péjr?f)f’eg‘tarﬁé oftd e‘?ﬁé@k‘in(%tﬁbﬁlxﬁtﬁtahc f1ow of

the target bl mat er| I s™at ast portion e grooves 430.
Exanpl e 1 [ 00fx33yar nataiay it cngehatasseitbipecil@surfacerataeaitdif g nocrtside
princi ples of .the present_invention. The tubul ar t(? fget bl ank s forned

from 5N pur e CAHFACHUFPAABHIE AT Rel e PIPVER GOS0pRRg 1 afdidem SRRy GHERR} &8~ wer e
machi ned al ong 6, RET dRRGHN rom@es%g&mewg& matiiga B@Gkddgh t ube was then

positioned coaxially wthin the inner aneter (ID) of the tubul ar target
bl ank and cowscﬂvmmlatlhnwgﬂefarrdfit@n tAcgaamhehomdmgntmfa@, adiditgpmaliyn Figure 1

was fornmed. r te 50% t 0. 100% of th ove. space was filled with
Fhe L orget naRBRREs TRGR o S iR e 2 S R B iR R s oxd et ol 3 &
nm The hei ghtccofdint tﬁé RAUEForVA T ARRH S FTRLBOY credtdliby Tiepradedt h of the
grooves was 5 mm e rotary target assenbly was then inserted into a

rotary test riypntion samed %ttVéntgg@quse\rhengnmmrag maigsals Prach @r?drfﬁculém rig that

til d | e hanb
W“@fh“ah 1 of e PSRkl Ieg St FfroSs% Rafll R fls YARMA Cary
target assenbhtyrii@s Thaqir@deh@cbﬂtne bidvevasaetuods ehairestse refdrcdtai®ed theas punped

down. After punpi ng down, the chanber was back-filled with argon and DC
power was ap@Foevgd ieHis hehrgarthatsgsiand backingibs WeonyBLiseEio ng while a DC

power rotated the.tanget. asSerthy A8 wineyJRgRel ron at a constant speed.
Tenperat ure nmeasurenments on tﬂg tar get ‘gggen%%gy surface were taken at
vari ous power0@es$ity Tlevehbdtant bond strength, as characterized by the grooved
interface, can be evaluated through tensile strength or shear strength testing. The
resultant bond does not cause warping and is capable of withstanding thermal and
mechanical stresses typically incurred during a sputtering operation. The grooved
interface increases the resistance of the bonded assembly to failure. This
resistance allows for use of higher power density levels (i.e., higher sputtering
temperatures) and extends the range of target sizes achievable without
compromising structural reliability.
[00042] The target blank 410 material can also fill the grooves 430 with a
co-extrusion process. In the co-extrusion process, the target blank 410 and the
backing tube 420 are pushed through a die 460 by a ram. The ram slides onto a
needle, which fits within the inner diameter of the backing tube 420. Movement
of the needle is dependent upon movement of the ram. As the ram is pushed, the
needle pushes the backing tube 420 and target blank 410 pre-assembly through the
die 460. An axial pressing force is generated as the outer diameter of the target

blank 410 presses against the inner portion of the die 460. The axial pressing

-12-



[ 00044] Power density levels in the test rig were ranped upwards throughout
the sputtering process fromabout 3 kWmup to about 23 kWm The test was
about 140wbauor2170622dur ati on. The target surface tenperatrarasecxhiobizized a | ow
surface tenperature rise during the duration of the 140 hours of
sputtering, indicating that the structural integrity of the grooved
interface was preserved. Consequently, heat was effectively being

di ssipated away fromthe grooved interface towards the cooling water
channel s | ocated within th ckin ube. ~After the,power was shut ,off, the
endiof-1i 1o rocarprhrgs EadBEERo BRI b et SRR o g

signi ficant aediyndeferin. Wag pagelt \waslaglstiyw eflthe TheetdatvAd matedlffage

exhi bited sufficient bond strength and thermal conductivity and was capabl e
of Wit hst andizhlpastiRerortiel pethe @ veretifani cal stresses generated during the
Sputtering prEq&gﬁﬁelExarrpl e 2 [00045] A rotary tubular target assenbly was
formed as described in Exanple 1. A portion of the assenbly was cut to
obtain a sanj0@43{ necAsstaryytagict asstmblybeasdnidesiccmgingfbehsmimpliged@d an out er
dianeter of 173 mm  an inner_di a&gt er of 125 nm_and ngt h of 610 mMm The

| e
sanpl e was berPTES HyoByP ekt _PratﬁEgeNB]éﬁléW%gmeégﬂnh N@HEF Resear ch,
Inc. in YOungsiomhm. Phprékisalr s teafbulbRthd)es %ro%%s_ WereWhdchiegdidy _
Westnorel and 1s shown in Figure 7. The test sel up I1s routinely enployed in
t he i ndust ry thopaiphkryaiféhsbacsmgtthbantha hagkidigttybeof asthereposatiened Thexiglgnpl e
target assenbl.y.701 .was pl ace to.t uppor ins ;702 and 703.. Each of
e suppor BT TR 4ere ua) o AP PR oufioRi S0 OrFRE 6P R 05 and
703 were spaged ARaddved IAEFRRGH skiiein BgieSt witc@riaéd. 18ppa&heselasoneasur ed
fromcenter-to-center of the pins702 ané 703. A |l oad nechani sm 704, as
shown in Fi gi® 0070 ofidhs greeva speerewadiiiedowitly thesarget mpteriph didwispecieg t he pins
702 and 703. e d chani.s Q4 nsd st ed-,of -cylindrical shaped
menber havi né’l%vereggl?eu%rgg glgv %Snagh%og .lm%glé’%l %hldlé. ehpe%hl?t% H)hr? %+6\i%g3v % 0ad menber
704 was zer oe@p@iimadd mamnsi Tdenedit dfehs bt tsngaddmint.i Dt rokrpmrgdie starting

position, the |oad nenmber 704 was advanced downwards towards the sanple
tube 701 so &sscpBlywanthspansqeied inhea xipgy) test rige simpylate sRgteging sPBEERRNt  of t he

| oad menber . i . ie s d agai nst
the sample t ugs 0% TRRE ba LRy A AL by bR BT, el T oo
from t he stamhcugn plosnticr ovithtan W ¢iOR2 S inehesanp hdicighbef Z0ihchapridsetiics t he

di spl acenent of the tube 701. The test was conpleted after the ultimte
| oad was achi"&pBdarast %Sﬁ?lahléfﬁ@%ﬁmmﬁqdﬁe t@%wuw&&émg%ﬂﬁ%%swéew‘%

corr espondi ng,hpad 4eRF. WeRApLhPRL\WEHA, IBRRMNEY wakacES Rd Wak £80d &fet ed and
saved. The results of the bend test for the assenbly were neasured and

reported by \NSpowervarapplied @ thatagd asfeobly hengrmbpipetteuewidda®C t hi s test,
the ultimte | oad hi eved s 73,049.1.bs. At this | oad, the, displacenent
of “the 1 oad" RRRBbI AL RETHarOBsetyR SRe S easisub b by TR AR S

Temperature measurements on the target assembly surface were taken at various

power density levels.

[00044] Power density levels in the test rig were ramped upwards
throughout the sputtering process from about 3 kW/m up to about 23 kW/m. The
test was about 140 hours in duration. The target surface temperature exhibited a
low surface temperature rise during the duration of the 140 hours of sputtering,
indicating that the structural integrity of the grooved interface was preserved.
Consequently, heat was effectively being dissipated away from the grooved
interface towards the cooling water channels located within the backing tube.
After the power was shut off, the end-of-life rotary target assembly was removed

from the test rig. No significant debonding or warpage was observed. The
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WD 2012/ 170622PCT/ US2012/ 041242 [ 00046] The sane bend test as that of

Exanpl e 2 was conducted with two conventional sanples, each of which was a
nonol i t hiwo2hN2e@2al um num extruded tube. The nonol it hiPcTaNReRBER42 ubes
had the sanme inner dianeter, outer dianeter and |l ength as the co-drawn tube
of Exanple 2. Results of the bend test were collected and are shown at
Figures 9 and 10. The ultimate | oad achi eved was significantly | ess than
that of the inventive co-drawn tube shown in Figure 8. Specifically, Figure

9 sh h | f . di spl
of “about 5. 3 Spl LG B it o R R B Rt 3045 T

was achi eved vais capdblsef \aﬁlesmmﬁngqhe aleombl ﬁld4n¢dh@ﬂﬂe§1 strédies ganyaed dai

sanpl es deformed significantly nore at |ower |oads conpared to the co-drawn
tubul ar t ar gdhc SPYERIVEE ProgesSFi gure 8. The increased i nprovement of the

co- drawn tarqisﬁg‘ Enbly of Figure 8 can be visually seen in Figure 11,

whi ch graphic Pﬁﬁs ows the bend testing results for all of the sanples.

[ 00047] The r ¢8a045% dermmsﬁaryamhdlatfaegethirsembafr‘gﬁtfo&ﬁs@mﬁ;scmﬁedtihe pr esent

i nvention had, super bond st th and stiffness as as superior
materi al nod Xaglpferfaétppww @ %hlvéfmswah%ﬂ 3P R ga%a et(ﬁ@é%essame i mpr oved

properties werg f@rtﬁe'hti%kttlﬁg e E'ﬂﬁplg he@¥ £ HutePdi8hERE 6f P13 L aRhERENT

i nvention. [00048] Wil been shown and described what I's considered
to be certai mh@mdwchfriéﬁtrmn@hdtarh@lgﬂmﬁiﬂmm, The sainple, wrcsfbeodmssa@l bybe

under st ood t hagt var difi tlons dchne5| formor eta|I can
eadi 1y be maUERHEN MARarE s PR ol FRsIas, Pt e RGeape. BR- the

i nventi on. |tsche$natffchﬁ'ﬂféft@§t%et uﬁwlﬁtﬁﬁe@@yW@s&m&)mmwM@Wﬂ 1@@1%\9& 7th&| mted to
t he exact formand detail herein shown and described, nor to anything |ess

than the wholtest &t upherquipelieimmoysdiethe indusel de evrluaiel stiencth s tigidite PRI med.

materials. The sample target assembly 701 was placed onto two support pins 702
and 703. Each of the support pins 702 and 703 had a diameter of 2 inches. The
pins 702 and 703 were spaced apart from each other a distance of 16 inches as
measured from center-to-center of the pins702 and 703. A load mechanism 704,
as shown in Figure 7, was positioned directly above the midpoint of the pins 702
and 703. The load mechanism 704 consisted of a half-cylindrical shaped member
having a radius of 5 inches. The initial position of the load member 704 was
zeroed out and considered the starting position. From the starting position, the
load member 704 was advanced downwards towards the sample tube 701 so as to
push against the sample tube 701. The displacement of the load member 704 was
measured as a function of the load it exerted against the sample tube 701. The
total distance that the load member 704 travelled from the starting position to
within the sample tube 701 represents the displacement of the tube 701. The test
was completed after the ultimate load was achieved. Displacement of the load
member 704 along with corresponding load and load time were measured. The
data was collected and saved. The results of the bend test for the assembly were
measured and reported by Westmoreland in Figure 8. For the sample tube 701 of
this test, the ultimate load achieved was 73,049 lbs. At this load, the displacement
of the load member was about 2.4 inches.

Comparative Example 2

-14-



Claims 1. Arotatable sputter target assenbly conprising: a backing tube
conprising an outer surface; a sputtering tubular target conprising
an i nner wonrbezepe2ehe i nner surface in direct contact wWPCH/USh@20ut2er
surface of the backing tube, wherein the backing tube is coaxially
configured within an interior volune of the tubular target; and a
plurality of spaced apart grooves di sposed between the inner surface of the
target and the outer surface of the backing tube, whereby each of the

plurality of es t ends .al ong. a perifhery. . of the ass l.yv,. t he grooves
ont  gur v« SHEBLET oA Faf FRu R REHREmAG: vl o RBEEM W ulte s g

therew thin tconeoneish# sam@re0,04ell of Whizh fvas . mehbilighiaSBigsdé ylugfinugh ai m 1,
wherein the backing tube conprises a first material, the target conprises a

second mat er iAfrugaddubh el mpralithiy cyfrudgdduiacs hagdhe sagreonierdisncten. §p6sed al ong
the first matgr)al and:ieng-ﬁbgs %F%S—'H% n lebe%kﬁkgﬁl{}]iﬁ 2”1@55?&%1%%9%3%@%3' ity of

spaced apart grooves exten ong the outer surface o I ng tube,
and further wheeesliecpdrantd aresshofvnaun Figunsr9 adr foackheafltimhte loadmuchaved ar get

protrude into | east_a portign of each .of the plurali of groqves.. 4. The
assenbly of yasistgnific }éﬁeéﬁ apfhat 9 @@%Yimlaﬁﬁ%ﬂr%mﬁgwg& MEHGh

sufficient t&peiBlRAFRR0 BRAG Bht NRLASRAGR] ¥ AUT93N8s RAYALHELAGt a
displacement of about 5.3 inches. Figure 10 shows that an ultimate load of 46,934
Ibs was achieved at a displacement of about 6.4 inches. The conventional samples
deformed significantly more at lower loads compared to the co-drawn tubular
target assembly of Figure 8. The increased improvement of the co-drawn target
assembly of Figure 8 can be visually seen in Figure 11, which graphically shows
the bend testing results for all of the samples.

[00047] The results demonstrated that the target assembly of the present
invention had superior bond strength and stiffness as well as superior material
modulus, relative to the conventional extruded tubes. The improved properties
were attributed to the grooved interface of the present invention.

[00048] While it has been shown and described what is considered to be
certain embodiments of the invention, it will, of course, be understood that
various modifications and changes in form or detail can readily be made without
departing from the spirit and scope of the invention. It is, therefore, intended that
this invention not be limited to the exact form and detail herein shown and
described, nor to anything less than the whole of the invention herein disclosed

and hereinafter claimed.
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5. The assenbly of claim1l, wherein each of the plurality of spaced apart
grooves is characterized by a predeterm ned shape, height, depth and w dth.
6. The asworthiyi7od22cl ai m 1, wherein the grooves are sel ecragémzom2the group
consi sting of square, rectangular, sawtooth and circul ar shapes. WD
2012/ 170622PCT/ US2012/ 041242 7. The assenbly of claim 1, wherein the
sputtering tubular target is configured to be sputtered at a power density
| evel of up to about 20 kW m wi t hout debonding. 8. The assenbly of claim
1, wherein the rotatable sputter targ ﬁﬁsserrbly is characterized by an
ultimate | oad of about 73000 |bs. 9. ssenbly of claim1, wherein the
target blank and the backing tube are fornmed froma material selected from
the group consisting of pure alum num pure tantalum pure copper, pure
titani um and lhi gh AnfietaRlgseiHop treetpsembly fRIFPAYNSYs.  10. A nethod for

form ng a tubul ar Sa%UlEiFQEuﬁeacroﬁlg 'ts%%%ﬁ%iﬁ{& SG@MRrising the steps of:

providing a cyli ndri-cal ©backi ube conprising a nonplanar outer surface
and a plurality ofaspefaimttebmdtacics tomeising aoinasr sirfaud tledinaéangfatdim
nonpl anar OUtd?rrect contact with the outer surface of the backing tube, wherein the backing tube

is coaxially configured within an interior volume of the tubular target; and

a plurality of spaced apart grooves disposed between the inner surface of

the target and the outer surface of the backing tube, whereby each of the plurality

of grooves extends along a periphery of the assembly, the grooves configured to

interlock with portions of the sputter target projecting therewithin to create a

grooved interface.

2 The assembly of claim 1, wherein the backing tube comprises a first
material, the target comprises a second material and the plurality of spaced apart

grooves is disposed along the first material.

3. The assembly of claim 1, wherein the plurality of spaced apart grooves
extend along the outer surface of the backing tube, and further wherein portions of
an inner surface of the tubular target protrude into least a portion of each of the

plurality of grooves.

4. The assembly of claim 1, wherein the assembly comprises a bond strength

sufficient to eliminate warpage of the assembly during sputtering.

5. The assembly of claim 1, wherein each of the plurality of spaced apart
grooves is characterized by a predetermined shape, height, depth and width.

6. The assembly of claim 1, wherein the grooves are selected from the group

consisting of square, rectangular, saw-tooth and circular shapes.
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surface, whereby the grooves extend along an end portion of the backing
tube; providing a tubular target blank conprising a nonplanar inner

surface; wo2ptiomi2ag t he target bl ank over the backi ng trabaiS2diemdi2ay t he
target bl ank and the backing tube through a die; and reducing an outer

di aneter of the target blank, whereby a portion of an inner dianeter of the
target partially at |east protrudes into the grooves of the backing tube to
|l ock the target blank therein. 11. The nethod of claim 10, wherein the
portion of the target blank is nechanically deforned into the grooves. 12.
The nethod of claim 10, wherein each of the plurality of grooves is at

| east 15%fil7 ed Wihchsdchtblyef duifed, wiasrgiatthddpankrin@tudtiadtarget WO
2012/ 170622PCT/ US2012/ 041242 13. The nethod of claim 10, wherein the
target bl ank candeurdtoReciputigred abkpawe dearimelevelioswp o kU0 &W/sk| ect ed from

the group co | 8%oR ure alum num pure tantalum pure copper, pure

titaniun1andQﬁP§%’an8 Iilnglumpurity al um num all oys. 14. The net hod of

claim13, wherein the purity of the nmaterial of the target blank and the
Ki [ N, 4N

backing tube 8|. s 3 The asse(r)nrbly5 of claim 1, wherein the rotatable sputter target assembly is

characterized by an ultimate load of about 73000 lbs.

9. The assembly of claim 1, wherein the target blank and the backing tube are
formed from a material selected from the group consisting of pure aluminum, pure
tantalum, pure copper, pure titanium and high and medium purity aluminum

alloys.

10. A method for forming a tubular sputter target assembly comprising the
steps of:

providing a cylindrical backing tube comprising a nonplanar outer surface
and a plurality of separate and distinct grooves situated along the nonplanar outer
surface, whereby the grooves extend along an end portion of the backing tube;

providing a tubular target blank comprising a nonplanar inner surface;

positioning the target blank over the backing tube;

feeding the target blank and the backing tube through a die; and

reducing an outer diameter of the target blank, whereby a portion of an
inner diameter of the target partially at least protrudes into the grooves of the

backing tube to lock the target blank therein.

11.  The method of claim 10, wherein the portion of the target blank is

mechanically deformed into the grooves.

12. The method of claim 10, wherein each of the plurality of grooves is at

least 15% filled with the deformed target blank material.

-17-



15. The method of claim 10, wherein the target blank is co-drawn with the
backi ng tube. 16. The nethod of claim 10, wherein the target blank is
co- ext r udwo 20i#t1062Re backi ng t ube. PCT/US2012/041242

13.  The method of claim 10, wherein the target blank and the backing tube are
formed from a material selected from the group consisting of pure aluminum, pure
tantalum, pure copper, pure titanium and high and medium purity aluminum

alloys.

14.  The method of claim 13, wherein the purity of the material of the target
blank and the backing tube is 3N, 4N or 5N.

15.  The method of claim 10, wherein the target blank is co-drawn with the

backing tube.

16. The method of claim 10, wherein the target blank is co-extruded with the

backing tube.
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