; e3eppLp 6Tj | pO 7 APR 2003 WO 00/ 22185 PCT/ US99/ 22369 1 SPUTTER
TARGET/ BACKI NG PLATE ASSENMBLY AND METHOR OF, MAKI NG SAME This appl i gpygﬂm s
a continuatian-in-part of U S. Patent Appllcatlon Serial No. 08/426, )
filed April 2O Db®2385 whi ch is incorporated by reference hereiET/UIP/32369
invention pertains to bonded sputter target/backing plate assenblies and
nmet hods of maki ng such assenblies. 17 .c Description of the Related Art,
Cat hodi ¢ sputtering is widely used for the deposition of thin 5 | ayers of
material onto desired substrates. Basically, this process requires a gas
ion bonbard a target having a face forned of a desired material that
is to be de /ﬂw thlnfllmor | ayer on a substrate. |on bonbardnent
of the V\D 001 22185 PCT/ US991 22369 2 target not only
causes atoms or "G=cul es of the target materials to be sputtered, but
i nparts considerable thermal energy to the target. This heat is dissipated
beneath or around a backing plate that is positioned in a heat exchange
relationship with the target. The target forns a part of a cathode assenbly
that, 5 together with an anode, is placed in an evacuated chanber filled
with an inert gas, preferably argon. A hijgh voltage electrical field is
appl i ed across the cat hode and the anode. The inert gas is ionized by
collision wt : > f,ﬂg]%a‘&m Nygm tively charged gas
G \ rrplnge nt with the target
surface, these — The di sl odged t arget
materi al traverses the evacuat ed encl osur,e and deposits as a thin filmon
the desired substrate, whilgAPpL scaﬁaweﬂqoytm'&élavwmew&Ba&en@ anode. In
addition to the use of an electrical field, increasing sputtering rates
have been achiAppliFabon Brmaldém 8426346, fled Aprikdi, apeh vehetpie dhooggprased ¢ fi el d
15 that is superinposed over the electrical field and forned in a closed
| oop confi gur aby eferencerhetdie surface of the target. These nethods are known
as magnetron sputtering nmethods. The arch-shaped nagnetic field traps
el ectrons in an annul ar regi adjacent to the target surface, thereby
increasing th as atomcollisions in the area to
produce an increase in the nunber 20 of positive gas ions in the region

that strike the tarﬂﬁfdﬁ&hﬂ%ﬁ%&ﬂﬂﬁ the target material. Accordingly, the
,target material becones eroded In a generally annul ar section of the target
face, known as the targ t. t hode
assenbly, the target is %ac%%g@gn?ér&ngl d‘%g @fﬁ&’%ﬁ#ggﬂ%gglﬁte
nonmagneti ¢ backi ng. pl a e to forma. p IIe 0 7 APR ?~03 WD 00/ 22185
PCT/ US00/ 223CoPsSenbliss aRf quetiqds of Fakipg sy ﬂbﬁm‘%{é‘-ﬁshom in Fig. 1. The

backi ng plate is normal I y Wat er- cool ed to carry away the heat generated by
t he i on bonbar dmentles G104 LIk WMilghidt s are typically arranged beneath

t he backing plate in well-deflned p05|t|ons in order to formthe

above- not ed magnetic fi eCathodic spustefiog is widely usebfor theadepositioresf thint endi ng
around the exposed face of the target. In order to achi eve good thernmal and
el ectriscal cornlapes obeuweiehodtbdediredgatisnane, BiscdigChisifossafequirdstoge menber s
are commonly attached to each other by use of soldering, brazing, diffusion
bondi ng, cl anPioABomberdenDEf HfardP BXng £ PRE Fotmed of a desired material that is to

be deposited as a thin film or layer on a substrate. Ion bombardment of the

1uvaue
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10 To a certain extent soft solders can accomopdate stresses exeﬁmeqJ O;ﬁhg]t he
t arget/ backi ng plate assenbly that occur upon cooling. Solder bo sAg v
materials with widely differing thermal expansion rates, however r
suscepti bl e twosteearssfailure initiating at the extrene edges B?T@ﬁglzg%q%d
interface when the solder is too weak for the application. The result
commonly 15 experienced is debondi ng eiri ng service. To overcone the

probl em of joining one or nore non-wettable materials by sol dering,
precoating w th targgeidlonlyscauseciidngs @ihoisatesaftisanab hatkyals bspuneart) ngs
may be applied by electroplating, sputtering or other conventional neans.

Thi's need for i%ﬁﬁ@pﬁ%ﬁﬁ&%k%&%@ﬁo R tﬁzlgétgqthiﬂféqt Q%éﬁ%ﬂ%&dm ate

materials that are to wet and der presents probl ens

i ncl udi ng adherence reliabili of the .applied coati and, substanti al
added cost of a;e)liﬁW?LhﬁrPﬁ?&nﬁiﬁgékﬁb@.pl%ﬁﬁaﬁ&pﬁﬁﬁgw IH«?QT%@I %ﬂ’%@l‘sy | ow j oi ni ng
tenperatures associated with the "soft" solders reduce the tenperature
range over whi chrelatienship yith thedarase Tisdraeidaran s patPiaRathode pssgmbly thaty ApR
2003 WO 00/ 221 85 PCT/ US99122369 -4 The higher nmelting tenperature sol ders
used for5hi gh powgsthappith aratriodass placedsinran ayasnated chamber filled Wethsnfimargi vi ng of
the stresses developed in the materials system Targets of |arge size
present greater giksfmeferddpig6isAdsghwlliagasegrieattield iflkfglied ubiogs 4 produci ng
sound bonds across the entire bond 5 surface. As sputtering target sizes

and power requi rﬁ%’&[e%nél ﬁf%{aﬁéé@@ﬁehﬂq?%tis %gh@%ﬁ? ARG itheI&ndRP! | cabl e

for joining of the material systens 1nvolv not her method which is

appl i cabl e and us ) tent, i.p. tar j Ol ni i st expl osi ve
bondi ng or wel di A C%*B@"Tﬁgqgca%ocdﬁh%aﬁ{gYelg%}%?déed]éé)ake%f}? grcfuazt&f?ﬁtgﬁﬂeconbi ne
solid state bondi and_a nechanical interlocking.as 10 a resulf of the
surface irregul a‘iaitr}t%déén?)r"ﬁﬂﬁBEH‘“B?F?’!‘I@'"&‘&Q%&@“8 bithrse "O“Wé#‘ﬁ{ﬁﬁ&}%e are
strong and reliable. The disruption of the initial mating surfaces during
t he dynafi c bondpiggt patesial. ndgsligedeed targd mpteral traversee the cyasRirdenelosital i ness
or preparation. See e.g., John G Banker et al., "Explosion Wlding", ASM
Handbook, Vol . 6anddspokitsgs aBrindilmgnaedeSotdiubiiage, which 808madly lodneB) . 15
Expl osi ve bonding is a conparatively costly bondi ng nmethod. For exanpl e,
such bondi ng r eqglogeas thiembdé.he materials be provided in an oversized
condition to allow for predictable damage at the periphery of the target

assenbly, thereby addi ng ti ad8ii8h tthe G854 anM @ Bical Qd GRASASINOGRtEDHg
achi eving acceptabl e products nust be adjusted for different conponent

sizes 20 and comndy i : i t ood
strength, the bﬁﬁgﬁhﬁg%@%@&&%%&%@t ggﬁ)ﬂ;{g%@glﬂg%ﬂgéggékﬁﬁ )
additio this [.S: i l.e: rals .S avi ng one
conponeﬂ? whi chn{?éﬂgg‘fdeﬁ ng%%?daoah}%%'(}:;% Eegs c%Llchnei?? Ee%‘(@ﬁ% |’l§liat%‘.§ste8q% APgR 2003
WO 00/ 22185 -5 PCTLUS991 22369 Snpot h-surf ac i ffusj.on bonding is an

2bp 1 cabl o et hoTPGERBERAP IS st hiegeef; Fhestiiibls AR WhBRgndi ng of
sputtering target conponents. The bond is produced by pressing the nateri al

surfaces into i ropERsiran spitcERg metiode Bhsarch-sheppemagnells Tieklfaens elastrany ur gi cal
joining and 5 diffusion to a varying extent across the bond interface.

Bondi ng ai ds, neinah apowiii regioh adincent tocthe target sunfases tberdby incjeasing dhe rameber
sonetines applied to one or both of the surface to be bonded. Such coatings
may be applied byfetdcaohigaphiainl dallisicls @Fthe @ted 36 pokdade Mdncredetih el ughbey apor

deposition or other usable
20 of positive gas ions in the region that strike the target to dislodge the target
material. Accordingly, the target material becomes eroded in a generally
annular section of the target face, known as the target raceway.

In a conventional target cathode assembly, the target is attached

at a single bonding surface to a nonmagnetic backing plate to form a parallel



techni ques for depositing an adherent netallic film It is also possible to
10 incorporate a metallic foil between bonding nembers that has thel AiPRi7A0G
to be nore easily bonded to either of the materials to be joined. The
surfaces to begmiomd are prepared by chenical or other meansPEHUP 5
oxides or their chemcal filnms which interfere with bondi ng. Snooth surface
di ffusion bonding requires extrene caBe in 1 S preparation and in

mai nt ai ni ng surface cleanliness prior to and during the bonding operation

to ensure reli aGherfbed teeabdnblesas sReapiaskig.t heTld B‘aEkiﬁ%@l%tdi@ﬂ_dnﬁd]lyef faces
are planar, they are subject to stressing in sinple shear which commonly

| eads to peelin g N Bk of
brittle inter m%ﬂi‘f&g@&?ﬁj@@%ﬂ% ?}%agg?x%éﬁg?d \\%Iﬁxg%or} iEH(?:I?BCeaaS@)lse [ r?? Si ckness
with the 20 associ at | ong tjnes.of heat, exposur add,to. th of ential of
bond shear fai | (F8e AAEIHhEs BREALY BEREFURESRa Db kieF S kR BEd | n
U.S. Patent No. 5,230,439 includes the pre-bonding step of providing

machi ned gr ooveositiophia asdartafemohe ghoxe-apted meagneimpisié in he fumbef aslepp d- st at e
bonded. This feature causes disruption of the bond surface of the

associ at 8d conpanéaninetextémigngreainddhe exposed ARR FibStarget.O 001 22185

PCT/ LJS99I 272369 -6 pressure application. The material having the greater

strength or hardness will InefdeRio ahieee gioa\thele] wd dledifical Eor@RY B8weEEN t hat ,
during bonding, it will penetrate into the softer nenber with the softer

retal substant | g ke Lhd A9 ki BNAEUAS. MAHA0KE HANThRGrbS ARPEAGAD! € 1O

bondi ng many di ssimar nater I's Limted to materials that have
dissimlar nelti enperat ures hecause..the process.nust occur_nhear the
TeITing § emper attiE PRoR ROl SRR Tt ATS P e ST B SR Gides t he
use of this technique for simlar netals. It is also possible that the saw
tooth nature of PA¥ ¢fdes nay act as a stress 10 concentrator and pronote
premature cracking in the alloys near the bonds. Furthernore, nachining of
the grodles is a tine cond@rdasgaisseieat so8rsolders agn ccopymedate siyspier exarien
Serial No. 08/426, 246, hereby incorporated by reference in its entirety, a
met hod i s di scl amable faggetpaking pletn gssamblyrthaoecuropgh erdling. Spkiat bemls of o t he
bondi ng surface of the sputter target and/or 15 backing plate, followed by
sol i d state bondhaigrialsiwits widsly biffetingthetinidl agearisiopahtes; hbwpvepydrdes 100%
surface bondi ng conpared to only 99% surface bonding in the absence of the

surface treat Mehscedtile td @RhMMRiMre inHidthirat De@¥ireae e@%ebfamle%ﬁ@ixﬁéfrﬁcetw ce
the tensile strength of a bond forned fromthe non treated snooth surfaces.

20 Irrespective i 3 L [N ol ed,

conventi onal tar@%?wﬁga%ﬂ%ég%q\gggggﬁg}%%gpg%ﬁ%ﬁ ?gg&&mﬂ?god@gp ct to the

t hi ckne of the ri.al {h X sed to,conpl it h .t he
overal | fét andar xé%{rfcggésq fgﬁé&gfj E}gh&emgégeﬁ%??? %§VEJ§%"8F %ﬁ&%&%’é‘ﬁ‘%&%ﬂg by the

i ndustry. The thickness of th arget neasyred perpendicular to .jits sputter
sur face pl us. ¢ (€ OF Gore BRIl s Bors EnTERsons 286 HACRHRS. of

t he backing plate, and the thickness of the backing plate at its periphery,
nmeasured in the 'Q5nkangs sléarahilitya dhesg spaties ey begppliad byglectroplatipg, t he

i ndustry. Increasing the thickness of the sputter target would nmake the

t hi ckness of t heputteringldr otisseamventionalontaas.g€his Tikedfor amepatediateravaiings | ess
material for sputtering, and nust, therefore, be replaced frequently.
Efforts to accompplicdtogirgatz6d bhekigailatt MatdtiaRIBatvird QiGidultab et ambsoldie

i ndustry accepted di nensions have proved costly and ineffective. For

exanpl egot he bacﬁfés@&s?}ﬂ&nﬁﬂauaiagga{ereﬁeyrénﬁb@iqomhpaﬁﬁdeea fol4gt i on made

solely fromtarget material. This allows nore t/arget teriral "to be

e e h Wb B AERARRE T8, THRERY ARt R e
éxpensive. It is thus preferable froma nat eri'al cost étandpoi nt to provide
a two piece condPPREFHRETAE 28308ialsa Mithythe o8t soldera&educethe dempaae pensi ve

material. Accordingly, it is an object of the invention to provide a
range over which the target can be operated during sputtering.




conveni ent, inexpensive nethod for bonding thicker targets than hBJe&PBe?&[ﬁ 1
S previously possible to backing plates of either simlar or dissimlar
materi al where the bonded assenbly is capable of wthstandi ngPéW%ﬁ'?Bh@
expansi on anaw@o2ngcti on stresses exerted thereon during an

sputtering. This invention is directed to an inproved sputter
target/backing 20 plate assenbly and -4 net hod for naking such an assenbly.
The assenbly includes a sputter target having side and bottom bondi ng
surfaces that are bonded The higheraneléing rehpiecguieaoldiersqisedifor dighspookr a recess
formed in an underlying backing plate. There are thus two bondi ng

interfaces in theR98600Y sl iRt BFeSBERES fo?%@ﬁ%io@'ihe streRBE adJeRiped ff er f ace
and a side interface. The et ﬁod of 0 7 A?R 2003 WO 001 22185

one, andpr of o7 IS BRURlsthdf REEE i RS el e i FRb AR T (R0

backi ng plate recess by rqughening at | east ortion of the_ bonding
surfaces so as t"éllﬁﬁ&ﬁﬂf‘édgg?‘ﬁﬂggﬁ °H€r$%‘ﬂbgf§{§iaﬁr@5%m§GPW&@@“‘Poughness
(R) of at |east about 120 m cro-inches. The nethod 5 further includes
orientirfg the spufacer Asapufteringitarpétisizeh end poegrgeqfireniestsinarkisaghpsaft e,

subj ecting the assenbly to a controll ed atnosphere, heating the assenbly,
and pressing t heolass dstdnye 165 applidableofonbiting off dredhanigia yystanemvolvbdr eby
form ng a bonded parallel interface and a bonded side interface. The

surface roughening is prehgsRbl vietB68 WHKH i§ BSslidayleRad Licalt6 sdfle Bhiamtinng, shot
peering, etching or a conbination thereof. The roughening step preferably

i ncl udes rougheping:si . j ! i f f | east
one. of the sput PriSHIRPEH FoxKiohnE uERELE S RGP 68 RS bdlhs 12

i nvention, the roughening step.incl S [ougheni at, | east artion of
cach of the. t B SRRGE Dt camiee Satid ke bRERE R SrithantEl i Pk o7 o
preferred form 15 substantially all of each of the two target bonding
surfaced are roafsaled themrfasigreslpatissqueticad én he fermoef "detng.d Thebands
surface roughness of at |least 120 micro-inches, the surface roughness

pref erabl y rangers strongreabislieble.2Thedisnptiomehths initialaheting susdeesidyring theches,

and nore preferably is about 135 nucro-inches after the roughening step. 20
The control | ed dymansphbendngimesk nagafesithe megd fdreextromd surfapuidaslindsaiorget / backi ng
pl ate assenbly preferably is a vacuum inert gas, reducing gas, or

conbi nation t hepephratiéfyS&f e.p., oG Bafketlétial.orExplosiai Weldthg', A8M be used for
the sputter target and backing plate. Preferably, the sputter target is

mede of 0 7 ARR.AwR, V906 0PLRRLEE BRY MI0YIA23500s. 3081308 953y, al uni num
nmol ybdenum cobal t, chrom um ruthenium rhodi umy palladi um 'silver,

osmumyd ridium platinu : q e , I di um

ni ckel ,lgi ron, manganese (r)rlr:‘xlgglgérl?r%?énﬁmwlfs)?Qgrr?%lgﬁng%gtcﬂgetgfe%o?@@h%& acki ng

pl ate preferabl¥. i s _made ofh al ym num. cgﬁg@r, stteql or t'gani um or an

al Loy thereof. T/ PREMESNPIIERgIeaPIEs S IBHST RS BT RRMdd i@ heat ed to a

t enper at ure sonewhat bel ow t he homyl ogoys nelting pojnt of the netal used
for the backi ngCprsized capdrtiondo allow forpredictabls damageatgheraripgery ofthe i s

al um numor an alumnumalloy, the assenbly preferably is heated to a
tenperature of farganaiembl therdyedding tabutarab®e, Akndthekerdidonsfer or a
copper alloy is used, the assenbly is heated to a tenperature of fiom about
S40C to about ladbéving bccepteblbariducty mplsabeadjsstedifbe differatt @ empondnesiteanper at ur e
in the heating step should

20 and combinations of materials, and although the bonds offer good strength, the

bond interfaces are variable in physical character. In addition, this method is not
applicable to a materials system having one component which is brittle or which

has limited ductility.



range from about 730C to about 1320C, while if titaniumor a ti t%n]i gm fh] oy
is used, the tenperature should be fromabout 890 to about 1570C." 1 nthe
pressing step, the assenbly preferably is pressed at a press $9a;2¥399m
about 30 MPa woO 00288 140 MPa. This pressure is advant ageousm or a
period of about 30 m nutes to about 90 m nutes, and preferably for about 60
m nutes. The benefits of sputter targétl backing plate assenblies of the 20
present invention are a thicker target that reduces the frequency with

whi ch the target needs toSheothepirfacediffusiod bandiagisiangppiicable methied dfr om a
relatively inexpensive material. The overall assenbly neets the objectives

of low cost andpbidifk thehBnlyBiAEd Bde MR IUHdIng DR SiiteAng Alget

€
i ndustry-accepted dinensions.” Additionally, the sputter targetl backing
pl at e assenbl i es af o d i A 2185
PCT/ US99122369 -"Tgp%’ée\r’}gs' Pfr#%fb%&eag@%“ﬁ%%%?ﬂPé‘*ﬁ%‘“g‘é‘ég@%@%@e oei}*ﬁ*e‘ﬁr failure,
due to both the, presence of t{wo blondi ng i nt rfaceaj inssead. of one, and to
the surface tre&itHRAE CYHact XAHE FPPIYING D5t I HEucS et ca @Bt ment of the
bondi ng surfaces and the recessed backing plates, together with solid-state
bondi ng ©f the idiffusionde eyarypnmextens scrasshe herdintearaes i Fapdpigaaids, meénbl y in
which the target is enbedded in the material of the backing plate, formng
an integral asseombinatidisevideihae aene sdardgy gtitedamd soredtirséseappbed © dneod fail ure
all ows such assenblies to be used at higher operational sputtering

tenper at ures ango@dfeRdsirfabid b BB BEndeA. E@Elg&iatiﬁ'gszrﬁ@‘tiéh})?]ﬂi@@wy be used without
conprom sing structural reliability. 10 Furthernore, the nethods used for

conpr o sing stru ._ . sed

el ahi ng. or & COME LR an CE RIS PIRGRE, ARHLE Sakh Piepfitn oF Olr BB 101 and
t [ wh ith th t [ f ti ired

or smooth-sur 1 SRBSBNTS e basar A Pl B o BHRGooR i tron, -

several _prior art nethods require |engthy 15 exposure of an assenbly to
terrpera]ccgres WhiRERTRORHE AGIeiALES r‘yeegmoeﬂmsﬁ@rr?aeeﬁéwﬁﬁ%alv o Behe
target, thereby degrading the target's perfornmance. However, the

t enper at ur es us&®re pasily&opsded e githaref thsanaienizaiothedoined. | Thesurieeestohel to be
formed while mnimzing excessive exposure to high tenperatures. These and
ot her benefits jmoedate prepargé by whérhichlarother aspustentmavs q@es hodwirof or di nary
skill in the art upon a review of the follow ng Figures, Detailed

Descri ption of thenibilaiimsgdichaintbrieepriels Boridiid.ve Exanples. Fig. 1 is a
cross-sectional view of a sputter targetl backing plate assenbly of the

prior art; . WO 00l 22188mB&il/ su8& BEBEEn bdrking quirks leftr@n& £428 & sect i onal
view of a sputter target enbedded within a recess forned in a backing

plate, pooor di ngdorahiBe uft iy Hidifta i M BECIBEERERLbPY R BAne Bled. 3 15 2

top view of the ttom ing s ace of a sputter target prior to

f heni na:. Fi i Al h Get. ig. 3
oo MRl LIS SRR,

1
after surface r a Cross-Sé

target of Fig. 4 taken alopng line 5-5; 10 Fig. 6A is . an exploded
cross-sect i onal Wt %Fegﬁngﬂm&éﬂs é@émuﬁgsé'%‘wswlfgﬁmf@hﬁﬂened sputter
target of Fig. 5 and a correspondi ng unroughened recessed backing plate
di sposed above; cEngoniyHeads typecding lawde at e eads-of therhopd areay iTeg fomatipn ghbonded
assenbly show ng a roughened backi ng pl ate recess di sposed above a 15
cor respondi ng ubritiegitermaiallpuatttles bdnarigtet face-ivyich Tikréase & thicksesssdtdtthonal vi ew
of a bonded sputter

20 associated long times of heat exposure, add to the potential of bond shear

failure. An additional technique for bonding as described in U.S. Patent No.
5,230,459 includes the pre-bonding step of providing machined grooves in the
surface of one of the components to be solid-state bonded. This feature causes

disruption of the bond surface of the associated component during heated



target/backing plate assenbly of the present invention made from thg APR 2003
sputter target and backing plate of Fig. 6A;, and Fig. 7B is a
cross-sectional view of a bonded sputter 20 target/backing pl aé_@yg?s? gg‘%gl y
of the presemyvoomerssi on is made fromthe sputter target and b f Zz ate
of Fig. 6H.- Referring to Fig. 2, a targetl backing plate assenmbly 9 of the
present invention is shown having a bécking plate 16 with a recess 18
machi ned 0 7 APR 2003 WO 00/ 22185 PCTI US99122369 -12 therein and a thick

target 10 inl ai gressuré BSplicBEAS SThEGnatdri? hewHE HRMeréaadr3etngtl ohBEdidest Hiltkness
h,' greater than the thickness h, of the prior art sputter targets. Current

t hi cknesses for . : i ta, Q1 t: out 0.5

i nch. The pr eseH?g#hﬁl@gﬁtpﬁg‘hgig%‘%%g{ag%l?%wg?gqcﬁ(%h%@%é btb ﬁdég%’ﬁ?‘geﬁess of any
standard target 5 used jn,the.industry. up.to t i.nmes.the.original
thicl rness. ThePeRFERE) IptoHBE Werﬂlfmsb&%ﬁgﬁ@ﬁgﬁ? @Ct\éﬁﬂgft%ﬁmﬂggﬁmg till?g of the
backing plate at the periphery 17 (the nmounting flange) of assenbly 9 is,
however, the sag®oges.t he correspondi ng heights h3 and h2 of the prior art
assenbly. The values of hz and h~ will vary fromapplication to

appl i catsion, but for a paGromelbandiag s apphtabtertp bohding iAnyrdstimikmai n
constant. Thus, Figs. 1 and 2 illustrate that the targetl backing plate

assenbly of theppt@pANbutiif Vel & mpRHAE &iahBaveBssinmitishdltngefpplagesdi mensi on
for h2 and h3, while providing a thicker target than that used in

convent i onal asgeiild 8 prddelShid Bekat e iinclfnd DL of 1R 18uft ofer red

formof the 15 inventio sputter target ovli avi ng a nmachi ned
bott om bondi ng surface.l12.that.is typicall t hough not necessar,ily,

par ai el o t nertpErT ey o Ersiiet Pt of bl ARt S PELE A Dcess,
and at | east one side bonding surface 14. Th? si de bondi ng surface 14 has a
| ength equal t oltifalse Rpsskie et Be sphirothpaiwe of fhsi RO YERTNAB &CY 3§ A HESS ange of
about 0.2 inch to about 1.0 inch. The 20 sputter target 10 is prepared for
bondi nd% 0 a baewiosytrabmand premptg\provgatareciaskag in the aflprs reanthieposds r espondi ng
to the shape of the target 10, the recess having a top bonding surface 20
substanti al | y c&nrtksponsg meghinmgtdf¢hedgroeemisootme agnssmifgaperatdnof t he t ar get
10, and a side bonding surface 22 substantially corresponding to the side
bondi ng surface 14 of thelddryehtedtQAppNchtiun8arial Ne. 08/4R6246PRerg®p3’ WO

001 22185 PCT/ US99122369 -13 bottom surface 12 of the target 10 may be flat,

wavy or coni cal inchfforR&PFPteerende it knthety SambR0d Rediaissedest JePoringa of
di scussion that the surface 12 is flat and parallel to the top sputtering

surface. Thus, ' - t pLafRy®0 of the
recess and bott%‘E}nﬁghgégggﬁ%g%wgrtégé%d%glspﬂg% %mgc%g?%xlst ge mt%rface
wth respect to,the target ..and ut,ter.  surface...The eparation for bonding
consi st(:al § of rouaﬁcgcr'ﬁgrpaa@h{gu ‘gﬁ%?ﬁsgc’hsdﬁsf‘ t%licazjoensd ) Te'{lrlﬁﬁo(‘)lgﬁq% T the target I O
or the bonding surfaces 2Q a r 22 of the backin recess 18. The
number of side Hsﬁmeﬂbpr%%%g@ﬁ/?ﬁﬁ% %‘?ﬂtﬂ%@nﬂ’r‘i’"tdﬂg °5L}':9t;9§/" B‘fl?atcﬁe target)
For exanple, if the target has a stepped dianeter, its 10 external side
surface woul d hhordieginctasebseace efthesuripcatmeataentc Jip frastmenl fugtherepraYifesaces of
differing dianeters corresponding to the differing dianeters of the stepped
di anet er target a band With overdivadd the wnsifeosrengts babamt fosmpdiframithgnethe di f f er ent
dianeter axially spaced target sections. For the purpose of ease of

di scussi on, thi sresteéehostrserfydes! hereafter refer to a single cylindrical
side surface, 15 as with a disc-shaped target of uniformdianeter. Although

a disc-ghaped target is pfr‘?ésé&%f?@of‘;vhich%b*&-&%@crww%&ﬁ&iﬂggn&ﬂbﬂtis géger shaped

targets, such as oval, squar rectangul ar, may be us The roughened
bondi ng surface L 14 as sho Figs. 5 and. 6A .qr_20' ' a5 shown in
B o 68 my bo Fomeations t <A hstamblies e TR R nelet oafc afgBitor
exanpl e, particl ? bl asti ng, .shot peeni n%, )

of the target material that may be used to comply with the overall standard

dimensions of the assembly as used and understood by the industry. The

thickness of the target measured perpendicular to its sputter surface, plus the



20 etching, or a conbination thereof. Particle blasting with grit i ﬂPR§m3
preferred nethod because the equi pnent generally is readily avail abl'e an
easy to use, and this method produces a nore unifornmy roughened surf% e.
As shown in Fyagseondi1sand 5, the roughening treatnment is pref er%ﬂ’V”ﬁﬁH ed
substantially to the entire bonding surfaces 12, 14. However,- if desired,
0 7 APR 2003 WD 001 22185 PCT/ US99122389 -14 the roughening treatnent may be
applied only to a particular portion or portions of the bonding surfaces.

Furthernore, refigickidigof Be bhdkingBate] Ahdahdhikeéss Ofitht BadkiY plhddat jtvent i on,
only the bonding surfaces 12, of the sputter target 10 receive the

Iﬁggﬁﬁﬁh?ﬁgt23?%%@@%@@8?%%? ?ﬁé%?@ﬁ?ﬁgﬁ’%ﬁd %?%;?’é%‘%@%ﬁ%ﬁ%ﬁ’%; e s
. . Ref, ' Fig. 6 [ [ [ '
oract 1 ced by r oAy alEResr g bighsss BT BRGier ek BANE A BekEos0, 22

of the backing plate recess to create roughened bondi ng surfaces 20', 22
in lieu of rougfﬂé‘ﬁimetﬂﬂeasmhlr&olﬂrﬂﬁgm%ﬂgemptoé‘ﬂﬁfhsﬁmmal foie rougheni ng
treatment may include roughening at 10 | east a portion of both the sputter
target ahd backispgrtering} sndammt, therefors, bacapiaced frequenthy NEffortaotacaaiplisht may
also be limted to roughening only the side bonding surface of either the

target or backi nNgeapdrafrgetltRicREcEs wikh&ltQltaitpthd MRAugHORced diRn@bnsHige t ar get .
In practicing the invention, the particular surfaces to be 15 roughened

houl d be t t ~ bout
shoul d De 1 eat 5t Ry A Wi BEETIRUARRR s (e udl il 206 20
d_efl n_ed as the ar(; te_hmect ic %\ég{.arge Lgesv?&t #onté)rf tt haet\ Salll'r ceuexgress_ed in

ni croi nches fr orf TR PRHECRPT LA BrcY TR HRFY R R be MG P HR™85t i onal |y

adopted synbol for surface roughness. Preferably, .this surface roughness
shoul d be 20 f r d#BsBRIENA 3Q0RH7talable ferTRetarin e akkith decseases tae gcqwe%yﬁhand
more preferably is about 135 micro-inches after the roughening step. As
seen inlFigs. 5 wldgh thadergns mupiberreplegednilhetasget majsrisbl heweveais gensvally surf ace
t opography on the bondi ng surfaces treated. 0 7 APR Zp03 WD 001 22185

PCT/ US99I 2239 -expersivea Iiis éfus prefetabie fionchk mitefid costistantpentto paaddeasserbl vy,

t he roughened portions are cleaned prior to bonding to renove any particles
whi ch may renai pigtcetst@ttidn WitRtieibagking plate nie fofga 126s &lpehsivigmatériyl. of a
nunber of different nethods may be used to renove the particles, and since

this is not a 5 degreasi ngcsb@mglyditds ¥n btjatk of ihe B cMiiREIOTROvibEs USEd. | f
desired, the bonding surfaces of the unroughened conponent of the assenbly

(typically the Qaﬁwni&t,%agsnsw?:%h&@fo§ BoHdEY thicREdEeels thdnGhi9b6QHd) My be
cl eaned with an acetone w pe or other degredsing corposition, such as

i soprop al cohql _or.. soap.. £ mve.machining .oils, fingerprints
and theY% i ke. 1(5”%%“5?){[%ogmﬁfégaﬁ%%ﬂsgﬁl?tg%%%l éellrvse eeh lﬁﬁlgqlfar”engfegal by surface
rougheni ng, the utter target . be nded.inta the backing. pl ate using a
noan techni que e dendigSienty s esDffa samgh fng BER e paich e
under st ood, however, that other suitable pmethods of bonding known to one
skilled in the &PBiraghgn pEessesi xppedthergon duingapd aRer spuliesiigi on. 15 In a
preferred enbodi nent of the present invention, the assenbly is bonded using
hot isostatic pragsimy ¢fth@InveRtiterring to Figs. 6A and 7A as an exanpl e,
the treated sputter target 10 and backing plate 16 are oriented to form an
assenbly 24 having a par althilinventiei {saliectad @ ifipeevet Bhiatet aegetdediiined by the
bondi ng surfaces 12', 20 and 14', 22, respectively, and this assenbly is

bl aced 29 W 1l Bide HBn6§hg befend iy fEAHELEH STchBIBE ARrlifo 25 [T [ o

deformable and i's able t0 wthstand H P ¢ It1ons. pically, a steel can

pul 1 11gavacuniiaeed Sahiieelindé Faub E0eB Rl G RE aRe AR MR cani crer

a vacuumis pulled, typically on the order of I10'2 torr aor greater. O her
controll ed a'? msbﬁﬁquéé%ppasgdea%]dd%mndgq&ﬁqrfa@s of a recess formed inagunderlying

backing plate. There are thus two bonding interfaces in the assembly of the

present invention, a parallel interface and a side interface. The method of



~p ~ 1~PR 1. bb3 WD 001 22185 PCTNS99/ 22369 -16 reduci ng gas or i[ﬂ_zrg gﬁﬁ or
a conbi nation of these atnobspheres nay be used. This canister t r%‘B

placed within a H P chanber that is adapted to withstand severe te rature
and pressure wordizeissns. The anmbi ent at nbsphere in the H P ch£ﬁi’5@sg€}9 367
replaced with an inert gas, such as argon or helium In addition to 5
adjusting the atnosphere, the tenperaure in the H P chanber is increased
in order to heat the unbonded assenbly. Referring to Table 1, the assenbly
is heated to a tfgmpag aieondedaeahtsly invhldewtrelingm taakagelsmdmtictably oo nt (T
of the metal used for the backing plate. Preferably, the assenbly is heated

to a temper at ur @ohfink B riR06 e fk: &égﬁggtw% fhefiflg bt R0 olpndmpd i and

nore 10 preferably, thin the ran about mto about” 0.9 m
These tenperature ranges a ho ins.Table 1 for, variou tals typically
used as the baciHiGE PrAPR Char arane PBFoE e R pHe: tOEReRRRrETo! ¢ ho
assenbly to a tenperature sonewhat hel ow the nelting pojint of_ the backing
plate material , henRgPsuKasegopshaes (Roraf ahleastshaut I38 miproaashasg The grethod: i ght
15 interfaces with the treated bonding surfaces of the sputter target. 0
7 Ap~R- 03 V1' Quditer 2x18ies otigntimg 1lge SpaBeRangEEWRERATURESSYAL UEDa0iEng. FRACTI ON
OF THEHOMOLOGOUS MELTI NG POTNT TBacki ng0.6 T,n0.75 TnD.9 Tn, 0. 95

TPl at eMat er i al Gldd, 3K8idhIgtRS WIMBGHS 4 26x1thciled 4 haeHeathd HRMKEADII1505K15
90K732C982C1232C1317CTi 116SK1455K1745K1844K892C1I 82C1472CI 571CAl 573K723K823

KB4BKI0004S0CSARE RGBT USAIRPIOD GUoh I IR ng Willbel 5REE) pATArLSSur e

1
the H P cani ster anhd as ned therein are conpress om all

sides at a pres%Hﬁ%ggéag%%?%gﬁ%%f%?%%Eﬁemgﬂgce-mo MPa. The assenbly is

mai nt ai ned at the ure, “pressure and inert atnospheric
conditions for a period of_,about 30 m nutes t out 90..m nytes, . and
preferably for a period of "85% ewgﬁkﬂﬁggﬁre&iﬁgﬁ'%P@Pg%a&yﬁdnﬁiefferent
coefficients of eannsi on are used for the sputter ta[rget and backi ng

1 [

plate, 19 is adbiastiBgsbeirceungSiing o asombiratiopthareps. The reugheringseBsur e
fromthe H P chanber while maintaining an el evated tenperature, 20 thereby
reduci ng the ri gkefofablydndudssaewghnring sebstantiakin theleptircthondisgsurfides ofistount ' of
i ncreased pressure to be renoved will depend on the specific nmetals being
used. As shown ileasforg. of THe spahemtarghbcand dacjtieg ethtes dntatpesfetred fyetn df@heand backi ng
plate 16 are bonded together to forma bonded assenbly 26, the ~ ~ A PpR

2D03 W) 001 22183n\Retibh/ S ioddilRdthe stdp in€108@008EnRRE 1028 SpbrfiecebeadRof 14" oOf
the sputter target 10 slightly conpress and deformthe bondi ng surfaces 20,

22 of the sof t efnd@dtdiding!s@ifbced 61 ﬁx@%ﬁ&ﬂ%‘ 15 &24dde aﬁﬁ&@?re@&?&h %,H%’erfaces

28, 30. Although the abové discussion referfed to the preferre

enbodi t in .153'921{? { j f t he
sputteﬁ?arget%re l{ra}elgtaltéggf)a}hgg&gﬁ\gﬂP%g&%%gq{l%&gg%r{gﬁ%{’g%d that the
O “the. backing plate receddPoRAL G B EnH e Ot TAPHLRYe BRCGREy NS de
bondi ng surfaceogf ei ther the sputter target or backiﬁg plate, 10 The
metal s used for of Alease? Brcrp-Anches, theyridseteuglness pretersply ragges from about

120 micro-inches to about 150 micro-inches, and more preferably is about 135
micro-inches after the roughening step.

20 The controlled atmosphere used in forming the bonded sputter
target/backing plate assembly preferably is a vacuum, inert gas, reducing gas, or
combination thereof.

Any of a number of different materials may be used for the

sputter target and backing plate. Preferably, the sputter target is made of



any of a nunber of different nmetals, either in pure or alloy fom E@{e
exanpl e, the sputter target nmay be nmade of titanium alum num I7y Wﬂﬁm
cobalt, chromium ruthenium rhodium palladium silver, osmum iridium
pl ati num gol ¢vo §agst en, silicon, tantalum vanadi um nickel PCTUE9P/22369
manganese, 15 germanium or an alloy thereof. In addition, the backing

pl ate may be nmade of al um num copperg. steel, titanium or an all oy
thereof. Prefen-ed sputter targetl backing plate netal pairings include a

titani umtungst gptan %@gﬁggg%@exﬁ&, RbIIH, BMBHES KibeniRhd Hodid,

titani umtungsten target to a titanium backing plate, a titanium
target bonded to an.al um num backin | at.e. an 20 al ym numtarget bonded to
an al um num bacp?%llﬂi?’asﬂr?g?r’ 8sr?’iufrhmcg?ﬂq’tpj?twn’l§8 ol SRy Eh 5H¥°P?’3?1‘%§H{nbacki ng
pl ate, a nol ybdenumtarget bonded to a copper ,backing _plate, a cobalt
target bonded t ¥enadiepiaskehAOR; HANGINEE LT SSTBHYYR Ui RrHPYBErwbniY to a
copper backing plate, and a target forned of a precious netal such as

v ut heni um r hodbeskingplktepdéfenablyss inade of abminum, coppexdsteely opfitaniumunr @r  gol d,

0 7 APR ?~~3 WD 00/ 22185 PCTI US99/ 223@&@ -19 bonded to a copper backing
plate. Isf a titanspihetegfgsten alloy is used, the alloy preferably includes
about 10%to 15% titani um by weight. Al though the nethod has been descri bed

in conjunction with a di sg; §PRPARSRYIthELssERD BARKL Rehied RtL assenbly, it
will be readily apparent to 5 onegof H’ordi nsary S |lllglbhat t he met hod may be

Gi11oront shapeloiieraR pAEeInRIRRER SR e el ie ML bk AT Beeledl 2000

Exanple |: T.he..Fo~ation of Bonded ~~=gs~',b ~g~,t/ Ra=Kki Pl ate.Assenblies 5
Several circul afordb%ﬁl@ci‘l‘\’&ppi € @%ﬁpﬁﬁégﬁjlyn&hg? theda ‘ieilégl“Wérl‘"é“ Bf oduced
using pure titaniumfor the targets and 6061 al um num for the backing

pl ates. This pa@®puminm alleythecaspialy preieratly isdieatenta2 tempierajura obeRri ng pl at e
t hi ckness hz' of 0.43 inch at the nmounting flange portion or periphery 17
and an l®veral | ebiuwBAeYEStole®outdf756C, Zand mdlan cofper sr 4 copper allogés sedattie however
that these 10 val ues are only one exanpl e of acceptable industry di mensions
for target/backisgmplyeik GeaisdRkn@sratuldd fSrond wigut 540°Cit6 absutnQ15%y Ifi mted to
the values used in this illustrative exanple. Each disc-shaped target blank

neasured 13.2 i phRskiig Plabdis miab of Wb/ tRe RMpRrabire sidhe heAingGtephtapad backi ng
pl ate bl ank measured 16.9 inches x 1.0 15 inch. A disc-shaped recess was

machi ned in the ot j ] : .
measuring 13. 21ri gk@yi%%?%g Fggﬁb@??ﬁgﬂgiﬁkﬁiﬁuw li)én ﬁﬂ{;uﬂgﬁr alées of

each of the titaggdymctt%g%&ﬁwvg%ﬁdrl‘g?%h]rﬁ%gu{%%témmh{%gcsever al of the

targets were given’a roughening surracé trea € spltter targets were
grit-blasted using the follow ng.pracedure. ch target was placed in a
grit bllgst 20 cabi net, anhl tﬁﬁgregﬁlgg YFk éengﬁypﬁierég”s HfF%?g‘?atrPachi ne was
set to 60 psi. Then, using grit No. 46, the bonding surfaces of the target
were grit-bl ast BEesyife AbeMAEoUtE NP3 to aBpwd0 Mba | Hugpregsumsisangl e
approximately 1.5 inches to 2 inches fromthe bonding surfaces. The grit

bl asting was coadvantagdousty keldioeepiened ofmbpesOuminhies & 4boutPQminusesnanidg
surfaces had a rough gray surface. Then, conpressed air was 25 used to bl ow
any | oose parti ptefarallfyffortdbeut @rgiziteand t he target bondi ng surface was

The benefits of sputter target/backing plate assemblies of the
20 present invention are a thicker target that reduces the frequency with which the
target needs to be replaced, and a backing plate made from a relatively
inexpensive material. The overall assembly meets the objectives of low cost and
thick target material without changing the industry-accepted dimensions.

Additionally, the sputter target/backing plate assemblies of the present invention



0 7 APR ?R03 ~~VO 001 22185 PCT/ US99122369 21 cleaned with al cohol. Those
targets that did not receive a roughening treatnent have snooth tﬁldnél?ﬂ@m '
surfaces as a result of the machining. Each of the titaniumtargets was
then paired wyblomi18961 al umi num recessed backi ng plate and | BEHE2 an
evacuated steel hot isostatic 5 press can. Each can was then hot
isostatically pressed (H Ped) in orddp-to forma bonded assenbly. Once a
press can containing an assenbly was | oaded into the H P control chanber,

the chamber washak lihgfbved §ten redistaiiddo bIRAP Biilatel B RIS pPdee _
increased to a tenperature of about 900F and a pressure of about 6000 psi.

The sputter tar%%&%@g&%%?ﬂf&tegirﬂfé%?é%e,%@%{?ﬁ% ﬂfgf"a‘ﬁ?%@atﬂi&ﬂ%fa‘a&?éﬁe 10

conditions for nut es, "a essure was réeduced

qui ckly fi-om 6000 psi to_aboyi, 5000 psi, i ch. cool.ed the assenbly
somewhat . Then,‘gf H%n‘ggéé‘ﬁfﬂc?& ‘E@BP%H of @%ﬁ@ﬁf”@@ﬁ%@i@ﬁf@ewdr educi ng
the tenperature by approximtely 120F every hour. In addition, the pressure
in the H P chantse atesetogetherivith selidyptatstbopdiag ofithe insofacesiprevidesde ti me
period. 15 Each of the targetl backing plate assenblies di scussed above in
Exanpl e51 wer e tagiet/bsoidigailite atdesnbiy imsslech thsitargettiiembaided pr the asseriabaf h
bonded assenbly was then nachined to conformto industry accepted

di mensi ons, as hebhQues plItfé,efolﬁﬁﬁrgrﬁQEQExi%@ass blyO s ealAeed SfenpihemBacki ng

pl ate was machi ned down until the backing plate thickness neasured 20 about
0.70 inch at per]: - hi . 1 hi ckness h, "
approxi matel y er(rﬁ%}gtlla'g@/otot]o éléd %ep% ﬁﬁgofﬁs{}. ﬁgﬁ %é%gfs’%&(tggég@rs%ﬂ}g% Qx}[ he assenbly
has, at this point an overall thickpess h~' o ackin | ate plus target of
0.7 i neh. The. carains PEh S b GARER g sriabes 87 el PRty Sl 881 1 L ng
the recessed sputter target, also referred tq as. the nounting flange, was
then machi ned B DE RSSO WItho}t COmRIOmiRRES NG R) FEPHEY.PCT) L3595/ 22350 - 22 ¢ he
t hi ckness hz' measured 0.430 inch. The resulting assenbly is that nost
clearl Oshown in Fig. 2, Huathergors, hasethngs psadifer @eating dregeandingjsedaeess h3'  of
0.7 inch, a backing plate thickness hi at the periphery of 0.43 inch, and a
t arget thi cl r nessh bs partitie diystingishetpekeying, ebhing) oha cahbinktiahthérebf résntth

ext ends above the 5 periphery of the backing plate. Exanple 2: Mea~rr~nt of

Bond nt e_oeri ~t iy nldirdihgititiegiviigs 208 cetedvigds wiea chimpared wiihahem num
assenblies forned in Exanple 1 was neasured by ultrasonic techniques to

determ ne the pgi&RRNeAAFRiprigitatRRnegiiaiaGatoarinatd XirReRdedndifyer sanpl es
each Were tested 10 for the roughened surface and the non-roughened or

snmoot h surface, Wi I oni I i i Nk 2 for both
the side int erf%@géxg%%ﬁgpgﬁdﬁgﬁﬁi %'tv grra ¥§?g.&?ﬁﬁiﬁgeq‘§re§g@®awp ~/n
Sn~~f a Bonded:. %-c ended: ell nterface,Side,l nter,ac, Sopot h Surface
56 0 alt bl met SwOSge Sh Sl B hehin e P B Rt A S B B0 bondi g
at both 20 interfaces while the srrgoth Sur;@(’:e assenpl y was agproxi mat el y
99% bonded at tFHETSIREIFLP! e taEgetARerchy S5eratne, bR By 'S RETPRRAET-de i nt er f ace.

Al t hough not tested, it is expected that an assenbly with snooth parall el
bondi ng sur f aceBowpverahe fempsratyagused iy femsesest raethebalibvn dhesalid-aete bosd| d
result in an assenbly with 100% surface bonding at the side interface and
99% sur f ace bonwibedomed witledbingaizalg eicessive erpasoee to high témpe2Rr&003

These and other benefits and advantages will become apparent to
20 those of ordinary skill in the art upon a review of the following Figures, Detailed
Description of the Drawings, and representative Examples.
Brief Descrintion of the Drawi
Fig. 1 is a cross-sectional view of a sputter target/backing plate

assembly of the prior art;



5 10 WD 001 22185 PCT/ US991223@ -23 Exanple 3: Tensile Strength of ~ﬁ B
Ronds The | oaded assenblies fornmed in Exanple 1 were sectioned ﬂ‘hM)R ¥s
101.6 mmlong by 25.4 mmw de. Then, a hole was drilled thro;&ih,ir e‘%g)gng@r
near one end,wpeopmaesi cular to the parallel bond interface, gSOYERY v
deep saw cut was made fromthat sane end, along the plane of the parallel
bond interface to prepare for tensil-¢l4esting. The sanme procedure was
conducted for the side bond interface. Tensile tests then were run using an
I nstron Universal Testi ngFijErRiangosh3ediondlNGew thespmateplagst sebeddedil | ed in
tension with the direction of applied stress perpendicular to the bond. Two
sanpl es were tes: f iRl r.atl ch bond

i nterface, ande‘?l}ggg\;g({egsggﬁgféﬁgeﬁ%\;ﬁ\ggtpgﬁgi%Edr?gégd@ggﬁwgﬁeggﬁgach bond
are given in Table 3. Seirface Preparation 15 Snmooth Surface Git-blasted
Tabl e 3 748 psiP'EFAOES %Penc ile ~tre- n~~t Faillre of Side Bond O psi
5700 psi The tensile strength for the grit-blasted, paragllel interface was
actual |y neasured at the kignkisgfton Y‘ﬁ&’t%rﬂéﬁb‘f“om@nﬂﬂlgtﬁ ¥eifd 25PYHHE. The
paral l el 20 bond proved stronger than the backing plate itself, and so no
bond separ at i ortarget prédrity swéasaroughenigie grit-bl asted side bond interface

di spl ayed a very high tensile strength at failure, while the snooth side
interface di splayed no baig 4kd tbheienfoitiee sputttranged of Fig. Beifigh Surface 0 7 APR
2003 WO 001 22185 PCT/ US99122369 -24 The preferred enbodi nents and exanpl es
di scussed abovqogé&n{}{gg)vi ded by way of illustration only and are not
intended to limt the scope of the invention, which is to be determ ned by
the foll ow ng clains. I - AP - IMS 1. A
met hod of formng a bomdg's%ﬁ%&?é%r%g?ll ‘%‘gﬁf‘%‘ésﬁté?%g%{%ggﬁ%@,
conprising the steps of:. providing a sputter target having at |east one

si de bondi ng sJ?lfeé?cazc’r%%'}B’ea{'g’ottom bondi ng surface; providing a backing

pl ate having a recess therein which jncludes at |east qne side bonding
surfacé®and a top bondi ndig 4 Bcdcxploded eraes-ssctignahyewofan ypkppdeh11d111g
surface of at |east one of the sputter target and backing plate recess by
rougheni ng at |assemblysiyoring dre ronghened spugter Brgeto g S uadacersepoadingo pr oduce
a roughened portion having a surface roughness (Ra) of at.l|east about 120
m cr o-i nches onmnentghagedirbeessquitiatkeing pategdisposed dhowe;t he recess of the backi ng
pl ate: subjecting the assenbly to a controlled atnosphere; heating the
assenbly; and pressing tirgamsrEBleXpls@ed&otOscbivnd] Hibw ofabaiidmaedondi ng
surface of the sputter target to the top bonding' surface of the backing

plate recess arlﬂséﬁiﬁ%%diﬁnegqgﬁggﬁncﬁtﬂhﬁﬁﬁg pWite fcb@s 8RPEL@EbIRIJEt to the side

bondi ng surface of the backing plate recess. 2. The nethod of claim1,

e 03 e 1 SRS Rl 10 1o 510 bonaig surface of

Fig. 7A is a cross-sectional view of a bonded sputter

target/backing plate assembly of the present invention made from the sputter

target and backing plate of Fig. 6A; and
Fig. 7B is a cross-sectional view of a bonded sputter

20 target/backing plate assembly of the present invention is made from the sputter

target and backing plate of Fig. 6B.

Detailed Descrintion of the Drawi
Referring to Fig. 2, a target/backing plate assembly 9 of the

present invention is shown having a backing plate 16 with a recess 18 machined



3. The method of claim11, wherein the roughened portion has a surface
raughness (Ra) of from about 120 0 ? APR 2003 -26 mcro-i nchei]ﬁgpﬁgggyt
150 mcro-inches after the treating step. 9. The nethod of claim1 rein
t he bondi ng suwwbawzdssre roughened by a techni que sel ected frd’l‘ﬁT{lﬂ%gl up
consisting of particle blasting, shot peening and etching, and conbi nations
thereof. 5. The nethod of claim1, wheliZein the sputter target is made of a
netal selected fromthe group consisting of titanium alum num nolybdenum
cobal t, chrom umtherdih heriauthick tdrgetilOrinlajdah ttedeeess 18 Thesputtarsargetrh0 lias adi um

pl ati num gold, tungsten, silicon, tantalum vanadium nickel, iron,

mAnganese, ger Map;es R gl ks, HasKiERless 6-of TP RSS! usle Midrenpher ei n

t he backing plate I's nade of a netal selected fromthe group consisting of

al um num copper ,,..steel  .titani nd | f, ! h od of
cl ai m 6, V\,herpgi n@%@cﬁsﬁ frsge qri%ket?gmﬁ%ég%géoxgpﬁfnﬁgﬁ}% %Jrozg%géfcgmgm al | oy
and the heating step inclydes heatin the,assem y to.a tenperature of from
about 300C to abtscn fmyention istRRaieehiperedsinedha irkpess ph aRestandarbiapst ki ng
plate is made of copper or a copper alloy and the heating step includes
heati ng tshe assembddyinitiee indessrygorupttateo mes therorigivelthickess fTbe avsal 1015C.

0 7 APR 2003 9. The nethod of claim®6, wherein the hacking plate is made of
steel and the heatighth,Stfaesamidy Adad tHedmightly,' ofiibe beskingiplate dtcthapéripipsr at ur e
of from about 730C to about 1320C. 10. The nethod of claim 6, wherein the
backing plate isinpge nsﬁunﬁh¢ AR 4 Pdssénbly ©ad) hbwewl, thy safichstthe heating step

i ncl udes heating the assenbly to a tenperature of from about 890C to about
1570C. . : :

“Aa, . AH AL, A Al SXTesROpding heletie . angh b of theprigr it apmRly, Ipe xalues of by apd v A As
u. AyF. ALl e2. A2. A@ . Afl +()-S uh — . N

~yt gj e [ V] ca] ca] g]"b‘ﬁ]’%fﬁ)@g} ggﬁ%j%‘&fBB}]I{?Q']‘%PQJ%%]’%T‘H%}] PRICAPRREFE a] ca) ¢
aljc”a U cMa]ca]lca]ca]ca]c”alcalcalc8alcal! F4u 4 X

5( =01 Kon d. 7] U CiTEN CoRbea) e ey caf PSR s H R sk P als] cal ca
] ca] ca] ca] ca] ca] ca] ca c&] caj ca] ca] ca] ca] ca! zd@N-z ) )

p8| wr mhc”Y] ¢] ca) @@G}?@é])b |thabresdnt sjverfj e anipms theandusiry ateenledajwenvionfora) cal ¢
aJca] ca] ca]calca]ca]calcalca]calcalcaleE/\5! o

EXETTEg"] """ #=$589atd s whille Pioeidingad thickerthizal thar] thaf wsad cedona¢mmpel] ca] ca) ca] ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Z9%8%

&&8&&O" "' (g(t ((-) hiseMbliedS, , , #-n---:...1/p/}/}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca
1cal }///7?000+1]| 112A222/ 333Refifdneole T00 DeirE8 7, I 4 grexdial Gorf] 64th6éa] ca] ca] ca] ¢

aJ ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca cé] cal ca]ca]cal cal]ca]ca]ca]ca]c
I 7D888 i [RSRRAR : : : ; :
e o A, Bl a0 e v ing et ReLor PN o) ca ca
ca] ca] ca] ca] ca] ca calc cal ca C AOBBB- CgC
CC]CC,\/ }:)DD}:)Z E]> EE]EEﬁ@}Eéé] ‘P@J)&&?ﬂ’ﬁl‘ﬁ?‘l@ﬁ ?bﬁ}?c]@]%sgér]%g;ﬁ %;é{%ﬂaﬂ @gf@aﬁ%?ﬁfec ajc a]Cg a
J . FLjinl
;]2?;] &Z;LEE;L;@%% M\/i\lt‘)‘?\g\ﬁ‘%@%] Ca] i %@sﬁu@o] 3 ‘ég%%g‘:%] m}k\g %9] ﬁ#_%?%]%%%%&?@}]}’} ca
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca]calca]ca]ca]ca]ca]ca
] cal STQTTTPUUUSVW\?WWAW/\%EKQF@)WI]E g SxEECe p%t;as@a]lfmgtlsxgqn toAhe thidekssedfca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca! "Prer Ate terget, Which#naabdinchemopidofdBewdekimth o bidgl V0 vt Mhe] ca] ca] ¢
a}ca}ca};{g}c?lﬂia]c% noad & frberlis@loGalacidhg plate] v £at&8] ca] ca! K
ajcal ca caj ca i ca] cal
gggphzhthi ii.]< ngfﬂaﬁq %?gjgkkl((}\llal\}}vlﬁl nmullﬁgrﬁ:ﬂr?lo{agoo )gs::lni d_Z]c] ]acclg] %g] calcalc
a] ca ca] cal cal caligalcalaf] calsalntliskrahspl adlaalrl g alcRl sehareal cal cal c
akf?lgg]ggigffggpg-geevvv8 xL xxx} xsnid Z]cl.]cal ca] ca] ca] ca] ca] ca] ca
r .
] ca] ca] %:/a] ca] ca] E%HL@F%s%%}’@é?@?&ﬁ?@&}’%‘%’}%@]‘ﬁ%@ﬁE%’h@'}gca] ca] cal xx
} xxxxyhyyzTzzz{ O{%N |15} }}/ ~~~$1Sh| wr nhc”Y] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] cuffacs]ida thetergp ), evd & sifie honsirjgou]foed Yaubsipanalyca] ca] ca! T>! |
+t aVcnH, } } w mhc”Y] c] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca] ca] c&a] ca] ca] ca
] ca] ca] ca] ca] ca] catrespprdihg &) thakidaboadicpduwehitc B ¢RYECROIYTO.s Arhppgh tht) ca] ca] ¢
a]J ca] c™a] ca] ca] ca] ca] ca] c”*a] ca] ca] ca] ca] ca] ca] c”*a] ca] ca] ca]ca]ca] ca]ca]ca]c
aJca] ca] ca]c”a]ca]ca! ETYf S W (\ Ab, f sx] wnhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
1ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal]ca]ca]ca]ca]ca]ca]calcaly
Td+Y* ?pAb, f sx| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]calcalca]]c
aJ ca] ca] ca]ca] ca]ca]ca] ca]ca]ca]calca]calca]calca()-m"?s10% U& ()- &10%
U& ()-sl10% U&' ()-&S 10% U&' ()-! "F 10%rnJ& ()- " 't9,!110% U U& ()-|{Y:s/10%
U& ()-18 S(!10%EUEUE () - @ S(! 109 ()- @ Y" @0% ()-! Y @O0%U& ()-s10%

AN IO N7 A NN O



10UU 10UU 10UU! y6910%JUE () -3@udErP1l Y F10% f10% & ()- L 10% & ()-
10% & ()-9 10% & ()- -10% & ()- 10% & ()-uh| dErPl Y F10% 07 APR 2003
&$10% & ()-3"y1l0% & ()- 10% & ()- 10% & ()- "10% & ()- 10% & {rris90/228¢9 EF P1
Y F1090f 10% WQ0022185-10% & ()- ,10% & ()- s*10% & ()-
Y(10% & () - @&10% & ()-4u xmbC Y F10%' nl0%w& ()- 10: 10: 10: 9
10% & ()- 37f10% & ()- BLO% & ()- 3% & ()- 4 n}”?nbC Y FOZ10%W&' () -
109%V&' ()- ylO0%v&' ()-
bottom surface 12 of the target 10 may be flat, wavy or conical, for example, it
will hereafter be assumed for ease of discussion that the surface 12 is flat and
parallel to the top sputtering surface. Thus, the interface to be formed between
the top surface 20 of the recess and bottom surface 12 of target 10 will be a
5 paralle] interface with respect to the target and sputter surface.
The preparation for bonding consists of roughening the bonding
surfaces 12 and/or 14 of the target 10 or the bonding surfaces 20 and/or 22 of the
backing plate recess 18. The number of side bonding surfaces is dependent on
the shape of the target. For example, if the target has a stepped diameter, its
10 external side surface would have concentric, axially spaced cylindrical side
surfaces of differing diameters corresponding to the differing diameters of the
stepped diameter target, with a radially disposed shoulder separating the
different diameter axially spaced target sections. For the purpose of ease of
discussion, this disclosure will hereafter refer to a single cylindrical side surface,
15 as with a disc-shaped target of uniform diameter. Although a disc-shaped target
is preferred, it is to be understood that other shaped targets, such as oval, square
or rectangular, may be used. The roughened bonding surfaces 12, 14' as shown
Figs. 5 and 6A or 20', 22' as shown in Fig. 6B may be formed by any of a
number of techniques, including for example, particle blasting, shot peening,
20 etching, or a combination thereof. Particle blasting with grit is a preferred
method because the equipment generally is readily available and easy to use,
and this method produces a more uniformly roughened surface.

As shown in Figs. 4 and 5, the roughening treatment is preferably

applied substantially to the entire bonding surfaces 12, 14. However, if desired,
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,10% & () - 8xY: Jf the bonding surfaces. Furthermore, referring to Fig. 6A, in a preferred form
of the invention, only the bonding surfaces 12, 14 of the sputter target 10 recejve
the roughening treatment to create roughened bonding surfaces 12, 14', while
5 the bonding surfaces 20, 22 of the backing plate recess 18 remain unroughened.
Referring to Fig. 6B, if desired, the invention may be practiced by roughening
at least a portion of the bonding surfaces 20, 22 of the backing plate recess to
create roughened bonding surfaces 20', 22" in lieu of roughening the sputter
target 10. Alternatively, the roughening treatment may include roughening at
10 least a portion of both the sputter target and backing plate bonding surfaces.
The roughening treatment may also be limited to roughening only the side
bonding surface of either the target or backing plate recess, preferably the side
surface of the target.
In practicing the invention, the particular surfaces to be
15 roughened should be treated so as to have a surface roughnesé (R) of at least
about 120 micro-inches. As used herein, the term "surface roughness” (R,) is
defined as the arithmetic average deviation of the surface expressed in micro-
inches from a mean line or center line, with R, being the nationally adopted
symbol for surface roughness. Preferably, this surface roughness should be
20 from about 120 micro-inches to about 150 micro-inches, and more preferably is
about 135 micro-inches after the roughening step. As seen in Figs. 5, 6A and
6B, the roughening step produces an uneven surface topography on the bonding

surfaces treated.
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roughened portions are cleaned prior to bonding to remove any particles which
may remain after grit blasting, shot peening or etching. Any of a number of
different methods may be used to remove the particles, and since this is not a
5 degreasing step, a dry lint-free wipe may be used. If desired, the bonding
surfaces of the unroughened component of the assembly (typically the backing
plate when the sputter target is roughened) may be cleaned with an acetone wipe
or other degreasing composition, such as isopropyl alcohol or soap and water, to
remove machining oils, fingerprints and the like.

10 Once the bonding surfaces have been pre-treated by surface
roughening, the sputter target may be bonded into the backing plate using a
known technique, such as hot isostatic pressing (HIP). It is to be understood,
however, that other suitable methods of bonding known to one skilled in the art
may be utilized in the present invention.

15 In a preferred embodiment of the present invention, the assembly
is bonded using hot isostatic pressing (HIP). Referring to Figs. 6A and 7A as an
example, the treated sputter target 10 and backing plate 16 are oriented to form
an assembly 24 having a parallel interface and a side interface defined by the
bonding surfaces 12', 20 and 14', 22, respectively, and this assembly is placed

20 within a HIP canister. Any canister may be used as long as it is deformable and
is able to withstand HIP conditions. Typically, a steel can having a side wall,
bottom plate, top plate and sealable opening for pulling a vacuum is used. Once

the assembly is placed in the HIP canister, a vacuum is pulled, typically on the

order of 10 torr or greater. Other controlled atmospheres may be used, such as
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severe temperature and pressure conditions. The ambient atmosphere in the HIP
chamber is replaced with an inert gas, such as argon or helium. In addition to

5 adjusting the atmosphere, the temperature in the HIP chamber is increased in
order to heat the unbonded assembly. Referring to Table 1, the assembly is
heated to a temperature somewhat below the homologous melting point (T,) of
the metal used for the backing plate. Preferably, the assembly is heated to a
temperature in the range of from about 0.60 T, to about 0.95 T,, and more

10 preferably, within the range of about 0.75 T, to about 0.90 T,..

These temperature ranges are shown in Table 1 for various metals
typically used as the backing plate material. By elevating the temperature of the
assembly to a temperature somewhat below the melting point of the backing
plate material, the backing plate softens, and upon pressing, forms tight

15 interfaces with the treated bonding surfaces of the sputter target.
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TEMPERATURE VALUES AS A FRACTION OF THE
HOMOLOGOUS MELTING POINT T_
Backing 06T, 0.75 T, 09T, 095T,
5 Plate
Material
Cu 815°K 1015°K 1220°K 1288°K
542°C 742°C 947°C 1015°C
Steel 1005°K 1255°K 1505°K 1590°K
732°C 982°C 1232°C 1317°C
Ti 1165°K 1455°K 1745°K 1844°K
892°C 1182°C 1472°C 1571°C
10 Al 573°K 723°K 823°K 848°K
300°C 450°C 550°C 575°C
Furthermore, with respect to pressure, the HIP canister and
assembly contained therein are compressed from all sides at a pressure of from
about 30 MPa to about 140 MPa. The assembly is maintained at the desired
15 temperature, pressure and inert atmospheric conditions for a period of about 30
minutes to about 90 minutes, and preferably for a period of about 60 minutes.
When metals having different coefficients of expansion are used for the sputter
target and backing plate, it is advantageous to remove a portion of the increased
pressure from the HIP chamber while maintaining an elevated temperature,
20 thereby reducing the risk of bond cracking due to tensile stresses. The amount

of increased pressure to be removed will depend on the specific metals being
used.
As shown in Fig. 7A, when the roughened sputter target 10 and

backing plate 16 are bonded together to form a bonded assembly 26, the
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Although the above discussion re crred to the preferred

5 embodiment in which both the side and bottom bonding surfaces of the sputter
target were treated by roughening, it is to be understood that the present |
invention further encompasses the treatment of the bonding surfaces of the
backing plate recess, instead, or the treatment of only the side bonding surface
of either the sputter target or backing plate.

10 The metals used for the sputter target and backing plate may be
any of a number of different metals, either in pure or alloy formn. For example,
the sputter target may be made of titanium, aluminum, molybdenum, cobalt,
chromium, ruthenium, rhodium, palladium, silver, osmium, iridium, platinum,
gold, tungsten, silicon, tantalum, vanadium, nickel, iron, manganese,

15 germanium, or an alloy thereof. In addition, the backing plate may be made of
aluminum, copper, steel, titanium, or an alloy thereof. Preferred sputter
target/backing plate metal pairings include a titanium-tungsten target bonded to
an aluminum backing plate, a titanium-tungsten target bonded to a titanium
backing plate, a titanium target bonded to an aluminum backing plate, an

20 aluminum target bonded to an aluminum backing plate, a titanium target bonded
to a titanium backing plate, a molybdenum target bonded to a copper backing
plate, a cobalt target bonded to a copper backing plate, a chromium target
bonded to a copper backing plate, and a target formed of a precious metal such

as ruthenium, rhodium, palladium, silver, osmium, iridium, platinum or gold,
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Although the method has been described in conjunction with a
disc-shaped sputter target/backing plate assembly, it will be readily apparent to

5 one of ordinary skill that the method may be used to bond sputter targets and

backing plates having any of a number of different shapes and sizes.
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5 Several circular disc-shaped target/backing plate assemblies were
produced using pure titanium for the targets and 6061 aluminum for the backing
plates. This particular example produced an assembly having a backing plate
thickness h,' of 0.43 inch at the mounting flange portion or periphery 17 and an
overall thickness h,' of 0.7 inch. It is 10 be understood, however, that these

10 values are only one example of acceptable industry dimensions for
target/backing plate assemblies. This invention is in no way limited to the
values used in this illustrative example.

Each disc-shaped target blank measured 13.2 inches x 0.55 inch,
while each circular disc-shaped backing plate blank measured 16.9 inches x 1.0

15 inch. A disc-shaped recess was machined in the top surface of the backing plate
blank, the recess measuring 13.21 inches x 0.55 inch +/- 0.01 inch. The bonding
surfaces of each of the titanium targets were machined flat, and then several of
the targets were given a roughening surface treatment. The sputter targets were
grit-blasted using the following procedure. Each target was placed in a grit blast

20 cabinet, and the air pressure on the grit blast machine was set to 60 psi. Then,
using grit No. 46, the bonding surfaces of the target were grit-blasted by holding
the grit blast nozzle at a 45° angle approximately 1.5 inches to 2 inches from the
bonding surfaces. The grit blasting was continued in a sweeping motion until all
target bonding surfaces had a rough gray surface.‘ Then, compressed air was

25 used to blow any loose particles off the target and the target bonding surface was
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‘ cleaned with alcohol. Those targets that did not receive a roughening treatment
have smooth bonding surfaces as a result of the machining,
Each of the titanium targets was then paired with a 6061
aluminum recessed backing plate and loaded into an evacuated steel hot isostatic
5 press can. Each can was then hot isostatically pressed (HIPed) in order to form
a bonded assembly. Once a press can containing an assembly was loaded into
the HIP control chamber, the chamber was filled with argon and the temperature
and pressure increased to a temperature of about 900°F and a pressure of about
6000 psi. The sputter target/backing plate assembly was maintained under these
10 conditions for about 60 minutes, at which point the pressure was reduced
quickly from 6000 psi to about 5000 psi, which cooled the assembly somewhat.
Then, the assembly was cooled to ambient temperature by reducing the
temperature by approximately 120°F every hour. In addition, the pressure in the
HIP chamber was returned to ambient pressure over that same time period.
15 Each of the target/backing plate assemblies discussed above in Example 1 were
hot isostatically pressed using the same process.
Each bonded assembly was then machined to conform to industry
accepted dimensions, as follows. The non-recessed, bottom surface of the
backing plate was machined down until the backing plate thickness measured
20 about 0.70 inch at periphery 17. Because the target blank has a thickness h,’
approximately equal to the depth of the recess (0.55 inch), the assembly has, at
this point an overall thickness h,' of backing plate plus target of 0.7 inch. The

top surface of the backing plate at periphery 17 surrounding the recessed sputter

target, also referred to as the mounting flange, was then machined down until
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the thickness h,' measured 0.430 inch. The resulting assembly is that most
clearly shown in Fig. 2, having a backing plate and target thickness h,' of 0.7
inch, a backing plate thickness h,' at the periphery of 0.43 inch, and a target
thickness h,' of approximately 0.55 inch, of which 0.12 inch extends above the
5 periphery of the backing plate.

Example 2: Measurement of Bond Integrity

The bond integrity of each of the titanium/aluminum assemblies
formed in Example 1 was measured by ultrasonic techniques to determine the
percentage of the bond surfaces actually bonded. Two samples each were tested

10 for the roughened surface and the non-roughened or smooth surface, with

averaged ultrasonic results given in Table 2 for both the side interface and the

parallel interface.

Table 2
15 Surface Preparation Y% Surface Banded: % Surface Bonded:
Parallel Interface Side Interface
Smooth Surface 59 0
Grit-blasted 100 100

The grit-blasted assemblies showed IQO% bonding at both
20 interfaces while the smooth surface assembly was approximately 99% bonded at
the parallel interface with no bonding at the side interface. Although not tested,
it is expected that an assembly with smooth parallel bonding surfaces and at
least one roughened side bonding surface would result in an assembly with
100% surface bonding at the side interface and 99% surface bonding at the

25 parallel interface.
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Example 3: Tensile Strength of the Bonds
The loaded assemblies formed in Example 1 were sectioned into

bars 101.6 mm long by 25.4 mm wide. Then, a hole was drilled throug.h each
bar near one end, perpendicular to the parallel bond interface, and a 25.4 mm

5 deep saw cut was made from that same end, along the plane of the parallel bond
interface to prepare for tensile testing. The same procedure was conducted for
the side bond interface. Tensile tests then were run using an Instron Universal
Testing Machine Model TTC. The samples were pulled in tension with the
direction of applied stress perpendicular to the bond. Two samples were tested

10 for each surface preparation type and for each bond interface, and the average of

the two tensile test results for each bond are given in Table 3.

Table 3
at Failure of Failure of
Paralle] Bond Side Bond
15 Smooth Surface 748 psi 0 psi
Grit-blasted 1790 psi 5700 psi

The tensile strength for the grit-blasted paral]ezl interface was
actually measured at the time of fracture of the Al backing plate. The parallel
20 bond proved stronger than the backing plate itself, and so no bond separation
actually occurred. The grit-blasted side bond interface displayed a very high
tensile strength at failure, while the smooth side interface displayed no bond and

therefore no tensile strength.
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WHAT IS CLAIMED 1S:
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target/backing plate assembly, comprlslng the steps of:

providing a sputter target having at least
one side bonding surface and a bottom bonding surface;

providing a backing plate having a recess
therein which includes at least one side bonding
surface and a top bonding surface;

treating at least the side bonding surface of
at least one of the sputter target and backing plate
recess by roughening at least a portion of the side
bonding surface so as to produce a roughened portion
having a surface roughness (R.) of at.least about 120

micro-inches;
orienting the sputter target within the

recess of the backing plate;
subjecting the assembly to a controlled

atmosphere;
heating the assembly; and
pressing the assembly so as to bond the
’ bottom bonding surface of the sputter target to the top
bonding surface of the backing plate recess and the
side bonding surface of the sputter target to the side

bonding surface of the backing plate recess.

2. The method of claim 1, wherein the treating
step includes roughening the side bonding surface of

both the sputter target and the backing plate recess.

3. The method of claim 1, wherein the roughened

portion has a surface roughness (R,) of from about 120
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4. The method of claim 1, wherein the bonding

surfaces are roughened by a technique selected from the
group consisting of particle blasting, shot peening and

etching, and combinations thereof.

5. The method of claim 1, wherein the sputter
target is made of a metal selected from the group
consisting of titanium, aluminum, molybdenum, cobalt,
chromium, ruthenium, rhodium, palladium, silver,
osmium, iridium, platinum, gold, tungsten, silicon,
tantalum, vanadium, nickel, iron, manganese, germanium,

and alloys thereof.

6. The method of claim 1, wherein the backing
plate is made of a metal selected from the group
consisting of aluminum, copper, steel, titanium, and

alloys thereof.

7. The method of claim 6, wherein the bhacking
plate is made of aluminum or an aluminum alloy and the

heating step includes heating the assembly to a
temperature of from about 300°C to about 575°C.

8. The method of claim 6, wherein the backing
plate is made of copper or a copper alloy and the

heating step includes heating the assembly to a
temperature of from about 540°C to about 1015°C.
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