WD 2004/ 038062 PCT/ US2003/ 033249 METHOD OF FORM NG A
SPUTTERI NG TARGET ASSEMBLY AND ASSEMBLY MADE THEREFROM
WBAGKER0ND OF THE | NVENTI ON [ 0001] The pr eseneCT/US2003/033249
invention relates to sputtering targets and sputtering

target assenblies as well as nmethods of making the

sane. The present invention also relates to a bonding

nmet hod for making a sputtering target assenbly,

preferably at a | ow tenperature. [0002] In the sputter
METIHQD QEFQRMING @&, SPYPTERING FARGE TeASSHHVIR Y &ND ASSEMBLY

assenbly has a sputMADEFHERBEROGMI a backing pl ate.

For instance, a netal target or metal target bl ank

(e.g., tantal ymckidrlnymoRrHI IRGBNTERRpPEr, cobal t,
tungsten, etc.) is bonded onto a backing plate, such

as a ckin late.f] .
000135, 5, OFF R0 555 B85 FSAABRLY B B FPOREL e st
and el ectrjcal, contact between the target and the )
as welly %%W%dw%mélsmg e e S RS CSS R TV e RO e e 46 Adgipe method

each other by neans of soldering, brazing, diffusion
for maksimg @i spytterigdmgetragsembdnpréforablyek ¢ lave reameradwrd. t he | ke.
However, sputtering target assenblies bonded by

[0002]net hodl e shit@h dpphipeoatisldstyprallyvar ppitheingsamgblaysembly has a
during use which affects performance of the sputtering

sputtextér%r B8det A8 %nm%nﬁeﬁ%?i%& li¥stagna fhelt:ﬁrtgx%e?'bf fREEREEet blank (e.g.,

SstS between the coefficients of thermal expansion

G A 25D AP N RERY i e st

mat eri al and the backing plate naterial ich occurs ..

as a bagkigg pirie Grrgs 3ssembly SeRFS icarRss almBLE, 8 dipys dhssentadgrashiove good
by sol dering, brazing, or diffusion bonding, generates

thermal ey elbdtgel | ewntct beffweam dlva frrged| ansit theslsackimgt pletepdhea¢ members are
bodi es. The nechani cal stress often causes defl ection

comméiily taftecHeartg ehclashenby neamdoCaldgiagSbraking, Bigfidioh ®ohdihg, clamping,
so that the target separates fromthe backing plate.

and b}{: %g?]ceﬁgﬁte&:&ﬁgi ﬁg?.rlﬁ&f&e%ﬁ sPuthPin g%%eﬁ"fsg Ifés rbgnded 1:3/ methods at

es t aving a tar asse ebon

i e S R SRS PEE0 BREBpuneng
target l;sssgrrﬂbla;, geglgeciaarl]lt}jf \!v}?ernggrlarfgea rch ?etrgn'ce exists between the coefficients of thermal
expansion for the target and the backing plate. Moreover, the differential thermal expansion
between the target material and the backing plate material which occurs when bonding is
accomplished at elevated temperatures by soldering, brazing, or diffusion bonding, generates very
high levels of mechanical stress in the metal bodies. The mechanical stress often causes deflection
of the target assembly and can cause the bond to fail so that the target separates from the backing
plate.

[0003] The bonding process also adds weight and creates the risk of having a target
assembly debond while in use. The debonding risk is even more possible due to the continuing

progression of the industry to use larger and larger targets.

[0004] Additionally, the high temperatures associated with some conventional bonding



[0004] Additionally, the high tenperatures associ ated
W th some conventional bondi ng WO 2004/ 038062
wEIMOSHED3/ 033249 2 met hods can result in unPERUSBINS/E33249

grain growh in the target netal. SUMVARY OF THE

PRESENT | NVENTI ON [ 0005] A feature of the present
invention is to provide a nefhod of formng a

sputtering target assenbly which avoids the debondi ng

i ssue by providing a fail-safe bond between the target

methodhehntréwalthia akdesigatlé gtaén grio@AORK]thetargetmmetat.eat ure of t he

present invention is to provide a nethod of formng a

sputtering tgUaet 88 OINE PRESENT NV ENTION her nal

resistance at the interface of the target and the
backi n |.at e. . r. feat h t :
10005 ¥t R s T o P s ST R g BT pind 6t RERREN sputtring
sputtering targe senbl y i ch preven upi nt ended
target SSEITB PTG Bbdee @%@Rgﬁg IegHepCPTop gt TeHeRd I o 2e een the target
features and advantages of the present invention wll
and thpbackg pladet h in part in the description that foll ows,
and in part will be apparent fromthe description, or
[0006)may beAhe@smbdiurd yf phaptdsar iafentibe ipre pentidé aventhbdrof forming a
The objectives and ot her advantages of the present

sputtef.{h% ﬁget QRembiyl for BEntfdERd HEnARiRdnkahned iﬁﬁérfﬁ&a('ﬁsthgftar%et and the

enment s "and conbi nations particularly pointed ou
baCkilin %he description and appended clains. [0009] To
%ﬁﬁﬁ%ve t hese and ot her advantages, and in accordance

W th the_ purposes of the present invention, as .
[0007kenhodi edUEhe 5rHEIPY thiedresenh By epieisnio Rfﬁléﬁﬁ feBgthed of forming a

invention relates to a nethod of fqrnin%ma sputtering
sputteting igeget zeserbifgiwhichprevents wndetesied vpuitssing of thedaeliing plate.
target and a backing plate that are typically nade

[0008]f r om rEedddional 8AAREs ahlderdpatsen bf he pesstntdnvdntioh kel be set forth in part
relates to a friction weld or nechanical joint with

in the gésl;fg%t'%omhat(f&m&st #hd &ziﬁll@ﬂe PR %t%nﬁﬁkhﬁgcr@fﬁoﬂ%kﬁ%be learned

tering target assenbly Ich contains a bac
by pra?{i, aitogélﬁlqné}e%gg gll%/%l%ltgorﬁ: ﬁ,‘g? tgﬁj{egt%;gs %lécg gtﬁar\’\gﬁv%]tagerseof the present invention
will be realized and attained by means of the elements and combinations particularly pointed out
in the description and appended claims.
[0009] To achieve these and other advantages, and in accordance with the purposes of the
present invention, as embodied and broadly described herein, the present invention relates to a
method of forming a sputtering target assembly. The method provides for bonding a target and a
backing plate that are typically made from metal.
[0010] The present invention further relates to a friction weld or mechanical joint with friction
(orbital riveting) bonding method of making a sputtering target assembly which contains a
backing plate and a sputtering target blank which are typically made from materials having
dissimilar thermal expansion coefficients.

[0011] The present invention also relates to a method of forming a sputtering target assembly



di ssimlar thermal expansion coefficients. [0011] The
present invention also relates to a nethod of form ng
w@2@pasg0ez i ng target assenbly WO 2004/ 038062 PCT/US2003/033249
PCT/ US2003/ 033249 3 by aligning projections on an
assenbly menber with the grooves on another assenbly
menber that are adapted to {eceive the projections.
The heat produced by friction between the surfaces of
the projections and the grooves causes the projections
by aligming pofeetiorsy ordaf essemhhydmembeér with thivegrgo s \amsanothah @ssetthdy member
proj ections harden, a nechanical and sonetines a

that ardREMtédioGbenle the'beydieks. | Bhd armddudea thwekbtiddBetivadglt surfaces of
and the backing plate. [0012] so, the present

the prc%j Q&ﬁ)ﬂ% bRk %cfb&@ssc\:/a%l?%sﬂh?g{oi%ﬂoﬂ tofSQ%éH &gde@ortﬁﬁ EGijicf £fi i'@e grooves.

arget asse a gap between
senbl ed target and .backjn | ate which reduces heat .
When e Reysefions, Bt i PRSI hard AAIFIERS avid Mo ddidts formed
I ncreases the equilibriumtenperature of the target
betweeputhp trgeat ed S beekdng Agtepr ocess. The size of the gap
bet ween the assenbl ed target and backing plate can be
[0012) ontAlsd, lilethrbyentmvyntion ithees teh atethod sl ifgpntied as@riteting target assembly
vol ume of the projections and the volunme of the

whichdbRRY & %eCtF b&Q:31 1 £GembI1BE tRER S8AhatlANE FIaiteQ{ﬂfhfcﬁ' red®8s héat transfer

a method of formng a sputtering target assenbly that

o958, PyTRE AR ADEALURENL I B gingEe of e s

. includes a gas cell,. preferab | ocated in eas. of .
during fAG SRGTnE piteis, 107 b BN AR e D Srbict et Syfdhacking plate
of target adjacent the cell is eroded to a

can by cenfedlled hiyneatyingi thk nelegonshipebetvera theevqlumperogtthe paojections and the
transient pressure occurs and pressure nonitors in the

volums piitieerdovgs.encl osure signal to the user to stop the
sputtering process. [0014] It is to be understood that

[0013#JOt hikd end Be&APIN NStk 1618 &tHoRlf a kp\@tering target assembly
ol low'ng ~ detail ed description are exenplary and

vt BRI At AOALE SO, AP, M i e
The rr%eg]g%%]‘%;gf ag %?gqag%gﬁégr%geg@ﬁ%géd Bl\gh,ai{e%gp?:gﬁqagest sputter erosion, that
bursts when the layer of target adjacent the cell is eroded to a predetermined thickness. When the
cell bursts, a transient pressure occurs and pressure monitors in the sputtering enclosure signal to
the user to stop the sputtering process‘.

[0014] It is to be understood that both the foregoing general description and the following
detailed description are exemplary and explanatory only and are intended to provide a further
explanation of the present invention, as claimed.

[0015] The accompanying drawings, which are incorporated in and constitute a part of this

application, illustrate various aspects of the present invention and together with the description,

serve to explain the principles of the present invention.



application, illustrate various aspects of the present
i nvention and together with the description, serve to
we@zphasseer he principles of the present inventiPCT/Uy¥003/033249
2004/ 038062 PCT/ US2003/ 033249 4 BRI EF DESCRI PTI ON OF
THE DRAW NGS [0016] Figure 1 is a cutaway view of a
sputtering target assenbly @f the present invention.
[0017] Figure 2 is a cutaway view of various shapes
and si zes of projections and grooves of the present
i nventi on. GBRESF BESEBIPEICIN SIF/BHENRAPINEISD| e. [ 0018]
Figure 3 is a sputtering target assenbly of the
[0016] PT €BRite 1 RRAtalva vERoW MPuieriitaizel axsnbli of ie @restitanvention.
assenbl ed target and backing plate. [0019] Figure 4 is
ac Vi t ' r @8t i&6tiBhs Af¥egrooves of
[0017] or egféﬁ%@?’ isVd &i’ﬁﬁv%r?/ fiev?@f Vel Gap & B8 LIRS %ﬁ?@#éﬁtl oT

nventi o hat includes a gas cel ornmed at

the.interface of the bondi ng sutfaces of the target
the Pfe%ﬁ’?&@ﬁ%“"é’a@?iﬁ‘?’fﬁﬁapﬁﬁ ap ?lz‘ﬁéﬁ%ﬁsﬁgemsm PTION OF THE
PRESENT | NVENTI ON [ 0020] The present invent.ion is.
[0018] di r Btgueal 5@ sUitEingderset asassaysl thegresedguyerary EIQP‘{“B% ge&gp formed
assenbly by a bonding process that includes fixing a
betwechaligasemilabarget andbdokimgiplege.mrenber, preferably at a
| ow tenperature. The nethod includes positioning an ,

[0019]2S S @{Haky/4 (R wyaNdw Bf Bspulteisl fAgpes isdembliytdf tiee present invention that
plurality of projections, and an assenbly nenber

- hay| i | ' ' @%nd the backin

nclac 3 LR BRI 09, e b oAbl bis o ot apye :
projections and said grooves are in substantial

plate. regi stration; slidably contacting a portion of at

| east one projection with a portion _of at Iﬁ%mone
gr oove; DERAIED DESARIPEEIN Of HEESRESERYT INGE
projection(s) to at least partially fill the _

[0020]gr OQVe (fEPsent beerinn Doduedgl the tathgdt ofnessbmbliana@ stugerng target
backi ng menber when the projection(s) hardens. [0021]

assem dS/ ecfye!é%ﬂi’ngtﬂ}@cép Whdt Ehé10gest AYigLta ASEE Mdbera® a backing member,

escri bed above, contains two assenbly nenbers, i.e.,
cki . i Bor havi
prefer%lbg %Sapfggggﬁ%ﬁ{%eﬁgg iR AR bb &t A PEGE8hbREASRRer having a

bonding side with a plurality of projections, and an assembly member having a bonding side with
a plurality of grooves adapted to receive the projections, such that the projections and said grooves
are in substantial registration; slidably contacting a portion of at least one projection with a portion
of at least one groove; and partially deforming said at least one projection(s) to at least partially fill
the groove(s), thereby bonding the target member and the backing member when the projection(s)
hardens.

[0021] Preferably, the sputtering target assembly, as described above, contains two assembly
members, i.e., a backing plate member and a sputtering target member. The sputtering target
member and the backing plate can be any suitable target grade and backing plate grade materials.
With respect to the target materials to be bonded by the method of the present invention, examples

include, but are not limited to, tantalum, niobium, cobalt, titanium, copper, aluminum, and alloys



menber and the backing plate can be any suitable
target grade and backing plate grade materials. Wth
WO e@pmst06t 0 the target materials to be bonded BYT/UR03/033249
nmet hod of the present invention, exanples include,
but are not Iimted to, tantalum niobium cobalt,

titanium copper, alum numg and all oys WO 2004/ 038062
PCT/ US2003/ 033249 5 thereof, for instance, the alloys

descri bed above. Exanpl es of the backin% plate
thereof, ifiCinstelfce, thetallayedesndtied dbni¢. eBxaroples opihe bacldng plasoipplade, but are
all oy, tantalum niobium cobalt, titanium alum num
im0, 2bbQYS of BRSNS allsyiChn@RmT aM6bidWcoFaZ titarkldy aluminum, and
not Imfer g NJBLIS)% “rati 1,§158|}\|bTi%’I TaMb, NoNb, and the |ike. No

s BRI, S0 354 S NN, T, gt

t hi cknesses of the backing and the target mater] .
ike. N Qmgiioa GRERSE & DR GRS ER o ROP STl LR B e g pecking
targets. Alternatively, the backLng{plate and %ﬁgﬁ df
plate. Thartigetnesees of thabackingrarkdhe iegehmatepiphgag be gy gigBiffRigkness used for
onto the backing plate can be any suitable thickness

formind Quttbie Gasts exlteappivelyathe backingErlatgrndshotargsl imasgsjabor other metal
t hi cknesses of the backing plate and of the target

plate to PRhEhac or{%@ﬁlle BeGeindMhte¥af be BB sulitabletiitkiiess for tHeadekiretapplication.
plate wth a thicknhess of fromabout 0.25 or less to

s R S B9 s oo
et g o BT e B R 1 A s o

conventional target grade material for instance as :
more imibpnedsedd tangdts @ith PAudesNengigg S abegt 0.0p0, E&?}%ﬁ%‘f’a{’@%‘ 1 inch or
inits entirety by reference herein. The sputtering
greater| Bl @€ fprédait iaventohale target inntterial &y be besded @ite Grevieacking rpdate can be
in the industry. Furthernore, the sputtering target

i deOaieRl NRE EinstARENSY GedRriBRUIH €U SN Pateat P&d. 6,348,113,
Convengﬁ%l?grﬁ%gﬂot hezljr1 fornms of sputtering targets such as

incorpog:!rttzej}cﬁ1 ﬁ{ i&in?nﬁge%%ﬁ%gergr?c% %‘J&Eﬂ eIShei s?ﬁ@é'rﬁx%rt?xgi?tr&n $is8thh@NB! Mierlayer as

nent or electronagne The purity,
. texture, —and/or grain size and other par rs d
is convyenBprAdiAhS iEISEhd RpBemnaie B PRETE PHLar (5 ¢ figllow cathode
present invention. The present invention pr o¥li dei?na r
magnetnet frutien taegel aryl candp othes farng of SPYEring S¥gFHFYPLES PHNAT magnetron
any type of sputtering target and backing pl ate. )
assemblli@9 3R drpbhiging dfagefiaryrentveating permirenpoad ¢dtoanaghes.pTbe pwily, texture,
invention includes two sides, a
and/or grain size and other parameters, including size and the like are not critical to the present
invention. The present invention provides a method of making a sputtering target assembly with
any type of sputtering target and backing plate.
[0022] The target member used to practice the present invention includes two sides, a
sputtering side and a bonding side which is opposed to the sputtering side. The backing member
of the present invention includes two sides, a bonding side and a back side which is opposed to the

bonding side. The sputtering target assembly of the present invention is formed or assembled by

fixing the bonding side of the target member to the bonding side of the backing member. An



sputtering side and a bonding side which is opposed to
the sputtering side. The backi ng nenber of the
wW@e@gesR061 nventi on i ncludes two sides, a bondi PQI/EE1@3/033249
and a back side which is opposed to the bonding side.
The sputtering target assenbly of the present
invention is fornmed or assegbled by fixing the
bondi ng side of the target nenber to the bonding side
of the backing nenber. An WO 2004/ 038062 ,
interfacP QT AefBRONS/ 08324 detvgen fechonding side efethie iugetoperghersgnd he bonding
bet ween the bondi ng side of the target nenber and the
side of BRHcKBe nSdniler. 0Thé bendiacsidesganbeifoed td hechirdindisngh thatdesurface of
can be fixed to each other such that a surface of the

the bonﬁfhg i M015h8 BaQdind REMBACKHINGsFRED 8 {1RNHdnding WideasTehOfarget member
th onding side of the target nenber are in

. substantial contact: t rf.ace f . .
are in gt cpflaaBEeices P BsTHhaPE g o B, HRIEAMISPL AR or, an
) be interposed between a portion aof the surfaces. of .the
interleygbeRn iginieTRsed DePHeeT ARQBHIMEHe Suiren,at o Bamdiing i g interlayer

The interlayer can also be in the formof a foail,
can bepl homlingmediaocKhe isdaypt ean eksoihet ir thayferm pdtae faika pdate a9 block.
i nclude, but are not limted to zirconiumand the Iike
ExampRB @£ aftélayeomuenils edidihclude, biearemdtikinityd to ditcaniutmargshe like and are
found in U S. Patent 5,863,398 and U. S. Patent

332 iGRRRE MitarfhHMAN WlindSid YES. PRefKSI863,398] and U.S. Patent
Conwmﬁ?&%;@’?%egéogggaé found In U S Patent 5,693, 203,

d graphjte as found in U.S.
6,071 BcePtrE AP o T Hoae b P o e s Kt ) B Fbatent 5,693,203,
reference_herein. [00231 The targe nber and the . .
and grap iR PG RS- DA e B b G U gt In i emtzety by
dissimlar nelting points. Gooves can be forned in
referentdikerbiondi ng si de of the nenber (target or backing
menber) having a nelting point that is greater than
[0023]t hatrhefrarkbemBmber il tHer utkingi mbmbéiecarobé enadeefvdye rmatsrials having
made. Preferably, the target nenber is nade from a

dissiml{l‘%téﬁ%lg?% PIB%}/S[ NGroBvddl AR folfRd innde B@ﬁcﬁﬁ%ﬁiﬁé Rf fthte@ber (target or

fromwhich the backing nenber is nmade.
. &G ooves can be forned an ' I 0 . :
backing EPTPG S G Por o gaet LR iy TP AR gterial fom anich the
a |lengthw se dinension so thaf an extended roove . hich
other merpldt i aMdnAn Ereferably cligtirgel Bemperys na r@?ﬂéﬁ figria %?Wé‘g a tughet
groove cavity is annular so as to forma continuous
melting pcias thad that af the n@teriad fromowhick dve hacking gagber is made. Grooves can be

formed by any suitable method including machining. The grooves can be formed to have a
lengthwise dimension so that an extended groove track, channel, or cavity is formed. Preferably,
the groove cavity is annular so as to form a continuous recessed track. One or more cavities can
be formed in the bonding side. Multiple groove cavities can be arranged concentrically.

[0024] The opening of the groove cavity is adapted to receive the projections on the member
having the projections. That is, the groove opening is of a sufficient dimension and shape to allow
the projection to pass into the opening. Interior to the opening of the grooves, the diameter of the

grooves can increase, decrease, or remain constant. The interior of the grooves can be of any



be formed in the bonding side. Miltiple groove

cavities can be arranged concentrically. [00241 The
wop@niossyenf the groove cavity is adapted to reP€i/vUs20081@33249

projections on the nmenber having the projections.

That is, the groove opening is of a sufficient

di nensi on and shape to allow the projection to pass

into the opening. Interior to the opening of the

grooves, the dianeter of the grooves can increase, _

shape adléeoleare Figire 2 ahwminemopisahvatiaioss pngedve desgnst pigiers are possible.
grooves can be of any WO 2004/ 038062 PCT/ US2003/ 033249

Groovd sBdpRPeard BE r¥@A4#8e ik OM! €A 2red3iesticxahplgasovefoan generally form a
variations on groove designs; others are possible..

Q. 9QV 8. SPRPes-»can,; bd Yiarldid LY, BowiR, efcOSAn interlockin
square,srgc%i@% 0] ’aig’r g%%/lg?%%ﬁgg{g%er al aiufif’or ‘a ° squarce, s

rectangle, "T", "L", semcircle truncated ' :
design Fs5Sls, D eres vesbese TN APGE I A0t e bty rtappine, and
froma groove shape in which a projection and a .groove
would gengeedly ibglude @raospsinrighict Ar INtGAT| Hagelfe Tthgf?CWEHg giater than the
grooves in which an interior dianeter of the groove is
diamet@f EFahe proohanpérieg adiweliret eariovs otlive dgrigsy suchpe g abaped design.
wel | as various other designs, such as an "L"-shaped
Also, a8 €54 HRmbefhdfag BreltRarfor¥BiAGSEe chdiyy, g dpeof thagroone cavities can be
groove cavity, the shape of the groove cavities can be
. .di ssimlar. ' | Broove cavity.
dissimiy U0 o 7 BRSO T N O Boue Baut Ly S e oo cany
grooves can b n ept.h such as..fraom about 0.01 jnch
The 5¢vep 698 by, P nHD ob 51 VA 90! BERILIGRIS O Pghf more and
about 0.025 inch to 0.075 inch. [0025] Projections can
preferably, fromrabdui h02hiaclhir{dBgnet- de of the nember having a
melting point that is |ower than that of the material )
[0025]f r oFropitiohs taiebofomeed ireitb dondisg sdef Ry wewbethaying helting pomt
backi ng menber is made froma material having a | ower
that is rIEJv&‘ hen PRt Y thd ahidiiipkof whidk theabgiet alember Gnnads. ¢ Breferably, the
the target nenber is made. The projections can be
. fornmed b ' el ugi; ¥l aterial
backingpudtiter @R SSHLL AR BalARRC, LR S RERTREMLALRG of the m
roximal end that,is  attached at the bgnd

from Whigh 1 rHSF: meRBSH SR ai Praeong it o8 Rl v i Sufdble method

ape-an

dinension to permt the projection to enter the . d that i
includipgenaahining. {The proiccieapbafdp rq]@st@rq;)él\,@di an pRpposing proximal end that 1s

groove-contai ning nenber and to conme in contact wth )
attachedl & thidf edingfsidenef themember T dista egd dpefsucirhghape and a dimension to

proj ection can be o
permit the projection to enter the opening of the corresponding groove in the groove-containing
member and to come in contact with a surface of the interior of the groove. The projection can be
of any size or shape. Figure 2 shows variations on projection design; others are possible. A cross
section of a projection can generally form a rectangle, triangle, or other suitable shape. The
projection can be of any regular or irregular shape. The projection can be in the shape of a
cylinder, cone, truncated cone, cube, cuboid, pyramid, obelisk, wedge, etc.

[0026] The projections are arranged on the bonding side of the member such that the

projections can be mated with a corresponding groove on the bonding side of the other member.



of any size or shape. Figure 2 shows variations on
proj ection design; others are possible. A cross
wa@eaioaseenf a projection can generally form a PCT/US2003/033249
rectangle, triangle, or other suitable shape. The
projection can be of any regular or irregular shape.
The projection can be in thg shape of a cylinder,
cone, truncated cone, cube, cuboid, pyram d, obeli sk,
wedge, etc. [0026] The projections are arranged on the
Notably dinelgrogvescattaining rhemtbes msgringludshe tangs number of gpevs ¢ayHigs than the
can be mated with a correspondi ng groove on the
numbe: biB&ionk 88 B ploftetiei-tetainihg hembey\OTR4 (¢ /c088 Q@ ve need not have
PCT/ US2003/ 033249 8 Notably, the groove-containing

a corregmogﬁﬁ%mggj\é%% cl T'H@Pﬁ’)g)éc%&e&nmé'@ﬁﬁed)ﬁpaw SO¥Kir6@V Fbi efample, the

er o roj ections on the
. roj ecti on-contai ni ng. ne r. t i ) .
project g%ga%spﬁctf@ 0 closx tor aiee Sablgtﬁgll li.’nl gal-gg\? osJo gsz %ol ag)x)?d')épﬁgﬂ'e QY ftinuous ridge.
_projections can be spaced 3p%gt FS deergd. For d circularl
Multipdsqermiseéonstoq be grrapase i e darioplys Prduuodions pdyapged circularly.
: one another in a row so as to approxi mate a conti nuqus
Multipleirdge of givbivesi qah de pisa] toardtowith dmgrbevesin shegEeovercoptEng member.
Preferably, the projections are arranged circularly. _
PreferAH, nBlifle kW6 o DfroBt Ssnéase @aRghiconsadritailymdihe shapetand denension of
grooves in the groove-containing nmenber. Preferably,

il i HOLRSHIGP® 8Mher Alofe@N8Rin the same row. Likewise,
MW(m%E%@éﬁ#@f%%*ﬁveg%ﬁe gﬁapé and dingﬁiion of any one
rojection in.a row can. be di.ssindar. - - Th
concerfi ooyt g icteifa SAgn ot i Ashr hif end gimension.  The
~_rows of projections can contain projections of .
height df SeiDmiPAoNSARASEIA RPN RS T endripals Gl G b figm 0.01 inch or
projection neasured fromits proxinmal end to its oo
less to 0i5shet oranatecand frefefablynfrain aioui AR ienh to ey Ot2oingh. sTheprpjection can
or nore, and preferably fromabout 0.05 inch to about
be anyQ:rc?sst&(t‘iBn sUé1LasE&th @Bt 0M00REY inkR t@0RS5 64 ash- Peefbiably, the projection
such as from about 0.0001 sq inch to 0.25 sqg inch.

is madg grg%l:d; ?o?h&'-cﬂr&ﬁilﬁ{ 8 &%B&r%q dipymade from a

per-chrom um or copper-zinc-alloy. [0027]
0027 o BV BRARP TS o R 0 e s R one s

each projection has a correspondjng groove into whic .

to the jotheg an that egelh @eqicction|hag AAOFEHRSR lélgtgf%@’et R B"lh&ﬁ%elgé% E?S guided.
W th their corresponding grooves involves directing . .

Slidablyh eontftini ettt i progeciionsowith ehgir cowesposding hgroogessimvplyes digecting the
both are in contact. The initial contacting of a

projections into the grooves so that a surface of both are in contact. The initial contacting of a

surface of a projection with a surface of a groove involves directing the distal end of a projection
through the opening of a groove by moving the backing member toward the target member,
moving the target member toward the backing member, or moving both the backing member and
target member toward each other, and continuing to the point where contact is made between a
surface of at least some projections and the surface of at least some grooves. An example of this is
shown in Figure 1.

[0028]  Sliding contact is made when the projection and groove surfaces are made to move



surface of a projection with a surface of a groove
i nvol ves directing the distal end of a projection
WO booaisgect he openi ng of a groove by novi ng theP@BUTK2008/033249
menber toward the target nenber, noving the target
menber toward the backing menber, or noving both the
backi ng nenber and target genber toward each other,
and continuing to the point where contact is nade
between a surface of at |east sonme projections and
laterally hetatwuitd eavh otfier athileanmbtammgeogiacidetseensherax Reptize gfotion between
this is shown in Figure 1. [0028] Sliding contact is

the pro M‘i‘%\gg\tkesuﬁ’fa@és%h ibe r&clﬂ%dgfgclﬁ&iﬂacﬁﬁg’ {Raagecimemb@E e backing
0 nove 2004/ 038062 PCT/ US2003/033249 9 laterally

membeé:cllr%}oitﬁ/.eifhg ﬁ]&% QLRST bWk E T8 Bt I &ﬁq%%e{ré‘gﬁrfaces can include

ween ative noti on pet'ween proj ection

oS T  EE SaR B B B ol GRS b and o
relative notion between the projection and groove

motionsan e veemein g dithstion af mevameRbsaREwHsasl Rsriofically g8 Rickgably, the
menber and the target nenber. For exanple, a

motionleag ke @neifcatar direardhiaboutdizraxireo fulsetdrgehanddhackingenembers. Preferably,
direction of novenent is reversed periodically, or

the bacRin® ARt ¥ rotalR abbBiitsQisGAHIlchiBe ﬂafggam@mbeﬁtq aelddittiesdriyon
about the axis of the target and backi ng nmenbers.

P I h i ng. i o

002153 58 g 250 PRI DTSR b B g0t st co e

any Spq[eg\%é‘?}]é@yfl c)emrﬁgg&gut tg?:glgﬂih%,e@g éélg %E &%h\é%%cﬁ%&%?é 8 ggtg‘ﬁonal speed
as fromabout 1 to about 10,000 rpm or higher.

For
can be Gangdion] SAhent ot ks torrlputee spm e morRand piF{cEIY frogigRpout 1000 to
rpmor |ess to about 2000 rpmor nore and preferably
about 500 EpADAUE rdifhat specdbatite, FGhktanoe frokh @bowtSA0 ifgmad or less to about
speed can be, for instance, from about 500 ft/ mn or

2000 rﬁﬁlsbr%r@,%ﬂgref&gg@ fdnh BhJut 960 bLBut OO et eDalt Jotational speeds

rom about 900 to about 1000 ft/mn. Oher rotational

are po%ﬁvﬁf |d}§11 él%{rt? 1%8‘%%1%%'1 t%%eeeﬁ‘%f%%{ foP¥oniFh il BiRts &ﬁ%g)éc?determined.

ers can be predetermn
The number of rota%%gns.c nTge, edet er m ned.
The nugien el 19FLIGRS ¢ aRTEHFIEZHe 17 &

iQny R Totation gan Ff? ﬁ@d?tsrrnmed. A

decelerate fromthe inertial rotational speed to O rpn%

time tacdaveloratd from thb dnartial rotationsd gpeeddo 0 Wik eandle fippy about 1 to about 100
exanpl e, fromabout 5 to about 10 seconds from a

seconds Ofoalekonslk, Bmaedonf 5 ababiut 1256conds from a rotational speed of about 1250

h:ﬁ

rpm. Other deceleration times are possible. Bonding of the assembly members in the above-
described manner can be achieved, for example, by a rotational energy of from about 60 ft-1b/in’
or less to about 190 fi-Ib/in* or more, for example, 100 to about 130 fi-Ib/in”. Other rotational
energies are possible.

[0030] It will be appreciated that the projections can be configured to account for the variation
of angular velocity in the area of any particular projection relative to the axis of rotation. Rotation
can begin before initial contact is made between the surface of the projection and the surface of the

groove, and even before the projection enters the opening of the groove.



rpm O her deceleration tinmes are possible. Bondi ng of
the assenbly nmenbers in the above- descri bed manner

w@ a0v4lo8806hi eved, for exanpl e, by a rotational PENERLY3/033249

of fromabout 60 ft-1b/in2 or less to about 190

ft-1b/in2 or nore, for exanple, 100 to about 130

ft-1b/in2. Other rotational{; energi es are possi bl e.

[0030] It will be appreciated that the projections can

be configured to account for the variation of angular
[0031] vel Bl plidablyt bentatieg thuf suafagespdithe projeationsrapildle Boaves, a jomng or

relative to the axis of rotation. Rotation can begin

forgingdRERI & Préiistledl apPIddadiallySinhel gereed] wireatidmhef tirifierfecedfetween the
the projection and the surface of the groove, and

oG5 B4 RSN L IR, ot ot

. VWi le sljdaply cantacti.ng the.suf . .

via theﬁﬁrgfterg?rphqsgjgﬁ)&clpﬂ% nbeil%b(‘?g & ’bogl. %ﬁe%?a% ,;}{r)rctelt}g ?%qhﬁg to the backing
force or pressure is applied axjally in the. general

membaih BetbioPGGrONtG 5 BTeHCE RS IRBEHE PHS SOUBRET G ecpgnstant or be
of the target nenber and bondi ng side of the backi ng

varied Mtk gbinifgofores canbbenpfpice euch e Howhabauarl§epoumdsiie gbout 100,000
t he backi ng nenber, or both. Preferably, force is

pound€1iBP by Snbnt ttd BrdvadddutbcienteviReto pentihdsfotintiag of dre mbjettve nto the
target nmenber. The joining force so applied can be

Cofst r i | Fh RL&E Toa00ep.SABrA8ss A ¥bout 18,000
groovef RYRMpfll 1R pinfY fofich calllf kit AbOG ToRiGDC A A Ybou

. pounds, .or an unt to vid £ Al :
bsi. aRH. e PR GEo PRl BT BPeberaR 1% ERE ORIE TR foros ax
_For exanple, the joining force can be from about
possible, 000 p.s.i. or |less to about 18,000 p.s.i. or nore,
and preferably from about 15,000 to about 17,000 .
[0032]p. S Partially kieformiigibfighe projestiomsr eccupsowetblaghest puaduped by a friction
Partially deform ng of the projections occurs when a

created &8t RMERHEE thdPMrorecibn aihd BRovE Bgdiced chusenthegubetignago deform or
the projection and groove surfaces causes the

h
soften gaf% ﬁileg g%)fn? Xy c%ﬁtagte%xg?% Qﬁbs’faﬁﬁéﬂye&kétthé RBagObMNtheObroove and thereby

and to su antially take the shape of the
roove and t

v L e R ol 6 SRRl 1R iy en
proj ection hardens. The friction, produced b : .
projectiomhardensn gT]peh @1(:@1,0@ i nEeduced bijicoptastig épd)(gg]gct;cﬁl WHE the groove in the
manner described above, heats the surface of a projection and the surface of the groove to an
elevated temperature in the region where the friction occurs. The local heating causes the low
melting point material to soften and partially deform. Deformation of the projection occurs in the
area that is in contact with the groove. Preferably, deforming of the projection occurs at the distal
end of the projection. The softened material of the projection flows into the recesses of the
groove. As the projection is deformed, the overall length of the projection is preferably shortened
and the backing member and the target member move closer together as long as pressure is

applied in the direction of the interface. When the desired amount of projection deforming is

achieved, the relative lateral motion between the target member and the bonding member can be



manner descri bed above, heats the surface of a
projection and the surface of the groove to an
wWe@b@vassee2 t enperature in the regi on where the PCT/U$10051033249
occurs. The | ocal heating causes the low nelting
point material to soften and partially deform
Def ormati on of the projectiign occurs in the area that
is in contact with the groove. Preferably, deform ng
of the projection occurs at the distal _end of the.
halted. pibgreaitoved.to Toe, thefdefomadd pertien oé fhegrojepfionhasgienswithin the groove,
flows into the recesses of the groove. As the _
therebyPér@dtRis td QEhti ghysieflodomaebtion had dn eombk | cabesregt bptiafial tmetallurgical bond
projection is preferably shortened and the backing

bemee@r%ﬁget%ﬁe?ﬁn&ﬂfe%%ld mglheOve cl oser together as

S pressure Is applied in the direction of the

i nterface. en.the sjred 0] [
o055 oy B e SR ST PERARS S RUCUERL L, g wooves o
bet ween the target nmenber and the bonding nenber . can
describiybalyage io GG IO P RSB ORI 48 PIRYIGe o RAAR QoL (i Gget member
all owed to cool, the deformed portion of the . )
or the mcking atdndrer had depovidet th friting fepeoovay typhef Bisjion welding machine
creating a tight physical connection and in sone cases
may b@fse@PirdcRd]g, Tt élabiplgithal debaiddd ipel SeBatedtiNot HBEHE96 (Stellrecht),
menber and t he backi ng nmenber. [0033] The preferred

i itO fen el " | @6 teOed Vibit fputtieng target
umoqxg%%ggggggg%ebggg#¥%§5&2@2§g}g%gbﬁgq%ggﬁgq?rictionﬁnl & e

: | di ' . . i voids
applicsige OB (et RPRg gL TG A gk F sh SR any void

joining force. Any type of frictiaqn [ machi ne .

with argeyy topeolgeide targré PERIIvE CaGrIBI | é?féefahg’v U ORPR B8 nert eas,
U. S. Patent No. 5,342,496 (Stellrecht), incorporated

and, mbie réferablyt angen.y Agitiondlly, edopsnhgaseian be Addeshetheyeayer g# to dope the
be used for sputtering target applications to protect

heated fEEor¥RF R & ihfeRitiHa8@hnir@rageitior Bthet fgenisoi ni ng process

and to fill any voids wth argon to protect the

[0034]tg g; qlﬁé sllg%)% Fanf LGRS %ﬁtﬁ@ﬁﬂg@?tiorﬁr &hejcahlitd oM earAY fasons. For

inert gas, and, e preferably, argon.

Additiqnal l.y,. a,dopant gas _.can.Db QN E while
examplfald g e R DR E YN FEH A St S Gprooves

har deni ng agent or other_ agents. [0034] The shape an .
other plojeetasisorptast thenarfice|ddhe GRROVERAVHSE fb%r"ilgii‘l"?t}?e@ween fle bonding

various reasons. For exanple, it may be desired to
surfacdsdhae bsaedyped] dapthenexanpleradeerding tojaaloptional ggtbodimgnt phigie present

grooves while
invention is that a gap can be formed between a portion of the bonding surface of the target
member and a portion of the bonding surface of the backing member after having formed a
locking bond, with the projections disposed intermittently in the gap. One method for forming
such a gap, for example, is to have the volume of the projection greater than the volume of the
groove such that the groove is substantially filled by the deformed distal end of the projection and
a portion of the proximal end remains outside the opening of the groove. Figure 3 shows an

example of this optional embodiment of the present invention. The gap can be any width, such as

from about 0.001 inch or less to 0.25 inch or more. The width of the gap can vary at any point



ot her projections contact the surface of the grooves
when the di stance between the bonding surfaces has
whe@n/0ssdcziced. Anot her exanpl e accordi ng to anPCPUSIN3033249

enbodi nent of the present invention is that a gap can
be fornmed between a portion of the bonding surface of
the target nenber and a panrtion of the bonding
surface of the backing nenber after having fornmed a
| ocki ng bond, with the projections_ disposed

betweei itiedsomiled mambsrsi fin cévtain apbodimentazit olesitahle fopamtielthe heat transfer
such a gap, for exanple, is to have the volune of the )

or excHah&d B&vb@Nthe tagttemdtthabadkiey plateuheingfthe bpittegng pveessucformmg a
that the groove is substantially filled by the

gap beBER E}{@Bcgrrggtl Adhe BRI p15B Sedcsd B hbANraa8Er béweed thie®Wo, such that
of the proximal end renmai ns outside the opening of the

( | ] h | | rature
v B SB BREE g T SpEl Ae mperor

any width, such as fraomabout. 0Q.001 inch or_less . to .
of the GaEst At fhav toAssefrgsioh SE?%’H{ZH’& @%@%&f’éﬁ {Pnyadijve sputiering;
any point WD 2004/ 038062 PCT/ US2003/ 033249 12 bet ween, )
increasitgethb arbdieate tepmiseatare by madiativedicatingysodibipadrsng the emgssion trajectories
desirable to control the heat transfer or exchange
of the PaLNEERokb SNl Agely gogotiheutidekitpof fiidmessdithadpposited film.
Sputtering process. Forming a gap between the target

[0035]2" dyf Qleo;}ﬁ%ﬁéﬁi DoRinnE of 8 ?F&&tﬁﬁﬁnﬂi@@b btdz8 AR E6r braze metal can be
bet ween 't t ha

e two, such the tenperature of the
arget is increased._.durin e terd
ot G F5le i P TRERRAL LB UEPRS S G0 RS gt on
desired effects _of stabilizjn cqnditéogs %ﬁr react | € o of the
the gregygt t Siniilegy. aﬁﬁ@%%ﬂﬁ@ﬁ?ﬁ%%&% r&Pe®t IFFEF AR B

radi ative heating, and broadening the em ssion

projectisragrethd grobes Thefsotdee caphs a snliddr didoids Prefambih Hyedpgze or solder alloy
pronmoting uniformty of thickness of the deposited

(or mekdl) 18s a[REERS pdifit GMat Agist 400RIC. eTiteaistazesort sotafer they prmsighis melted by
i nvention, a braze alloy or braze netal can be

the ﬁigf?&fhgﬂ Sg%ﬂe E O5mtie HRMALEBLHVREh T hdfREoh ReH kel @d the groove

urfaces’ on the projections and/or surfaces on the

surfac%relD o‘%lg d{lagaégnro hgsrg{l:* éds glgqsvo!c g’ﬁé&? %{elﬁéé%e QU ROELE dfesto?deﬁ gﬁ&al or alloy
r

projection or t
oove. The sol der can be a solid o

i quid. . .
strengBeRs or AETY'S (OB RFEVGSR. 8o PERACtTaYES: (GTaTilesPf Dipging material
a nelting point of at |least 400 C. The braze or solder .
include) betyarernatrdimited ¢ sBvaredidbyumt e fdiven,i gRchiad, antmony, bismuth,

generated fromthe contact between the projection
alumirftt, f REE Ta@Rfint, RRIIGIHY @éPper, nickel, vanadium, titanium, or zirconium, or alloys
thereof (e.g., Sn-Pb or Sn-Ag solders). The brazing material can be applied by method and is
preferably a liquid. The brazing material can be used with or without flux. Friction brazing
preferably requires less energy to form the desired bond than friction welding. For example,
friction brazing preferably requires from about 1 to about 90% less energy to form a similar bond
by friction welding.

[0036]  In an optional embodiment of the present invention, at least one cell member having a

plurality of sides or walls is formed near the interface between the bonding surfaces of the target



surfaces in the manner descri bed above. The presence
of the braze or solder netal or alloy strengthens or
w@eniss61 he bond between the contact surfacesPCT/US2003/033249
Exanpl es of brazing material include, but are not
limted to silver, niobium tin, indium zinc, |ead,
antinmony, bismuth, alumnym gold, cadm um gallium
copper, nickel, vanadium titanium or zirconium or
alloys thereof (e.g., Sn-Pb or Sn-Ag solders). The
membeb g ihe backihe hicalber aRreferalalppiht edll byenrhet krolgcaipdiin gn area of greatest
preferably a liquid. The brazing material can be used
sputterﬁﬁ\%%fbs% WibleQHin bhdiell FeinBbi n hy dEhe The edlbrmhiber can be filled
requires less energy to formthe desired bond than
with ga]é{ ig;é {g%ﬁ}l%@l c%il%mfe?%m?ﬁéﬁgin%ﬂ gfg,lr_p('r)é‘ffsﬂagﬂ RERL | ’{193 cell member can

requires from about about 90% | ess
energy to forma simlar bond . by fricti '
be of apHGBEY: K AAB FGHIELBRBBATERE. o fergPLYE, Pl Hember can be

invention, at |east one cell nenber_ havin .
regular pk isrcgiilat yMoltipls cebsmembeapahavs ARGMIBHSIMBET Hliepressure of the gas in
interface between the bondi ng surfaces of the target
the celWRe2064¢0 306G REFLIUS2 G0 0032 heres Dr ighsw randrig preterably about 1
backi ng nmenber. Preferably, the cell nenber is |ocated

he@MriRr @R Rimish: @ah B8tof 8P Woleid, BEchedsoBdmnbolyb0e dubininch to 10
atmospg%g ce}?I rrerrbrrcler can be fo?rred. The cell menber can be

cubic 1154]1'%% teprbeac\é\%sts%?%%ﬁal Hﬁ&&@ﬁs dr ﬁlél%ﬁ caf + BRBEH: G61ikE XeM1 inchto

erabl'y argon. e ce menber can be
of any_shape, faqr exanpl e, rectan . 0 ar l;cal .

about Oﬂfﬁemglhgrgemg}}es,tqu P Ip%%gﬁlﬁlg Iﬁo&rh%boggbaﬁ élbc&l)gralgoﬂ;léh 8'about 0.1 inch
irregular. Miltiple cell menbers can have dissini.lar

X 1 inchh @peferablyhas Isteansiside adfthe el ng@eber i 2 HCH’BOIb%ﬁd the i?@‘;pd%% surface of the
can be fromabout 0.1 to 10 atnospheres or higher, and

target inSmbéreTEp@bldyshatroun ekamplenafshh embodifient. con¢ opmsevaigaf the cell
be of any volune, such as fromabout 0.1 cubic inch to

64 Rl B RS rticH Y (RS ASSct BRGINeANBhe 6 RSy allkofdle cell member
membe}%aémceﬁ 1gan9bgi)%from about@é. 01 inch X0.1 inch to

can be%%«%d %%oﬁtlﬁg %f ﬁlegbdgﬂlﬁlﬁgﬁm{x@eqd T'ﬁQrcg% .ﬁfleﬁ{b%f ahi gdfrﬁi@&l entirely in

Ye
0 about inch X
i nch. Preferabl

, at | east. ope side.of .t I r
the bagkgng, meebes; orﬁheo?e)ﬁt BEMBE AT EOEPF%E%UIS 4 ]flﬁge ?a?r% e G The cell
menber. Figure 4 shows an exanple of the enbodi nent.
memb@nendre foomel gederallyoh tha@rejeqtion-caaiFhEle BEmbERIy#} prapetween two
by a portion of the target menber. One or nore walls )
projectdnst MEheCellmembdran be formed generally in the groove-contaimng member in an

area between two grooves. The cell member can be formed by forming a pocket in the projection-
containing member, the groove-containing member, or both. The cell member can be formed by
joining the target member to the backing member. A gas can be introduced in the cell member at
the time that the cell member is formed. A gas can be introduced in the cell member by joining
the target member and the backing member under a gas. In an embodiment of the present
invention wherein a gap is formed between the bonding sides of the target member and the
backing member, the cell member is preferably formed entirely in the target member in an area

proximate a deepest portion of the groove.



can be defined by a portion of the backing nenber. The
cell nmenber can be forned entirely in the backing
woreeidessoeThe cell nenber can be forned entirel BCT/NS1008033249

target nmenber. The cell nmenber can be forned

generally in the projection-containing nmenber in an

area between two projectiaqas. The cell nenber can be

formed generally in the groove-containing nenber in an

area between two grooves. The cell nenber can be L
[0037] f orTiectelyndntrenisrmechpuiskefor prevertiog fredpiget ysshirom sputtering into the

cont ai ni ng nenber, the groove-containing nenber, or _
backin%’ﬁfafé. TR &8l hefiBsREsts avhehahd tryeedf biygetjadjacbmtghe lvell member 1s

arget nmenber to the backing nenber. A gas can be

eroded gogé f)r%ﬁé%;o%grrx&ﬂgcﬁesﬁe Qdfheﬁecﬂp 8411 AbmbértRurdtd, MBradnbidht frB&ure occurs in

or ne A gas can be introduced in the
cell mepber by.joinipg. the target . :
a Pt R P AT RSB A ingtSoq b B SRS brcdRte hbfifor(s)signals to

present invention wherein a gap.is fornmed bet . the :
the useb émefop ghesspREering PrOPRSS ¢ dﬁﬂg@fmﬂ?g%%? PESSHIE ﬁ‘%’mt%f‘%etﬁ]d PuIpose 15 a
menber, the cell nenber is preferably formed entirely
capacithniteti@otrdteg ot Piramirpargei N an area proxi mate a deepest
portion of the groove. WD 2004/ 038062
[0038] PCTTHS3RQ 2109 3k4G bl Ay 8613741 Theepresehd invemtiver have many advantages,
mechani sm fof preventing the target user from
: Sput t enl | | | i sl MaBBEtids or joints of
inctudifR Koo dffeq Aon A AR AL i 108 oRtey. ToPpor o)
menber is eroded.to a predeternin i .
the projegHopseand FHRNGE FAh Sy %?L%ﬁtafl?aell gy ? tgcpgfegié g ﬁ%}gag%zceur § el rates as
a sputtering chamber in which the sputtering process
low as eladut 4 x Y ‘e /saner lowes@us-el ybhi todr¥ 1Y & Zﬁq s to the
user to stop the sputtering process. An exanple of a )
[0039]PF eSBherentbodintants 6bihe théssnpuvpdoe Widl ke appapeat e these skilled in the
manonet er or Pirani gauge. [00381 The previously . .
art froie SohkiRagdiMe F1 BB Spredent hpeqifieaRAt andpestico wfhteepresmy invention
advant ages, i ncludi ng sound bonds achi eved at | ow

disclo%ﬁ%%%rg.t Y fe5in ﬂged’\’itﬁa'@ tlgﬁeglr%(s)% gg@dﬁcaﬁeﬁ RAngamles| vl ddnSidered as

projections an can forma

substantially hermetic seal ..charactern] . followi
exemrf iy S B ST AT 4 BB e 3 e totloning
1 x 10.5to 1 x 10.8 cnB/sec). [00391 O her

claimsemidediivelents tefreathe present invention will be apparent
to those skilled in the



art from consideration of the present specification
and practice of the present invention disclosed
wheooeiosgo6it is intended that the present speci PCT/EE20081033249

and exanpl es be considered as exenplary only with a
true scope and spirit of the invention being indicated
by the followng clainms and equival ents thereof. WO
2004/ 038062 PCT/ US2003/ 033249 15 WHAT IS CLAIMED I S:
1. A nethod of form ng a sputtering target assenbly

WHAT So1isiMBDdSbacki ng menber and a target nenber,
conprising: positioning a nenber having a bondi ng side
W th an Bletodldftiinihg Q%ﬁ&t%@ﬁl?@ﬁget ABEENbI coBFHSiIhg Adackigg member
a bonding side with a plurality of grooves adapted to

recei ve said |ections, whereby said projections
andatagﬁ‘atrg%rp’aerg?o(gn&g{esgﬂgare in substantial registration, and

wherein an  interface is defined hy said bondin L
sur f ad¥@sitioging aenawg%r%g@ﬁ ﬁ%}i@%ﬁ? "o %ﬁ“ﬁﬂ‘ﬂw 8f gojections, and
one projection wth a portion of at |east one groove, . .

a memberchapingtd andingdedeowith agluality oferecyas pdapil torrefeais saghprojections,
to at least partially fill said at |east one groove, _
wheretiyhedie rofectidtisngndataill eastvea arechasvibstahtidioregisbetiowesndt wherein an

target nenber and the backing nenber, wherein said

interfag@imt@fin | B SREhHueRYQs Is a metal having a nelting
poi N

i gher than that of the metal which conprises

the proj.ections...2 ) (F=T Whgr £hdtion of at least
said nﬂq‘%bgly Cﬂrét\%?trlwnég %gg%ogﬁ)gﬁggﬁa?%%@ pl}sj%%?nd taare% etml otar s
nmenber and sai d nenber having said grooves is said

one grepiek iy menber. 3. The method of claim 1, wherein said

menber having said projections is said backing menpe )
and sabamtiﬁ’efng@forrmagisn aalieest gne dveisction toapidlepsd mygially fit said at
menber. 4. The nethod of claim 1, wherein said nenber

least oh@Wiodge, Ihdrebyofonniresat teantpr insetmnicablbaidthetweanghe target member and the
copper, alum num tantalum niobium nickel

backinFOh%RO&N Wikrefd §a5@HetPer having said grooves is a metal having a melting point

higher than that of the metal which comprises the projections.

2. The method of claim 1, wherein said member having said projections is said
target member and said member having said grooves is said backing member.

3. The method of claim 1, wherein said member having said projections is said
backing member and said member having said grooves is said target member.

4, The method of claim 1, wherein said member having said grooves comprises
cobalt, titanium, copper, aluminum, tantalum, niobium, nickel, molybdenum, zirconium,
hafnium, gold, silver or alloys thereof.

5. The method of claim 1, wherein said member having said grooves comprises
tantalum or alloys thereof.

6. The method of claim 1, wherein said member having said grooves comprises

niobium or alloys thereof.



haf nium gold, silver or alloys thereof. 5. The nethod

of claiml1, wherein said nenber having said grooves
w@eormps®es tantal umor alloys thereof. 6. TheP@EURNA3/033249

of claim1, wherein said nenber having said grooves

conprises niobiumor alloys thereof. WO 2004/ 038062

PCT/ US2003/ 033249 16 7. The met hod of claim 1,

wherei n sai d nenber having said projections conprises

cobalt, titanium copper, alunm num tantalun1 ni ohi um

dr al Moy etlverafafiaimsl, Witeeeinseidaderaber diazing said pyaiee@pns comprises

sai d nenber having said projections conprises a

cobalt, ﬁ%ﬁﬁﬁ -coPp &Nl im, GE R, Alobiuna|drafloysdtherthe met hod of
aim1, wherein said projections are of i rregul ar

hape P%Qnetﬂ_c!?ieofr@ziﬁpp wWer&ih 3hid hembiela@in3 @i frojections comprises

pr oj ectirons are substantially cylinders, ~ cones,

ncat ed cones, aﬁ]g) cuboi ds, pyram ds, obel i sks,
acoPpeérC O OPPLHMSE H&V1 ons thereof. 11. The method of

claim1, mhereln sald rogves _are substant.. al in the
Shape The methes e lo ¥¥haFeim sa1d prejectiops are Of ,lﬁf%%\f% Sg?pe‘
truncated tri angl e cusp, or a bowie. 12. The nethod

1f. cl aibe thethnferfeilainsaj avhisteinl shid projaviens axehsybstantially cylinders,
portion of the bonding side of said target nenber

cones, GRHRRAENA! cdbedStibdAdy pyiaivids, obeliskg obwndiesprsbdimfions thereof.
said backi ng nmenmber. 13. The method of claim 1,

pher el heSalloPOPGains LI PhERE SHE Brooled arB s@iaritl) 9f MRkhape of 2

tween at least a portion of t bondi ng side of the
sauare sZr G s ng. morbisro P Te HetdlEsTar Sk paonRy e

fher eLn oL heSol pre 0L00uc, 195 8, UERE LD B 5 oo of e

15. The nethod of claim1, wherein at |east one
bondingr sifleof isoid tarpst meﬂﬂﬁpeonﬂaats gtJeast a portion of the bonding side of said
backing member.

13. The method of claim 1, wherein said bond is formed such that a gap is formed
between at least a portion of the bonding side of the target member and a portion of the bonding
side of said backing member.

14. The method of claim 1, wherein at least one groove has a shape that is different
from a shape of at least one other groove.

15. The method of claim 1, wherein at least one projection has a shape that is
different from a shape of at least one other projection.

16. The method of claim 1, wherein at least one groove has a volume that is different
from a volume of at least one other groove.

17. The method of claim 1, wherein at least one projection has a volume that is

different from a volume of at least one other projection.

18. The method of claim 1, wherein slidably contacting comprises rotating said



different froma shape of at |east one other
projection. 16. The nethod of claim1l, wherein at
WO e@s3806E groove has a volune that is differePtT/US20051033249

a volunme of at |east one other groove. 17. The nethod

of claim1l, wherein at | east one projection has a

volune that is different firom a vol une of at | east

one ot her projection. 18. The nethod of claim1,

wherein slidably contacting conprises rotating said WO
membeBOANE 380 G0 RTPNSIBDR/10 SBR 4nember hisingsridhgoPYR§ 08 YiG§ Versa, and

projections relative to said nmenber having said )
applyin@lORY&Sto%hidihe@bsteav g saittiprofofibys, _lsgidanémb&rdlatim_gssaiddgrooves, or

nmenber having said projections, said nmenber having

bothm‘i-jﬁft,%s %g%\ﬁ%%?no(%fﬁaﬁ%{grfgwber s, in a direction of said

rface. e nmet hod of claim 18, wherein said

ot ati i s, a rot ati .S 3 o
('S8 8! o 35 RIS o Ko ARt o o
18, wherein said force is a joining force of from

about S4B dwebovt GORREIta=-4HBH 18,000 p.s.i. 21. The method of

claim 18, wherein said nmechanical bond is achi eved bﬁ

20. r otBhiei etabd ofickgy & Whesein asisuforgpist ® jeippigt o1esgot from about

ft-1b/int. 22. The nmethod of claim 18, wherein said
10,000%@b8dutNY,008 pati. a rotati onal speed of from about 500

to about 2000 rpm 23. The method of claim1l, wherein

${ I dabhy ﬁl%ﬁl‘i)éc# BGirs ONR I B&Sin HidthBdhafidhid bofi®T®kchieved by a
relative to eac other and applying a force to said

o3RS5 FELRSUSTL A B RBIET AN, e i ng o2

:22: Ztr {ﬁéelﬁlgt%g{l oggﬁgpneéié%? g&%lggi% %:lélalag]@%lgg Ii%\%]ea{ gclbtgtbc?n%g g]r())eed of from

to about 2000 surface-ft/mn. 25. The nethod of claim
about 38, towheutd0A0 sfand force is a joining force of from

;gOUt The method of claim 1, wherein slidably contacting comprises rotating said
members relative to each other and applying a force to said member having said grooves, said
member having said projections, or both members, in a direction of said interface.

24. The method of claim 23, wherein said rotating is at a rotational speed of from
about 500 to about 2000 surface-ft/min.

25. The method of claim 23, wherein said force is a joining force of from about
10,000 to about 18,000 p.s.1.

26. The method of claim 23, wherein said mechanical bond is achieved by a
rotational energy of from about 60 to about 190 fi-1b/in’.

27. The method of claim 23, wherein said rotating is at a rotational speed of from
about 500 to about 2000 rpm.

28. The method of claim 1, wherein a friction welding machine is used to slidably

contact said portions.



10,000 to about 18,000 p.s.i. 26. The nethod of claim
23, wherein said nechanical bond is achieved by a
WO od0anssosml energy of from about 60 to about 1BOI/US2003/033249

ft-1b/int. 27. The nethod of claim 23, wherein said

rotating is at a rotational speed of from about 500

to about 2000 rpm 28. Theaigethod of claim 1, wherein

a friction welding machine is used to slidably

contact said portions. WD 2004/ 038062 . , .

BCT/ USBOGBADABE 24 S laims 1 297herpie spist bl eymptisgs rny interlocking bond

wherein said bond conprises an interlocking bond
and/or BB&Ha8lcan@ehiani cal joint. 30. The nethod of claiml

further conprising disposing a solder netal or all oy,

%U. aze ELALL AT oRLIAY 1, FirtkGdnfAsindikpeigoh selilefinetal or alloy,

east ‘a portion of said at |east one projection. 31.

The nmethod of clalm r | Si di i ection.
oraze kg Rk 5o ren 55 A ABEI gt RAS! 628 ofecto

conbi nation thereof on at |east a.portion of t

Hondi Agegnethodpf ghimg 1. FBHB, C%%Rﬂ%‘fgg dispopFing 8 SSI?‘feF Gietal or alloy,

32. The nethod of claim1, further conprising i ) )
braze mktspasiliy, ar sahbiestiorethereofonzit |least amortimaefathdogging side of said

all oy, or conbination thereof on at |east a portion of
membes Bhfingkaili pasitctione gr oove. 33. The nethod of claim 1,

further conprising disposing a solder netal or alloy

?j. braze, MEb@bs Ohindh! A¥theP EoipRhH AlshOding ASORIRT n@alakr alloy or
€ast a portion of the bonding side of said nenber

havi ng..sai d grooves. ..34. .Th '
braze s R oGt ST OHEoH SRR G At TE A Houin 6t idRikeast one groove.
lurality of sides, wherein said.cell nenber |s formed
B3.0x 1 leemetbod af Blsih e FTHIcE COBBISIHE SIRATRG SBIGCE Pigigho! alloy or
34, wherein at | east one of said sides conFrises a
g

braze et boallef, or tchmbiyatioh thereifdm aflegshiad Heom th?abﬂf\#@lg side of said
sai d grooves.

member having said grooves.

34. The method of claim 1, further comprising forming a cell member having a
plurality of sides, wherein said cell member is formed proximate to said interface.

35. The method of claim 34, wherein at least one of said sides comprises a portion of

the bonding side of said member having said grooves.

36. The method of claim 34, further comprising disposing a gas in said cell member.
37. The method of claim 36, wherein said gas comprises argon.
38. The method of claim 36, wherein a pressure of said gas in said cell member is

about 1 atmosphere.

39. The method of claim 1, wherein forming said sputtering target assembly is under
a cover gas.
40. The method of claim 39, wherein said cover gas comprises an inert gas.

41. The method of claim 40, wherein said inert gas comprises argon.



36. The nethod of claim34, further conprising
di sposing a gas in said cell nenber. 37. The nethod
w@hoogloztom 36, wherein said gas conpri ses ar gonPCBBS20051€33249

met hod of claim 36, wherein a pressure of said gas in

said cell nenber is about 1 atnosphere. 39. The

nmet hod of claim 1, whereinfeorm ng said sputtering

target assenbly is under a cover gas. 40. The nethod

of claim39, wherein said cover gas conprises an inert .

4as. The. m¥thed nut Hoeidn 3O, oheirein 40id wpst egas §aiiQqunié’iltg interstitial

gas conprises argon. WO 2004/ 038062 PCT/ US2003/ 033249
hardenih a%@nts&!i&l Avkheah @fhittdgehm 39, wherein said cover gas

is doped with interstitial hardening agents such as

PRYIEN Qﬂutt%hhé %’é%%gss%%blﬁc@ﬁﬂﬁgiﬁéi ng target assembly,

conprising: a r having a bonding side with a
pluralit f projections;.and E )
Bond gl ik Spopites Ry ol PERIEY sl REoR: and
menber having said grooves iis a.netal having a neltj . .
poi Nt SGHERT BREAS (HEPIUNE (8 HEtah PIYAREHOL SIS el herein said
said projections, and wherein at |east one groove is

membes Uastrandaidtopvés 1s| athetn) having| semsttingrieoinr kjplhert thah tha of the metal
that said nmenbers are at |east nechanically bonded

which tQEEti SR saidhkojettienss Bt tvieieigat 8ag @ine gssrartis yulptantiably hlled by at
43, wherein said nenber having said grooves is a

Lt hel o ' | HedhbAic A6} bsHusd kSgether.
least 0%%1%3 ] tglglg ?‘50?1 ghﬁjgﬁ'ﬂ}ﬁ{ébés?%ltet% g }ei%%gﬁ? ar get 1:}Ias senbl (igeo}er

Lf.giagnk 3, Spp‘)‘it gl{hggi %ﬁgeqlsag?ean ol é:ﬁ]aéll ifﬁ vﬁ?e'rgn Cfgfdofﬁ\éﬁl%ell Baving said

rhavi’ng sal ,
projections is a target. 46, The sputteri t ar get
grooveg dse Fasgs) angd said membéega%??’éﬁi aroaecgaﬁs ’é%ﬁ?%]g‘%ﬁ J_??ﬂRgen a
portion of said bonding sides. 47. The sputtering . i
#ar get Tles senbliyg tirgd] aasembig ofwirsmedh vaherpiatsaidymeser having said

gap is from
grooves is a backing plate and said member having said projections is a target.

46. The sputtering target assembly of claim 43, wherein a gap exists between a
portion of said bonding sides.

47. The sputtering target assembly of claim 46, wherein a width of said gap is from
about 0.001 inch to about 0.1 inch.

48. The sputtering target assembly of claim 47, wherein a portion of said bonding
sides are in contact.

49, The sputtering target assembly of claim 43, further comprising at least one cell
member proximate to an interface defined by a portion of said bonding sides.

50. The sputtering target assembly of claim 49, wherein said cell member contains a
gas at pressure of about 0.1 atmosphere to about 5 atmospheres.

51. The sputtering target assembly of claim 43, wherein said members are bonded or

joined by an interlocking bond and/or mechanical joint.



about 0.001 inch to about 0.1 inch. 48. The sputtering
target assenbly of claim47, wherein a portion of said
wheodiossye2 si des are in contact. 49. The sputt ePCTIYS2003/033249

target assenbly of claim43, further conprising at
| east one cell nenber proximate to an interface
defined by a portion of saighbonding sides. 50. The
sputtering target assenbly of claim49, wherein said
cell nmenber contains a s at pressure of about 0.1
42 nos pher wutteringolorget sssam%bsgfh@ms 43 SfurthanonyBiFieet polder alloy or
target assenbly of claim43, wherein said nenbers are

solder hpdl @ bRke all®i sradetblydigrosedbe bl loask b portivard saiddigjections.
mechani cal joint. W 2004/ 038062 PCT/ US2003/ 033249 20
?@ Thf"hes MiEd Ak @ﬁé&%l}a§§@lﬁﬂ 3 ofurtBéradompding a solder alloy or

urt her c rrpr|S| ng a solder alloy or solder netal or

metal cgrrkfaéze : eog{ne al '&Fs%é%d%?hﬁ%cé@ il of ‘?&; oBveQr tion of

al € sp er| ng et assenbly

of cIa|m43 furt her co r allo
36t ol Bhe Bhligdhis ey 5Py & CGi 6&%&3%005@%@%% sojder alloy or
portion of said grooves. 54. The sputtering targ

metal astrerddlioyof nudtalidrepossd drusttlpast 2 perieniodispg bsznél@lgcf&e of said member
alloy or metal or braze alloy or netal disposed on at

havmg f@abprofecheist i on of sai d bonding side of said menber
havi ng sai d projections. 55. The sputterl ng target

@?Senb'ﬂ(e ﬂ;utt&llﬁ’g mrgé% asder{tl @f cIGRARB | fitRer @brﬁ;ﬁﬁsﬁh? a solder alloy or
oy or ‘netal braze alloy or netal di sposed on at

metal ﬂra aﬁe z?lédo Ioogtnla?, ‘%5%1 QL?IE g) f‘[ o%eof%gld%'ngl df said member

ering targe
assenbl y of cl ai m 43 wherei n said nmenber having said
ha"mgﬁ%m"%nprl ses cobalt, titanium copper, alum num
tantal um ni obi um ni ckel zirconium  haf ni um
s54.ver Thgepudtering aargdy@scmbweqff claigy 43, Tvkersutaid jepgper having said
target assenbly of claim43, wherein said nenber
groovéadngtiseaicebalt, titanium, copper, aluminum, tantalum, niobium, nickel, zirconium,

hafnium, silver, gold or alloys thereof.

57. The sputtering target assembly of claim 43, wherein said member having said
grooves comprises tantalum or alloys thereof.

58. The sputtering target assembly of claim 43, wherein said member having said
grooves comprises niobium or alloys thereof.

59. The sputtering target assembly of claim 43, wherein said member having said
projections comprises cobalt, titanium, copper, aluminum, tantalum, niobium, nickel,
zirconium, hafnium, silver, gold, molybdenum or alloys thereof.

60. The sputtering target assembly of claim 43, wherein said member having said
projections comprises a copper-chromium or copper-zinc alloy.

61. The sputtering target assembly of claim 43, wherein said projections are of

irregular shape.



grooves conprises tantalumor alloys thereof. 58. The
sputtering target assenbly of claim43, wherein said
woreohessohavi ng said grooves conprises ni obi unP@T/US2003/033249

all oys thereof. 59. The sputtering target assenbly of
cl ai m 43, wherein said nenber having said projections
conprises cobalt, titaniumzgcopper, alum num
tantal um ni obium nickel, zirconium hafnium
silver, gold, nolybdenumor alloys thereof 60. The |
6put t eftiengputiariget taegst easbimyblsf o Ichiim 43, Whiksip 53ids rejections are
menber having said projections conprises a

substait PR ey HEdHS Gbht’) MincarERenesz tutes,auboids, Fiamidheobelisks, or wedges, or
sputtering target assenbly of claim43, wherein said

- EQj .ons are of irregular shape. WD 2004/ 038062
combn%@#ﬁ‘é%fggg/ 033249 21 62. The sputtering target

se of claimA43, wherei i e .progjectq
Biber ante apvirip il SOSERIL 7 R BEGEERE R grooves are
cubes, cuboids, pyram ds, obe]isks,, or.mggges Of.4 trianel
substagiéhlyi RARG Pige ORharsape, wetangite K pult eioHE ¢ %  [icated tnangle, cusp,
assenbly of claim43, wherein said grooves are
orabosutlest antially in the shape of a square, rectangl e,
"T", "L", semcircle, truncated triangle, cusp, or a
bowti e.



