2 9 NOV 2005 WD 02/099157 PCT/ US02/ 14302 - 1 RECESSED SPUTTER TARGET Field of the Invention
[ 0001] This invention relates to the field of recessed sputter targets andzgﬂ”/idéé#zarly to a
met hod of manufacturing recessed sputter targets. Background of the Inventi 0 ] In the
field of sputter, target' manufacture, various nmeans bond the target material to the backing
pl ate. Histori CaWd’ozloBﬁgE-QEt manuf acturers soldered targets to Eg&gw Pl ates. As sputtering
tenperatures increased and target sizes increased, soldering Fal e %o provi de the necessary
bond in view of the followi ng disadvantages: 1) low nelting tenperatures limted chanber
operating tenperature; 2) the solder's high -viapor pressure introduced inpurities into the
chanber; and 3) |low bond strength, particularly at elevated tenperatures, resulted in
occasional bond failures. Since a debprded taE8ir GaRgestroy not only a wafer, but also its
supporting electrostatic chuck, it'smost—important—to avoid bond failures. In fact, bond
integrity is so inportant to sputter target manufacturers that Hunt et al., in US Pat. No.

6, 092, 427, devel oped a specialized r’gaieri%pl off_orth repaLii and testing bond interface eval uation
sanples. This nethod eval uates the -s!l—r—eng*t—h—ﬁ-%-gmﬁésé?ween a sputter target and a backi ng
plate. A sanple of the00Xat eriTdlisi snvenbven rtdlratiegh te thesfiepéndhg forned at one end and a

Lhr eaded openi ng forfed 1o oLk Le. lesl QReUIA 109,540, ORENgs;, Threading these 2 9 NOV

of manufacturing recessed sputter targets.

Background of the Invention

[0002] In the field of sputter target manufacture,
vafious means bond the target material to the backing
pléte. Historically, target manufacturers soldered -
targets to backing plates. As sputtering temperatures
increased and target sizes increased, soldexring failed
to provide the necessary bond in view of the following
disadvantages: 1) low melting temperatures limited
chamber operating temperature; 2) the solder’s high
vapor pressure introduced impurities into the chamber;
and 3) low bond strength, particularly at elevated
temperatures, resulted in occasional bond failures.
Since a debonded target can destroy not only a wafer,
but also its supporting electrostatic chuck, it's most
important to avoid bond failures. In fact, bond
integrity is so important to sputter target
manufacturers that Hunt et al., in US Pat. No.
6,092,427, developed a gpecialized method for preparing
ahd testing bond intexface evaluation samples. This
method evaluates the strength of bonds between a
sputter target and a backing plate. A sample of the
material is removed through a f£irst opening formed at
one end and a threaded opening formed to split the

first opening into two openings. Threading these




WO 02/ 099157 PCTI US02114302 openings and pulling the threaded openi ngs neasures the bond
strength. [0003] In view of the above problens, comercial target nanuf aCBgﬁLVSZUH%e pr oposed
several solutions for achieving a solid bond. For exanple, H Zhang, in te .

6,071, 389, discloses the use of a titanium interlayer to diffusion bond a cobalt target to an

al um num or copp i.ng plate. The process deposits the titaniuminterlayer by
el ectropl ati ng, g{)ou&?ﬁérlfﬂg, el ectroless plating or plasm sprggF)ﬁ’g?Z/lﬁoé deposited titanium

bonds to both the cobalt and the backing plate material. This process also relies upon
machi ning grooves into the target and backi-hg plate to further inprove bonding. [0004] Hunt
et al., in US Pat. Nos. 5,836,506 and 6,073,830 disclose a nethod for roughening a

cylindrical target's ck and_sid ur f ) lggg [N ] ondi ng. t target's back and side
surfaces to a backiT earblln Se.an%htpgl?r%?%g%?? ornsaéigsdo{aggh]s?{a%geme son Sgﬁ&ehas proven nost
effective for securibwnd stiraangeh.t 0o a backing plate. Unfortunately, since the target sputters

preferentially from 5(]@0 enter, the cylindrical target's yield or. use during sputtering is
far | ess than one-huL re3§ perggnfr.le"fhggl%k\}\?yafbﬁv&s rngﬁﬁnf'lnﬁo r%rn(%lﬁ;ieferenti al center region
sputtering |eave anappa mamufyctarersiove briopogetl beirétrahtsalutismsmary of the I nvention

[0005] The nethod napuf a%%rﬁa[es sputte %a}gc?%i semblies. It first includes the step of

nmanuf acturing a tar get~ i V109h8 ?aib t ‘er ?’%ﬁagxﬁmp%el%‘ At ™ a dianeter, a hei ght,

a planar top 2 9 NOW202. No. 6,071,389, discloses the use of a titanium
interlayer to diffusion bond a cobalt target to an
aluminum or coppexr backing plate. The process deposits
the titanium interlayer by electroplating, sputtering,
electroless plating or plasma spraying. The deposited
titanium bonds to both the cobalt and the backing plate
material. This process also relies upon machining
grooves into the target and backing plate to further
improve bonding.
[0004] Hunt et al., in US Pat. Nos. 5,836,506 and
6,073,830 disclose a method for roughening a
cylindrical target’s back and side surfaces and
diffusion bonding the target’s back and side surfaces
to a backing plate. This method forms a solid state
bond and has proven most effective for securing a
target to a backing plate. TUnfortunately, since the
target sputters preferentially from the center, the
cylindrical target’s yield or use during sputtering is
far less than one-hundred percent. The low yields
resulting from preferential center region sputtering

leave an opportunity for improved target utilization.

Summary of the Invention

{00051 The method manufactures sputter target
assemblies. It first includes the step of
manufacturing a target insert. The target insert has a

vield strength, a diameter, a height, a planar top



WO 02/ 099157 PCT/ 0S02/ 14302 surface and a conical -shaped rear surface. Then a backing plate
is manufactured. The backing plate has a «cylindrical recess that correspon(@n@& Mﬂf di anet er
of the target insert. The cylindrical recess has a depth |ess than the hei o] he target
insert and a yield strength |ess than the yield strength of the target insert. Finally,

pressing the tar i t into the «cylindrical recess of the i | at e bonds the target
insert to the ba%oﬁﬁ}g%séte to forma target assenbly. The prgggggwa?%et assenbl y contains

the target insert with the conical -shaped rear surface. [0006] The sputter target assenbly
includes a cylindrical backing plate. The cyli ndrical backing plate has a planar front
surface and a recess within the front surface. A target insert bonds to the backing plate

wthin the recess ofS\Epgagea%gdgh%g&?a}_e%@%%%%% f:SP‘%%‘EShaSTg 19' nar front surface and a

rear surface. The rear surface has a ercent of its surface area
coni cal - shaped or t apaclethg pllaer éar mspufaceutsshds The bhekbagkphgtelletse & 0 secure the target

insert to the backin late and faormt target assembly.. Description of the Drawi ngs [0007]
Figure 1 is a schenn‘?}'gl Faw nlg *Fhats ?ﬁ?ﬁs??lg’iees‘spo'tn%lgngf’oglelgs %?g%?%sos‘fng the tapered target
insert into the backthg tdnaier in8e@8] Froereylindrizadchenebschasossdegaadii on of a standard

circular target assef‘gl %%nggﬂe igu e 36 ige% sct?a mati c %og giaew of circul ar

frusta-conical targe ﬁ%‘o n"8 gf‘Fcﬁ ar*® b g 'pr&re. °2%9 IQ@\?]ZSOS
strength less than the yield strength of the target
insert. Finally, pressing the target insert into the
cylindrical recess of the backing plate bonds the
target insert to the backing plate to form a target
assembly. The pressed target assembly contains the
target insert with the conical-shaped rear surface.
[o006] The sputter target assembly includes a
cylindrical backing plate. The cylindrical backing
plate has a planar front surface and a recess within
the front surface. A target insert bonds to the
backing plate within the recess of the backing plate.
The target insert has a planar front surface and a rear
surface. The rear surface has at least about fifty
percent of its surface area conical-shaped or tapered.
The rear surface bonds to the backing plate to secure
the target insert to the backing plate and form the
target assembly.

Déscription of the Drawings

[o007] Figure 1 is a schematic drawing that
illustrates the process for pressing the tapered target
insert into the backing plate.

[0008] Figure 2 is a schematic cross section of a
standard circular target assembly.

{00089] Figure 3A is a schematic top view of a
circular frusta-conical target embedded in a circular

backing plate.




WO 02/ 099157 PCT/ US02/ 14302 - 4 [00010] Figure 3B is a schematic cross section of the target
of Figure 3A taken along line 1-1. [00011] Figure 4 is a schenmatic cross sefgi E\ZZﬁDfS a

circul ar conical -shaped target enbedded in a circular backing plate. Descri ptNl n of Preferred
Enbodi ment [ 00012] The invention provides a nethod for formng a sputter target assenbly with
a solid state bond. _Referring to Figure 1, the process relies upon a target insert 10 having
a coni cal - shaped Y84 face 12 and a backing plate 20 havi ndF W% 'y mating cylindrical
recess 22. Pressing the target insert 10 into the cylindrical recess 22 defornms the backing
plate 20 and forns the target/backing plate_agsenbly 30. During this step, the
frusta-conical surface 12 maintains its shape and forns the bond. This bond secures the

coni cal or frusta-coni ackside 12 of the target, insert 10 to th acki ng pl ate 20.
[00013] The manuf act EP?%O t?o]t?utﬁe Fo&ﬁc?nﬁc?eﬁgﬁltcaﬁgrpsgr S8egren %ﬁr"fbké%e 12 may include but
is not limted to nmaabgstngf HifFaNQA RaRESI AbngdSieng,~1hot isostatic pressing (H P) powder
and spinning. Advanta ly,_ the progess includes pressin he target insert directly into
its conical or parti éPﬁggyioniE&aﬂ“?népéstB E&‘?ﬁ‘ cectrr?(fsnéggﬁﬁilglf‘ Pgsg experi enced by

machi ni ng. The nost sdirtabie Bitihed - stepeadsarpon dipedaigah BRtgrtalar Many target materials
are suitable for hot_pressing or even cold pressing the target into shape. This avoids the
machi ni ng step and | REFEAREPIAtEd. High yields are essentially inportant for high cost
target materials,

Description of Preferred Embodiment

[00012] The invention provides a method for forming a
sputter target assembly with a solid state bond.
Referring to Figure 1, the process relies upon a target
insert 10 having a conical-shaped rear surface 12 and a
backing plate 20 having a partially mating cylindrical
recess 22. Pressing the target insert 10 into the
cylindrical recess 22 deforms the backing plate 20 and
forms the target/backing plate assembly 30. During
this step, the frusta-conical surface 12 maintains its
shape and forms the bond. This bond secures the
coﬁical or frusta-conical backside 12 of the target
insert 10 to the backing plate 20.

[00013] The manufacturing method of producing the
taper or angled surface 12 may include but is not
limited to machining, forging, pressing, casting, hot
isostatic pressing (HIP) powder and spinning.
Advantageously, the process includes pressing the
target insert directly into its conical or partially
conical shape to eliminate the material loss
experienced by machining. The most suitable method
depends upon the target material. Many target
materials are suitable for hot pressing or even cold
pressing the target into shape. This avoids the
machining step and increases yield. High yields are

essentially important for high cost target materials,




2 9 NOV 2005 WD 02/ 099157 PCTI US02114302 - 5 such as high purity tungsten and tantalum For
these materials, pressing the target assenbly directly into its insert shq 'suﬁg'ne nost
advant ageous route for producing the target. For these nmaterials, this represen%s a clear
cost and tinme savings over machining a tapered target insert to a surface corresponding to a
t apered backi ng pl ate. %00014] In addition, the use of high purit}r/U &?wders, such as tungsten
powders, allows ﬁ%ﬂ}f"g&‘ Urers to directly conpress the powder PHIUS13P2 nto a target insert
of near final shape. [00015] Advantageously, nmaintaining the target insert and backing plate
at a tenperature of above 200 C for at |east pne hour during pressing inproves bonding. Mbst
advant ageousl y, pressing occurs at a tenperature of at |least 400 Cto further inprove bonding

between the rear surface of t Fle target insert an%bt he bﬁckin JEI te. [00016] The backi ng
plate 20 contains a A Af dq PHEEEY SEBETHER D V2 RER M AT ng‘w? F ing plate. Mst

advant ageousl y, ducthdieriRiial,s plesahhgythe Stihhets asabdBILRUAL r&€OPPErintd UM num base al | oys or
copper-base alloys formthe backing, plate. A um num base alloys, _such as alloy 6061 provide

the necessary ductilt%§ insertaddeprods Bhe MRRKiAYT2PEATEOUROTPHERERF a yield strength |ess

than the yield strengtdnefidgh@neatdeber MBSt alnddr WAgePE 888 NeriPptional Iy, the backing
pl ate recess 22 may contain square, tapered or rounded corners. The recess 22 has a vol une

approxi mately equal *eRFSf@tFoPuREeBE £RARE talpbtdde] AI¥EPIT20VR Bachining
a tapered target ingert to a surface corresponding to a
tapered backing plate.
[00014] In addition, the use of high purity powders,
such as tungsten powders, allows manufacturers to
directly compress the powder directly into a target
insert of near final shape. _
[00015] Advantageously, maintaining the target insert
and backing plate at a temperature of above 200 °C for
at least one hour during pressing improves bonding.
Most advantageously, pressing occurs at a temperature
of at least 400 °C to further improve bonding between
the rear surface of the target insert and the backing
plate.
[00016] The backing plate 20 contains a cylindrical
recess 22 formed by machining the backing plate. Most
advantageously, ductile metals or alloys, such as
aluminum, copper, aluminum-base alloys or copper-base
alloys form the backing plate. Aluminum base alloys,
such as alloy 6061 provide the necessary ductility. In
addition, the backing plate should have a yield
stfength less than the yield strength of the target
material during pressing. Optionally, the backing
plate recess 22 may contain square, tapered or rounded
corners. The recess 22 has a volume approximately
equal to the volume of the tapered insert 12. This
provides sufficient bonding without inducing excessive

deformation of the backing plate. Advantageously, the




provi des sufficient bonding wthout inducing excessive deformation of the backing plate.
Advant ageously, the 2 9 NOV 2005 WD 02/ 099157 PCT/ US02/ 14302 - 6 recess 22 ﬁmpumplune t hat
is at least ninety percent of the volume of the tapered insert 12 to preven excessi ve
deformation during pressing of the tapered insert 12 into the recess 22. Simlarly, the
recess 22 advan has a volunme of |ess than about one- - nty percent of the
tapered insert 1>aggﬂaéi¥om/good pressing and to prevent the was |n3%g¥$¥ﬁacking pl at e
mat eri al . Most advantageously, the recess 22 has a vol une approxi mately equal to the tapered
target insert's volune to limt stresses and- gaxi m ze bondi ng. [00017] Pressing the tapered
target insert into the recess forns the target assenbly. After pressing; the target materi al
retains its original a5 o] e I $4S Leld essi ng, such as

vacuum hot pressing g%ggghlagp$%%2%§W$%ﬁ1oFﬁ%?hesf%ﬁg}iﬁggggﬁgﬁgﬁpgﬁgﬁﬂ?he assenbly is heated
under pressure, theofatkengopliateofrdtler itaperedcimsent statte gireyleasti ¢ def ormati on t hat
facilitates formng strong.soli.d-state baonds. H gh_ fenper re.pr isNg pronotes the reaction
of the target materi a cﬁfgﬁv?h%e%%ﬁﬂﬁ%ﬁxb 5{299ﬁ%$e8%3%£‘?@é#ﬁhégpgiéé a titaniumtarget and
an al um num backi ngipksate L2 istaduentgesss220 dEihikerland theackcethe2pmterial s together to
formreaction products_that contrilbute to.the b strength 0018] After pressing, the
target assenbly is r§§aﬁn@F8?°?F%¥§ﬁFh§-88&?8?i8ﬁ29%%%ﬁgé fﬁﬁ&% PaFget machi ni ng, pol i shing,

cl eani ng and nmachi ni hgntiredadednty percent of the tapered insert 12 to

allow good pressing and to prevent the wasting of
backing plate material. Most advantageously, the
recess 22 has a volume approximately equal to the
tapered target insert’s volume to limit stresses and
maximize bonding.

[00017] Pressing the tapered target insert into the
recegs forms the target assembly. After pressing, the
target material retains its original frusta-conical
shape. Thig step relies upon hot pressing, such as
vacuum hot pressing or a HIP process to form the final
assembly. When the assembly is heated ﬁnder pressure,
the backing plate material reaches a state of plastic
deformation that facilitates forming strong solid state
bonds. High temperature pressing promotes the reaction
of the target material with the backing plate. For
some systems, i.e. a titanium target and an aluminum
backing plate it is advantageous to diffuse and react
the materials together to form reaction products that
contribute to the bond strength.

[00018] After pressing, the target assembly is ready
for finishing operations such as final target
machining, polishing, cleaning and machining threaded
mounting openings into the backing plate. BAs
illustrated in Figures 2 to 4, the final machining
process typically removes the backing plate adjacent

the target insert’s side walls. Sputter chamber




nounting openings into the backing plate. As illustrated in Figures 2 to 4, the final

machi ni ng process typically renoves the backing plate adjacent the targe;zgi @e@{lﬁ;s si de

wal | s. Sputter chanmber 2 9 NOV 2005 WO 02/099157 PCTI US02114302 - 7 speci fi“cat’i det erm ne
t he amount of backing plate renoved fromits top surface. [00019] Figure 2 illustrates a
standard target Ly 40 fornmed froma circular target 42 a circul ar backing
pl ate 44. Referri“ﬁg&ﬁggﬁ?/gure 3A and 3B, the target assenbly g‘gjl}gggzé{ﬁ' 0a%geousl y contai ns
target insert 52 bonded along frustuminterface 54 and conical interface 56 to backing plate
58. The frustum interface has a dianeter D-ardthe conical interface forns a ring of |length
L. The length L extends parallel to the conical interface 56. The conical interface 56
consists of at |eastgghoud; Jfity PEECERi ndfrHd&n3ARE S¥rHACRiAY G e ween the target insert
and the backing plate. Mst advant ageousrll , It consists of at” l'east about sixty percent of
the total bond surfaxemovgdkdnsn tihe tapgewrfamsert. The target uses up to approxi mately about
fifteen percent and igh as;. nty. S8 S Lal duce manufacturing cost and
achi eve the sane uti |Ozéz;it?]on ?r% \ggtt%ihfg)g&as gésgfaaﬁgg?lggkgraée?g%gsenbl y. [00020] Figure 4
illustrates the optiasegmzlogniddalformedf fgom &t icdirwfl afratgegetsé2nipdndedD.td n this design, the

circular target insert szcutioar:':d% te;the gireyl ar %%%%@rggalpt tﬁjfgqff &2lgng conical bond interface
66. Figure 4 represen?s a roun arae? aving a'top vie not~ shown) equivalent to Figure
3A. (The only and 3B, the target assembly 50 advantageously contains

target insert 52 bonded along frustum interface 54 and
conical interface 56 to backing plate 58. The frustum
interface has a diameter D and the conical interface
forms a ring of length L. The length L extends
parallel to the conical interface 56. The conical
interface 56 consists of at least about fifty percent
of the bond surface area between the target insert and
the backing plate. Most advantageously, it consists of
at least about sixty percent of the total bond surface
area of the target insert. The target ﬁses up to
approximately about fifteen percent and as high as
twenty percent less material to reduce manufacturing
cost and achieve the same utilization and settings as a
standard target assembly.

[00020] Figure 4 illustrates the optional conical
configuration of target assembly 60. In this design,
the circular target insert 62 bonds to the circular
backing plate 64 along conical bond interface 66.
Figure 4 represents a round target having a top view
(not shown) equivalent to Figure 3A. (The only
difference between a top view of Figure 4 and Figure 3A
would be that it would illustrate items 60, 62 and 64.)
[00021] The bond interface of the invention deoes not
lend itself to the use of mating machined grooves,
since machined grooves could interfere with the plastic

deformation of the backing plate. Advantageously



di fference between a top view of Figure 4 and Figure 3A would be that it would illustrate
itenms 60, 62 and 64.) [00021] The bond interface of the invention does naé lend itself to
the use of mating machi ned grooves, since nachined grooves could interfe NGVt 380% ne pl astic
deformati on of the backing plate. Advantageously 2 9 NOV 2005 WD 02/ 099157 PCT1US02114302 - 8
however, a surface treatnent step roughens the side and taper e@lﬁ%&rlflﬁﬁg of the target insert
and the cyli ndrV 8 %%Pess to form an uneven surface topograplf'u & surface to be bonded.
Accept abl e surface roughening techniques include, but are not limted to, particle blasting,
shot peening and etching. Particles wused in particle blasting can be selected froma group
that may include but is not limted to: grit, sand, glass beads and steel shot. This process
causes a subtle di ?{o‘dpti on of Elggaas QcCi %%edtb%@g£n90§ rfacq_ﬁevx/%%ﬁet Qedcorrponents are heated

during pressing. M ear(?\?énf"aﬁeous PS/, e ﬁPocess use gerrll asting t'o roughen the target

insert to pronote thafeaedncueiact of thedawiryell enselt st attee bondi ng. Exanple [000221 A

commerci al 99.99 percent ureltitani urﬁediﬁg)k havi n% di nrensions of 13.572" (34.5 cm dianeter x
750" (1.9 cm) thi CRASSSHEF TSI A R8I BV TR 1EHCS FSREERGP Y f ace. The disk's rear

bondi ng surface fortedh eaf€atekeo shapndbde t Atasptabrd duiesepl aced in a cylindrical
recess machined into a 6061-T6 a%glm num di ik' Thg recess co t,ai,negta vol ume equal to the
vol ume of the ti taniﬁﬂﬂgﬁ’ﬁ"jélﬁ FRERpiquse dmslugescBUE 257 2P% tegk *P5 ksi (103 MPa), at a

particle blasting, shot peening and etching. Particles
used in particle blasting can be selected from a group
that may include but is not limited to: grit, sand,
glass beads and steel shot. This process causes a
subtle disruption of the associated bonding surface
when the componentgs are heated during pressing. Most
advantageously, the process uses grit blasting to
roughen the target insert to promote the formation of

the desirable solid state bonding.

Example

[00022] A commercial 99.99 percent pure titanium disk
having dimensions of 13.572” (34.5 cm) diameter x .750”
(1.9 cm) thickness had a 3° angle machined on the rear
bonding surface. The disk’s rear bonding surface
formed a cone-like shape. The titanium disk was placed
in a cylindrical recess machined into a 6061-Té6
aluminum digk. The recess contained a volume equal to
the volume of the titanium target insert. A HIP
process for 2 hourg, at 15 ksi (103 MPa), at a
temperature of 510 °C, bonded the insert to the backing
plate. The aluminum disk became plastic during the HIP
cycle and conformed to the shape of the tapered
titanium target’s 3° angle. The plastic deformation
that occurred during the HIP process ensured a secure

solid state bond. Evaluating this bond by ultrasonic



tenperature of 510 C, bonded the insert to the backing plate. The al um num di sk becane
plastic during the HP cycle and conforned to the shape of the tapered t|t%n|un1target s 3
angle. The plastic deformation that occurred during the H P process ensur ed INWYBlire” solid
state bond. Evaluating this bond by ultrasonic 2 9 NOV 2005 WO 02/ 099157 PCT! US02/ 14302 - 9
testing, tensile testing and netal | ographic nethods confirnmed the bond integrity and
strength. [00023VOPa8P11q P ul trasonic testing anal ysis reveal eBCTESBA43%undr ed percent bond
bet ween the backing plate and the target. In addition, the ultrasonic testing indicated a
mnor void in the area at the edge of the target. [00024] Met al | ographi ¢ anal ysis reveal ed a
consistent bond interface with one small void resulting fromthe square corner of the
recessed backing plate not fully, _extruding or_deform ng. The location and size of this void

woul d have no i npacttaffdmthé&ergidst teSping AthMes 2 ERPERBRHEr BETRIS hot t om and si de wal

bond were equival entedrFiMR0kRe ohidistasLidondingrraagtaved w th diffusion bonding
techniques. In addition, subsequent testing has shown that_a fillet Jocated at the side wall

of the recess elin nEAZ3ny P\‘P(S’ltdéup[ BbbYBFOMD teshdPPe 2RadYsis nr et hnce with the two

threaded opening Sara)lo%mmeao?)&eaﬁé b&&a %@@Jée%nrthebeaékl tgh seapl es, cut across the
bond interface, had the alum numfracture. The first sanple fraciured at 1, 920 | bs. (13.2

MPa) . The second sanpind fihgtiaregtat Ingaddipkorn,1 the Mpgyasonic testing

indicated a minor void in the area at the edge of the
target.

[00024] Metallographic analysis revealed a consistent
bond interface with one small void resulting from the
square corner of the recessed backing plate not fully
extruding or deforming. The location and size of this
void would have no impact upon the target’s
performance. Furthermore, the bottom and gide wall
bond were equivalent to integral solid state bonding
achieved with diffusion bonding techniques. In
addition, subsequent testing has shown that a fillet
located at the side wall of the recess eliminates any
voids.

[00025] Two tensile tests in accordance with the two
threaded opening sample method confirmed the excellent
bond. Both samples, cut across the bond interface, had
the aluminum fracture. The first sample fractured at
1,920 lbs. (13.2 MPa). The second sample fractured at
1,830 lbs. (12.6 MPa).

[00026] While an example is given for titanium
targets, it is noteworthy that this process operates
with similar effectiveness on sputter targets of any
alloy orxr composition that is suitable for use as a
sputter target such as, aluminum, titanium, copper,
chromium, cobalt, nickel and tantalum. In addition,
this process operates with the target material and

backing plate being either similar or dissimilar




[ 00026] While an exanple is given for titanium targets, it is noteworthy that this process

oper at es

with simlar effectiveness on sputter targets of any

all oy or corygpﬁdvti that is

suitable for use as a sputter target such as, alum num titanium copper, chronium cobalt,

nickel and tantalum In addition, this process operates with the target material and backing

plate being either sim/lar or dissimlar 2 9 NOV 2005 WO 02/ 09
r?% 20991457

al | oys.
pl ate or

For exa

P is possible to place an alumnumallo
in a copper backing plate. [00027] The tapered target

7 . PCT/ US02/ 14302 - 10
?ﬁé@kfn an al um num backi ng
desi gn uses a

manuf acturing-friendly process to recess the 1correspondi ng backing plate and easily adapts to
various types of manufacturing equipnment. The process also elimnates the need for

speci al - cost -i nt ensi \ﬁ?xgachg.(g]i_, ngf"%’]]t he il%aggi Bgﬁﬁ@ltee ,%g rilgc%ng{‘r educes the tine required
[ or a 0

for manufacturing. Bur

er nor e, aﬁ'ovvs € nmanu ture

a sputter target with a

decreased t hi cknessadtmihsmedfbsy (tamyetaliny aB0aluBb¥gm bSikicyg phAhset arget assenbly sputters
preferentially from, its center, this tgrgéet requi res no change
S

condi tions. Opti onallfﬂ‘yf’1 fﬁ%P%‘]és}is%%klll}ﬁ:rP

t he thickness of t

in standard operating
he target material wthout

nodi fication of a sHooDReVEnNng Bystaperest ardged dpsidrerusegy @cedure in comparison to a

conventional cylindrical
by | owering the amTRPUSRCFRF

process

tar et_'nser . Furthernpre, it increas

various types of manufacturing equipment. The

es sputter tool productivity

9% PIPEGER B, TS5RI%R /IS educi ng cost. Finally, the
al so facil icogtrespbheihgrivadgirgf pdatengniasaslily adapts to

process

also eliminates the need for special-cost-intensive

machining of the backing plate blank and reduces the

time required for manufacturing. Furthermore,
allows for the manufacture of a sputter target

decreased thickness at its edges (typically 20

it
with a

- 35%).

Since this target assembly sputters preferentially from

ite center, this target requires no change in standaxrd

operating conditions. Optionally, the design increases

the thickness of the target material without

modification of a sputtering system’s standard

sputter

procedure in comparison to a conventional cylindrical

target insert. Furthermore, it increases sputter tool

‘productivity by lowering the amount of target material

required, thereby reducing cost. Finally, the

also facilitates the forming of strong vacuum

process

compatible bonds. These bonds can have wmore strength

than the actual backing plate itself. Finally,

the

process reduces the design and manufacturing time

required for new designs and products.

[00028] Many possible embodiments and sputter target

configurations may be made of this invention without

departing from the gcope thereof, it is understood

therefore that all matter set forth herein is to be

interpreted as illustrative and not in a limiting

sense.




conpati bl e bonds. These bonds can have nore strength than the actual backing plate itself.
Finally, the process reduces the-design and manufacturing time required forZﬂdWVdﬁ&igns and
products. [00028] Many possi bl e enbodi ments and sputter target configurations may be; made of
this invention without departing fromthe scope thereof, it is undersLQ erefore that all
matter set5 forth hereigpdischeibg nbnt pepreses/ ps3dd | ustrative and noti U iting sense. 2
9 NOV 2005 ApplicatiordNo.ooBET{HYS02/ 143Q2,-PREA] LS (&or 20D 30 MEk i © weaChin iy g o6l gy ke 4" 11
i ke, iikd; s "un L K ;::kII'.II?ILNEES@H%&%@&.I@ ?Jﬁ?h"Wé“€ﬁg%ﬁwmﬂ66£Q] 1. A nethod of
manuf acturing a sputter target assenbly (30) conprising the steps of: a) manufacturing a
target insert (10) having a near final shape~ ttle"target insert (10) having a yield
strength, a dianeter,g% hei ght, a planar top surface and a.conical -shaped rear surface (12);
b) manufacturing a ba ﬁgagpate (20), the backing plate (20) having a cylindrical recess
(22) corresponding to the dianeter of the target insert (10), the cylindrical recess (22)
having a depth less than the height_of the target insert (10) and a yield strength |ess than
the yield strength of Rqaggﬂargeﬁ' i n§ePEtpad)© gﬁﬂ“ﬁ%“ﬁ?@&%ﬁn@ FHBtFﬁgget insert (10) into the
cylindrical recess (ZQkIQEttagsgagkgng3@;a&gméfigiﬂg)ﬁhe skabe gfF:plastic deformation so as to

di ffusion bond the target insert (10) to the backing plate (20) to
a) manufacturing a target insert (10)

having a near final shape, the target insert (10)
having a yield strength, a diameter, a height, a planar
top surface and a .conical-shaped rear surface (12);

b) manufacturing a backing plate (20), the
backing plate (20) having a cylindrical recess (22)

corresponding to the diameter of the target insert

)

(.

(10), the cylindrical recess (22) having a depth less
than the height of the target insert (10) and a yield
strength less than the yield strength of the target
insert (10); and

c) pressing the target insert (10) into the
cylindrical recess (22) of the backing plate (20) to a
state of plastic deformation so as to diffusion bond
the target insert (10) to the backing plate (20) to
form the target assembly (30), the target assembly (30)
containing the target insert (10) with the conical-

shaped rear surface (12).

[0030] 2. The method of claim 1 wherein at least
fifty percent of the conical-shaped rear surface (12)

bonds to the backing plate (20).

[0031] 3. The method of claim 1 including the
additional step of maintaining temperature of the
target insert (10) and backing plate (20) above 200 °C

for at least one hour to improve bonding between the

arsennen SHRET

T P



formthe target assenbly (30), the target assenbly (30) containing the target insert (10)
with the conical - shaped rear surfiace (12). [0030] 2. The nethod of claim1 wh8M8V 1005t | east
fifty percent of the conical -shaped rear surface (12) bonds to the backing plate (20). [0031]
3. The method of claim1l including the additional step of maintaining tenperature of the

target insert (10) and, b i(i X I%Ze' (P%%)OU gggf 499 C for at least one hour to inprove
bondi ng bétween the Pﬁﬁ?ﬁﬁ%ﬁ%‘ ‘9 E, ?’3\ g al ) QEI\"TO' PC];/,...l‘,Jiﬁg/ l,ﬁ@? o, CS-20936- WO
| PEA/ US coni cal - shaped-Tear” Surtace (12)"&f ehdd E et Fngett! o () & "f‘"kl" Lhat ki ng pl ate
(20). [0032] 4. A nethod of manufacturing a sputter target assenbly (30) 'Sng the steps
of: a) pressing a target insert (10) into near- 42 mal shape, the target insert (10) having a
yield strength, a diameter, a height, a planar top surface and a frusta-conical rear surface
(12); b) manuf act uri ngcenbarkisigppsidatreag2eyrfage (baklkhdhs &@&9eL0) ~ARav-ng a cylindri cal
recess (22) correspongj t i r h rget insert (10), the cylindrical recess
(22) having a depth Iegis@)gt rgdn ét}%e%ﬁ%iﬁ%hg ngltcﬁe?%gfget insert (10) and a yield strength |ess
than the yield strength of the target insert (10); and c) hot pressing the target insert (10)

into the cylindrical [§6555 (224)_ of al R@thﬁkngmerl@faecé@rq)ng gosgugtg;:e of plastic de.f ormat i on

so as to diffusion

target assembly (30) comprising the steps of:

a) pressing a target insert (10) into near
final shape, the target insert (10) having a yield
strength, a diameter, a height, a planar top surface
and a frusta-conical rear surface (12);

b) manufacturing a backing plate (20), the
backing plate (20) having a cylindrical recess (22)

o corresponding to the diameter of the target insert
(10), the cylindrical recess (22) having a depth less
than the height of the target insert (10) and a yield
strength less than the yield strength of the target
insert (10); and

c) hot pressing the target insert (10) into
the cylindrical recess (22) of the backing plate (20)
to a state of plastic deformation so as to diffusion
bond the target insert (10) to the cylindrical recess
(22) of the backing plate (20) to form the target

~ assembly (30), the target assembly (30) containing the
target insert (10) with the frusta-conical rear surface
(12) .

[0033] 5. The method of claim 4 wherein the
cylindrical recess (22) has a volume and the target
insert (10) has a volume; and the cylindrical recess
(22) has a volume between ninety and one-hundred-twenty

percent of the volume of the target insert (10).
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bond the target insert (10) to the cylindrical recess (22) of the backing plate (20) to form
the target assenbly (30), the target assenbly (30) containing the target |ﬁ9an2mE0) wth
the frusta-conical rear surface (12). [0033] 5. The nethod of claim4 wherein the

cylindrical recess (22) has a volune and the target insert (10) has a volune; and the

cylindrical recess (223p fﬁghgadﬁﬂNgnag@qngeg/mqmezy and one- hundr ed- tmenty percent of the

volune of the target |@§£§@9§4Qk3 ANENDEp§SHEETqa~8Hq qLQO?“ﬁmplrpqéﬁQn Oy PgT/U802/14302
i .. ... CS-209 -WwW ~...d : C. ~=-
klcarlM’ A C :ulh3 - 13 1PEA/US [00341 6 The nethod of claim4 mherel Eﬁ%ﬂj ylindrica

recess (22) has a volune and the target insert {310) has a volune; and the cylindrical recess

(22) has a vol une apprggég&%ely‘equaHg}gg%hﬁageégﬁgb%%kl h targe%glnsert (10). [0035] 7. A

sputter target assenbl rising the cylindrical backing

plate (20) having a plapaindFidyl L%J:refs%CE(ZdehasrQCﬁé;Surﬂe??a)nthHél Ratgetfront surface; and a
target insert (10) bonded to the backing plate (20) within the recess (22) of the backing
plate (20), the targe%“?%%%rﬁlq1G¥“héVWﬁéU§eneéPdf?%%JC%%kﬂﬂ¥19§ﬁdrﬁéﬁﬁﬁg a planar front

surface and a rear sur{ggg hdd2) .vdfd &pbroUihace: ¢ I&udiaidgrat voeast akout fifty percent
of its surface area conical -shaped and the rear
the target insert (10).

[0035] 7. A sputter target assembly comprising:

a cylindrical backing plaﬁe (20), the
cylindrical backing plate (20) having a planar front
surface and a recess (22) within the front surface; and

) a target insert (10) bonded to the backing

- plate (20) within the recess (22) of the backing plate
(20), the target insert (10) having a near final shape
and having a planar front surface and a rear surface
(12), the rear surface (12) having at least about fifty
percent of its surface area conical-shaped and the rear
surface (12) being bonded to the backing plate (20) to
secure the target insert (10) to the backing plate
(20), wherein the recess 1s plastically deformed to the
shape of the target insert and forms target assembly
(30).

[0036] 8. The sputter target of claim 7 wherein
the recess (22) has a shape conformed to the shape of

the target insert (10).

[0037] S. The sputter target of claim 7 wherein a

reaction product between the target insert (10) and the
backing plate (20) bonds the target insert (10) to the

backing plate (20).
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surface (12) being bonded to the backing plate (20) to secure the target insert (10) to the

backing plate (20), wherein the recess is plastically deformed to the shapﬁ% V/\A%@S target

insert and forms target assembly (30). [0036] 8. The sputter- target of clai ein the

recess (22) has a shape conformed to the shape of the target insert (10). [0037] 9. The

sputter target of clahé‘gg agé . rﬁ?h's?%? gyct between the target insert (10) and the
R

backi ng pl'ate (20) bo i nset, qu];he ;ko,ac,lqm.ng gtmat, f:qu( aﬁ)“utAWENDED SHEET 2 9
NOV 2005 Application /14302 20936 O'a 1T ) n. "t o1d; it

.aT:iil"d:llraat: M\~ .a; f PEA/US [0038] 10. Thersputter target of clal E ein a conical
interface bonds the target insert (10) to the - acld fig plate (20). 1MENOED SHEET

{0038] 10. The sputter target of claim 7 wherein a
conical interface bonds the target insert (10) to the

backing plate (20).
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