METHOD OF MAKING SPUTTERING TARGET Cross Reference to
Related Applications 10001] This application claims benefits and priority of
provisional application Serial No. 60/548,790 filed February 27, 2004, and
provisional application Serial No. 60/603,528 filed August 20, 2004. Field
of the Invention 100021 The present invention relates to a method of
making a large billet or bar comprising molybdenum (Mo) for a sputtering
target and to the billet and sputtering target produced by the method.
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sputieh@. targets made using the CIP, sinter and roll process are disadvantageous due te the

sputter yield of the target and of the etching characteristics of the deposited thin film. This is
refated to the plate microstructure that i1s formed during the rolling process.

Summarv of the Invention

[0003a]  In a first aspect, there is provided a method of making & sputtering target
comprising molybdenum, comprising forming a first preform by diffusion bonding adjacent
sintered powder metal bodies comprising Mo together at 2 metal-to-metal joint in a hot
isostactic pressing operation using gas pressure. forming a second preform by diffusion
bonding adjacent sintered powder metal bodies comprising Mo together at a metal-to-metal
joint in & hot isostatic pressing operation using gas pressure, and then diffusion bonding
adjacent said first preform and said second preform together at a metal-to-powder metal layer-
to-metal joint therebetween in & subsequent hot isostatic pressing operation using gas pressure

wherein the powder metal layer comprises Mo.

[0004] The embodiment discioses a method of
making a billet or bar comprising mely‘t}denum {Mo) for 2 sputtering target whersin TWo Or
more sintered powder metal bodies (e.g. ingot bodies) comprising Mo are placed adjacent ons
another (e.g. stacked one on the other) with powder metal comprising Mo present at joints

between adjacent bodies. The adjacent bodies are hot isostarically pressed to form & diffusion

I



[0004] The embodiment discloses a method of making a billet or 'oar
comprising molybdenum (Mo) for a sputtering target wherein two or more
sintered powder metal bodies (e.g. ingot bodies) comprising Nio are
placed adjacent one another (e.g. stacked one on the other) with powder
metal comprising Mo present at joints between adjacent bodies. The
adjacent bodies are hot isostatically pressed to form a diffusion | bond at
each metal-to-powder metal layer-to-metal -joint between adjacent
bodies.. This forms a billet or bar that can be machined or otherwise
formed to provide a large sputtering target. The number and dimensions

bond @t taenhadieslaceskagiagent one anRihenars.selected 1o yield:a degited

.. large size billet or bar suitable for the sputtering target. For example, a
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pramt&goeftth%rég&e%%nqr more metal-to-metal joints therebetween in a first hot
Isostatic pressing operation to form a preform. Two or more preforms
{8l are plavedadiademdoneadiother {eehsatacked one on the other) with
- \ er. Ising: Mo present at joints between the
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metal-to-powder metal layer-to- metal joint between adjacent preforms to
form a billet or bar that can be machined or otherwise formed to provide a
large sputtering target. The number and dimensions of the preforms
placed adjacent one another are selected to yield a desired large size the
billet or bar suitable for the sputtering target. [0006] The billet or bar for.
the sputtering target exhibits a microstructure comprising
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equiaxed grains of desired small grain size (e.g. about 30 microns or less)
and exhibits a low oxygen content of less than about 100 ppm (part per
mullion by weight) as a result of use of low oxygen sintered Mo powder
metal bodies. The billet or bar for the sputtering target includes a density
greater than 99% of theoretical density and one or more diffusion bond
joints where the metal powder was formerly present at the joints between
adjacent bodies or preforms. [0006a] In a second aspect, there is
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" and embodiments of the present invention will become apparent from the
PreIoBitowing description.

{0006a]  In a second aspect, there is provided a spuﬁerin-g target made by the process

of the first aspect,

[0006b]  In a third aspect, there is provided a Mo-based sputtering target having a
HIP'ed microstructure comprising equiaxed grains of grain size of about 30 microns or less

and an oxygen content of less than 100 ppm by weight.

10006c]  In a fourth aspect. there is provided a method of making 2 Mo-based
sputtering target, comprising forming a first preform by diffusion bonding adjacent sintered
powder metal Mo-based bodies having an oxygen content of iess than about 100 ppm by
weight together at a metal-to-metal joint in a hot isostatic pressing operation using gas
pressure, forming & second preform by diffusion bonding adjacent sintered powder metal Mo-
based bodies having an oxvgen content of less than about 100 ppm by weight together at a
metal-to-metal joint in a hot isestatic pressing operation using gas pressure, and then diffusion
bonding adjacent said first preform and said second preform together at a metal-to-powder

metal layer-to-metal diffusion joint thereberween in 2 subsequent hot isostatic pressing

~
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Brief Description of the Drawings [0008] Figure 1 is a photomicrograph at |
06X of a metal-to powder metal layer-to- metal diffusion bond joint,
between sintered Me powder metal ingot bodies. [0009] Figure 2 is a
photomicrograph at 100X of a metal-to-metal diffusion bond joint between
plate-shaped sintered Mo powder metal bricks. Description of the
Invention [0010] The present invention provides a method of making an
elongated body, such as a large billet or bar, comprising molybdenum
(Moj for a sputtering target. For purposes of illustration and not limitation,
the method can be used to make a billet or bar for the sputtering target 3
operhiavingivElsas ReergHeoT BDDDMPANEFRBISTE AHE FAPRTSSILRbaTRg AT VXY een
con@iMENSiANs Rh2 2550 MbR Y 2R EmMi{an aiTesaitimeters) anddess; alihoughtic
practice of the inventian is not limited to any particular size bilieflbar as ..
Presgig QISR ARY YR ?ﬁ%‘iﬁfg%%?t“aﬁiélLfgirma‘??]%{gﬁdjé%??grngae% app _it:at}il%n. The
an obillet onban foritheiSiatte v tfityet Bhibiestal Aierss Y St comprising
. equiaxed grains 2a WO 2005/084242 PCT/US2005/006229 of desired
SimRthgraimgiges ey 2R U3l eransmpbdeasiand:ex hibitsaricamtoxyge recome
content of less than about 100 ppm (part per million by weight) as
APPSR SRR R PES B S bar for the sputtering target includes a
density of greater than ¥8%f bfethapietics] tledsitwif@0111 An illustrative
embodiment of the method of the inventj star sgg'%_%rgg{;ﬁg, RQWEer . .
n@&gﬁilatgfgﬁ%peﬁ %E%?tﬁ{)né%osg‘cagrrﬁ%ﬁtlsllg% l\?logha\”/l.clng ah oxygen content
menf [BEssthaboabaut IGOvEmMs{parts per noiiosr byewealgn) OTResingot bodies
aifaAde py.gold isosialle. piessle. (el gommelcialyayplabledBons joir
powders in a <ditabilé fubber container to produce a pressed ingot body
betarehthlers-sintevingrisecihybt boUseirMgdesigiated atmosphere (e.g.
hydrogen) to reduce the oxygen contentthereoftg.less than about 100
ppm by weight and increase the theoretical density thereof to greater than
O4Bt Bor FlnpDEBs o iNTEEHRRBIP Viifd hBCARRRATORZIEBERR Stenggjsc Doay, such as
2 }é‘é@%ﬁ@%%ﬂ?%ﬁﬁﬁ&@é’ ingidpatticlensizeaf Sskidbhing rarger. For purposes of
illustration and not himitation, the method can be used to make 2 billet or bar for the sputtering
target having 2 bar length of 3000mm and above and bar cross-sectonal dimensions of ZZ3mm
by 225mm (mm is millimeters) and iess, although practice of the mvention 18 not iimired to any
particular size biliet/bar as any sizs may be made suttabie for an imended target apphcation.

The biltet or bar for the sputtering target exhibits 2 MicroSIFUCTIre COMPISing equiaxed grains
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microns, purity of 99.95% by weight, and oxygen content. typically of less
than 1000 ppm by weight is loaded into a rubber bag and steel die to
produce a near net shape ingot body when the rubber bag and steel die

wpenkage:with Mo powder therein are cold isostatically pressegrAsH)sakis220
room temperature at appropriate pressure (e.g. 15 to 30 ksi gas pressure),
although other CIP parameters may be used. The near net shape ingot
body exhibits a density greater than 60% of theoretical density. An
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ensions for rst s of I&Ttratlon and not limitation. Such low
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the robaobecofrth etinhdt bodiegeumi Mpgomlqomtmnekm onkl inathotibpstagied
i atlvel lar e billet o rfor the sputter
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5mm with
sputtermg target application may have a size of 220mm by 210mm with about 600mm

thickness, although practice of the invention is not limited to any particular size CIP’ed ingot
body as any size may be made suitable for an intended target application. For example, another
illustrative ingot body after CIP may have a size of 220mm by 210mm with about 200mm
thickness. The CIP ingot body then is sintered. For purposes of illustration and not limitation,
the CIP ingot body is induction sintered at an appropriate temperature and time ir an
appropriate atmosphere (e.g. at 1800 degrees C for 18-24 hours in a partial hydrogen
atmosphere) effective to reduce oxygen content of the CIP’ed ingot body to less than 100 ppm
by weight, although other sintering parameters may be employed. The sintered Mo powder
metal ingot body exhibits a density greater than 94% of theoretical density and 99.95% purity
by weight basis with the above dimensions for purposes of iliustration and not limitatior. Such
low oxygen ingot bodies can be purchased from H.C. Starck, Coldwater, Michigan, in various

shapes and dimensions suitable 1o make a desired sputtering target.



a height of 2300nun. One ingot body is placed in the HIP can with its

machined major side surface facing sideways. A second ingot body is

placed in the HIP can with its machined major side surface facing the

wihajosngahined side of the first ingot body. A gap of approxmiatedyo@Brmsezo

is left between the ingot bodies. This process is repeated until the HIP can

is full of ingot bodies arranged side-by-side. Then, commercially available

Mo metal powder is sprinkled on the upwardly facing machined major
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than dObapraitbpugizhother HIP parameters may be used. The number and

imensio .the,ipgot bodies HIP'ed are selected to yield a desired _
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to fill up any gaps between the HIP can and the ingot bodies. This process confinues unti] all
gaps have been filled. The remaining sidewall of the HIP can having an evacuation stem then is
welded to the HIP can to seal it.

{0014]  Before the HIP'ing operation, the HIP can is leak tested using helium gas
through the stem on the welded sidewall. Several of the leak-tested HTP cans each with
CIP’ed and sintered ingot bodies therein are placed in a degas oven and heated to an
appropriate temperature {e.g. 600 degrees F) while evacuating the HIP cans (e.g. to iess than
107 torr) via the stems untif an appropriate leak rate {e.g. less than 100 microns per minute) is
attained. The HIP can is then placed in a conventional HIP vesse! and HIP ed at 2
temperature, pressure and time (e.g. 1236 degrees C at a gas pressure of 1034 bar for 300
minutes}) to effect diffusion bonding of the metal(Mo)-to-powder metal (Mo) layer-to-
metal(Mo) at the joints between the adjacent ingot bodies to form 2 biliet or bar, although
other HIP parameters may be used. The number and dimensions of the ingot bodies HIP ed

are selected to yield a desired large size the billet or bar suitable for the sputtering target.



WO 2005/084242 PCT/US2005/006229 [00151 The final HIP'ed billet or
bar for the sputtering target exhibits a microstructure comprising equiaxed
grains of desired small grain size (e.g. about 30 microns or less) and
wextiitesedow oxygen content of less than about 100 ppm (part/pszaosidianzs
by weight) as a result of use of low oxygen sintered Mo powder metal
ingot bodies and of the HIP process effecting diffusion of oxygen from the
commercially available Mo powder metal at each joint between adjacent
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ked one.on the 0 ith a Mo p er layer present at joint(s
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t. bet gen t e adjace t preforms to form a billet or bar

e E R e L B TR e e e
Mo grrgder Tiege! hagisd mgntbdifivehsiohs whthieprifelnisplace difdjapehtoies
top ARG SRIRERAAONIGIC.A dRIRI- OB Sz BilL AP SRR (ot

the sputtering target. [001/1 F r purposes of illustration and not firm
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area surfaces) machined to 180 to 220 RMS (root mean square) surface
prefarmg, Tipdiacent preforms are hot isostatically pressed in a second hot isostatic pressing
operation to form a diffusion bond at each joint berween the adjacent preforms to form a billet
or bar that can be machined or otherwise formed to provide a large sputtering targst. The
number and dimensions of the preforms placed adjacent one another are selected to yield a
desired large size billet or bar suitable for the sputtering target.

{0017}  For purposes of illustration and not limitation, to form the preforms, twe piate-
shaped Mo powder bricks made as described above have their mating flat major side surfaces
(i.e. largest area surfaces) machined to 180 to 220 RMS (root mean square) surface finish and
cleaned to insure adequate metal-to-metal contact when the major side surfaces are placed in
contact to form a metal-to-metal joint therebetween. Typically, the sintered bricks are stacked
one atop the other in the form of a sandwich with a metal(Mo)-to-metal(Mo) joint between
the major side surfaces thereof. The stacked sintered bricks are placed in a mild steel HIP can
for hot 1sestatic pressing (FHIP'ing). For example, the stacked sintered bricks can be placed on

one end cover of the HIP can. Then, the top end cover of the HIP can is placed atop the
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cleaned to insure adequate metal-to-metal contact when the major side

surfaces are placed in contact to form a metal-to-metal joint

therebetween. Typically, the sintered bricks are stacked one atop the
weotharsiesihez form of a sandwich with a metal(Mo)-to-metal(MrE)jjqistoos/ 006229

between the major side surfaces thereof The stacked sintered bricks are

placed in a mild steel HIP can for hot isostatic pressing (Hll 'ing). For

example, the stacked sintered bricks can be placed on one end cover of
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ARSI S eI  F8B bricks. The sidewall then is welded in

PABItGH to RbR PG OHOREEYETS 1@&1&*%&%%&%@@@%@&%&%@% e%é%snwe;ded |

P'in e HIP can is leak tested using helium gas using stems we
on oL L P2 s e G chnt o i hemmrcate-
shagierdreck pttesishapeechiioks dagrein ataniaeetin AAOGRRAMER Mberarure
h I"Q e tempera e.g. 600 degrees F) while

S %\ﬁ%gaﬁge%hﬁ Igfl@gcgng’gu(%tﬁ. %eless i g(f§5tf30 is\}iké\e"'t’h SRS Visritiedems
unissrepansisaleriarettd g léss them! 20ninicrenememE) We iSRUANRITIP cans
hes R&: HIR.SORS, LR e Rlagpd ) iona) HIP vessel and HIP'ed at,

t A tern'ﬂ écrature, p?&?ﬁ%ﬂ :Elnd tim%&éga?ég O6ddae!:ga‘r(éeeefrs‘;pér W gasHpesapfdime

(-1 1S5 BaPTO 246 FARRRSY RO RETHERE RStAI(106) 4w urelal{MB) diffisiloNo) - o-
mebAMW)GiREMED 1B MREDIRE thIAIRLFHe SUHRG]S ﬁ&%&c?es’vilﬁ%ﬁg\%goeéowder

merrg:tal bricks, although other HIP temperatures, pressures, and times tan
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2 shgtyovde diffusion bond achieved at the metal-to-metal joint of the plate-shaped bricks by
the procedure set forth above.

[0020]  The HIP'ed preforms are removed from the HIP vessel foliowed by macﬁining
of the outer flat major side surfaces of each preform sandwich to 180 to 220 RMS surface
finish for purpeses of iliustration and not limitation. These outer flat major side surfaces
correspond to outer top and bottom surfaces of the preform sandwich when it placed on a
horizontal surface with the diffusion bonded inner surfaces paraliel with the surface.

[00621]  The next step in this method embodiment of the invention involves HIP’ing two
or more preforms under special joint conditions in a second hot isostatic pressing operation to
form a relatively large billet or bar for the sputtering target. For example, two preforms
described above having their outer top and bottom major side surfaces machined and cleaned
are placed in a HIP can as follows. A HIP can of low carbon stesl sans top can cover is
provided having internal dimensions of 225 mm by 225 mm with a height of 2300 mm. One
preform is placed in the HIP can (sans top can cover) with its machined major side surface

facing upwardly. Then, commercially avatlabie Mo meta] powder is sprinkied on the upwardly
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[0020] The HIP'ed preforms are removed from the HIP vessel followed by
machining of the outer flat major side surfaces of each preform sandwich
to 180 to 220 RMS surface finish for purposes of illustration and not
whmikeiesn24Ehese outer flat major side surfaces correspond raoEEt6006229
and bottom surfaces of the preform sandwich when it placed on a
horizontal surface with the diffusion bonded inner surfaces parallel with
the surface. [0021] The next step in this method embodiment of the
facirig vertiordnugivesdd Riibgeta aowalioreprefasmstngersapesial j@intirst preform
in n9Rons 0.8 second hgt isesiatic pressing cperation fo form arelatively
farge Biffet OF BAFFOF the ‘Sputtering target. For example, WG BrafoHess 1s place

as a thgscanbenifaboviefiavingpthelr cotemtop ard peftom méjeiHitleaauTfacds
ine lean | I )gjc s follows.. A ano

P B B A S S o BB

weiglimensions of 225 mm by 225 mm with a height of 2300 mm. One

po6RRIM isrRlaced dBHhe FR.CANS(SRRSIOP.EARBOVEN Wilh IS MACHINeAy i, its

major side surface facing upwardly. Then, commercially available Me

machfs BN dEE iR sFmked orPiveraptlatenE e Wo mebsIebmeip side surface of
the 126 PHISROORPOR22Q dacing mashined maien sitle.suface.ofirs welasd.

optignally around edges, of the first preform in the HIP can, For purposes

SurTagE B PR S A T S SEAR RS T MRIB YW EER SR ieTs Bilkiinnab My magtar
powabLiBiftatadtdpi afeadugus Sfmmseroiiae st predform Thithe dddk: camintiae with

Mo po r metal forming the r typically h n oxygen content of
P R SR By B T i eh i e 8 priceg te
HIP ipathis i waevésassotogaarheovereitith itsthmachiivedqatiajor side surface
g cownwardly tongickhe machined malor s, surface of, the
reform etall th

I .
ngthehum
with the Mo powaer m ayert ereon so that the machine

gas pABR FisiIewsiddom oftherseroid freforheThntasisityed/ BB owdaerphotah the
Stac@)!%rerﬁlqggi%@éim%@}@éd WW@%&?@Q@C% %QQ&!& tt!?lj%g %ﬁ&%ﬁéfétéecemperature

second (top) preform. This process continues with placemen

(o2 RABSREIH FNBFMIE SHagve I heiTR ransHe- &I defn BeruliO Tt pechoestems
untilQfntBEpropriate leak rate (e.g. less than 100 microns per minute} is attained. The HIP can
then are piaced 1n a conventional HIP vessel and HIP'ed at temperature, pressure and time
{e.g. 1236 degrees C lower than the HIP temperature of thé first HIP ing operation) at & gas
pressure of 1034 bar for 300 minutes) to effect diffusion bonding of the metal{Mo)-to-powder
metal (Mo} layer-to-metal{Mo}) at the joints between the preforms to form a billet or bar,
although other HIP parameters may be used. The number and dimensions of the preforms
HiP’ed in the second HIP'ing operation are selected to vield a desired large size the biliet or
bar suitable for the sputtering target.

10624]  The final HIP ed biliet or bar for the sputiering target exhibits 2 microstructure
comprising equiaxed grains of desired small grain size (e.g. about 30 microns or less) and
exhibits a iow oxygen content of less than about 100 ppm (part per million by weight) as a
result of use of low oxygen sintered Mo powder metal bodies and of the second HIP operation
effecting diffusion of oxygen from the commercially available Mo powder metal at each joint
between adjacent ingot bodies. For example, it is through the second HIP operation that the

oxygen from the commercially availabie Mo powder metal joint diffuses into the low oxygen
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HIP can having an evacuation stem then is welded to the can sidewall.
[0023] Before the second HIP'ing operation, the HIP can is leak tested
using helium gas using stems welded on each end cover. Several of the
wieatetaesteel HP cans each with the stacked performs therein@ra sdaosaddrey
a degas oven and heated to an appropriate temperature (e.g. 600
degrees F) while evacuating the HIP cans (e.g. to less than 10'5 torr) via
the stems until an appropriate leak rate (e.g. less than 100 microns per

(lessmhipuiepisrattainadoThelidd feanidd ek akg placedintacorventiengktiin 100

essel and HIP'ed at temperature, pressure and time (e.g. 1236 degrees
PP P Ao T T B B G PG, FESHRE Bt B -t
powiresswk(bic} (84 bar fet308uninutés)ite effeetidiffusidortoaiding Dhehdiet or
| -10- I tal (Mo 1=t0-metal(MQ) at the joints between
e B S B e T AT
layerysag Seder yeorasenbet thadréfrensionhs of the preforms HIP'ed in the

feed Hiing p&ﬁ@éﬁf@%@ﬁ%@_&%@%ﬁex'}ﬁlglao%%@%é@_ﬁ%%s%@em%_ ve,
illet or bar suitable for the sputtering target. [0024] The final HIP'ed ﬁlet

thosgpipladiér reaspiittermieergcheibniry ok b srtbnired tohpeemgodiments

and BALRXEEarinsaf desiad small g{s@f@ﬁ@@i&%ha@paaf%%g GFORSIY d88R)and
and exhibits a low oxygen content of less than about 100 ppm (part per

scop il By SUERIHES 88 P rEREdt KltBYygen sintered Mo powder
metal bodies and of the second HIP operation effecting diffusion of
oxygen from the commercially available Mo powder metal at each joint
between adjacent ingot bodies. For example, it is through the second HIP
operation that the oxygen from the commercially available Mo powder
metal joint diffuses into the low oxygen 7 WO 2005/084242
PCT/US20051006229 (less than 100 ppm 0) ingot bodies, reducing the
oxygen content in the joint to less than 100 ppm by weight. Figure 1
shows the diffusion bond joint achieved at an initial metal(Mo)-to- powder
metal (Mo) layer-to-metal(Mo) joint by the procedure set forth above. The
billet or bar for the sputtering target thereby includes a diffusion bond joint
where the Mo powder



layer was formerly present at the preform joint. [0025] Although certain
embodiments of the invention have been described above, those skilled
in the art will appreciate that the invention is not limited to these
bodé'ments and that modifications and changes can be made therein

e
What ISV\?‘rth] 10U Eiséparting from the spirit and scope of the invention as set forth in

t}?e appm%%% 8H£%n§ avghu%teir% Cl%i me?%&%pgiszj\r{lcgglcﬁ db?énrgz%kggglarisi 1g forming a
sputtering target compgtising mol bofgnum, comprising formirig a Hrst s
first prefeafobndbusitfuisofipo pdinsenasifesd reirer stk obbadess wratatibodiss together at a
meta;-t@@ﬁeﬁ_riﬁm@ih@hmg@m%@tgﬁesmg%%@ﬁt@g@@ggrﬂn@é‘s‘@g!s@gfx%igBeccmd
es operatgon usin as pressur ,~orm| g @ Secona., prerorm oy

preforn e D RS AR, TGS S B ARS PLEeAl B ST i DR oo 2 2
metal-ttogett griat ia arhetab it etatjombparaihotisostat opressingoperalidmsion
bondmg§a‘3ﬂ&&ﬁ§afzf%§§%@f@mddm%&@L@%&@&Mi@%&@lﬁﬁ%é@%ﬁ sLRLefoIm

and said second preform together at a metal-to-powder metal [ayer-
layer- BT i AR SRR & AT b B RIA Kt R S atRE [ e gas pressure
whereiiofhenatiodzusing pas pregsike Mdierein the powder metal layer comprises
Mo. 2. The method of claim | wherein the powder metal layer has an
oxygen.gontent of less. than .about. 1000 ppm eight. 3. The method of
o 1 e B e SRk e
than abgytfdPH aPspttaisiEGttarget. 4. The method of claim | wherein the sintered
powder metal bodies have an oxygen content of less than about 100 ppm

by weighte mefhsPutiarng target made-pyihem e68ss of &l5Hhdn @ndsecond

refomwg-é})ggg(g %%lé;}tgrlpg g%\rget having a. HIP'ed microstructure comprising
P eguiaxed pgraunsgof@g%ra‘ln size of about 30 microns or less and an oxygen

content of less than 100 ppm by weight. 9
4. The method of claim 1 wherein the sintered powder metal bodies have an oxygen

content of less than about 100 ppm by weight.
5. A sputtering target made by the process of claim 1.

&. A Mo-based sputtering target having a HIP'ed microstructure comprising equiaxed
grains of grain size of about 30 microns or less and an oxygen content of less than 100 ppm by

weight.



7. The sputtering target of claim 6 having a diffusion bond joint where Mo
powder metal formerly resided. 8. The method of claim 1 including
machining the first preform and the second preform prior to the
subsequent hot isostatic pressing operation to provide respective
achindd STHITRE BERGIEGA SR RREsAGIAIIRaaIIAg 8t T are Pl B &
metal fdathiydwfdadaking a Mo-based sputtering target, comprising forming a first
preform by diffusion bonding adjacent sintered powder metal Mo-based
dies having,all.oxygen content of less than about 100 ppm by weigh
Sheter B et o T O Sk Bt prefon
prior tosingyerasuprebsusesformingasecontbptefouvidyrdifesicnizonidingsurfaces
betwecRURREM SiBICHWRGVERE gIalMa-based bodies having an oxygen
content of less than about 100 ppm by weight together at a
metal-to-metal joint in a hot isostatic pressing operation using gas

pressurdietid ek digadbnBerioy e acese s s s SToma e firgaeform

by diffie86Onch pEgfaInttagathetapanetakiopewdei nRelal IayRLIRrtxetah content of
diﬁusiorbbointt erebeit]\{veen In a subsequent hf).t lsostaLL(I:O fp_ressirlg
alla

o5 e seiation USIhg) gasressiite WreSiH tieSewiidl ietdr iy ebrhisiles

operatifyiarhiaw g RIPsBRygertonteisttespitfanm ab diff s0g0ppimbydimeightitivatd
powdeAH{I0R AIBY BRI SHDSRAMN Rt é%%@%@ﬂé@%ﬂﬂg&gﬁféﬁfﬁrﬁr%é@%t

diffusion joint into said first preform and said preform to provide an oxygen
togetheg Bt MFArHEHIRGBOR foiAt SPIELS B HbUI Y Pins 8% Wt 1od then

diffusion bonding adjacent said first preform and said second preform together at a metal-to-powder
metal layer-to-metal diffusion joint therebetween in a subsequent hot isostatic pressing operation
using gas pressure wherein the powder metal layer comprises Mo having an oxygen content less than
about 1000 ppm by weight that diffuses during said subsequent hot isostatic pressing operation from
the diffusion joint into said first preform and said preform to provide an oxygen content at the

diffusion joint of less than about 100 ppm by weight.
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