METHOD OF MAKI NG SPUTTERI NG TARGET Cross Reference to

Rel ated Applications [0001] This application clains
wheneshs4s2 and priority of provisional appli catPOnus2005/006229

Serial No. 60/548,790 filed February 27, 2004, and

provi sional application Serial No. 60/603,528 filed

August 20, 2004. Field of the Invention [0002] The

present inventi on relates to a nethod of makin
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the I nvention [OOO@I T, he Eé efﬁn: I nvention provides in

an illustrative e t making a bill et
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arget wherein two or nore sin ere wder neta
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e S R PRk B 050 B BB R O St Mo
sputt@t‘ﬂig/ﬁﬁgétsﬁtﬂhcféctﬁsﬁ{g the OB Sintddd 26l pERBIs HOdisRFvaftaBediRldue to the
isostatically pressed to forma diffusi on bond at each
sputtertielfl of theganggbandadithg etchipe rchetr@ctmqtlat of b depaseedwttemfilm. This is
0 Q4. bar that can
relate%qb%ﬁe ﬂl& r?&lg{)or%i?ru%tﬁtéert\?lmatsl %(}rmleﬁ,garuit% Igr lrlm% 8roceT ar ge
sputtering target. TRugnwibeithednebnbbfrensi ons of the
bodi es pl aced adj acent one another are selected to
P0e4]ld alhe present invention provides in an illustrative embodiment a method of

making a billet or bar comprising molybdenum (Mo) for a sputtering target wherein two or
more sintered powder metal bodies (e.g. ingot bodies) comprising Mo 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 of the bodies placed adjacent one another are selected to yield a
desired large size billet or bar suitable for the sputtering target. For example, a billet or bar
having a length of over 3000mm and cross-section of 225mm by 225mm can be provided by
practice of the invention.

[0005]  In another illustrative embodiment of the present invention, a method is
provided for making a billet or bar comprising molybdenum (Mo) for a sputtering target

wherein two or more sintered powder metal bodies comprising Mo are diffusion bonded
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desired large size billet or bar suitable for the
sputtering target. For exanple, a billet or bar having
waa2doengiée of over 3000nm and cross-section of ER2BuUs03/006229
225mm can be provided by practice of the invention.
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joins hel® hethor BRIy VEE bR b o PR 4o bgBYcem A b Sotes or
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one or nore diffusion bond joints where the netal
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appar egt%ﬁlﬁgéfﬁgg’td%edﬁ‘gcggﬁ%nts of the present invention

wi | | become appar BiefiDegtrgtida ométoew%gsdescri ption.
Brief Description of the Draw ngs [0008] Figure | is a

[ o mitégusg i aphphatomipmograph at 199 Xa0f-at wetplotodewdee tretal layer-to-
metal ARG BB §&tht between sintered Mo 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 (Mo) 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 having a bar length of 3000mm and above and bar cross-sectional dimensions of 225mm
by 225mm (mm is millimeters) and less, although practice of the invention is not limited to any
particular size billet/bar as any size may be made suitable for an intended target application.

The billet or bar for the sputtering target exhibits a microstructure comprising equiaxed grains
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di ffusi on bond joint between sintered M powder netal
i ngot bodies. [0009] Figure 2 is a photom crograph at
WA Oox0$4242 net al -t o-netal di ffusion bond joi nt BEL/GE®NS/006229
pl at e- shaped sintered Mo powder netal bricks.
Description of the Invention [0010] The present
i nvention provi des a nethod of naking an el ongated
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purposes of illustration and not [imtation,
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produce a near net shape ingot body mhen t he rubber

IHUSUBHI;F naet kadyafteiCEP may: Ravger e of 00mpblia2H0mmeyith abont 200mm
thlcklgégg gfpﬂgr%ggi Iﬁ’%ﬁtéﬁ%g ghsegusre %ﬁt?l%d( %IP %ur?(gse% 89 @ugt?a %ra% lﬁlg)te limitation,
the Cpi® egstib@ly,is aldubifongdintered at an appropriate temperature and time in 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 illustration and not limitation. Such

low oxygen ingot bodies can be purchased from H.C. Starck, Coldwater, Michigan, in various

shapes and dimensions suitable to make a desired sputtering target.



other CIP paraneters may be used. The near net shape
i ngot body exhibits a density greater than 60% of
wa esneiiéxal density. An illustrative ingot borlyr/e$2e3/006229
CIP for one particular sputtering target application
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thr ¥ st | eft ween t he,
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approng,tp ﬁq{ql@aatgw €186 g\@rgﬁsf)fvgglp SHadvadg tlngd-IIREqamr (esg. dee less than
10 tHViBR sBims (il X‘F%pr@ﬁ‘rm‘?@ SN key g 33 Wa l%%gmlcfons pert minute) is

attained. The HIP can is then placed in a conventional HIP vessel and HIP’ed at a
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 a billet 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.



first preformin the HITP can. For purposes of
illustration and not [imtation, the Mo netal powder
wo soophsweert as a | ayer in the gaps between the edi/as®ni/006229
i ngot bodies in the HHP can. The oxygen content of the
commercially avail abl eMo powder netal filling the gaps
typically is less than 1000 ppm by vvei ght. [0013]
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[0017]  For purposes of illustration and not llmltatlon, to form the preforms, two plate-

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 isostatic pressing (HIP’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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100 ppm O ingot bodies, reducing the oxygen content
inthe joint to less than 100 ppm by weight. Figure 1
wo=hams414be di ffusi on bond joint achi eved at amCIrnisteo&loos229

nmetal (M)-to-powder netal (Md) | ayer-to-netal (M)
joint by the procedure set forth above. The billet or
bar for the sputtering target thereby includes one or
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until gp appregripte lfalksr@t@dng lest thrs 6@ midrensiyee atiung) iopREIAD. The HIP cans
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metaythr?é a"i‘tthggéh L& %[ﬁf %{enpef fsb}iplrflp_sg]t.lregz égielél :9211611 leeusfeccl) r
[Oll)hﬁljSt redri ]ﬁl‘i‘p@@éﬂ oﬂﬁﬁst}a'tlgh taﬁ'ci h&Nimil % Loé'am] %ﬁg o Iy&g&e Mtérnal

pl at eshape bricks Nade Aas

dlmew@f RA9yam E}E 225 men byl 925 mat. Bael HIP sardie coatedl a6 Sl(rhing mternally
0,180 to 220 RM5

o A G B U, LS 220, o
two plasshgped deigkadicfusiBh Bbnde@ 168 af Ml-AGHer mﬁﬁg mjeor%}fgces Figure

side surfaces are placed in contact to
2 shopysithe diffysipp band acbiaved ahibe otetrl e-eretal Joipi afthé plate-dh@ped bricks by

h s .are stacked one atop the other in the
' eplsdcg&l%s&afgégﬁgow ®h with a netal (M) -to-netal (M) joint

[08207eeTHe€IP&] Sreforind @re&%ﬂlﬁa&?ﬁo&hﬁé A vesl-ggl Iggv@eccf(b%r machining

sintered bricks are placed in a mld stee
of theoyter, las pajqr Stdepﬁﬂéfg@ﬁismé eqth preforrg sandvach XEBORbE20tRMS surface

i Ay G S e i
corres;mnﬁ ltacewdr aimdtﬂﬁﬁéhﬁé@lﬁﬁ@@dﬁt}%rﬁ@ﬁ?h%ggdé%@é g@\@?ﬁ é)l?a{ced ona

b ‘g{ﬁ% nt of a sidewall of the HEPcan
orizfia| sypRGeoMit: e alifusiasdiandedionet wclkedt peralicbwill ther suefice,

[ff(‘ﬁ] Si Aguakkt sttébeg tf'u§ mvg?hoccji bogml?en% oI" {h%rllm}e?ltlon 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 steel 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 available Mo metal powder is sprinkled on the upwardly
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the top and bottom covers of the HEPcan. [0018] Before

HEP' i ng, the HEPcan is | eak tested using helium gas
wQgiongsaesens wel ded on one end cover. Several BET/U$®05/006229

| eak-tested HEPcans each with the stacked sintered

pl at eshaped bricks therein are placed in a degas oven

and heated to an appropriate tenperature (e.g. 600
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[9022)k s, Theintthoseghnd pieéormHE Placedbiartbe HIR san Gresstop ces cox@ndwith its

e e i B gB ATE Rk A2 Ao
the fifkk FRASIPREL Me MB3DoWdePMed? By ThE oS 40 tHaMhe FRERinEEERRR? side

€
is coated with alumna internally as a rel ease agent.

surfaqthef thiEFrcoad prefonm gomtabiicids Mo piEedesdngsaldayer i ddnpnal Mawgetal

sandw,c f.t I e- sha ri cks di.ffusi on bonded .
powde AT S icnd el oRE SPR T Eorial G (TR ePRIRES wih
placeteanOfRlditidRalhréforfd MhOPIMPl cACINtE VIROHBE cAnh§full. The top cover of the

netal -to-netal joint of the cgl at e-shaped bricks by the

HIP ¢andewigg ap exacuatien stpmahnie wejdgd 2othetian sidewalbd pr ef or ns

@ Fihe Tt PphIRIE TSRSl Pt B Gp sl poiom

gas uSiap e vdlded1ileat B R €0 VBV e biaf GfiBe fdakitédied HIP £4hk RASEWith the
of illustration and not limtation. These outer fl at

stackgey peforgsdbersigirarplaceddp adsgpsonign ead beated totasrparprigts tewnerature
f : L C0L MDERLel FraR)
(o B89 MESER 1D PRARGARE TR UL LG Ret bR 1" FtgEHla o sems

until snapppopsatprakkdtele piled3 thdnel WuUhicame pel M) isTiteainedX The HIP can

step in this nethod enbodi ment of the invention ‘
then prg\péiace@ i 3-pmvenppnplidioyessed pad PR fed ahisnpsensvresprgssugg and time

L = . . . .
e AP AR e A S P s
presstitesofd|084 ber fion30® atirgeds) td-effece difipioa bohding pf gk amer®(Mo)-to-powder

metaﬁ@ﬁé:lgygq?g%-%g\gggéit gk Q;E%}Wg%gt ¢ |ptéoﬂré€pnt% fg?r% ta%met 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 yield a desired large size the billet or
bar suitable for the sputtering target.

[0024]  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
exhibits a low 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 available Mo powder metal joint diffuses into the low oxygen
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are placed in a HEPcan as follows. A HEPcan of | ow
carbon steel sans top can cover is provided having

wo aoenswah2 di nensi ons of 225 nm by 225 mm wi t h BCThesmhi/006229
of 2300 mMm One preformis placed in the H P can (sans
top can cover) with its machi ned major side surface
facing upmardly Then, commercially avail abl eMo netal

owder ri nkl ed on_ the war dl yf aci n chi ne
(less &»apapo 2P B frog s o DF RSB P sount g fess than 100
ppm nt. {g u?@ ? s}fld\ﬁsstthe Bffﬁ&f%%h&‘ J&ﬁ%CﬁEEechﬁ'ﬁn it 9%1 m%l(Mo)-to-

urp ses o l'ustration and not limtation,
powdeematal (Mm&jkayen-ts -métallelsd) aentabyl they procedurel setffoutlmbm@t hebillet or

mmon t first preformin the HEP can. The M
bar 63 Jfitnuiiebia s ety inelubis a B R g Ay pipt WaSreahe Mbsasdrer
layer %@tfc?rmeﬂ?fprés@tﬁ%t EMef%%?mHtpm by wei ght. [0022] Then

he secohd preformis placed in the HP can (sans top
[O&Zﬁ] c oVAlthough cértain smhediments of thej iovengbul bawrebadescfibed atgve,

those R G ke b PSRy Shor e S8 SrBhaiments
and thdd SiINafSns Atchhl}Rs Uﬁ@l’% ﬂ@d’e 1BieR! withdlR d%f?li{l{lﬁé: foffth Bfirit and
second preform contacts owder netal layer.

scopepefcthe ingprtionMs seteforth updwdlependsdp agged about the edges
of the second (top) preform This process continues
with placenent of additional preforns in the H P can
until the HEP can is full. The top cover of the HP
can having an evacuation stemthen is welded to the
can sidewal|. [0023] Before the second HEFP' i ng
operation, the HOPcan is | eak tested using helium gas
usi ng stens wel ded on each end cover. Several of the
| eak-tested HEPcans each with the stacked perforns
therein are placed in a degas oven and heated to an
appropriate tenperature (e.g. 600 degrees F) while
evacuating the HEP cans (e.g. to less than 10 5 torr)
via the stens until an appropriate leak rate (e.g.
| ess than 100 microns per mnute) is attained. The
HEPcan then are placed in a conventional HEPvessel and
H P ed at tenperature, pressure and tinme (e.g. 1236
degrees C | ower than the HEPtenperature of the first
HEP' i ng operation) at a gas pressure of 1034 bar for
300 mnutes) to effect diffusion bonding of the
net al (Mo) -t o- powder netal (M) |ayer-to-netal (M) at
the joints between the preforns to forma billet or
bar, although other HEP paraneters may be used. The
nunber and di nensi ons of the preforns



H P ed in the second HEP i ng operation are selected to
yield a desired large size the billet or bar suitable
WO zs0$uessputtering target. [0024] The final Hh@/B8$2005/006229

billet or bar for the sputtering target exhibits a
m crostructure conprising equi axed grains of desired
small grain size (e.g. about 30 mcrons or |ess) and
exhj bits a | ow oxygen content of |ess than about 100

Whatys glampedk i per nmiliion by weight) as a result of use of
| ow oxygen sintered Mo powder netal bodies and of the
second HEPo [ tH; [ 0N of f ‘o
the. cormor o a1 oy BRI LE NS b KR mOuEEy Eprising

diffugion bdndire adgesantadujdees enmpiisigg Mdbwgethst atfaanetek@apdvederintetal layer-

s .thrqu t he second. HEPoperation that the.o en
to-metRiut FRETRbG KGR & Py ISORTEE e avheredt A Hopydeg meta
1ayer%fnﬁ,ﬁ§&q\45nt o the | ow oxygen(less than 100 ppm O

i ngot bodi es, reducing the oxygen content in the joint

to less than 100 ppm by weight. Figure 1 shows the

di f fusidn bohle méﬁ%ﬁd obelpine | sdhegein the powidei miktal layer has an oxygen

- 1.0 netal (Md) |ayer-to-netal (M) joint
contﬁgfkég\%%%é%%gﬁg%%?mﬁ%r“f%‘ﬁmg‘bove. The billet or bar

for the sputtering target thereby includes a diffusion

bond j o3.nt vihigy Bethbé oMblaipo Wekhierdiraghe bowids hiver diesxly¥en content of
present _at the preformjoint. [0025] Al though certain
less thahhavhed BPBOY Wsightnvent i on have been descri bed

above, those skilled in the art will appreciate that

the i nventi ' [R{a| : : [
e e | T BB ) bk R BT o

rein
sputtesiingarget.departing fromthe spirit and scope of the
invention as set forth in the appended cl ains. What is

clainmed.is: 1. Method.of. making.a billet or bar .
compr T sing rbiSHREHAAf SBGhD eIy PaPHGS P BaREstig preform
made¥$l] @FFRG6n BEHHiRSadfRERY dirftbred MO pbWE&IIGSI Ried together at a metal-to-
net al -to-powder netal |ayerto- netal joint
metal joint ebefivge bet iBostaticipoessing epertipe tpfoessidyprsfemat i on
wherein the powder netal |ayer conprises M. 2. The

met hod pof clgy [ h r. met | ayer ha :

an oxyg(gn coﬁ#égﬂgth)g@‘grglgfél%I@ﬁpeg%@%tsmg%ﬁ(gi\dpop@%{?r fietal bodies
have wRiogyiden c3ntehi6f 18Bithacthboht cO@bpm b ei n the bodies

have an oxygen content of |ess tﬁan about 100 ppm by

wei ght .
g 7. Method of making an elongated billet or bar comprising molybdenum,
comprising placing bodies comprising Mo adjacent one another, providing a metal powder
comprising Mo between the adjacent bodies, and diffusion bonding the adjacent bodies with

the metal powder therebetween in a hot isostatic pressing operation.

8. A billet or bar for a sputtering target made by the process of any one of

claims 1-7.
9. A sputtering target made by the process of any one of claims 1-7.

10. A billet or bar for a 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.



4. The nmethod of claim1 including nmachining the
billet or bar to forma sputtering target. 5. The

wo peishea4nf claim 1l wherein the bodi es each coPPTUSE®S/006229
preform made by diffusion bonding adjacent sintered M
powder netal bodies together at a netal -tonetal joint
ina first hot isostatic pressing operation to form
each prafior m;né.omkhgr b f
sintered Mo powder net altomgg?ég%@h g%@&?@ﬂdiﬁﬁtWhﬁreMo

powger metgkformery rebided. 100 ppm by wei ght. 7. Method of
maki ng an el ongated billet or bar conprising
nol ybdenum conpri si ng pl aci ng bodi es conprising M
adj acent one another, providing a netal powder
conprising Mo between the adjacent bodies, and
di ffusi on bonding the adjacent bodies with the netal
powder therebetween in a hot isostatic pressing
operation. 8. A billet or bar for a sputtering target
made by the process of any one of clains 1-7. 9. A
sputtering target nmade by the process of any one of
claims 1-7. 10. A billet or bar for a sputtering
target having a HTP ed mcrostructure conprising
equi axed grains of grain size of about 30 mcrons or
| ess and an oxygen content of |ess than 100 ppm by
weight.i i . i ne Dinetor oar oi claimiu having a
difiision bond joint where Mo powder netal fornerly
resi ded.
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