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- [0003]  The present invention generally relates to sputter targets and, in particular, relates

to full density cobalt-tungsten sputter targets and methods for manufacturing the same.
BACKGROUND OF THE INVENTION

[0004]  The manufacture of full density cobalt-tungsten spuitering targets presents a
number of challenges. Specifically, because of the difference in density between cobalt (Co)
and. tungsten (W), the elemental phasesin a sputté:r targe{ containing both tend to segregate
_durmg manufacture. Moreover, the formation of excessive intermetallic phases during |
manufacture can render the resultant alloy extremely hard, brittle, and prone to cracking

during processing.
SUMMARY OF THE IN VENTION

~ [000S}]  The present invention solves the foregoing problems by providing fully dense
cobalt-tungsten sputter targets and methods of manufacturing the same. The targets may
contain between 20-80 at.% cobalt and 80-20 at.% tungsten. The targets have a substantially
vniform multi-phase microstructure, and are substantially chemicaily homogenous both
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[0008] It is to be understood that both the foregoing summary of the invention and the

following detailed description are exemplary and explanatory and are intended to provide

further explanation of the invention as claimed.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The accompanying drawings, which are included to provide further understanding
of the invention and are incorporated in and constitute a part of this specification, illustrate

.embodiments of the invention and together with the description serve to explain the

principles of the invention, In the drawings:




3 100101 Figures IAand 1 Billustrate the

m crostructure of a cross section of a cobalt-
tungsten sputter target exhibiting segregation of the
cobalt and tungsten el enental phases; [0011] gores
2A and 2B illustrate the microstructure of a cross
section of a cobalt- tungsteh sputter target

exhi biting Kirkendall porosities; [0012) Figure 3A
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[0018} geFiguierNoh 6% chart illustrating a method of manufacturing a sputter target

~ according to one embodiment of the present invention,

" DETAILED DESCRIPTION OF THE INVENTION

[0018]  In the following detailed description, numerous specific details are set forth to
provide a full understanding of the present invention. It will be apparent, however, to one

- ordinarily skilled in the art that the present invention may be practiced without éome of these
specific details. In other instances, well-known structures and techniques have not been

shown in detail to avoid unnecessarily obscuring the present invention.

[0019]  One approach to fabricating fully dense cobalt-tungsten sputter targets involves
Increasing the hot isostatic press (“HIP”) temperature and hold time in order to reduce the

occurrence of voids in tungsten-rich regions. One drawback to this approach, however, is the




i ncreasing the hot isostatic press ("H P') tenperature
and hold tinme in order to reduce the occurrence of
voids in tungsten-rich regions. One drawback to this
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[0021]  Turning to Figure 3A, the micro-cracking which significantly reduced the yield of

one cobalt-tungsten sputt¢r target manufacturing method can clearly be seen. For example,
Intermetallic region 301 has several large (e. &g, greater than 150 microns) cracks 302 present,

several of which have propagated so far as to form a network of cracks, into which moisture

may soak, allowing oxides and/or hydroxides to form and promote corrosion. Moreover, the
sputter target of Figure 3A exhibits extensive micro-porosities 303, which prevent the sputter
target from being fully densified (e.g., to greater than 99% of a theoretical maximum density
of the composition thereof). Figure 3B likewise illustrates a drawback of some cobalt-
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structure. For example, the large dark region of elemental cobalt labeled 405 in Figure 4 may

be considered a single elemental phase (as it is a contiguous structure retaining its elemental
character) or alternatively this region 405 may be considered a number of conuguous
elemental phases, each corresponding to a single clemental cobalt particle. Accordingly, the

‘exemplary dimensions given below with respect to the elemental phases of cobalt and

tungsten are properly understood to apply to either elemental phases that correspond to single
elemental particles sintered during fabrication, or contiguous elemental regions that

correspond to multiple elemental particles sintered during fabrication.




which is a physical structure associated with one or
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below sputter target 400 enjoys a number of additional benefits when compared to other

cobalt—tungsten sputter targets,

[0026] Figure SAisa micrograph providing a more highly magnified view of sputter
target 400. As can be seen with reference to Figure 5A, W-Co intermetallic regions 501 and
502 are substantially free of the large micro-cracks that were visible in the sputter target of
Fi igure 3A, For example, the cross section of sputter target 400 illustrated in Figure 5A has,

_on average, fewer than 20 cracks per square millimeter, and those few cracks having an




[0025] As will becone evident when conparing Figure 4
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(0034iP chRaine s FiguE g6 gcicanding 2l afolugei ORGP
pres'éﬁﬁn@&ﬁ‘loﬁ@s llﬁﬁ?é?ed gBut%\xl eg %OO includes 40 atomic percent (“at.%) cobalt
and 60 at.% tungsten (i.e., sputter target 600 is a 40Co-60W target). As can be seen with
reference to Figure 6, the cobalt and tungsten of sputter target 600 is present in both
-elemental and intermetallic phases. Specifically, sputter target 600 includes elemental
tungsten phases (the brightest regions in this monochromatic micrograph) such as elemental
tungsten phase 601, W-Co intermetallic phases in which the atomic percentage of tungsten
exceeds the atomic percentage of cobalt, such as W-Co intermetallic phase 602, Co-W

intermetallic phases in which the atomic percentage of cobalt exceeds the atomic percentage




fewer than |l ess than 10 voids per square mllineter,
with those few voids having an average size of |ess
than 5 microns. Simlarly, other cross sections of
sputter target 400 will also have fewer than 10 voids
per square mllineter, with those few voi ds having an
average size of less than Bmicrons. According to one
enbodi ment of the present invention, a sputter target
may have fewer than 10 voids per square mllinmeter in

&hjungsiers suchas Co oM adterprtallicgmagd 6031 3@ eleleAGL coBAlt %lﬁlsérﬁhe darkest
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1 age promeniy PRBE LR 0 B! fDlmiphy P Bisen abour
18296 PR Migronsabriwes abp@398ad TON mionenst ar bEiwge £bodit 108 and 150
msiblehi er target according to another enbodi ment of the
present invention is illustrated. Sputter target 600

I ncludes 40 atom c percent ("at % cobalt and 60 at.%
(A0 s t Birmilatly.dhe, CoPlardeW-Caingeietlio phasessu SEopHEM602 and 603

reference to Figure 6,
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m crograph), such as elenental cobalt phase 604.

[008 b0 2 9Whils the dore grinsee mpli: SmbRARERSEA e boer! d36erbe@hedoBalt-
el emental phases

[, gl e th ungsten and cobal t
t“ngéﬁ ¢ SB%‘%?S F%S%%s t‘}%b@g%l A dnfended toriapliee ere@eratemt percentage of
cobalt draq mngkten. VRathét, h:6 t9m-“cbalt-tungsten” as used herein encompasses all
compositions including both cobalt and tungsten, with any relative percentages, including

compositions in which the amount of tungsten is greater than the amount of cobalt.

[0032]  While the foregoing exemplary embodiments have been described as having two

| elemental phases and two intermetallic phases, the scope of the present invention is not
limited to such an arrangement. Rather, in embodiments of the present invention in which a
sputter target has a sufficiently low atomic per(;entage of either cobalt or tungsten, there may
be no elemental phases of the scarcer element in the sputter target. Accordingly, in various

embodiments of the present invention, a spuiter target may have either four phases (i.e.,




di mensi on of these phases in cross section are between
5 and 150 microns). According to various other

enbodi nents of the present invention, a sputter target
may have el enmental phases with cross-sectional
di mrensi on of between about 10 and 100 m crons, between
about 10 and 50 m crons, between about 50 and 100

m crons, or between about 100 and 150 microns. [00301
Simlarly, the Co-Wand WCo internetallic phases such
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abolif +632% mesh and about -60 mesh (i.e., between about 20 and about 250 microns) are

blended in step 701.

[0034}  In accordance with one embodiment of the present invention, a tumbler-type
blender is used, for a time between 10 and 120 minutes. For example, the constituent
powders of sputter target 400 illustrated in Figures 4 to 5B were blended in a tumbler-type

blender for about 45 minutes.

[0035] The method continues in step 702, in which the blended powder from step 701 is’
canned and degassed. For example, the blended powder may be loaded into a steel cylinder




el emental Co, internetallic Co-W internetallic W Co
and elenental W or only three phases (i.
internmetallic Co-W internetallic WCo and elther

el enental Co or elenmental W. [00331 Turning to
Figure 7, a flowchart illustrating a nmethod of
manufacturing a sputter tanget according to one
enbodi ment of the present invention is illustrated.
The nmethod begins with step 701, in which cobalt and
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den%bs@w P"laﬁgemoéfﬁ‘éﬁomrﬂh@ag@ﬁeecmhngﬁo&ﬂomw %, ended in a

. tunbl er-type
-10038]  In step 704, the dense solid formed in step 703 is machined to the desired final

dimensions. Because of the careful selection of the PSD of the powders in step 701, the
dense solid does not contain excessive intermetallic phases, and accordingly is not as prone
to cracking during machining as other cobalt-tungsten sputter targets. This permits the dense

solid to be machined to any desired shape (e.g., cylindrical, round, rectilinear, efc. )

[0039]  Instep 705, the sputter target is sputtered in a process well known to those of skill
Inthe art. Because of the foregoing advantages enjoyed by the sputter targets of the vatious




bl ender for about 45 m nutes. [00351 The net hod
continues in step 702, in which the bl ended powder
fromstep 701 is canned and degassed. For exanpl e,

t he bl ended powder nay be | oaded into a steel cylinder
_10- and subjected to near-vacuum conditions to
extract any atnospheric (orlbther) gases fromthe

bl ended powder prior to heating to ensure that the
final sputter target will be fully densified. [0036]

| #mkadispentses thephrsed enaatiar thelwarfskay RANAELI dfs cBOMl-tungsten film

by .hot isostati pressing). The ho
PAPRESE I 1 ) Bopi 5 ot bk AR AP

first soak tenperature between about 500 C and about
B8] C, Wanilel the et gnahtisdads bedFaRIcakYY Sesk@bedABIMERRnCe o the

20. m nutes. Then, the H Ping continues
ﬁﬁﬁﬁﬁfﬁﬁaﬁ[@m}@%%ﬂsmﬁw '? epiged that these piadenillasimion
POGOseSoaly end shbGldGotbstaRéres Iilifi
%gy\g n about. 1 0ki I opoundigﬁggrtﬂgsghﬁa)erfgt&%@ﬁéwpﬁsiThfire may be
an a%%rlﬂay ﬁé’ ppiementhe inyeption, Maoy ghingesapd madifications may be made
toethelinfrenti \WReR i ' Then. th i

ketiohy une i aherdl &1 300 BHAESera T e it

taréﬁﬁ is cooled at" a ¢ e an
YPBROhEOveRAOn.OF course, additional soak tines and
tenperatures may be used in addition to those

di scl osed herein. [00371 For exanple, sputter target
400 illustrated in Figures 4 to 5B was H Ped using a
t hree-stage process. First, the degassed bl ended
powders were heated to about 800 C and held at that
tenperature for about 60 m nutes. Next, they were
heated to about 1050 C, ©pressurized to about 29 ksi,
and held at that tenperature and pressure for about
240 m nutes. Then, they were heated to about 1236 C
kept pressurized at about 29 ksi, and held at that
tenperature and pressure for about 60 m nutes.

Fol  owi ng these three soaks, the controlled cooling
took place from about 1236 C to about 800 C at a rate
of about 2 C/mnute. The tenperature of about 800 C
was held for about 60 mn, and then controlled cooling
conti nued from about 800 C to about 400 C at a rate of
about 3 Cmnute. Once a tenperature of about 400 C
was reached, the heating mechani smwas powered off,
and the dense solid was renoved fromthe can after
cooling to bel ow 300 C




[0038] In step 704, the dense solid formed in step 703
is machined to the desired final dinensions. Because
of the careful selection of the PSD of the powders in
'step 701, the dense solid does not contain excessive
internetal lic phases, and accordingly is not as prone
to cracking during machi ni ng2as ot her cobalt-tungsten
sputter targets. This permits the dense solid to be

~ machined to any desired shape (e.g., cylindrical,
round, rectilinear, etc.). [0039] In step 705, the
sputter target is sputtered in a process well known to
those of skill in the art. Because of the foregoing
adHAT 48 6AMEDed by the sputter targets of the

vVaf i oUg mdihe inpents of the present invention, the
uni f or m rtnyﬂjgﬁﬁ%e'f%ﬁgfa gplgtsbéq@‘g't RJestBed £pMprising the steps of:
spGEEEnged cobrll powdsh Having ree partigle istar ditaisLitioN &ihd & AfRGsten powder

Chladihg thelsa@s paRicRRIE uRfrbL @t s. [00401 Wile the
present | pve tion has been particularly described with
Headherthp

refere ghallpawesiand thefunastenaioddentodatimablemiedipowder:
shoul dedmeing trietilaridea @oddistt t hese are for illustration
pur pos, . nd shoul d not be taken as limting the
scope 0 p%ﬁéXq ﬁ'\?g}mﬂp%‘ﬁ?owﬂ?épéorﬁﬁ?%@i anfany ot her ways
t o i npneghining théveolidriw onh aeputtdviiyetchanges and
nodi fications may be made to the invention, by one
ving ordinary skill in the art, w thout departing
f4om t'1H& reqihed Ecoarding totgia tofwhetein thaselid hada deddty AT than

| BDUCHA thEeticB maximbmBeh4Gthedor| abri cating a sputter
target, the nmethod conprising the steps of. selecting

%ncobal t powder having a particle size distribution
nd a Thengpdhceinacoondigto clhavd NGr LhEhSR i Gl & Sk L
Weidh BHSH2B: n5’5$(5]dl ng the cobalt po@g?%%higret%ee didtibution is
tungsten powaer oM a bl ended powder; canning the
bl ended powder; hot pressing the bl ended powder to

e solid to form

f10r M Anes Rleirds ; hini ng t orma o
utter ?'Iae*r“g‘éta,%‘g‘.‘"”gﬁ"g"'ﬁ@shﬁ gr g'c%?fa'r‘ fbe Partigle £z distribution is
P& Abqukd0 andl 159 migrons density greater than

5. The method according to any one of the preceding claims, wherein the hot

. pressing is hot isostatic pressing which includes:
heating to a first soak temperature between about 500 °C and 1050 °C,
holding at the first soak temperature for between about 15 and 120 minutes,
heating to a second soak temperature between about 1050 °C and 1450 °C and
pressurizing to a pressure between about 15 ksi and about 45 ksi, and

holding at the second soak temperature and at the pressure between about 15 ksi
and about 45 ksi for between about 20 to 360 minutes.




99% of a theoretical maxi numdensity thereof. 3. The

nmet hod according to clains 1 or 2, wherein the

particle size distribution is between about 20 and

250 mcrons. 4. The nethod according to clains | or 2,
wherein the particle size distribution is between

about 40 and 150 m crons. 5j3The nethod according to

any one of the preceding clains, wherein the hot

pressing is hot isostatic pressing which includes:

heating to a first soak tenperature between about 500

C fnd 1UBOmEthod ekeaiiding tatank hahef bff @ik @g@ﬁ@,r{geggiﬁ{saWQrgm the hot

fo 0 m.nutes, heating t
segrgﬁﬁwﬁg&'%%’ PR e Rl oot 1050 C and 1450

C and 'ﬁﬁ@ysta.apczwtﬁgo @ ard idingatabo ltSORES Morabout60 Hindtss,
and abméhtu@&oléﬁbut 1@6@' (E‘%éi;‘sﬂr%r@ttgtapgut%% gndsho%,éwg@ about 1050

pressur ween a OUt

an aq{%’%b t%gqﬁ?dff’ ?@Pt%’é‘t%@ﬁs aBdut 20 to 360 ninutes.

13- 6. hFdtingrtetahout 1266 o, drhélﬁahﬁﬁ APres¥Ufe 6f atlollE2o ksi and holding at
PIpacio0 G LA Moy SRS 10, 180 Mol pressing 1 S

i sostatic pressing heati ng to about
800 C and hol di ng at about 800 C for about 60 nlnutes

haat i n s i n a_bo t. 29
andwlpom% ?g&g{&ug%%ﬁ?ﬁlg58gtﬁﬁ§ Hrhérzeignog}e 8‘9‘ 1548 atpo;?ressmg further

$40 minutes, and heating to about 1236 C,
mai nt adcoolimpfran Bb&E 32862°Cab aBER 8bo @a?*at@@%bgﬁl éj“'dﬂ'gmu

b k f
'arthgu:re r@?g@@g&(ﬁ%ﬁgg%%aE?‘g%hWo;ﬁﬁer ei n thren Eot =

i sost aIOPhIlgpfrcm;sbamgBOaﬁd tbe@bouti4DE P BES Fatd ST b B cfdgﬁ-]fiﬂihte
about 1236 C to about 800 C at a rate of -about

C/ mnute, holding at about 800 C for about 60 m n,
ahd cdrimehed eesostingito 8Q00rE ofdhalpratediAg Gidinat wikrdiR iR cobait
OfowRieOid’a p3wkeiBraidhintal cobalt.

9. The method according to any one of the preceding claims, wherein the tungsten
powder is a powder of elemental tungsten.

10.  The method according {o any one of the preceding claims, further comprising the
step of sputtering the sputter target to form a film including cobalt and tungsten,

11.  Afilm sputtered according to the method of claim 10.

12. A cobalt-tungsten sputter target, comprising:

a first elemental phase of a first material, the first material being either cobalt or




8. The met hod according to any one of the preceding
clains, wherein the cobalt powder is a powder of

el enental cobalt. 9. The nethod according to any one
of the preceding clains, wherein the tungsten powder
is a powder of elenental tungsten. 10. The net hod
according to any one of thei¢receding clains, further
conprising the step of sputtering the sputter target
to forma filmincluding cobalt and tungsten. 11. A
filmsputtered according to the nethod of claim 10.
12. A cobalt-tungsten sputter target, conprising: a

fi epsteh;enment al phase of a first material, the first
mat eri al .bej ei ther cobalt or -14- tungsten a first
i nt er met &F 'i"Eeﬁ'B fialicPhase| indding thidirdtimasariahand: aisatoranga@rial, the

segssAtd matedali teing dither tuﬁ@eﬁ&‘ﬂgr SRLR }P%lrjrll ?i%hﬂ?on? 'tl{ e material, the

t |t and different
e P by RRer GG apigp e in o gpeatanstoriepand
per centeigeondiatemdiglicptesa thofting th@kécond thateraPaRi e i f“rs(tj material,

d I
: L“é@?‘f"?%?“‘h‘g?ae'wﬁﬁa*ei“ﬁ*°”9 URRIARR T P Setfieat or

‘atomic BeRdhR spytien taraat in¢ludeisi200 amtmbalalandv\her ein the
sputt ewhéréhg@tdehﬁﬁ?' sfdme s%gftgrotaﬂ}et 0(8 épe%i" r dpan %gé @g% ?oretlcal

putter target reat
r’?’%eore Ef"é'&lth ff(l mum densi ty ther eof. 13. The
sputter target of clai m12 wherein the first
I pg er surroundi ng the first
eF'%neme? L‘*“i‘q‘%rs’é%ﬁ’f °ﬁ%Wé *ép pHtberein tharfigtintgrmetali measedis a layer
o?urﬁ"d'ﬂQJW@ﬁ@telemﬁwmmﬁa@ a second el emental phase of
the second material. 15. The sputter target of claim
14 \Alﬁlﬁ]&el n the second internetallic phase is a |ayer
slitro i fyterHaroet ebalgims d2rent13) fupthers eompiGing Thi@econd elemental

Spate ef thé 8¢@Rd maferigl @i N8 14 or 15, wherein the second
el enental phase has a ‘

“15. The sputter target of claim 14, wherein the second intermetallic phase is a

layer surrounding the second elemental phase.
16.  The sputter target of claims 14 or 1 5, wherein the second elemental phase has a
- cross-sectional dimension of between about 5 microns and about 150 microns.

17. The sputter target of claims 12 to 16, wherein the first elemental phase has a

cross-sectional dimension of between about 5 microns and about 150 microns.




cross-sectional dinension of between about 5 m crons
and about 150 mcrons. 17. The sputter target of .
claims 12 to 16, wherein the first el enental phase has
a cross-sectional dinmension of between about 5

m crons and about 150 m crons. -15- 18. The sputter
target of claims 12 to 17, -Wherein each of the first
internetallic phase and the second internetallic
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wherein a cross section of the sputter target

incJf des_an average of | ess than 10 voids per square
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wheBleat tdbaltvoi ds have an average size of less than 5

m crons. 22. The sputter target of clainms 12 to 21,
wherein a cross section of the sputter target
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than 150 m crons. :

21.  The sputter target of claim 20, wherein the voids have an average size of iess
than 5 microns.

22.  The sputter target of claims 12 to 21, wherein a cross section of the sputter
target includes an average of less than 20 cracks per square millimeter.

23.  The sputter target of claim 22, wherein the cracks have an average length of
less than 150 microns. |




