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1 H GH DENSI TY. CERAM C AND CERMET SPUTTERI NG TARGETS
BY M CROMVE SI NTERI NG CROSS- REFERENCE TO PROVI SI ONAL
APPLI CATION 5 [0001) This application clainms priority
fromU S. Provisional patent aPpllcatlon serial No.
60/ 904, 185 filed March 1, 2007, the entire disclosure
of which is incorporated herein by reference. FIELD
OF THE DI SCLOSURE 10 [0002] The present disclosure
HIG?[' BHESITYEnEE AMIY e SRRAKET S?Qﬁﬁﬁﬂﬁ? §ARRETS BY MICROWAVE
met hodol ogy for manufack ﬁq n particular,
the present disclosure relates to high density targets
fabricated from powder materials and m crowave

CRO$NREFERBNUBITOHROTINONLL PPl rcABmy act ure. 15
BACKGROUND OF THE DI SCLOSURE [ 0003] Sputtering targets

[00@“] e U S elﬂh'& %pﬁ@ﬂbfﬂ I@léixﬂ@ PESrity! f6th IS NGroPERHMChaGht bppiRation serial

metal alloys, sem conductors,
~ No. d%’(%?ﬁzlé% filegh Maecbtlr 12997, te epiare| divslasime0f vetieh iscinpasparated herein by
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refekdigt al - cerantcs) In a sputtering process, a source
of material (i.e., a sputter target) is bonbarded wth
ions froma plasma, which ions dislodge or eject atons
FIELD OPITHEUbSSLOSomE he surface of the 20 sputtering
target. The ejected (i.e., sputtered) atons or

‘_[oo?cql ecul e preserl ﬁ[lﬁl%lsﬁre felatOfendraly BSipuftéthg tﬁfgefs%mmodology for

- froRpRiEahAteREs ard Bicrowale §1ﬁ§nﬂ§ﬂiéth%&$l%)efo
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in filmec atln [ 0004] In_the manufacture of

ety SE B part é}ﬁﬁf@sea%%wlqsﬁrcﬁtlgﬁs tochigh densigy targets fabricated

Plheir manufacture.
sem conduct or int egr ated circuit devi ces,

el ectronic conponents, electro-optical sensor
BAMGID@UNDIIB@WEI@EISMH?{EIQ media, etc., it is
desirabl e to 25 produce sputter targets t hat provide

. [0008] f or m Shiterig fatts aié Dbodefor PARY bﬁb@segﬁﬂﬁﬁd{hg @roddeing dgn films of
o and. desired propertjies. [0005] It is

el %%aé &Eﬁﬁ%ﬁc‘t‘}?@“‘ﬁ’éf@? RGP JisTesiictyiegpeledieios gad cemets (metal-

cetadi@R In IBp@ickial procds! & hbEest mith@al ¢l &f §ukt@Urper) is bombarded with
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fornatlon of partlcles on the surfaces of deposition
iong frp pplasga, pdichises diglodeprar eiestaatorns ok pateules dofy By surface of the

t o
o2 4R 954 Ly SRSl AR s
to &gmi 4 thindjlmcoadng. r om t he tar get as chunks or |arge

OB, e byt PR SR BB iy

"appln@itons, e.g.,_ in the manufacture o_f ,sérﬁic_:bnductor integiated circuit (IC) devices, electronic -

components, electro-optical sensor devices, magnetic recprdi_ng"media,' etc., it is desirable to
produce sputter targets that provide uniform thin films, minimal- particle generation during
Sputtcrmg, and desued properties.

It is believed that the density and porosity of the sputter target materials fa01htates

the deleterious fortnatlon of - particles on the surfaces of deposition substrates, because, as

material is sputtered from the farget, target material édjacent to or Stm'ounding voids in the target

are less tightly bound and more easily ejected from the target as chunks or _lérge particles that
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sputtering targets conprisé very high density
materials with no or mniml pores in order to'

reduce or elimnate di sadvantageous particle formation
during sputtering. [0006] Current nethods for

achi eving suitably dense sputlter targets from powder
materials for use | n the aforenenti oned

t oIo Ilcat ons |caI i nvVo
ulifsfty SEERACHE N BB St MntBirEdaf fi Pied ShAUE ot e
spukten‘ldlg)mgbti)wrmmt eriynigew idehsie rﬁaamctvnatnoam RinRivipeds in order tor
t enpec.at ur e i ng either of these techniques,
red O L s %@é@&l%fﬂ&e? HGRUERg SRUgCHS.
[odogpi cal | Gursdt Yindkkaidt fo?oach%rﬁﬂcg bheeKehikal sphilecki ksl from powder

den3|ty Further, the hij sintering _tenperatures
mafezigly foegpety thernbyementioned %abéecim@qmemhgmm@%tuplpallmnvolve either hot

préling &y R01ARROME FAGHEIERY, Bllowkd b) Siudlefdh 1 dod Blab i Sin clevated

mat | on or
terﬁwdr*tsre [(Bog7ithan of Hbeset eciniqugs,e dénsiigs) @Iﬁtthty puasseldl m@t matenals is

ty-fI19Jll aglﬁka%ﬂorﬂ? 8?:6'3 o Sogﬁtgsérg% 6@ trﬁ%{irﬁﬁ%?%@g%{‘ gﬁltrﬁ'ﬁz,ltgc hxghmsmtering
tempmataren rpqirdé rbypthedel tachuikpies iffdqaentigriesuld ypdicalivhitageous formation of

|ncreaedf mtre ran - 50.%to about 94 -.95-% .

losgf E{ER Foa highdn e ssaﬁgﬁlf atiey o AQUARTOrEBRdIpS.

[OWWEV e\r/vd A&Uglegﬁcm@ﬁ'ﬂfe‘qﬁélﬂ& uﬁhﬁéd@éﬁ&ﬂle‘)fng‘lﬁ@ MAdityFBut@ling tarpets
owder be

the, starting:dinensions of the l[atter

ﬁ%wo?vésr Biategglsif ot sepRiiePTEsFing GIIP), vherein pgwigs packing donsities are

15

OXI g,g&glﬁake@ffro&ﬁhg%ﬁc 90 236 45 1AR6H Al -lds8) 8F thEdrakisl xﬂguﬁhﬁm density.

ceram c brllets resulting fromnon-unifo

- Digpvaptegepusiyshewmver dug imsignifigng ghrinkegefithniolame e*éﬁlaﬁpwder bed, the
A Stgltlhé Qﬁiﬁeﬂﬁm\g\gi‘ Eﬁeclbﬁ!tér gt r))"ﬁ&thfer veh'@g'&ﬁﬁl:&’ by gﬁ? kI%glltln formation of
startin beds a rea gt’ﬁ

I'storted during

hWFglpﬁScﬁgm bilkdeigy e@radmxg/ Oflvhmdetdné ceraadé Lbdletsoresﬂtmg( ﬁeslsnon-umform

A8, SR SHEAROL 5y S ASEED el By o, v

o pmth csmctingg;owder be(ﬂ&rmdxﬂ)adistﬁﬂe& JuiingPthe \FEH, proeksy elyiegihlly when the
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OPRRer | ng 5 Plypriage

" [0011]

I%‘fsctﬂ Sp%&%@{%{f}%déaﬁ&gg% with mniml or no pores

rnpl enmented in

00081 - ef f el vivQ o8 TBfeg F&hhél:e\%(ﬁ@ aVdak 8taa- RFf lrﬂﬁlﬁﬂﬁrmethodology for
mat eri al s. SUMVARY C]: T DI SCLOSURE 25 [0009]. An

U558 igprovefe Ve dergity sPwisting tarecty wish aviaipal or no pores, which

t a .
[0010:F%knot h‘gee?“%d‘%gﬂﬁiﬁg g{?g‘% e SRR i ef‘g@ fu%ﬁévar_ ety of powder

e present closure iIs
matgnialyv ed met hodol ogy for fabricating high density

sputtering targets from powder materials. [0011] St|||

anot her advantgﬂ of the present disclosure is
YMARY MeTHBAUPOHPSYBE 30 manuf act uring hi gh

density sputtering targets utilizing mcrowave

weage ralt &g gpresent disclosure is 1mproved methodology  for
manufacturing sputtering targets.

[0010] Another advantage of the present disclosure is iinpfovcd ‘methodology for

fabricating high density sputtering targets from powder materials.

Still another advantage of the present disclosure is improved methodology for

manufacturing high density sputtering targets utilizing microwave sintering of powder materials.
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| gRAWPMHRS hRG 40 %4 FaBdordioa miixfth@A dehtyiTat er i al’,
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3 [0012] Further advantages of the present disclosure
i ncl ude inproved; high density " sputtering targets

" conprising mcrowave sintered dielectric or cernet
materials. [0013] Yet another advant age of the present
di sclosure is inproved, high den3|ty MyO sputtering
targets fabricated by m crowave sintering. [0014]

itio S . .
O0AE S URRARED 0 LD LSRRG ol Wfove, igh dcsiy
sputiesieg fapgetseamptisiog mﬁcmb\hrmmamﬂ dinleptaic br euirabt rivtaalye

d .
O Sk AT B AR T i o
sptﬁtteung tagetgfiabridated dy adicovevquimegnyd. di scl osure. the

ant ag f resen S Iosur may be realize
[0@2‘ obr o fidifional %éﬁ?ﬂ%“@i“éf’&? eﬁqu%to the prgsent gisplgance il be set forth
in #RPREdERHE WaichFolldwi0kd in ?&E‘Mlﬂ b&%nk%pﬁ&exﬁ%’%ﬁe i@kvink Redinary skill
o present disc|losure, the toregoing and
¥Ry saminationetihe Baiorwmgp%rrmamye ]&Wﬂfﬂ(}rﬁﬂ'@\ﬁwfﬁ'@f’ﬁ gfithe present
n r
dl%l‘%sgf?. S o Bl b sk PEIF b o B oA articulacy
P%ﬁ@@lﬁmﬁbemdmlamsal (b) form ng the at |east one
powd

POk, SR B B SERP Ul B Bkbing and ot

atifemtsges yere: Bbthinyd i part by gmtdmrcgvbde anetieioyf mﬁdﬂaomrmg m/\@uaeﬁng target
o f &g1a ﬁlqaeredlbodg th density .greater than
7 ot RebrRrE

X|nun1den3|ty, and (d)
for r(lahg profdihg erleagoteangpbwlsranatéh® si nt er ed body.

[00 accordance - wi t h- enbodi ment s t he pres . "
di sc&%s u&g rmigg dhe E‘taf FaY P Y ROWASE 8\??‘-‘6‘?’% gty a@%“p‘&%& gwith density

t he | east
one dielectric- 20 materi-al being an oxide, nitride

car bi%e, - 5ating Hhecereey pedyawith migrowmyasi ta femn aélféemd body with denSltY

O H102,
el o 0 4D ROl 100, 102

. Pbzr@as, fomslg@sputmnsg@atgetanmtbammd badpreferred

20

SelOsur
pronfing sesw  powddr Chongpuslng awlqa_wdmar dxemnmcl maﬁgalﬁthel less tone dielectric
0

i L 7 t Pr ef th
5 S e T, S TR Bl B AR Pt fom
gredpkorgistiag lofy M0 1Af05L TR0Y, ZrOR! RL0A Taﬁ)sngzomemel TaC, BaSrTiOs,

[g%%b)g?h;:ﬁ%ﬁsﬁbﬂaﬁel ‘girtlz s?g@i% gl[e of] thA%(r:e%E-x% Ic{] &; osgre Etttf (a) comprises |

AR R A St gika iR

25

" [0018]

30

prefprged delpstric matpriphis |
@g[ﬁ_lr[: (&”@‘Iﬁ%l’dmg I\}!é)sotﬁél &l ndntO8t &féeprgé'eﬁy BisOB8%d, Ss&épn@) compnses .

providing a raw powder comprising at least one cermet (mctal-cerarmc) material. Preferably, the
at least one cermet material -comprises 4 magnetic metal or alloy and a ceramic material, e.g.,
wherein the magnetic metal or alloy is selected from the group consxstmg of: CoCrPt, CoPt, and
FePt and the ceramic material is selected from the group consisting of: TlOz, Si0,, MgO, Ta;0s,
Nb,0s, AlO4, BN, and TaC.,

Still further embodiments according to the present disclosure include those

wherein step (&) comprises providing a raw powder comprising at least one material having a
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Nb2C6, A1203, BN, and TaC. [0018] Still further
enbodi nents according to the present disclosure

" include those 30 wherein step (a) conprises providing
a raw powder conprising at |east one material having a

4 dielectric constant > - 2,4 selected fromthe group
consi sting of oxides, perovskltes car bi des,

ride ilicat.es, unj, nat es, andtlta
Gl SR o anBUT L IEE BF Y prasi @%FMVém carbides,

mtﬁa@psm&a)esca»mmte@an@ﬁ@ﬁae@f (hi) blending and mi xi ng
ast.one raM/pomder material to forma -
EO‘HB en erordjngiocarbodispinieet the aresqub dipclpues; §iep ghicp@ptises steps of:
o) %Yéﬁgfng tafd fn‘%ﬁé & %&%e had go“&r%t&ﬁl o BH‘E Qigﬁ'lolgéﬁeously mixed
I ncl udes I endi ng in

m- Xl n | 'east one
POWEER ang, I(bZ)VIPFL’ﬁSltlEI éheapow@as;o fome tlmgveqzmbmihrr Stmt(br)| qpltionally includes

bléﬂﬁn&ﬁid%&ﬁ (ap%gst %S%rgnsf/ e]%‘ui H]I tclgagf glge:,]rg RO - %r%zgcnal and

st@rfbf)atnmpnm mﬁhmbal messmgnir cdﬂs%k«aﬁwpless;]@t(ew)( c)

rlse tre reen Wi t owaves b .
[Ogﬂgpoces §%°I°é %edg'ftﬁl ﬁ@‘ﬁ'fso?gx‘ﬁ dﬁﬁ‘??%t{a‘?? sy, step ?és comprises
tregting ciid gre@ObglyewitihGErowas by biodds sSbSEERbMAIMhE @HiRp @ensisting of:

owave, heatin and m crowave- 10 assisted heating.
d‘feﬁg’z FPuped SPHPWQ‘%’( Beakiags sSFERENSORIpR FirOWRver hratipg, cd picrowave-
asSis@@hegiape, step (c) conprises directly-coupled
m crowave heating of the green bod the green body

[088Lp| i ng Afceing @ restieinesbodimentsnafethe proscas drsalnglro@tqpr(@h?omprlses

ORGSO 0 o
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afpfemperstures Bogiog drog) renne tenfisyatwo rtp elegated, sintering temperatures; whereas,

R T ———
_Iraoi]owawheat_lhg Of Greemeenblodly, wherlemaitdeasb yneﬂhmmpﬂemuscﬁptor adjacent the

m _crowaves and tran fer heat to the een bo to . . o
effeB P SRl bRt h O vty sk Fondtra e ey body o thercby
htf&nhe padetihody & elehiited) sinfing rt&ﬁﬁbrﬁﬁl@y aﬁ%ﬁhﬁ‘ﬁe phebd body couples with
mcrovvav?lb .n addition, step y. further conpris

TYFROREY TSy Rl Stem(@rr@%Whﬁre%I)pmlge girectly rovpled gﬁcrowavc heating of
ﬂQQ engﬁa [0022] In accordance with still other

odlnents of the present disclosure, step (c)
[@Qﬁ?ﬂr i ses Impeqosianseewith s¥illt asbierraatiodimpentsf oft the myesewtndisclosure, step ()

H‘%Ylsesb O%E&Jh A a%ﬁ%t%%ég&}llg% gf %l%%ée{a%og‘? a&}& Ielg % ?e%g{(gnet tﬂgatmg means

'eva

' adgmpﬁrfht gr@s bady it thetgneen Body tte Bleeﬂotpls&ﬁermgt tlamperatu:es at which the
ST Qe n.additio e t.her co
RS St P oo e 65 (ESS%? Y g R ot

mﬁdg'wave heating of the green body.

{0023} Another aspect of the present d1sclosure is an 1mproved sputtering target

fabricated according to the above microwave sintering methodology
: [0024]

Still another advantage of the present disclosure is an_ilhpro‘ved MgO sputtorihg

target fabricated according to the above microwave sintering methodology, which target has a

density about 98.8 % of theorctical maximum density, a thickness up to about 6 in., and a
diameter up to about 14 in.
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25 [0023] Anot her aspect of the present disclosure is

an i nproved sputtering target fabricated according to
+ the above m crowave sintering nethodol ogy. [0024]

Still another advantage of the present disclosure is

an i nproved MyO sputtering tlarget fabricated

according to the above m crowave sintering

hodol |ch tar has a _ density _about 98.8 %
[00251( t heor&%%&%ﬁ %Bé ASREY, of the; MP%M%’?SW}S "become readily

appabai to ﬁoﬂe&kﬂle@ﬁﬁh@art BOmché rito®hin ngd%taﬁl&l &Q&}ﬁm& 4wHePem @nbodiments
025] Addj ti onal advant ages and aspects of:
of {é\ﬁé’éﬂ‘éﬁ% t digrlogyre argshowm md dsserihed, simplyiby yay abléia#t@ﬁpn phthe best mode
coﬁtgﬁ’lﬁﬁtea b ﬂrf&iicing ﬂ{el"tﬁ'es%ﬁ inlEdtiTh! ﬂ?wfl@el tﬁ,&'nﬂgd e n[t?rlaéeﬁfjdlsclosure is
descri ption, odi nent's
capiiblec (0§ sethes aude dsffmm %mbbdatasml bl jts ssenqwhly dmuls/vaye ofisceptible of
bk 5 e RSBAA TS A AR 0, L8 i o e pren
dmzthzsum heczd:;dmgig qw éaeitiy didsibaipuoe ale 3o b@ﬁ@ﬁb&&aﬂﬂumatieer in nature,
and di.f f.erent enbodiments, and its several details are
GebEBHES of  npdification in various obvious
respects all without departing fromthe spirit of the

SRR R 115, oo 0 o

d as illustrative in

'[Ot?%éur - 01%8‘}1.?%%3% aéri‘l%lf)? 8&/&'& g‘F gﬁeCFié -Irthe present dlsclosure

caddsstrbe phdastomt whdneeaeih ockjnmntios whth tltd’féllcphﬂ@ &ﬂatwngs in which:

5LV  E R o SRR SR o neen Cand of
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Mgm(ﬂéﬂectﬁbﬁatcﬂxallaaamﬁ:hwaﬁii@uaﬁﬂem variation of the

ectri SS tan ent t and) O dielectric
'[(ﬁgﬁeri al lgg g ¥ gr&tn ng; @‘ﬁﬂ’éﬁﬁtoﬁ

theaﬁtelet;tgg égﬁs tpngent (fand) of
C3CESIOf cdHin@Piateid vk HAinklich MAehadrnare, Of the diel ectric
-l oss tangent (tans) of -15 CoCrSiQ cermet material as

a function of tenperature DETAILED DESCRI PTI ON OF THE

| - mmMQMQmNmr}mmg@Loguggl osure i s based upon

di scovery that efficient, cost-effective manufacture -
|@f29yery hilgh prheasi d:scl(sptd:t tsebaskg g@(@ﬁ Shsfé@fbg}a ghfféffﬁe%ﬁtd cpst-effective
ea a er. conpact reen bo of a
W%Fﬁ‘é’ﬂ“r&{ Wy Bﬁgxg?%wrﬁpﬁtﬁ%\&é‘iﬂéts sabbygilectsd ha(etgﬁaﬁlﬁ@ aggyyder compact
(%ﬁ]g{]dyg‘ g{ % ﬁ?ge%@t@ﬁal%ﬁﬁ’mk%wﬁé% Ehet & for 1?6eHéaQH SeNGhtbdng the green body
' y S

l'e materials suitab for processing
to frrg Yﬁfighlgb] d%nsur ynechm@hlm@hkn maferigfn suitale foar prpeessing into high quality,
k% cpﬁ é,_.q‘fﬂlgé/ stated, m crowave heati ng is a nmethod

fe

t1ng |nternal or self- heating, of a.
[ﬁﬁi@rl al \Hraﬂ.‘abwdptrmmwﬁe e adtingvia \nermethad g‘yr, effibrdingi internal, or self-

ﬂcgﬁngengf a4y rg£ter1al via absorption of microwave energy, wherein the energy of
e}ectromagnetlc waves (microwaves) is efﬁcmntly converted into thermal energy locally. Local
conversion of the microwave energy achieves rapid and homogeneous heating of the entire

volume of workpieces, and does not rely upon conduction of thermal energy throughout the

- workpiece. Accordi_ng to the present disclosure, when absorption of microwave energy is utilized

for sintering of target materials, e.g., ceramics, diclectrics, and cermets, fine grain sizes and

homogenecus and dense microstructures are formed, thereby improving sputtering performance



25 el ectromagnetic waves (mcrowaves) is efficiently
converted into thernmal energy locally. Local

conversion of the m crowave energy achieves rapid and
honogeneous heating of the entire volume of

wor kpi eces, and does not rel ¢ upon conduction of
t hermal ener gy throughout the workpiece. Accordi ng to

R e

-adventgges of epuitetiog farghitseforned by ise aNhick@rdve hsating iof gregi Bcbdics of target
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" Ppro,

resﬁltlﬁg: I&Udﬂ fit@schéd o fitdi fx@ﬁﬂﬂ-&dge@%re@ I QBERd isRp. THe 1§Ekﬂv¥:@ imechanical
ta fapbricated therefrom O her advant ages of

?rﬂﬁf b figaresenitislesusy inwen Isnd i Gnewad encrayaryings accring.
ﬁoﬁxg %&gﬁlagagll*}qeaﬁd ?tocEﬁfr%eﬁm B L fdrlerahiG! hLd%eltl 'JFE&M@&

properties, “such as |nereasad ductiTity a
timegeylnadom mf'@smtﬁhapg chusohidatioesence of finer,

nd- ed n hape. The i
[Odr%gghanl c:‘g‘?éénﬁ[(P etbte i&ep P? oraed ’b?“ %O\E?Ep[g%ﬁ?dd of manufacturing a
sputicsiof tegat &omm ﬂouadm maaﬂaltcompnﬁm sepdofener gy savi ngs
accryi ng__ fr.om i der abl educed processing tines ,
andltﬁ#j mpRiPRE e gﬁ”ggnmwp‘é‘éc{m&% machining 5 time
res@t i ngmmgnm @8 leabtedbneS AP Bo W @R SRl inte . gb@0Bddy with density

qur%gag?ut%ﬁ,@pgte? ?etfﬁﬁgt it Osure an i nproved

WEHng target froma

powgey Nataingahe V\gﬁbﬁﬂ b &P Svitht lﬁﬁ:?ov@fves {PhorR 08l Bod¥ with density
| east one raw powder nmateri al b) formng the at | east

glachlmng

" ST ek Bﬁ\%e@"ﬁﬁw@v mamrre}nlac(i@\s@emn%ody wi'th density

10 gup at% é%e%f&m LEd byl maxi mum . o
denS|t reatl ng the green ofy W h m cr owaves '
[0P%2} or m hﬁtem €8 doide witcly efemsterials algrsembéer for Ipearvision as the raw

P&Q%?nhlﬁ%ﬁglo%&{ftd{ng?@{hg&; Bl IR, 48RS,

ar e 0rdo et He: g}c rvggl N} lg&“tatiog dielectric
aI{dO:@ﬁﬁdIMerfam step (a) a w de variety of materi aI S

B R B e R B b s catias

titahdthg Uihc:lttbdfhﬁﬁlhrﬁihateﬁ“e@é AaEO] B0, '!‘ﬂ)zcEIUIEAb@PtIﬁ{Os@LIBzOS, BN, TaC,
L?&?@% Egﬁ(,sbl e dielectric rmterl al s include, w'thout
At X HoILY, 21810y pribsaAlOa A prefosted diejectis anaseial 1s MgO.
[QB&Cat essuidbe @khen %@Ea‘?—%craﬁncﬂl maté&@: i willo R fimitation, cermets
A1203, Ta205,

20 BaSr Ti G8,
cpBpHSTH O 2 mpempitmel §f dipy aad e Ct_eemmc}matcﬁab cegt, @r meghetic metal or alloy

l
st cam sid o GRS BRERIS, S51ERp, 00 205
A8 and TaC. o ‘ ‘

[0035] - Further suitable materials: according to the pfesent disclosure include, without

limitation, other oxides, perovskites, other carbides, other nitrides, other silicates, other

aluminates, and-other titanates, provided they have a dielectric constant >~2,

[0036] - The dielectric properties of candidate materials must be evaluated prior to

.- treatment with microwaves according to the above methodology. In this regard, the ability of &

material to absorb microwave power is directly related to how well the material. will be heated
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conprised of a magnetic netal or alloy and a ceramc
material, e.g., a magnetic netal or alloy such as
CoCrPt, CoPt, and FePt;'and ceram c material such as
Ti®2, Si2, MQ Ta20s, Nb205, Al1203, BN, and TaC. 25
[ 0035] Further suitable matefials according to the
present disclosure include, without I|imtation, other
i : skites, ot her. carbi des,, other nitrides
upofd e fon R TBOWRER, 1 o aBER sty v, 63 transparent

to rhictereats oy it eafledie dnitepvEaNewill 1t Gk Glolli ok AReiaAioh. Plectrically

o= 2. li[“003 %The .di el.ectric properties of _candi date )

syl PAFL - Helodtich dendele Yor romparat to misiowRISE Whergs clectrical

cond€to 8 Wendas relREahidtdiehves) MaAlGiaRR¥Ept YL AMate tRosk BF fsulators
egard, the ab|I|t¥ of a- 30 material to absorb . R

andygoRAcier denddobeativclloynos arirspwiert iradigtions Materialoewhich pre insulating at

R efapéhtutd | eBiBthe Il R i Qh '
oo bt B0 eyl s, oty

facilitating\ehseption ofgnicroveve gy Foe atample) alrintia0iadan)  which i fnsulating

' I L growaves, it will. not heat well 0 .
at toburit il o AR ERpspblent roipiived TntniseisufticoRly epnductive as
to aliseibenitromase ereegycht tompaeatire SavopesiRaL 1,000 °Ti cr owaves,
~ reas electrical .. gonductors tend to reflect L
["Oﬂgﬁr OM\/S%?OT‘*%&% r‘?“%\l?"émaﬁ%°fr#‘%ﬁféf°m dsolostice Pl () gpmprises steps of:
(b1) blzadingbnd Aeth@tHRraS leattihe GAR %gﬁﬂé? hatdriB@ fbn A9 Mo¥kbusly mixed

upgon rowave irradiation. terials which are . :
P"Y“ﬂ%‘u |a§311 {p¢) Prpssing Shenpevedan de dorm thergressiodyd Stepdbo mptippily includes

- blenahgual nifingdbt Rh@BBE bin8IMAL AN WS thd H9LE0¥heTaw powder material; and

15

- stepy(bpdspraprisss Dyssheaicalyrosip or gpli ddestatic pressin 4€1Mg  at

facilitating absorption of mcrowave energy. For

room
t f : i
OB 24 R0y %4 SREGR L2 I BRI i

homogersnisle Terethgyvaiious enmpoientsr Ghe didended poondér is, 66O formed, as by
. : ' ‘o ephodi.nent s of . t he | t :
iRk B Co b FRRREHRER I Lgs G P FpEF pt eoreical maimum

delpbityn sihivy. gaeed dislois thgn tltgectdd th eastineIvath Al WNE elicrgy for sintering into

) a%%égé%ﬁ%gégﬁgg§ﬂgéﬁlaggﬁogeneousI y mxed 10 powder; and

20

25

30

_ : _ er to formthe green body. Step

[0039]) opt iTeL ﬂhdlé(:tﬂxd‘ﬁﬁrbt:@ﬁ& of theEReishdo@Rdith Hd@tealow ®@Bthe material
one bi.nder material with the at |east one raw powder . )

COYRICE Yy Miceve sppy (aszfeetimgpningsf whecdisin NMesupmesoif e diclectric

[ I GiPr ' ( : r tar]
PSE GO SRS, kR phO0FRL: bl By oo cn e

perfampd st el wicravgvhoeof) Sreamess| dyskmust békeatelr th ausrtain temperature by

AR e BAD P B R P BB i ng”

BEHOAMER having a- '
{Hdhki ty >Penctd@ioks ddptht bf dhicetriataihl, iBKiawENof dBO Sintfysmity of microwave

' reen disk i hen subjected to treatment w.th ..
il A6 S50 039 B bR e g Rtk e s R gt
[Qd41e. , > For%lufgsedofithe present disclosure, the dielectric properties of the candidate
material may be measured in conventional fashion, e.g., by the cavity perturbation method, to

determine the dielectric loss tangent (fand) as a function of temperature, As a rule of thumb, a

.+ fand > 0.1 indicates reasonable absorption of microwave energy. For example, as shown in FIG.

1, tand vs. temperature measurements indicate that MgO dielectric material exhibits a tand > 0.1
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[0039] The dielectric properties of the pressed green
di sk indicate how well the material 20 couples with
m crowave energy for effecting heating of the disk.
Measurenment of the dielectric properties of the green
di sk det ermi nes whether micréwave heating for

sintering can be perfornmed with only m crowaves or if
2695 e e rtain I
o 4 BBERELFlks TNRY <2ouRP BB e SR LAl STREAAL ortion
when dwettndrit i ltempemtwwawimeag 084 GhovRe riet FIgt Iinntal’ié ptsh tehperature

el RVl WBEGRGSKE eflabuiiil Shii eg sifhestng in 2

migeweverfieked from the dielectric properties of the

eri al 0041] purposes of the present
[Oogﬁtcl osuftgrefqrpan a%rdrée Slirdeciricagorsrtios 9k the apadprighefdbe green
dlsmﬁf @E‘&Oxﬁﬁ){cskifeaﬂﬁgs\‘ﬁb' ﬁﬁ:@n lblS‘d R ﬁﬁ&bm by &itdthP Boupled microwave

the cavity perturbatlon net hod, to determ ne
heattwé, dww@rwwi@dos@wtwe nthegtingnsyr amicerWavmessistod dfeating. More

Spécﬁ?agfa ta&ergénr télg’ggcﬁgcbufx %J%I'tlets:]éfnae ter{aP%P the gte%n dlsé(yare such that

sorption of m crowav
ml%wamsmteedlly@sahcﬂmtcp r(c)FdoﬁlprB& directiypemipled .microwave heating of the

o R it PRl PG Btk S ey fingrom room

terayimatbrel t@Oﬂe\@tedamintém ﬂeﬁlpﬁra@l&hg &Nlﬁd‘rcaﬁeaﬁi%ﬁah&rﬁ vs. temperature
m Cro Ve on n eat e to that e erature
m%ﬁ‘é“r"é‘m@s ‘ﬂé@"aﬁﬂh‘i}%ﬁ? ﬁnarﬁffré? absorps, pucrouaves BoSl: ak PP température but

. abERPGOHT BERMES with @d[ﬁ{f&zﬂu& hetép (@9 Corpiidds SREHRS, -cUE?l@d pildrowave heating

15

20

25 8

. of t@gl b|t§ Eigﬁg_self- eating in a mcrowav

Pl at legstonedpigEneye Wtqrwéjaa?@%gqe%body is heated
by%b;@&@ﬁbﬂ sSmifovlab& dMBlRhiEls et tb R ggéeﬁ %de ﬁi)' tH&ebyPhdPthe green body

rrprl ses treati ng t he reen y m crovvaves
tob‘;lc%ﬁt‘?de@mtﬁgpﬂéof&m@amrﬁswtom thg m@at lqug couples with microwaves. In

atﬁlﬁﬁfrhg%gjgg glggw&ﬁgr d &:ﬂ%%@ﬁedléﬁgrmcﬁﬁvave ?atmg Wgthe green body.

specifica :
[00h# di el dot achrdpmcwpemth eﬂtenfatwm enesthtdetdgal whiant twas grvee temperature

el ARl MO, B 80 B e St g o

atsbrytios mcgéaemwhh) Ci@mpéri’tﬁreg rs&@ NcPeshiiprizes! Bliero@avd-dsBisted heating of the

SO B e oE Bo% PeAine eleeBHAigen: St eRiag beats the green body to

clohREE @ﬁltcriﬁE @itnpleAffesVat whi GRS [AbUWoSpI LOwITR ARUL & FRBIIS addition, step (c)
|nd|cate at the material absorbs m crowaves. poorl

mgy fpglncpmppisditcebecpnied missoraye henting of theegreen WdUhAcgordmg to this
e&%ﬁﬁﬁ{eﬁ@ er 18 Eﬁ)ﬁ of ‘?l%e I?eg él@ﬁgntiﬁgictﬁ@ {ﬂ?&o&%oﬁge can be separately
m cr ovvav eat i ng reen ereln

r¢gadpded/conhrelled or dewimede Is uskhapn,ouhe gcqeadaks mdyebegsmtddddweatmg ina
S on of . crowaves .and er.s
R Eh Pt W20 RhRly B P i B AT o RS hER for cteoing
stmperglgevat ed, sinterlng tenperatures at which the green

[86)494)1 Coumh'?%nyy\qr}stgnég %{eo&:%\x/l?ant smtered (ﬁsk formed . in step (<) accordmg to the

present disclosure and having a density > ~ 97 % that of theoretical maximum densxty is then

- subjected in step (d) to processing, e.g., machining, efc., to form a suitably configured sputtering

30

target. Alternatively, near net-shaped sintered bodies can be manufactured in order to simplify



: {c;m(@rguﬁm dH@@H{);m@m whad ischied Gf) @6@&&' é% sfm%
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addition, step (c) may further conprise directly

coupl ed m crowave heating of the green body. [0043]
I'n accordance with alternative nethodol ogy when tans
vs. tenperature nmeasurenments indicate that the

mat eri al absorbs microwaves Foorly at room tenperature
but absorption |ncreases Wth tenperature, step (c)

e BB Brolh WP 2 e rutEr B T cssary for
obthinmggrﬁaﬂfhe&mﬂgetheats the green body to elevated,

0(%5 terl taﬁsﬂures at_ which the Iatter coupl e
OS] i o s f PErent disglosure vl now)be iflsyra {4 Pith agference to the
ol AR ilourive ARt hob- IaRidve Exinplcowave heating of the

green body. According to this enbodi nent, . power to

each of the heating elenents and the nicrowave source

can be separately regul atgﬁn&g_lr olled as desired. In
addi tion, the green disks may be subjected to heating

[Oﬁ)%] 325 SH pbvede (BID iesh! 9999 vP phifi@) $h§ isdi FoPpressing 5 gm. green
wave Lcavi t for. .continued heatl ng for effecting
H“H%gl ? 1 upigxigly govble petipnedics ea i don Camer press. Olcic acid

present disclosure and having a

Ity > % t
asafthn}i’é'&‘éftﬂl%mwc}%awam#» density is then subj ect ed | n

; |
[094AP t(a% e 1 gggngggté@ejs%ﬁ? Giere gf@s%g%& p@&mgu% 1o abodt {2740 psi, with
and|withoptihy Obioyﬂcld’ieaier netenslhapwysqf meqmdemts ®ms € A3 gowom’. A pair

I £ h
oGR8 Gt Rl g A it i

me samples to

“hqating Sivhavg bavieg natiemsarycdvity and bitjécrddg niclbvivesdssisted sintering in air

- 15

at LR e e st o it it Si76 2 Ao R the SAmple disks were

sﬁtﬁﬂcteﬂ\m hgaﬁnlgl(bbiibthatméaﬁs) tH U600 060 a{ 4 Midaak ka€of semﬁm ﬁﬁi a dwell time
0046] MO owder (-325 mesh, 99.

Eé‘? gf?r) G S’Ffeparpégeﬁ #Het BO‘@% of gbeitr -6 d.lsﬂxlsw “Shen the sample

. digkd tdaghddth ﬂemp@faﬂﬁ@bﬁ‘i 60 p@)&h@ |ap%)lfgaﬂ&{ 6f e iR wit& T ohfiued for the
a 12 ton Car ver

20

balengsofthe) iey-fwel %PS) 7OO()—|]eI \(/:vagcl ncluded in the powder
[(gjgﬂj:{ ef’m'?lfé? ?%@ﬁy ?gﬁi? &S%Iﬁd?slfhvgiﬁfqh? émgérn fﬂ]’%‘f thcj& f theoretical and

i anmet er
ﬂweieeSIFYl’@Sbﬁesin‘rated QISkgetthbmalpr was SERUL théiZ),fﬁE:Greneall WI th

' {ﬁ(ﬁe \glr tezgz%e tg‘?l%k g aCI %g%gﬂﬁtﬁg erks%la % :ﬂ &%Pléetmal and the

25

adteragesdenkityeof, the mtevudtdtskbwnﬂ@ﬁ bikider W %hﬂdﬂ bf éﬂb&&ﬁfal

wer e pl aced side-by-side wiithin a heating furnace

havi ng a m crowave cavity and subjected to

m crowave- assi sted sinterin@ixamplar at .anbi ent

pressure. The frequency of the m crowaves was 2,45 GHz

[8pPlt he sdRpYeOdirsdnsdiskerod 1" diameter were pressed at 10,200 psi without binder,

each disk being scribed with an identification number before and after microwave-assisted

sintering. The disks were atranged on a bed of MgO powder to cover a 5" diameter area during

the sintering. The microwave-assisted sintering process comprised conventional heating of the

30

disks to 1,550 °C at a heating rate of 5 °C/min., followed by heating to 1,600 °C at a rate of 2

°C/min. in order to avoid overshooting the desired temperature.
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- 15

20

15 subjected to heating (by other neans) to 1,600 C at
a heating rate of 5 &mn. and a dwell tinme of 60
mn. The microwaves were applied at a power of about
.1.6 - 1.8 kWwhen the sanple disks reached a
tenperature of 1,600 C and application of ‘the

m crowave's continued for the balance of the | hr.

me, [.00 The depsi.ty of the green disk
10GF houi e reri e &rogn G et b e d o bt thogretcal and
the dverage dedsity o0 thel figtersd AisRE QAL Hinddt WA UE 610k RAE b WSketical, with a

9$S€ %.that of theoretical. [0049] The density of the
stagdard Aeviption ofi bt B58er was 41.1 % that of theoretical

th
08D 1 LAUBASS, O il B s o B o
sapgoBwil time l% g rdddedisisliesedoMe0' ditka Meonlyveabaxt e ¥s efi theoretical
mﬁﬁrfl%xgatfneglg ‘n@ H%ﬁt&ﬁﬁ%ﬁgﬁ) %@fs O{E)gn%ﬂigy gn(fllfrg avhssidgd sintering

acpirding \é\mgxe pmt étsddsure extitgt infpgoved hﬁcrdﬁtiaiiéﬁud\@ﬁah ad fihefrgadizes
a be er to coyer, a 5" dianpter .area
o8 ng Pty PiFToviaYe oY B NTIE- 23U PL piaigring methodology of the
prssent di5dlAYreUiREGSS NG v wfsedlfmﬁ\aamnk@e@hslaaﬁé édﬁgelﬁiﬁmal techniques
Ié\? di sks to 1, 550 C at heating rate.of 5 C mn.
for e wamtpgye 9E sPrirging Sarecte o Dovder éGObalﬂaeSomcizldlqwncreased density,

re@idsi bdkyOh r Sd:f.e
D iy i %‘“’E"’d’%"‘é%fﬁ"%ﬁ%@ (SRR bl el

cg)st-cffectlve
PiRFSHBEt bi nder was 41.

1 %that of theoretical and the

e g e o R A5 50 B, B, o

speeific gpiteniply Stradhongs, 0SS, ﬁ@,OﬁZ(]rdérrto oovder 2 betrer \Am-ﬁdnstandmg of the

pfEdaR Slvefifion o PREY She AT Svenff 481 vl ML bR rbRhing 1o the

| dctaréi@ewﬁpﬂlyosdt Yortibberein9B Gf(haf mt;thﬂﬁﬁ estzelt;hiowﬂ’fpmbdﬁlﬂg techniques and

addi,ti t er ed O disks forned
%‘F%Sm%b’s noLheen F%*agléﬁdﬁ% et 1 RSy BRSCYIR @e&rég%tﬁ?‘fﬁmm -
[«cﬂsspl 0S ur Onlgxid ﬂefenbmeevcﬁﬁheﬁﬂs of @8 fpFddedt YhRntiSt &l 19 a few examples

fine grain SI es ?R‘%In sumary, the mcrowave and
of 13 Ve Laje § ed H)gthﬁg[em;@ @1s@g§m@flt SH@be understood that the

p&rs&ﬁaﬁ{«en@kbﬁ Gl Q&;Séibfe af [ fisvaioy 'E'Eiéf c :& bithEHs 4

a&tvu%mnents and is
advant ages Vi s-a-vi s conventil onal techni ques

- SpeARiftAe 106 r‘@a@ﬁessﬁﬁd@( anddifcationgeisinyite popeled the inventive concept as

e&@@g@ag&ga including increased density, reduced
porosity, Inproved mcrostructure, including snall
grain size, and cost-effective 10 processing. [0054]

In the previous-descriptiont nunerous specific details
are set forth, such as I



specific materials, structures, processes, etc., in
order to provide a Better understandi ng of the
present invention. However, the present invention, can
be practiced without resorting to the 15 details
specifically set forth herein. In other instances,
wel | - known processing technifques and structures have
not been described in order not to unnecessarily
obscure the present invention. [0055] Only the
preferred enbodi nents of the present i nvention and but
les of its versatility are shown and
descrlbed in the present disclosure. It is to be
under st doanethedt of menufchsiont a i sputierinigoarges fompad | fewdér material,
7l ous other conbinations and environnents and
con#ﬁﬁg%an%gieptlble of changes and/or nodifications
© Wi (@i n proeidigo astfont ey powdsp iatiaboncept as
x ess d hereipn. 11 \Wat is aimed Isi 1. A nethod ;
f Qe o FEPERR T8 é%%lﬂnﬁéﬁ“ st geeriel in %E%Mééy with density
greamttmm abbut 40@0@%@%1&&%@&@@) providing at |east
one raw powder, material; (h) formng said at |east
ond® aw id e body ‘f"Wl‘ srigrogpessio %@Gya sinterpddady jvith density

greAérQBdreAbo bt WA, AP BlebreA HaRiondh) ﬁ&fsﬁg agy maxi mim

denS|ty (c) treating said green W th mcrowaves
t o (fbr mfarming erulerinpdangetfom saidsintargd body. eater than
about 97 % of theoretical maximumdensity; and (d)
10 formi ng TheSRMiddREiRAing & Q8in { BRI d sintered body.
10 2. The method according to claim 1, wherein: step
( a)SRIADFINRIISCIONIIIE B gaw PP wdersommtEsing gt @i digleatic material.
least one dielectric material. 3. The nethod according

to %l ai N mWh&s Richrdaii 8 Blim! f%re%ﬂ?aa@ht%a%?&ﬁé &electric material is

material is__an oxide, nitride titanate,
an g’F‘ﬁ%é‘éﬁ"ée caibidg) titaRata slicatemraluminatenet hod according to
- 15° any of the preceding clalns “wherein said at | east one

di ef ect riie et hbRldides ﬁ ed‘eﬁ%gblﬁﬁﬁ ﬁ{e%!'rpsmd at least one
conS|st|ng of : a20s,

dicl SRR d“%arsﬂvmp coisaing € Mo BEu IOz 6054 and
Al Aki08, N&Os'ﬁhﬁi TaE! BOETIRe COEN0g Hi9ios] BEi04nd MQOEI N
said at |east one dielectric material is 20 MyO 6.
-The nmethod. according to claim1, wherein:
The method according to claim 4, wherein said at least one dielectric material is

5

20 MgO.
6. The method according to claim 1, wherein:

step (a) compnses prowdmg a raw ‘powder compnsmg at least one cermet (metal— :
ceraimic) material, ' '

75

- 1. The method according to claim 6, wherein:

said at least one cermet material comprises a magnetic metal or alloy and a ceramic

_material.




step (a) conprises providing a raw powder conpri sing
at |l east one cerrnet (netal- ceramc) material; 25 .
7. The nethod according to claim®6, wherein: said at
| east one cernet material conprises a magnetic netal
or alloy and a ceranic matkrial. 12 8. The nethod
according to claim?7, wherei n sai d magnetic netal or

?:loéC?)F/’t 'ﬁléo%gﬂﬁ)(&ta@g)r#.éf&rﬁég sal gep%%a% arfﬁligil'él nr?eét?ﬁ Oéfiu()y is selecied

fromgh¢ gote dorfsisting oft BeCt,dloPt,cod FeBE, ambsabl cerakiidiaterSil @xelected from

o oA o BRI M i B AP spb e CEs

provi ding a raw powder  conprising at |east one
maPer i alhdvasthobacaording th elhiact Niigerd@nst ant > - 2,
selected fromthe lgr oup consi sting: of, oxides,

perioR SR YOMPIISCPIRYIFEg 2 raj PeWdRs comprising af least one material havmg a

5 dicl@kitntdntas> -ap bR Togs the 1four] B&nsHRA 8floAGS oﬁtgb\@:ﬁltéso carbides,

'comEé?JéQ&@gg US y m xed powdeér;

15

nitrides pilisaless alyminglesnd

any of the preceding clains, vvherel nstep ( (b)}
%@P’}teﬂal endl ng and m xi ng said at
| eagt ong R P QB g T ok i
e o ng ?o ﬂie I’q deg%CL Jgnrﬁsé %lé‘lgrﬁlél sga (18
wder to form said green bod 11. The met hod
ac&bw di h&nthagcm mios spiferagi keagtt o (of ) powdan festerial to . form a

hon;{JgeﬁeléQQ ﬁgmgr afnd mxing at |east one binder
mat er i a

sard at |east one raw povvder mat eri al .
15 (k2. P@Smmmvabctorfdmmgmdgreambocbne of ‘claims 10 or

11, wherein : step (b2) conprises nechani cal pressing

| d T
g(r: Clg?dl r%’%?gétg%d &C?rﬁﬁlgstb %&qddj )Wherei:il?’ Ste h??]\'ﬁﬁ‘&\@rogwludes blending

e prece

~ andynigjpg(at jeagiomp bmd@rsmttfrr@émth gaid atwnmw@wenmmmal
‘m crowaves by-a:-process selected from 20 the group

congi st iThg nefhod addbiddgtd shyoelpl Rame EsaMaMRdieat i ng,
~ susceptor-coupl ed mcrowave heating, and

m cstemdecomprisestresthimical prspinglet. colBHisostatit prssimp©iP)di ng
to claim 13, wherein: step (c) conprises directly

coupl ed TheGdebaueoltBilth Ay B thepadceligy @amshadikin Sai d
green body coupling with mcrowaves at tenperatures.

r angemée)foonprises drentingnpier gréanr dy ovit @icadvedles by a process selected from

0 the group consisting of: ‘directly coupled microwave heating, susceptor-coupled microwave

25

beating, and microwave-assisted heating.

14, The method according to claim 13, wherein:

step (¢) comprises directly coupled microwave 'heat;mg of said green body, said green

body coupling with microwaves at temperatures ranging from room temperature to elevated,
sintering temperatures. '

15. The method according to any one of claims 13 to 14, wherein :

step (c) comprises susceplor-coupled microwave heafing of said green body, wherein at

‘least one microwave susceptor adjacent said green body is heated by absorption of microwaves



25 sintering tenperatures. 15. The nmethod according to
any one of clains 13 to 14, wherein : step (c)

conpri ses susceptor-coupl ed m crowave heating of said
green body, wherein at |east one m crowave susceptor
adj acent said green body i's heated by absorption of

m crowaves 13 and transferslheat to said green body
to heat said green body to el evated, sintering

' : ' ' | es. with
e e L TR TR R Je—
at wehich el r&nthody SoupMzewidi microvwdven (c) further conprises

10

15

. ‘claims.

m

etuedngaps yhasent cenghy

at WhieR 6414 E@eﬁ@ockh%u%ﬁ§ ol nfkrodesof the preceding
My

directly coupled mcrowave heating of said green body.

17.14The ding to any, one of .claing 13 to
16, e T g EERATY ot Sl R SR T

heaste@) HitthemdothpgisendirebOelyoupWdenitionadd hea@FSSf s818 @reen body.
heati ng means adj acent said green body heats said
green bogy gl . L Nt er t afures at
whi ch said gr_eerzl1 bo %Sﬁu%{;né?s&\?\nag'ﬁ 12‘@3%\‘/’6&?&‘& 18. The
met kopl (@ comprlsdasgnicovakebsistod hethey 6f Rid FBerSbRR, (hdrein at least one
further conprise dl.re(citly coupl ed m crowave heating
dy Readp$pid gicpmbpdy 4o elevatadasiniering ismperatures

clainms. 20. sputtering target fabricated

accqrding. to the nmethod of any of the preceding

cl aiqghs. g‘?‘?ﬁ&"‘iﬁ‘é’o gstaimdy; weereigy get” of cl ai m 20, '
haviskg (&) felaRs béMpiRe direcd® Buediicrd i a[%lié 884y
density.. 22. Thepl\/go spu terl?{ng %cgrvgagtgh%?‘b‘glgg? m 21, y ‘

Bgv% NG_2ARIEARERZ ool Qiof Bain b B nfB%a B anf oRHE biREcding claims.

20. A MgO sputtering target fabricated according to the method of any of the preceding

21.  The MgO sputtering target of claim 20, having a density about 98.8 % of

S theoretical maximum density.

22.  The MgO sputtering target of claim 21, having a thickness up to about 6 in. and a

diameter up to about 14 in.



