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herei nafter as (20-25) texture in FIG 6A and (11-20) texture in'FIG 6B,

respecti vekyo of}gFs¢ise 25 sone crystal planes such as (20pCHusesm2rsat
have or have extrenely weak X-Ray diffraction peaks, t he )
intensities of crystal planes are calculated fromorientation distribution
function constructed fromfour neasured pole figures for (0002),
(10-11), ( 5 ) TR nt normal dirééti % ' e
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- 6- . Y/ The foll ow ng di scussion
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the t t I ' ) s . i
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f bl t. t 32[er . e ge e '
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(10-13)  numerically:The 7R0-23p g0 < 30> grientations pie pemendiculas tathg targgiepiang when
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Si nce (000fyeinafiengs (28r25) texture in BIG. 88 and§t 38) texture in FIG26B, respectivelse Because
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intensity ecﬁmgg.ee gg:%ggl@}arﬁ&. A Srd ] @912 18ftre! corrbogbnldd 1800025196 kéHbure

| ess, and ) .less |hrr§s r(smdo
types of nf@verage peakintensifyBeingat 360 Morttrecanteref (PU0HPole figurehi s i nventi on,
and 8be Theeosiprdssion 0002 & depreseniis paextere suchthat(6002) planss havetanrageraghtilt

first type ' L LUC ' ANl | A LS.
The ract: Bt P b bRt BIEN Ve putered, [l R R B dglls:
cont ai n t vefrhighest fiveintensity peaks en adgosz)m}&ﬁ@re mrdma&aﬁxsgolblfwmaﬁmatwah be
controlled and up to 25 100% twi ns is obtainable. The second type of

m crostructure cg;}tl;zii na}:r ecrystallized grains. FIGS. 8A and 8B

il lustrate graiﬁ % r‘FS di agrammatically and FIGS. 9A and 9B are

phot &i crogr aphs showi ng twins and grains, respectively. Hi gher intensity

of (1 1-20yh&Rb2kdeEl; are the 0002)ttﬂtz¥11@1é1’éﬁﬁg€§o Bk %Qetgﬂian%(fbi Y afmityipeik hftBthe

twinning mcrostructyre than with the crystallize
g correspondilng ﬂ-lgay intensity, respectl%efy. y




m crostructure. Geater than 1.5 tines randomfor (11-20) parallel to the
target pl a@¥#R738e 30 obtained with the tw nning m cr oRGLEINGART34(On
the other hand, the recrystallized mcrostructure is associated .
wi th higher total intensities for (20-25), (10-12), and (10-13) parallelr to
t he target pl ane. The intensity of §20 25) parallel to the target

pl ane may be glbafoliowingdisqussion cxplaing the correlation brtreaenithe crystallographis tetires ed

M crost r Ugdd¥p@ ﬁe,éﬁb&gd,@jwmbmamgssltépyc&gra £002) parallel to the target
plane is achle e Wi ﬁxgﬁr m.Cl 0S rutureth tht

twi i ng i cro ﬂr‘%g“é% cEussIqn, deé‘zstarset
paral | el swfatt;dnghp@pbrtmhauégmmsahmﬂcbbeadnimtedmﬁl @BQS) and/or(maﬂb plahes paraifell
m cr ost r ugt f?arg&rsﬁffﬂcesés??tlo i5 TGS 69§anjd%%eﬁﬁicmﬂn§ 13 iSRRG, A rlloiflg

Size as snm err[mis_desi

-7 crystallographlq\@)ggl;eolgm erred. The mtensity of (11-2Q) pgxa.}lgle’gosﬂwgfta{gqtaplane is

i nvent i onprefegaldly gicategthian bethxﬁémmmmaﬁsmyaifgm-%) plahdpiraliél)to tHetarg

I B i G AT AR i

(11- 20) Oyt tesesshiodhe tees urfie ol s preiusbly beiwsen aqu)sz and 40°. Th

T %ﬁ*&%@%t
r i i 2022} 1 esetwocrys planeg,

? extC Sr e pintahsity @f%;;g%h%zlﬂeﬁghgg tadsoi i)oefli%; ?:[1’ Vmomraghbiypmwm?% Tl
Or asng, requires higiPsuaAaidy Ghfed8rids/tor [0 19°12) 0L13) C5HE (06D 1

O et B G, WA i n b e

pr ocessi nihe dizedtivn perpendionlar toghe taeged phane &t strong (0063) testuske Skt i3 thestfars dbsitdbivs,

be. used”t o Hady vy ‘°Wé‘“§"5§2‘3?$@1°99@m"° A W AR T4y LR on BibYidRSralyerd ™

forging, WoWhichghe H’ﬁ??sﬁmér( 02 parallst ta the tﬁget:elégw bR piregs m@nmﬂws and

equaD effp:eferabiytess&lang Oriinak randoin. Ng sequences are used that activate

def t t hat t
aSVSL?Zg'e"Sf Ths tt‘@“*? rifrosrablo R Pay B BREAPR: B helghes oF piibendh, s,
i nvent i ontc¥Wre ebtgingd é,% depen: t@ﬂeth@lamomcauemmgtmmfmcmsmmmm to
Obtain & fopr o sy The faction of tins is dofinéa Ty T stea BACTRH of fine Bt
texture b‘t")%g%'#ﬁ@% Y *CHES FEFHER 1A SBPL h-éﬁg'iag ﬁ“?&ﬁ meqegcoggo{l%ardﬂm fRant
20 25 def twing isrobtainablem The secgnd typestflmgrqswwmormmnsm;zstﬂhzedmmmed
E:gn\s/lalnltol gﬂgm 8&?82 8:? l%us#%@ph&%fvg%@%lcant Ay aadl' F1S, rgA agtl |9<])3n can
be obt ai r&@qlﬁ\‘&miﬁ% 3!15%% TeSReFYEN - gilgi!@'f%teﬁﬁfﬂ Q,ﬁ-(llﬂoa;garaﬂgl
anddll to the targetrpiameexscamhmableomﬂi thertedmrisg nycrastudtine thaw edthsthe ¢rystallized )
ce r t he
Phé’g‘ﬁt | oﬁ‘*‘*ﬁﬁ%{“r“'@ Gheder dall éﬁtﬁaﬁt“?ﬁ 1 (1120 SRAME] B Brpl bl

ed'wms RNSZPSIGEs: | (& tOFlt% hagd, &%Pryﬁtaagégwsrost«gctwed

he(rj e the Isessm:xated with highdraomahintensities frq26-25) (£0-p2) andl OI(EIS)f}ﬁEalreQ’fdldhbfiargét a
reducti o Cc
The fi rstb %&ocggg%%e&lgp % ?ﬁraﬂ% %fo?ﬂ?%%r’ggtgglane i %gﬁc %ﬁﬁ?mﬁn
and anned®nggsn for the recrys mp@engrgttatcmrczat\lsg towevintpnsity of ﬂtooabpaxdtﬁl sathe target
ge; or mat i iliing is adltibvabledith fthd é(jt?stﬁlli&éd midreafftird thantveikh th%Qw%nmr( xﬁtdraﬁﬁ;)étur

e mat | HCH\?V €4 or €SS step, .S
per ?gr rned',’zgl ow &8 tmtl??e}aﬁﬁ ff tﬁg@oébfpfaﬁﬁpgq a’:ﬁn‘ﬁrg( gﬁk&‘ lé‘ %Lf%&‘g‘ the
def or mat i ©e¢rystalligednidrostructire} G  sizeps smallasdOgum éxhttainable and graintsigetasismall

uni f or m ta sand igdeshaprer texture. In the primary, or first, deformation a
hi gh purity



titaniumbillet receives a thickness reduction of nmore than 50% preferably

nore than defornmed bl anks are then heat tregbplshdi98f ai n
S98/12
a recrystar‘Pl zed?'rgn crostructure with a strong 35 (0002) - [err/? texture.

The subscript "1" denotes the result after first process step. The tilt .
angle [err] I s dependent on the netal working process and heat

treatment. |t i W%l of tﬁg mtvﬁﬁltg%k disiPuished from cBX@érﬁi%hLD’tat?égts WER Gf'fhe

target blank is'r

- 8- targets in this invention haye, highdnieBeitya the Kicuy, 000Dy 3R AR hwhichn
t hi s5i nveriohfin stréig (20s2893 and €1 520)5 €6 rRture component ofl @Qﬂﬁ)’éd nﬁg:hl rﬂduci:!dg? c)as

b |1

3004 pr ef rgrldlBucd tiidsth by iichSs pEOEL U RENRER 20 B ure it
results i rand (d)éhQ targets provide betigr stap cqusraggioncolimptionyield th&m@ezymp@mqltaag@s
(11-20); the sulifcs té:&ixre%rédifc@d %Ié&vkﬁtﬁmhl ﬂxéclﬁﬂ'ﬂbl&lefcﬁﬁihhon,e . rollin MYQH

et SR 0 U 3 S AR e b
def od®mt i ctnxtared ptognqsmmqﬂxeds dtha' thar cenventienab orethods shesvm jn FIG.10 mustbelugesk r |
i ncreases metﬂ}o%ﬁhg an%@chea férffsnﬁﬁgm% SsHES tefurb & SRS &%nw@tuu@& shBahd

L he! Saeondedisritng o b pisbeqirs B worons T ey O st R i S ot o

def ormat i cnxampleadﬂﬁﬁemnt typesgfdorging; mllirg, and etheminktel working processes may bk used with
cryogenic e(";] al of RYPRleRRY wgﬂé:ﬁ g héd?:gs helew ﬁ%ﬁdﬁﬁé'deffrﬁ‘fggreg tl-1e work
S|that

t enpegat ur ener at e nt ensi
t he iér getplﬁqeatﬁebcﬁ?mﬁla t?rgetrlfs‘t’%ﬂ VERage 0} the s 1P (‘IB&% Y “W%‘?ﬁb‘ of

al one. Thalefaimation. thmdqneemmedmempmes(usmg stahédard neetal working buhinckimee provess to
start of tzﬁtﬁmf]ﬁl %Mggt Ged Ol 1ing) is preferably less than 35%

A target manu c% ure 'S met hod can have as- def or med, or_recovered
twinning, or One suchplapﬂqoﬂms;d @ obtain a|textyrspiithis ipyentinn invelvgs Produsingcthe

fracti on dinishedntextueé YyUhiringdie 1thé idefdrmatieh schedule wiihe cwininigC hsirthe ontiAakt

S on 2P cargeryibsioh 3k Rfef Ginil el e bl AP by Bapbice' PO Seiger i
orientati cmmamlﬁq Tgtiore mechapism af mrrqnvmsuqnﬂﬂy ea@esfeéértl target. f a@ﬁp@m grain
(11-20) pabtakibs bard e dbidn PR g vitHREd Basaaits ol deformation. FIGS. 10 and 11

extrerrelylowfractl % aIIeI 1o, the,tar |s obtalnd
o ey shitald QfbdBndlord A Hyb bl S kKb :
remai ns emmgaaqwrdnngetomvamonhé‘hs flawtchag in BIG- Lk lustrates one mmelas bun ihmiapig

m crostr uoseJmee Bbﬁbl@rtaldbialw debuédNoﬂéntmornby TR M Gée'slﬁ& NRY éilae% g;eienﬂﬁgteg%is
| |

A'grain siJeoB8 0”“ A St o p preedtiS ydf R H@Pé?cﬁ*sﬁormcé?ssts Feliofl s G

in the flrmttlnpkmess step if the twin mcrostructure remai ns as the

m crostructure mﬁr&epr&eeﬁh &!Hﬁfsmeﬁm Mades a%‘é&ﬁ&ﬁéﬁ deB\“ﬁﬁanfﬁﬂ Ditingf
(0002) parall el taﬁ ﬁaZHr ace, whi | %Eb;ed Tor bettér
step coverfgb@"’rys" ization. M“°h° "g?‘?‘ 038?%?9 alub stprocgssing step,
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and srmal | tggglbﬂa ?ﬁa%@ﬁelﬁ%gax%}pteﬁ LhoRe. tAb%) ,?rg fgﬁhét%noésg%c%lﬁl ?Jlm'(ﬁ ?ssnpreferred

reduction rlmary rmafion orgi.n _
to a billde oprgity and)a shatpes textiree n the primaryy 'arr%q%giefﬂwwwn Adigh Pty ed

to these rﬁiﬁlﬁﬁﬂ&nlléf If&etveg g&ixclbnbmkdxﬁ:tieu bfimbee th@r50%6, préferabbimafd thin 78%8. The
first  dof CfRbl AIRRACRS thes Mool HEulIPYY O AIRUB el WBRERE bl ol Bong

second defor secondar

def oBfrat i dR00 e texttire; I he subserpts'il §denotasdha resoaier ﬁtﬁprocess step. (e tdogngla et o
chﬁnge [ggglde efit bxhpwmtanw&mhg@ro%@ﬁmhéuﬁdrea{m&ﬁf a R hs My cz&1|n~ivf° and
rolling n o for 0 at . generates equi val en

ef f ect m?’%%&?{ é} F‘%t‘&?%eh@ glrﬂgec{more an rd (11-20). The

def ormati on shoul d be bet ween about 5% and 30% preferably between

about 10% and 20% so that twinning instead of slip is the dom nant
def ormati on nechani sm

K
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When the second deformation is bel ow about 5% the anount of deformation is
too snal | WO 99/02750 PCT/US98/12734)

cause significant change in texture. Wen the second deformation is nore
t han about 30% a hi gher fraction (0002) parallel to the target ~

pl ane is obtained. The anmount of twi nning and (11- 5 20) shoul d be
maxi m zed in t fethesecond piskssingstepnf the me 310fden8m inyention; the blanksere isulysequently

def or mat i @Bformed again, fsﬁémr@trunﬁ DM Edigig, with QBRI DAY oenAbORES % and

R e e Y A R D A
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twin o cr 64 depRdinEOn theAmENHtof FeoRd e a{mmaeﬁmraﬂ%ﬁe t@’*’?’h@z
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second defo Of Cross ro
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Ire g i o ClOSS
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When the second deformation is below about 5%, the amount of deformation is too small to

r-
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The follow ng exanple, summarized in Table 1, conpares the descri-bed
processin represented by sanples No. 1 and 2 with pcerRREATE4
exanpl es Iglgloggm%rough 6 in accordance 5 with the invention. Table 2
sumari zes purities, grain size and texture of these sanples. The -
val ues associated with crystal planes in Table 2 are intensities in terns

ft d
?OOOIZ;TE FS)| é%ﬁ}% §}n§§u€%§t Wge in fexture, Ca Slixeo{ec d@cﬁ@&brﬂxaﬁwﬁ\ﬁ? hité gba?%oﬁ ’jlgh,\/\ﬁen
hi ghest i highersfracjion (3002) pq:ralée@ tothe ta5gete qqeggp'@gmed The amount of twinpipg and (11-

Pr 003935 ?S 2@)%{18131%@%&%@@& fii thé se6nd deFoinsation by aﬁfermbvaps inckidingtlowiiefarmation
or ge rom

| ind I 7
al ong thet‘?’%RfF%q“ed?‘}cgés: %xég'e%c de rmatlorr]xg?x}gh%ﬁrﬂe Ih aos‘%tt Und l%eﬂ?rﬁhr@.é on
used in t Beyegenitpdeformationdis quefetred in theTsdsbnd dsformatlczn ahhpugh deformq;mnmpyi &8s
3 and 4 1 btk Serh aﬁpee@axﬁmg mg@ﬁerét@%iérﬁﬁéaﬁ?%ﬂxﬂi h'rﬁmmh ifNord dontingara! e

No. .respect |vey re derived, T ezi.tﬁes t he chemvgg
i ngot ' r oRTYREFNIS tenIpeFAtwrEs tia atambient temperatyrs. o ea%?ig 3108 3iFa.pro
t he 1heni atmyreainifoami tado mitfostustivectharbdefokmatich astramiientctemptftures.d deforedthe

The GDMS Wgﬁh%eﬁﬁﬁﬁ%%?gﬂﬁﬁﬁ nélﬂ' %Eﬁ(}% tFa Q&ﬂg&%f@&g Rﬂv 8¢ c8hvenient or

el ement s

t he
TEGO, et héesired. Titanium s quits dugileiab GHBESPAC IerBsEat i, SPoctAlly, When L high gur
wor ked t oT&e & iﬁaﬂlbﬂﬂob&efﬁmfbnraeé tollivgg, forging or étherdproesstéscthat pk‘éﬂmert}:e

Ay o Cirile? Resfl A 582 o 83 %&iﬁ% Wﬁo%:ﬁ? g&%@@stgg&%sgd@mn@mhoﬁsfm
(0003 ande(omamm) anctheatetrqaynm; dasispble for lowest inggnsity pf §00Q2) afigp the second

Sanpl e No géforMafi®itt AQhalibr gralti §1idaéftdﬁ@$e fugt proexs kel alse rS@A% idef spiialik igfiin bize
cross rol li Pﬁﬁgm{ and t hen anneal ed at 510

[err]C foM® ﬁ%&"rmﬂ{?ﬂ&%“%ﬁféls e,sg;.' §lg°%(g§ -~ conponent in this
sanpl e i s (10- P3¢ferablymstnong Q0092)H0i) glewture rwithng bgtwisen 30 eng 49 dgexees shpuld be

i ntensity (B AQfe the AR pRiER! (&Mn%onﬂm&maumltﬁaﬂc&e@uhéﬁt)egbsmwaféxnire
120%q|nth|star B

A sefYi on cgnaung @56% IE(BIPPCIV‘G\)BW 8?1&[5@ )B%gfaﬂéﬂgflmt&?cf}w ef g&?ﬁp &t &i’tﬁ‘é‘esz

i n dir ect iaftersthé S¢oend Hefapmation. aldealiyg smotecthar 2% yeliing rédnetiomin the Sirgprpcessiog

g?o;nsmrjz)lel ! fs %ﬁg??gﬁ W%E%Xgemc Iefé)u RGGE Shesh gﬁtﬂl ¥P hn ]!Z}lljer tsecggld
15% r educt‘ﬁeﬁﬁmaﬁ"% E?W%%%te(@ 68@2%3? ﬁﬁ‘%%ln%o(}t"ﬂmﬂ?ﬁ’gggs of the

cold rolli ng) Thenﬁﬁhmum grain gize iafted ieyrylstallizatiorsefnhleewmss syt laeger ¢hhnathe

427[ 8 €r] C f oH 8’5 ug %%ﬁx size can be oB ‘d ycd?l'ﬁjo ing'bisth
heat tgé qgf B ﬁﬁn‘“% SRS
( 0. o procezggpt;pana ér@xsirlc sizghad q?fgplé Hcsan bsbtaaSn ﬂ?‘hﬁga‘pwe é‘af Sual

gener at ed ppslEor A P grain slkEmay baobxamed if desired for gooSahipl filmNmifbrmitys &tHeimostof

bill et was, o oLd wor 080(Vdeform n

di recti onsg %mé?p‘g?yt&erﬁqﬁ ] ?Ee ﬁ%f?% S%‘regﬁﬁ? @Jiiia%&fmatmgoﬂ?ﬁ L EEEn
It was sulsizeqpfénimpr smaller is aq!mmblsgmugly severrdgdormation peier todthe iy &fmauﬁgpng
two per peneh anirdot raa&ss&ea&netmﬂ@ﬁrwd&fmhuﬁém such that a gfabh sigslbetiveon S (and

o e it O A ISR iy ) S L ety e

m nut es, vhrgetwitx thaghw tamafthe grajrssizd is less thap nbout 2 pm aﬁer the primary deformation
and heat treatment.

The rolling method used in the primary and second deformations can be either

35 unidirectional or cross rolling. In unidirectional rolling, the rolling passes are along the same

direction. In cross rolling, the rolling passes are along different directions. Ideally, cross rolling

is performed in rolling-pass-pairs and a rolling pass in each pair is followed by a second pass at

90 degrees such that the original shape or outline is restored. '
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The heat-treated sanple has a stronger intensity of (20-25) than san‘gl e
No.3. It al¥8%4%5fuch reduced intensity of (0002) corfS3/¥iPsigrs4
sanples No.1 through No.3. There a lower intensity of 5 (11-20) in-
this target than in sanple No.3 due to recrystallization. T
Sampl e No.5 A sectiqQn of billet was cql d wo d.to 75% def or,mat,on by cross
rol |ing Thenfeliordeg C%HRPlE S FRMArIZEd iy J,fﬁﬁﬁd, fempaigs thg éﬁ%ﬁ%m%ﬂn&t
593[ err] C represéiftedbynsdmples No. vand 2ubitlegroeedsing examples Northeswgios hyaccorc}ance
cryogeni c cr. - .ing -1 A . rr

W 715U ¢ R R b ntbl) S0 et buHE Eolh Ste 3hd RAARE b Bt Sl The
of the coltalvesiassogigted withecrzstglmianes imTabje 2 are intensitien indermsaftimesvypndone aFhe tilt
treated at b£{0d08) iPhverhked gl Betwobn ¢0002) Pliet andiby ttarpef plahié Rhichbdd BY-
Thi s targe?n%s F@tog)ﬁl dieg%e Ldrﬂglee&s%%()@ém% D?Q\)Fg rel atiggtlcg stror?g 4
i ntensity OF4ERE DY gﬁ?ﬁ piensity p ( %)QQEQ?%.I s Sanmpl e No. 6
A section of bi Theprooessescdeiscrivadrbebaiv started fovrd gylm&biﬂyt which was §oiged drom
i nutce. | e AL bt B 819 C 1R 700 MTBARIAT ht el Hireohiis, 01 49
cross-rol i ng f'E]Pef mswngfﬂmsa@gggywp@%f Ay ‘éﬁ?."nﬁg& igelna%fe?ﬁe‘*’ 5 and
cryogeni ¢ 6.0Tables addrpindiver thechepdstpeofdngets frompwhich Saatple K8C] and sdamnpiléWo. 2,
reduction (] . - f.ini.shi .t.hi ; -

ol 1ing). fr%%c%?%&%?@%@? ol S ificatd GO L iy GlEBE BB RIS S and 4 |
a furnace Weredakrn gngrTable ¢fleseribes the chemisiry of ap ingos fomhwhichamples Yapd 6 were
r esullISd! n dériyed.f TRAGDMS aiydlfsimkthdd inad sed kb deﬂ&ﬁ%iné @bxhdeﬁ.ﬁatﬁ@i("ﬁﬁdllsﬁ?néﬁt@ other
per pendi cu PASse . . r ion (in reference to
the fini Sh{lh% SPRSERR dtl O, which weit abelyzd ?’ggfe%‘%Pc'ﬁ&g@ brought about a

26. 6% t ot al anoSempleNoskd sertion o billet wes coltiveorked:iod 0% defommationcby crossralking

at  in E2RMicHs UbTapLt, afPthidh AkieAfed 20760y 75 flihitd 2 TH YontiRhrt t6:86188h (Hie'S
oo eyl S 000 T W wld b 0o e Gl P gl
sanpl2fs: " Bwsity afi{ldet®ds 99.9995 wt. % Ti; 30 "5N8" i ndicates 99.9998

We. % Tis and " S8imbie oS! ASedibnbte biffet Wad bold Wdrkdatb 80N EdSiinatidh by foss rolling

99555 in'directions 45° apart, and then annepled) af 510 %G fi 429 minutes.oTi Srneeg); texture

Targets i ncdmpongheinlthis sample is (10-13)Eacaompanied by higher intensity of (20-25) and lower

/F;Lﬁg eSS imtensity pL rk{?tioz} @@%PJNSJ‘L Bk nefitdibleGhtRAsity SF (1129) 3PHis target as
5 g ﬁ)r sample No.1.

Sample No.3 : A section of billet was cold worked to 80% deformation by cross rolling
in directions 45° apart, and was then recrystallized at 565°C for 30 minutes. It was subsequently
processed by cryogenic cross-rolling comprising two perpendicular passes at -73 °C, with further
15% reduction in thickness (in reference to the finishing thickness of the cold rolling). The

30 cryogenically rolled sample was heat treated at 427°C for 30 minutes, which brought about
recovery only. The heat-treated sample has significant intensity peaks at both (11-20) and (20-
25), and contains more than 95% twins. This process also generated weaker (0002) intensity.

Sample No.4 : A section of billet was cold worked to 80% deformation by cross rolling

in directions 45° apart, and was then recrystallized at 621°C for 30 minutes. It was subsequently

3 processed by cryogenic cross-rolling comprising two perpendicular passes at -73°C, with further
15% reduction (in reference to the finishing thickness of the cold rolling). The cryogenically

rolled sample was heat treated at 635°C for 60 minutes, which brought about recrystallization.

-11-



75 m nut es. No. 2 : A section of billet -Cold cross-rolling

80% - Anneglidegeah 510[err] C for 12@arusssas734
No. 3 A section of billet Primary deformation: cold cross-rolling
80% Anneal ing at 565 C for 30 m nutes- 10 -

Second deformation: cryogenic cross-rolli ng 15% at -73 C Recovery

anneal i n at fz.eag 4 § ,,.§9h£9 Moﬂgg intensity of (20 23) than sample Né'35§€4150Hadhuch

billet - or Cross. i ng 80%

Anneal i ngreéﬁce@?ﬂteﬁéxtfy@”f (@mmmpasd to samples No 1 through No.3. There 3dowerlintensity of
def &rmation: cryogenic cross-rolli 15% at -73 C

Recryst al (11220 mmﬂnatar&ﬁhanqna@malw@ flug togrgerystallization. 1 5 No. 5

A section of b @t flg? X Ag?%#xﬁ %ggﬁf@%? Bold Sk dto05% ﬁ&ohh%g%nz %Od/‘éross rolling

Anneal i ng at 5

def or mat | PriirectiotRASP hpart afid Svas tHeh mgydaameam 5988CQor 45 minutes. It was subsequenﬂy
Recrystal lization annealing at 704 for 60 m nutes,.

A sect i onpmotesyed b;eqryomqmgs—raumrcmnmg twperpendiauilarngsses ﬂb-‘*?sﬂ/owﬂl further

Ry
Anndl i ng, 31, o %&ga O f RS fiﬂlaglfgémglmes? gfithe cold rolling)® §8B Sryogenically

t reat ment roied ddple waldhealrdteti it %4"@ 260 thidutes \WhitR bfdight abbR réerystallization.
(total second de?ormatlon of 26.6%

Recr yst al [Thistarget haninermedipteintessiy of €120 xelagigelyistrang intensity of (20-25) among
Table 2. Purlty, Graln Si ze and Texture (tinmes randonm). 25

L Noths tar No.4 No.5 No.6 Metal lic Purity
5 NG SN\8 §%}81)1e 15%‘6 A sectfbh‘ of billet Ws cold worked to 75% defoﬁh@ﬁdih 5}' &Rss kdilin ”)
75 14 (0002) tilt angle

11[err] in difgctiond 45 aiﬁft;aanq was tl&'n[ Ecry]stalhzeaat éﬁﬁ‘]C for 4% [xmnn]es The second
(10- 10) 6 o2
(0002) deformation stgp glcludeg _agryoge&x_c:gross—rel_ ipg follqyved by a hotlc_rgss-rolhng reduction.

(10-11) -0 i i & at -782C with 14% reduction (i
(10-32) The cryogemg Irglhng c%'xgmsed ﬁvcg perpexgq@.llar pa%s 5 a 1% wi % reduction (in
(10-13) reference to the finishifig thickne& F the c@ldYolling}®. The crydgénically rolled blank was

10- 15 7.3 5.5 2.3 1.1 2.9 .8 35 . -
E 10- 17% subsequently sogled in a fumace at §l%°C for 30 gninuteg before fgg ggt rolling, which did not

g % é: ggg result in signgﬁ%.nt recgrs%alhzau% 8 The h%.t golling gc?rgprisedg?v% perpendicular 'R/?n’ssness aitn

95% ar ea @10%C, a¥iths12.6% reduction (in reference to the finishing thickness of the cold rolling), whitB-
25

brought about a 26.6% total amount of second deformation. The blank was then heat treated at
593°C for 60 minutes for recrystallization. This target has a relétively high intensity of (11-20),
but lower intensity of (20-25).

Table 2 also show the titanium purity of the samples: “SNS5" indicates 99.9995 wt.% Ti;
30 “5N8" indicates 99.9998 wt.% Ti; and “SN" indicates 99.999 wt.% Ti; all percentages exclude
gases.

35
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Tabl e 3 El ement Concentration El ement Concentration
El ement WO eEI0rati on 5 (ppm wt . JPCT/US98/12734
(ppm wt ) (ppm wt .) Li <0. 005 .
Ga <0. 050 La <0. 005 Be -
<0. 005 Ge <0. 050 Ce <0. 005
EO 005 10 <0.010 Ta;l:ale 1. Surfithary of %1'.05%8535%1' Fhets irfx3 Example o o010
Hf ' B@H‘SO ’ Na_ Processn non Br
<0. 010 No.l Ta | A section of&ill@89Cold cross-rolling 80%/> Annealing at 760°C 0P
Rb <5. 000 | 75 minutes. W <0.01 0 Al
0. 230 SI’ 3 Q. . y Oo = o < F
S N%.?130 zlxzze;ggg Q . C?Id crossg%l?fg 80% Annealdgé)a% i: fj‘(_)i
<0010 15 nog A section of billeg — Primary deformatipn ppld cross rolling 9% =
Ir . 010 . . .
<0. 2 Pt Annealing at or 30 minutes = o 0. 030
0. 299 <0. 050 Second defo: ra on: cryogenic g{fsagalling t5% at -73°C = Rgéovery
E/g 010 "Ry annealing at C7C(E,Sor30minute - 0100
Ca Ned. 200 | A section gfillet = Primary deforngatipn: cold cross-rgiling 80% =
<0. 010 ?Bnealmg at 621 Cfgr 3@minutes=  pqy 0. <0.010
Pb <0. 010 Second deformation: cryjogenic crgss-rollingl s¥aat -73°C = Ag
<0. 050 Bi Recrystallization anpea ing at 635 "C for 60 mjnutes. 1 &00
Cd 15 Ne§. 050 Th <0. 0005 25 Cr
0.130 I n | A section of billedS5OPrimary deformdtion: cold cross-rsllin@@5% —
Mh <0. 005 | Annealing ats53P3"C for 45 minut€s €50 iy
3. 050 HeSecond deformatjong gryogenic crgss-roliihg 14% at -48"C =0. 050
C 7. 000 | Recrystallization apgealing at 704 C foy 60 ginutes. Te
<0. 050 No.6 N A section of Bil{e§- P deformation: &1d cross-rolling 789410
I <0. 010 Annealing 68t 565 C for 45 minutéd= o Cu
<0. 030 Cs Second deforfia cryogenic cross-rolling Z4% at -73°C = egh. 100
Ba <0. 005 | trexment at 510 C for 30 minutes = cross-rolling 12.6% at 310" C
(total second deformation of 26.6%)
Recrystallization annealing at 593”C for 60 minutes.
Table 2. Purity, Grain Size and Texture (times random).
25 No.1 No.2 No.3 No.4 No.5 No.6
Metallic Purity 5N5 SN8 5N 5N 5N 5N
Grain Size (um) 75 14 <10* 29 73 26
(0002) tiltangle  11°  34° 37°  37°  28°  3¢0°
(10-10) 0.0 0.0 0.0 0.6 0.2 0.4
30 (0002) 55 25 1.3 04 04 1.3
(10-11) 0.0 0.0 0.0 0.0 0.2 0.0
(10-12) 1.4 1.2 1.6 23 1.8 1.0
(10-13) 27 6.2 22 2.9 3.0 2.6
(10-15) 7.3 55 2.3 1.1 2.9 3.8
35 (10-17) 100 55 1.8 0.8 1.3 23
(11-20) 0.0 0.1 1.8 1.4 0.6 0.9
(20-25) 23 3.2 2.5 3.5 3.3 2.6

* Twins in 95% area of grains.
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-14- : . Tabl e 4
El enent wo $oesnt rat i on El ement Concentrati on PCEUSIR/12734
Concentration 5 (ppm wt .)
w . ) (ppm wt .) Li <0. 005 -
Ga <0. 050 La <0. 005 Be
<0. 005 Ge <0. 050 Table 3 Ce <0. 005
B <0, U010 - <0.0J0 R
<0.005 10 Element Cﬁlcemratlon Elemgxﬁ 05 Concentration Sglement Con%wgﬁ
H 5 <0010 | (pmwt) ' (rem i3 i o (gpm wt.)
<0. 050 Li Ta <0.005 <0.050 M La <0605 050
Rb 5666 8046 At
0. 100 Be S <0.005 <0.059¢ Ce <b. 019005 5
Si . 100 <200 (@3
20. 010 g 5<0.010 A% a1d <3610 5, Nd 58.093,
I'r <f. 010 <0.050 <0.010 1.[p00 wHf Sloso
<0. 28 Pt . <6—6tf
Mo Ngp. 05( 0.020 £B0¥50 Ta <1jR00
<0. 010 Ru <p.0
~ Mg o <0.010 5;‘.90{9':9\ W . 18,078
0. 100 Al Sc 0.230 <§r 050 <3000 d Re <0.00d.0
Pb X0, 010 ' 1218 | MDY A
<0. 011:-50 Si Bl 0.130 <200 I V Os ﬁgs‘b
Cd <p. 050  <p.010 40009 25 <0%f0
0. 068 e Y 0005
S 6.000 <0.200 Pt <0.050
cl 0.030 <0.050 Au <0.050
K <0.010 <0.010 Hg 0.100
20 Ca <0.200 <0.010 T <0.010
Sc <0.050 <0.010 Pb <0.010
Ti matrix <0.050 Bi <0.010
\ 1.600 <0.050 Th <0.0005
25 Cr 0.130 <0.050 U <0.0005
Mn <0.005 <0.050 H 3.050
Fe 2.000 <0.050 c 7.000
Co <0.005 <0.050 N 3.000
30 Ni 0010 <0.010 o 70
Cu <0.050 <0.010
Zn <0.100 <0.005
35
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Vh <0. 005 Sn <0. 050 H
1. 000 WO 99/02750  Fe 2.100 Sb PCT/US28328340
C 5. 000 Co 0. 007 Te
<0. 050 N 2.000 30 Ni 0.055°
I <0. 010 0 79 Cu
<0. 050 Cs <0. 010 Table 4 Zn <0. 050
Ba Elem%Qt 00p Conceﬁéation Element Concentration Element Congentration
- 152 (ppm wt.) (ppm wt.) (i?ms 5
El e?nant Coreerttat+oh
Concentr agti onLb <0.005 { ppntoA59) <0.005 (p
w.) m Li <0.0
Ga Bf 050 <0:00% SPRAs Ce §(X6’05
<0. 005 B Ce <0.010 <0078 Nd <0.l005<p.00s
B 646 SSvymennva ~Pe—
<0.995 10 F F<0.050 <0.050 Se Hf <001950
Hf 0. 010 o010
0. 050 Na o <0.010 <0.050 . <g§.gggn
Rb Mp. 000 <0.050 <0O<51b0 w Ak0.010
0. 200 ~Re LS vaRY)
Si &l 230 0.100 <53960 Re <0.010
<0.010 Si 0.100 <200 Os <0.010
15
P <0.010 <0.480 Ir <0.010
S 1.000 <0.200 <0.050
cl <0.010 <0.050 Au <0.050
K <0.010 <0.010 Hg <0.010
20 Ca 0.400 Rh <0.050 TI 0.100
Sc <0.050 Pd <0.010 Pb <0.010
Ti matrix Ag <0.050 Bi <0.020
v 0.550 cd <0.050 Th <0.0005
25 Cr 0.068 In <0.050 u <0.0005
Mn <0.005 Sn <0.050 H 1.000
Fe 2.100 Sb <0.050 o 5.000
Co 0.007 Te <0.050 N 2.000
30 Ni 0.055 1 <0.010 o 79
Cu <0.050 Cs <0010
Zn <0.050 Ba <0.005
35
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15
Ir

<0. 200

<0. 010
<0. 010

Pb
<0.

050
0.070
2. 000
<0. 050
I 10
<0. 050

Ba
-16-

15

20

25

30

35

P <0. 010 Zr 0. 370
S 4. 000 nﬁ%@
w PCT
°<99'°%t9 <0. 050 a oty
<0. 050 Au <0. 050 K -
Ru <0. 010 Hg 0.100 20
<0. 500 Rh 0. 050 TI
Se gghable 5 et 0-040
Elinedt]1 0 | Concentration Elérent Concentratipit 11 x Element Gigicentration
Bi (ppm wt.) . 020 (ppm wt) ftv ®r6 60)
<0, 050 <0. ﬂ5
Qs 02 <0.005 e Ga ﬁ?@@ La_o ohq R"Io.oos
<8e 005 <0.005 Ge <G0(056) ce H <0.005
Fe —806 =0—656
1@ 000 <0.010 Cds <0.0LQ)_ oll1o Nd Te <0.005
N 2.W00 0 0.
gl <o 2 S8 9,050 Hf ., £5%
Na Cs 0.010 <O 010 Br <0.050 n Ta <(x5(0b6
<0005 35
Mg <0.050 Rb <5.000 w <0.010
Al 0.200 Sr <3000 Re <0.010
Si 0.230 Y - <200 Os <0.010
P <0.010 Zr 0.370 Ir <0.010
S 4.000 Nb <0.200 Pt <0.050
cl 0.005 Mo <0.050 Au <0.050
K <0.010 Ru <0.010 Hg 0.100
Ca <0.500 Rh <0.050 TI <0.010
Sc <0.050 Pd <0.010 Pb <0.010
Ti matrix Ag <0.050 Bi . .<0.020
v 0.660 cd - <0.050 Th <0.0005
Cr 0.070 In <0.050 U <0.0005
Mn <0.005 Sn <0.050 H 2.000
Fe 8.800 Sb <0.050 C 19.000
Co <0.010 Te <0.050 N 2.000
Ni 0.010 I <0.010 o} 228
Cu <0.050 Cs <0.010
Zn <0.050 Ba <0.005
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Tabl e 6 El ement Concentrati on El ement Concentrati on
El ement  wo9§ozwsent rati on 5 ( ppm WPQT/US98/12734
(ppm wt .) (ppm wt .) Li <0. 005
G <0. 050 Nd <0. 005 Be - -
<0. 005 As <0. 010 Sm <0. 005
B <0. 010 Se Table 60. 050
<0. 00-5 v Element Coxll_centration Ele <Ut' oo Concentratiob Br Element Co: Uiration
& 2005 B\ 010
<5.900 _Tp | (ppmwt) 005 (ppmwt) "1 (pRm y.)
Sr 53000 <0.005
1.300 3
Si Be 380 <0.005
<0. 005
™™ B_1 nok <o.5)10
<0. 050 F Yb <0.050
Ru 10 ~6—6rt
<0. 010 Na Rh 0.010
Ca . 400
2o Mg o 0050
w AD.0 10 1300
<0. 050 — Re
In 8y g5g 0380
0. 780 p SN <0.010
Mh 80—06
<0. 050 S FeD.700
Au <0. 050
<0. 010 Cl Hg 0.01
Cs K<0. 010 <o0.010
0. ¢ Bar
zZn . 050 0400
<0. 020
Th Szcn 00053 050
<0. 005 Ti U matrix
' \' 0.190
25 Cr 0.180
"Mn <0.005
Fe 3.800
Co 0.005
30 Ni 0.030
Cu 0.170
Zn <0.050 La <0.005 Bi <0.020
Ga <0.050 Ce <0.005 <0,0005
35 Pr <0.005 U <0.0005
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35 _ _ As.shown in Table 7, target No. 1 which has-
st rongest ‘(lgﬁgl@ﬁhntensmy has | owest step cover age. g;c'gh%ggﬂi\}g‘,

provi de sl i gher step coverage than target No. 1. Si th target
5 No. 1 and No.2 have negligible (11-20) intensity, the slightly -

| nproved step coverage associ ated with target No.2 should be a
result of reduced (0002) and increased intensity in the vicinity of
(20-25). Furt hts slovapinctable 3gergetiNodvehich hagstrongest 400020 yetansity hasdewestisteg

!s Rge nsit %Pg%r%ée[l 'ﬂar{éa)l\éo 2 ﬁrowde%ﬁ%tjﬂg@ﬁ%rste?%ﬁi}&iéé théh iafge‘?m' lt ySifide ﬁ&ﬂ% etdSs

{ a anal &SIS showe

t ha%m t he Nii.} aed Naddwuve ne&h@\?le 972 dnfensiethe s wa?ﬁefiésep a¥spgiated;
sho ;Jl d  with targt® N2 ?dauwea\@y&mt orbaiuced @IOOBWlﬁ&ea%eﬂ inkepsindinrthe oieiitiploft er
system a ation of n [ el Or

Shal or - 30 88Y et feop Fiernee rmarovpRBttsnn bt Bkt $ropab Bipe bRy of 1190
syst em orand ifiirtier deéreasing ingensity oH(0002) aguhbvarbyrtaxgets N 3 through No. 6. Statistical

Lgbll; ! N(?Bgl%&g RE&Q%P tﬁk{)t% gﬁf&?ﬁ}ges in step coverage are indeed frot %&Eﬁrg gff%b@ It\¥Rotld
0. 235 O,Wtem mgeveg tﬁasstep) cgépxage ig dzpendent on sputter system and configumagion of

0.152 8-5%@13&11% ]I%ref&*el%éatepoxﬂs@ﬁaller Qtebdverage improvement may occur gﬂ g?&ferent

0.105 O. 114 111 .
0.073 cspnwsyet.ea’eq_fdl gyragiey of spptisEng- 2.56
0.058 0.060 0.065 O. 062 o. 064 0.068 Mean Step
0.125 0.129 0.137 0.135 Qudifhg Performance Cover age
It 158 apparent fromthe S hrgep—an Fpe--cat i ons
may be nade 25 PG | Neon N@ -'hqpblﬁtf NOAéc N& faly, the
i nvention shoul d bejppm ted onop3dy] 0240 | 0.255 | 6ppenpeast! pom@s9 30
35 1.39 0.152 10.159 | 0.168 |0.164 | 0.163 | 0.168

1.78 0.105 }0.108 | 0.114 | o0.116 }o0.111 | 0.111

2.21 0.073 ] 0.076 | 0.081 ]0.078 |0.079 | 0.082

20 2.56 0.058 | 0.060 | 0.065 | 0.062 | 0.064 | 0.063
Mean Step | 0.125 | 0.129 [0.137 |0.135 [0.134 |0.138"
Coverage

It is apparent from the foregoing that various changes and modifications may be made
25 without departing from the invention. Accordingly, the invention should be limited only by the
appended claims.

30

35
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CLAI VEB: 1. A titanium sputtering target having a target
pl ane in WO RS9t ot al intensity of (20-25) plane plREVYSIBA2TIH
pl'ane that are parallel to the target plane is greater than 4.1

times random and the intensity of (20-25) plane is at least 1.5 tines

random 2. A titanium sputtering target according to
claim1l wigrigaMs$e intensity of (0002) 10 pl ane parallel to the target
plane is smaller than one tinmes random 3. A titanium

sputgerl ng target that has a target plane with a recrystallized
mcrostructure land thttaniunespittesing target in Which thectotal jntensity of (2025) plané @hﬁﬁ{l]-

pl ane is 4 €t d e Bt of
( 20- 25) p?@ﬁ@ NS a?&?gﬁ:%{lel togh? tarréégﬂhéx% s g#ehtg?&aﬁqmdaﬁ and' S\m
titani um 96(3Q-29) lana isatleast; ldtimes sandomar get pl ane having a recrystall i zed
m crostructure and a texture: (a) with intensity of (11- 20) pl ane parall el
to the target pl ane reater than 0.4 tine s1 rand b). int_ensitg
summgg i on of pléanes A( P’EﬁWﬁ’ge&?ﬁP{qgmmm w erq mf&ﬁ%!ﬁmfr@ 0D
to the tapime patalleEtoghe aatrget ;ﬂdmeris finuBerithafbond tirfekrand e,

A titanium sputtering target according to claim3 wherein the intensi ty of
(0002) plane parallel to the target plane is |less than one tines random

6. A titani 3m spuh titaniuny spuitering tangat ovithi mcnystalﬁzed mictosthueturé and the intensity

i ntensityop{1 1250) plandPiiZNlelRb %Letapéei %Hn@lls E(ﬁhatl fef RlanR), @'ﬁfhés%aﬂd%ﬁfaﬁd]ﬂl@
one tinmes,random msputterln tar

accorsgli ng HtEPKY A1 §20-2) lage s aq-}gas(g\)értgggs ’@Pé‘?fﬁ si z i s about 15
[err]mor |ess. Atltanlumsputterlngtarget

according to cl,aim er el he a er rain about

[err]mor |ess. 42 M h HRRS Spund &rge%ﬂ "ﬁ% ﬁﬁﬁ%’fﬁ‘f’iﬁ@f‘ﬂﬂq%gu eg@%atexture

Eic co ]r di ng S)(Wlﬂi intemsity ofd1€0hplahe pa‘aléclag thegargenplanwgrestor than Ol4stimboranddin; (b)
err] mor summ R LAt i

accordi ng tto cf al ntl atio gfglanestﬁo av’eggglé)’gdrngl?gb tsfﬂjz&a%%iam foqggﬁ%geg plane

[ err3tm or greates than five times random. -19-

5. A titanium sputtering target according to claim 3 wherein the intensity of (0002)
plane parallel to the target plane is less than one times random.

25 6. A titanium sputtering target according to claim 4 wherein the intensity of (0002)
plane parallel to the target plane is less than one times random.

7. A titanium sputtering target according to claim 1 wherein the average grain size
is about 15 pm or less.
30
- 8. A titanium sputtering target according to claim 3 wherein the average grain size
is about 15 pm or less.
9. A titanium sputtering target according to claim 4 wherein the average grain size
35

is about 15 um or less.

10. A titanium sputtering target according to claim 1 wherein the average grain size

i about  um o les LT
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11. A titanium sputtering target according to claim3 wherein the average

grain sizeweoogmayso ! S @bout 5 [err]mor less. 5 PCT/US9BA2734 A
titani um sputtgerl ng target according to claim4 wherein the average grain
si ze is about 5 [err]mor |ess. 13. A titani.um
sputtering target having at |east 70% area tw nned grains in the 10

m crostructure and a texture where the |ntenS|t)i gNll 2 pl ane- paral | el
to the surface 1df t Hbtitanium sputieripgtarget accgrding 1o Claimy? wWhes CTagR GEAR size

14. A tiid Abub Rt legs.i Ng target having texture where the m crostructure

contsu ns at least 70% area of twnned grains in the mcrostructure
and a texture where the |ntenS|ty of (11-20) plane parallel to the
surface of theiRar ge& titanivgn sptttering target ecverdingtesclaiamé whereinithelayerage grain size
intensity; ébogl? F’l gne is greater than 1.5 tinmes random

A t| ani um spuf ering target having texture where the mcrostructure
cont ai ns 70% area or nore of twinned grains in the mcrostructure

and a texture where Ahﬁamﬁﬁﬁgpﬂr&ﬁn%@a: get héﬂng(ﬂtjlegsﬁ)m%afb%mﬁ@d' ghirkGnthe
surfHte of the tar reateréanoe% qe%) éﬁ@ﬁdﬂ
surmmat i on TYFTOS{rR |an1@§ sy o1 (1 )P tpdhe tyest surface s o

than 4.5 tgrmmanonetlmesmﬂldum A titanium
sputtering target according to claim13 that is partially recrystallized 25
fromthe tw nning mcrostructure. A titanium

sputtering tardét aohsitanivm spwtesingtanget having texbure Wh&te th% Iperostragtyrg contains at

[ e;:r i;?t al |léa§€“¥t%‘% a8 df Iﬂﬁuﬁx@{[l BRifiGn gﬁé&ﬁ&?&h’d@ﬁw &d Atexture w where the 1tntensx$§ of (1148
ita utter ar.get "accor di n aim artia
Feoryst al S plang pesAlelis Oikiraa Elarh 1 Breier thet gpetimes random and B inkchsiyof (20,
titani um syplane iswgrester hah 1achmesiandorho claim 13 where the twins are
created froma recrystallized mcrostructure with average grain
size of 15 [err]mor |ess. 20. A titanium sputtering
target accordi id.t o Altianiunssprktening target boying texthwre ovhese the microstructurg epntains

recrystal 17088 gredlof itk b Ghith&d Palds iR MR ARkFostutuft fid%teRfured Whii@thd MHitéHsity @FS-
(11-20) plane parallel to the target surface is greater than one times random and the summation
of intensities of planes (20-25), (10-13), and (10-12) is greater than 4.5 times random.

16. A titanium sputtering target according to claim 13 that is partially recrystallized
25 from the twinning microstructure.

17. A titanium sputtering target according to claim 14 target that is partially
recrystallized from the twinning microstructure.

30 18. A titanium sputtering ta.rget according to claim, 15 that is partially recrystallized
from the twinning microstructure.

19. A titanium sputtering target according to claim 13 where the twins are created

from a recrystallized microstructure with average grain size of 15 um or less.
35 ' '

20. A titanium sputtering target according to claim 15 where the twins are created
from a recrystallized microstructure with average grain size of 15 pm or less.

[T
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- 20- . -
21. A titWeMEH8Buttering target according to claimi13 whe®CTERISNM3Aned

grains are created froma recrystallized mcrostructure with average
grain size of 5 [errJmor less. 5 22. A-titanium sputterrng
target according to claim15 where the tw nned grains are created

| ess. 23, .
havi pg cofisen asecrysipllized microstmcture wi rage gain 5izg 0P m arlgss-he aver age
tilt“angle a of (0002)-a plane is between about 32[err] and 40[ err]

degr ees. .. 24, target ,accordin 0 clai,m 15 that has a
texture having %Omo%éﬁ?é%%‘ﬁ%&get accorcglagégffagnjhav}teﬁ_ dyvins g cregted
aver age t iffom amegrpstallizéd m@ostiucture witheayerage geimsice ofbpm orddfser r] 15 and
4 err] degrees. 25. A target with a recrystallized

m crostructure havi ng grain size | ess than about 100 [err]mw th an
i ntepgity of (2B.20)Apngataceprtingto elaim 1ghat haselsxtuembiying: cemponestssoft plamds
(20- ~ (00029)0. MMP(19-20), AAhE averhgd WiE ahdle dUP (0602)- plane is between a%ﬁut 32%nd
t ar get acg 6g|g1% to claim25 wherein the grain size is not nore than about
50 [err]m* @egrees. 27. A nethod of making a titanium sputtering
target conprising providing a 25 titaniumbillet. deformng the billet,

recrystallizi ng,t he : | b t.ure
pri IT)B/.?I ly Itf\lr o%é h tv'vi&nrtm %S%ﬁﬁ%&a&%g‘cgi@ggé{% %éﬁx{%ﬁﬁ(vdgg fergponents of planes
recryst al K90Q2o-orand(b520); nd the average tilt angle o of (0062)-« planessis betivernabouti 32§ and

froma recrystajilize ' : ' . | ' . [ or.
U 1! A IhALARMERYY ot ceoRIRE R0 Elaf 33 Ruierd fhe ik arb chebfRA”,

claim 27 #4oPybseegonpri sing defornming the billet by 50% or nore
deformation foll owed by an annealing for recrystallization followed by a
second def ormati on of about 5%-30% such that twinning is a primary

ge; ormati on np@5. wi tA target with a recrystdilized rﬁitrcwm&eml('jé adl g&ﬁin&s{izetlhss thae absht 100
ef ormat i . . . 2 h cording t.o cl ai. 2 rej
def or mat i g%n Fvslmb@n lrn(t)tf_nls}t% § f ina?@rl"?@ gfe étF‘g&'aﬁ &g‘f.){’mes Fand6m’ar 1£Qen§g:_ (‘,’P&Qf‘jﬁ
net 20l ac Plangiahlgasty? dmgs rAndom. f ur t her conprising deforming the billet at

anbi ent tenperature or lower in the second deformation step.
- 21-

26.  Atarget according to claim 25 wherein the grain size is not more than about 50
pm.

25 27. A method of making a titanium sputtering target comprising providing a titanium
billet, deforming the billet, recrystallizing the microstructure and changing the texture primarily
through twinning during a second deformation of the recrystallized microstructure.

28. A method according to claim 27 further comprising deforming the billet by 50%
30 or more deformation followed by an annealing for recrystallization followed by a second
deformation of about 5%~30% such that twinning is a primary deformation mode with or without

an annealing after the second deformation.

3 29.  Amethodaccording to claim 28 wherein deformation is by rolling and/or forging.
5

30. A method according to claim 28 further comprising deforming the billet at

ambient temperature or lower in the second deformation step.
A O

21-
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WD 99/ 02750 -31. -A met hod according to claim28 wherein
t he secondyeafpsfggti on is at the cryogeni c tenper at UpeT/US98/12734

32. A nmet hod according to claim28 wherein the deformation is by

uni di recti onal and/or cross rolling. 10 33. A net hod
of processing titaniumto produce a sputteri ng target capabl e of

providing inproved step coverage conprising mechani cal |y
deforning a hidfn pubimgthed rageprdingpiol ¢laim 28 ‘F]I*Féelaltbﬁéei‘d?ﬁ’és@cft’mqnh}scﬂn%s
reduct i orgsgRaicaempbaturabout 50% heat treating to obtain a
recfystallized mcrostructure with a strong (0002)-[err] plane 15
texture; deform ng the heat treated titaniumto a thickness
reduction of &fut A%methodBesording to claim @8 onhersin thet deformationiis by pinidirestional
(0002) - [ 0) as main conponents and m crostructure W th
one of tﬁaé&}or F& Hﬂmg (1) as-deforned or recovered tw ns
obt ai ned by addi ti onal heat treatnent; 20 (2) partially
recrystalli Zed3§“ Crﬂ%éﬂkﬁalﬁfepr%ésﬁinéftﬂ&ﬁﬁﬂ ﬂcorl%ah&”a %f:u&éﬂdﬁs % @diet&‘f

addi®i onal heat .treat y recrystalll zed

m cr ost r REPYIAIEMPEY) sf"wﬂ"t‘?é"“@ﬁ? SOMRSIPE addi t | onal heat treat nent.
25 Aechanibalipddfouhing & highipugityt titanitum billed 3n thelphiaphhdesto rehickndss al

def ormat i t [ o,Dillet is to a thickness reduction greater
t han abou?!iLF%&ﬂééa%ﬂmaboutSOA" 35. A nmet hod according to claim33

wherei n the tiheat tegfing foeobtdini s restystallizzd raicrdstructureOyvish ra) strong((0002)-c:; plane
36. A rfg,&{]fg:l according to claim33 wherein the second deformation of the
heai5 &fegt ed tita |um i s _between ab&ut 10% to 20%

A met ho

37. Qreung)ithey % trepted fitamumyia acthickpess redyction pf| abopte %) tog30% to t he
second producedﬁﬂ‘eﬁﬂuf’éiﬁth (pldnes (0002})-c.2 [aed (1 1-2@9 &[rﬂﬂm kompgheits ﬁﬁlﬂmldrb&rdctdré
angl e of él]l t@xg?olf Jrst deformation.
nmet hod accor di ng 37 wherein the til t angl e {err] S about 31 and
tilt ar(d) @s-{iqunj:ed ¢r rg¢avered3wins obtained by additional heat treatment;

20 (2) partially recrystallized microstructure with reduced fraction of twins obtained by

additional heat treatment; and
(3) fully recrystallized microstructure without twins obtained by additional heat
treatment.

25 34. A method according to claim 33 wherein the mechanical deformation of titanium
billet is to a thickness reduction greater than about 70%. '

35. A method according to claim 33 wherein the tilt angle a is about 32° to 40°.

30 36. A method according to claim 33 wherein the second deformation of the heat
treated titanium is between about 10% to 20%.

37. A method according to claim 33 wherein the tilt angle o, after the second
deformation is about 2° to 6° higher than the tilt angle of «; after the first deformation.
35
38. A method according to claim 37 wherein the tilt angle & is about 31° and tilt
angle o, is about 36°.

,———
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39. A met hod according to claim 37 wherein the deformation of the heat
treated WO9%@730ni umis performed at anbient tenperature BFI/BEISHEI345

40. A nmet hod according to claim 37 wherein the deformation of the heat
treated titaniumis performed cryogenically. 41. © A
met hod according to cI ai m 37 wherein the heat treated titaniumis deforned

to Prodyg.e AATHERRA'dcHSHa 10 WIGHE 3T Wikheh? (Y BefBRASUCSE the JThOhELLP

wth a grain size b owa
met hod ace@nmgne@foememmblmé%pwamorsl@é%d def ormation is conprised of
15 3 a cryogeni c deformation of at |east 5% thickness reduction foll owed

45, A ti tani W t oAy aspording GBS Tothefiih 1 9éeP %e‘ﬁ%’n&ameﬁmqtsﬂ.s

at | east titanium is3erfofned ciypgénichllyy gases. 20 A titanium
target according to claim4 wherein the titani umopurity is at Ieast
99 995% excl udi ng gases. A titaniumtarget according

|.ai m 15 whék.ei nAtmethod acoerding fouplaim37 \shqcmlthialmatwted tiggingpis deformed to
eXC' Qi ”9%1% & microstructure wherein té/hs mﬁoaﬁéearftdzﬁrgﬁaﬁ{saﬁ&h 3¢ Siz0 GeloW, %Joﬁi m

1 having ects, such as inclusions of oxi des and/or nitri
30 20micrgns. A tjtaniumtarget according to claim4 having no
defects, such as inclusions of oxi des and/or nitrides.

48. A Ui tani o tangelyascor ALROS Guibl A (Rt BRVIcDShd e rbIRkEEh Sy oot AedSe
titQqai um 2 aryggenicdeformation of ot least 5% thickhess esductiorefollowas by mbotidéformationdelow

| east recrystallization 18 JHWI ng gases. 50. A

titani umtarget according to claim4 wherein the titaniumpurity is at
| east

_ 43. A titanium target according to claim 1 wherein the titanium purity is at least
99.995%, excluding gases.

20
44. A titanium target according to claim 4 wherein the titanium purity is at least

99.995%, excluding gases.

45. A titanium target according to claim 15 wherein the titanium purity is at least
25 99.995%, excluding gases.

46. A titanium target according to claim 1 having no defects, such as inclusions of
oxides and/or nitrides.

30 47. A titanium target according to claim 4 having no defects, such as inclusions of
oxides and/or nitrides.

48. A titanium target according to claim 15 having no defects, such as inclusions of

oxides and/or nitrides.
35 '

49. A titanium target according to claim 1 wherein the titanium purity is at least
99.9999%, excluding gases. S

(T
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99. 9999% excl udi ng gases. 5 - : 51. A titaniumtarget
accor di NgyiPodidadkgm 15 Wherein the titaniumpurity is at | eagtrusssnza4

99. 9999% excl udi ng gases. 52. A titaniumtarget
according to claim1l wherein the titaniumpurity is at |east -
99. 99999% excl udi ng. gases. 53. A titaniumtarget

according to claim4 wherein the titaniumpurity i s at |east

 99.99999% ex8&0Pudi Hytitpnium targgtsaccording to claim 4 wdigrein the titapiym sty Js §b deast
accor di ngg H999) abx¥luding\beei N the titaniumpurity is at |east

99.899999% excl udi ng gases. 55. A titaniumtarget
according to claim1l wherein the oxygen is |l ess than 50 parts 20 per
mllion. 51. A titaniurhfarget adcdridingrto whimal'Sgwherainabe titanipm purityaisrat least
wherein g ' than 30 parts per mllion. 25

57. A %??g%%’m‘g{&%#dg%% E%%%ordi ng to claim1 wherein the oxygen is |ess
than 20 parts per mllion. 58. A titaniumtarget
according to ghai MaSHaiieh % ett&%oﬂmg?@ruaiﬁx | QferdiA W BAnRad berity is at leale'
m [10i on. _30 . ) %Srg A titaniumtarget accordi nght otycl ai m 52
wher ei n PH&9LIPactrciudinggases- han . 30 parts per million.

60. A titaniumtarget according to claimb52 wherein the oxygen is | ess

th 20 t 5 .m Ll ' . . . . ' Of. t] '
(e 20 par (3535 . & Biu il croping o it o afe bBHGTs 4o
t it ani unP9.8289%4i exghyling-gases.

- 24- 62. A filmof titanium deposited on a

subkXrate by sputtering.conprisin t | east . 99.9998% ti t.anj u
excl udi ng ggs ég._ A tita%ium rthPrget accgrdl%g to c?asm 15 wherein tge tgltan%n(z)l purity ils at least

99.99999%, excluding gases.

55. A titanium target according to claim 1 wherein the oxygen is less than 50 parts
20 per million.

56. A titanium target according to claim 1 wherein the oxygen is less than 30 parts
per million.

25 57. A titanium target-according to claim 1 wherein the oxygen is less than 20 parts
per million.

58. A titanium target according to claim 52 wherein the oxygen is less than 50 parts

per million.
30
' 59. A titanium target according to claim 52 wherein the oxygen is less than 30 parts
per million.
60. A titanium target according to claim 52 wherein the oxygen is less than 20 parts
35

per million.

61. A film of titanium deposited on a substrate by sputtering comprising at least
99.995% titanium, excluding gases. e

20 LT



5 63. A filmof titanium deposited on a substrate by

sputt eri ngwodspRYsel ng at | east 99.99995% ti tani um eRCTAIEISARTIMSES.
64. A filmof titaniumaccording to claim®63 wherein no netallic inmpurity
exceeds 0.2 parts per mllion. 65. Afilmof - -

titani um deposi ted on a substrate by sputtering conpri si ng at | east
99.99999% ti t ap]

titani um depos it ugﬁ’é%“g‘i‘é?%?s’?éuﬂnc %FPWFO%FP‘Q@H@& (@gg&r{%a@fgast

parts per9939998P/0titmmtﬂ,eaxcludmg gases. A filmof titanium
depSsited on a substrate by sputtering conpr|5|ng | ess than 30 20 parts
per mllion oxygen. 68. A filmof titanium deposited on a

substrate by s@ltt eAi fil of titaniwinrdeppsited arhasubstrate by sputtesiagtcompsising &1 jeast

oxygen. 992599959 titanium, exEfdin fd | mof titaniumaccording to claim®65
wherein oXygen'is |ess than 55 arts per mllion.

70. A filmof titaniumaccording to claim®65 wherein oxygen is |ess than

30 par ts per 64. A filil bf niudDaccording to claim 63 whérein nd\ndetdllit @hphrifyaskicests
accdPdi ng()&o%él ai m wherel n oxygen is less than 20 parts per

mllion sperm1

-25-

65. A film of titanium deposited on a substrate by sputtering comprising at least
99.99999% titanium, excluding gases.

15
66. A film of titanium deposited on a substrate by sputtering comprising less than 50

parts per million oxygen.

67. A film of titanium deposited on a substrate by sputtering comprising less than 30
20 parts per million oxygen.

68. A film of titanium deposited on a substrate by spu&eﬁng comprising less than 20
parts per million oxygen.

25 69. A film of titanium according to claim 65 wherein oxygen is less than 50 parts per
million.

70. A film of titanium according to claim 65 wherein oxygen is less than 30 parts per
million.
30

71. A film of titanium according to claim 65 wherein oxygen is less than 20 parts per
million. :

- AR |
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