DESCRI PTI ON  HI GH STRENGTH SPUTTERI NG TARGETS AND METHOD OF MAKI NG SAMVE
Technical Field The invention relates to sputtering targets and nethddi 268
maki ng sane; and to sputtering targets of high purity netals and all oys.
Background Art The invention relates tq sputtering targets and net hods of

maki ng sane; sputterl ng targets of high purity net oys.
Anong t hese ne f‘gﬁgr Ti, Cu, Ta, N, M, Au, Ag, Pthé:%ﬂ%??:’gys

t hereof, including all oys "with these and or other el enents. Sputtering
targets may be used in electronics _and sem conductor industries for
deposition of thin films. To proviBESHRHERIQR¥sol ution of thin films, uniform
and step coverages, effective sputtering rate and other requirenents,
targets shoul d HIGHeSTHENGDE SPUSTERINIOFARGBTS ANDTETHGDUDE MAWKING r uct ur e,
controllable texture and be free frdmNEecipitates, particles and other

i nclusions® Also, they should have high strength and sinple recycling.

Ther ef or e, m%@_?lnprovenents are deS|red in the netallurgy of
0

targets especl e size targets. speci al deformation technique
known as equal char?ﬂ’él’“"&ﬁ’@ﬁF%ﬁ‘esé%(%P\“{?‘é‘P&)Wg“E thode QP BR F TN Y.'S. Patent s

Nos. 5, 400, 633uterinpihred b2highpBi6nRBdnd agls. Pat ent No. 5, 590, 389 i s used
w t h advant age in accordance with the invention. The disclosures of the

aforemantjeoo Eatenig are expressly incorporated herein by reference.
Di scl osur tion The invention relates to a sputtering target

made by a process iThelinyeitiogrelaga st spwrgringliagets ardgedthodast makinapagest aslue f ace such
that the S‘”f%?ﬁ%uﬂét&éégsuE&%ﬂﬁh@ﬁ%l@%&%}s‘) AR W& hdts Lt @l enr@d to as

target surfac honpgeneous _conposi ti on at _any
| ocation, subBt ahtMal A'ab%?er]i’&é"do?”"bso‘ih@%f’f iperding aHoyg MR iSRS 2N ‘lﬂ"ﬁer casting
defects, gr adidinenisz Spdneﬁrfg tirEENkn@bﬁ Wed lin elecHoraditn stasdoadut opintystrignfof or m

fé;gft (l.)ll’ng Sandc}&}:)gs%(t%;g ro &ln f'%]y 'l"\? plo‘\é)e hl%l regciﬁro%ro?%ix ’ﬁlntlsh%m%o%ggé st%?npr i ses at

coverages, effective sputtering rate and other requirements, targets should have
homogenous composition, fine and uniform structure, controllable texture and be free
from precipitates, particles and other inclusions. Also, they should have high strength
and simple recycling. Therefore, significant improvements are desired in the metallurgy
20  of targets especially of large size targets.
A special deformation techmique known as equal channel angular extrusion
(ECAE) described in U.S. Patents Nos. 5,400,633; 5,513,512; 5,600,989; and Patent No.
5,590,389 is uséd with advantage in accordance with the invention. The disclosures of
the aforementioned patents are expressly incorporated herein by reference.
25

Disclosure of the Invention

The invention relates to a sputtering target made by a process including
casting. The target has a target surface such that the surface of the target subjected to
sputtering (referred to as target surface) has a substantially homogeneous composition at

30 any location, substantial absence of pores, voids, inclusions and other casting defects,
grain size Jess than about 1 m and substantially uniform structure and texture at any
location. Preferably, the target comprises at least one of Al, Ti, Cu, Ta, Ni, Mo, Au, Ag,
Pt and alloys thereof.

The invention also relates to a method of manufacturing a target, as described

35  above. The method comprises fabricating an article suitable for use as a sputtering target

comprising the steps of:

a. providing a cast ingot;




Pt and alloys thereof. The invention also relates to a nethod of
manufacturing a target, as described above. The nethod conprises 16 JUN 2004
fabricating an article suitable for use as a sputtering target conprising
the steps of: a_ providing a cast ingot; b. honobgeni zi ng said i ngot at
time and tenperature sufficient for redistribution of macrosegregations
and m crosegQat446¥s; and c. subjecting said ingot to equaPCoHaiar’
angul ar extrusion to refine grains therein. Mre particularly, a method of
maki ng a sputtering target conprising the steps of: a. providing a cast
ingot with a | engthto-di asmede@fkizif@lshi® 1 10 tde dhd B@perdioE gufigiesaiod | ngot
with reductions , and to F.thickness sufficient for _healing and ful

el i mination oﬁmﬁﬁg%ma%?éﬁF??¥8?m?HHF CETHETERI PSB! forged product to equa
channel extrusion; and dsubjrating @ct wgdtng cquat chaanes puguize extngioh ar gaine St i |
nmore particul grl.y, 8. et hod of fabricating an article suitable for use as a
Sputtering target conprising the steps of: a. providing a cast ingot; b.

sol utioni zing heat tMeapirvrylagniadneghed of nplgRta saEterpgBEPECTUPE EibF L9Pfe
necessary to djsssolve all precipitates and particle bearing phases; and c.

Equal channel angul ar extrudjng at tenperature belov\/a(T:;in]%dg t enper at ur es.
After fabricating ag descPPHEHE? &FsHPed iR KRErTEIE 3P0 "RV be
manuf actured into & sputt@firgigg fadriget with Blicedns Besto p ihdknansubficianhier Dr awi ngs

P! el SO IR LR WS er e descrbed el ow i refrence
di agr ans dHowi ng pr 6cessi pHyiesangsaid bt fdypdd|pegduct oy epra FRERREH PRITIG PN EXEAE;
d. manufacturing into a sputtering target.
Still more particularly, a method of fabricating an article suitable for use as a
sputtering target comprising the steps of:
a. providing a cast ingot;
15 b. solutionizing heat treating said cast ingot at temperature and time
necessary to dissolve all precipitates and particle bearing phases; and
c. Equal channel angular extruding at temperature below aging
temperatures.

After fabricating as described to produce an article, it may be manufactured

2()  into a sputtering target.

Brief Description of the Drawings
Preferred embodiments of the invention are described below with reference to

the following accompanying drawings.
25 FIGS. 1A-1D are schematic diagrams showing processing steps of billet
preparation for ECAE;
FIG. 2 is a graph showing the effect of annealing temperature on billet strength
after 4 and 6 passes of ECAE for Al 0.5 wt.% Cu alloy;
FIG. 3A is a schematic diagram disclosing an apparatus for gradient annealing
30  oftargets;
FIG. 3B is a schematic diagram showing temperature distribution through
target cross-section C-C during gradient annealing;
FIG. 4 is an illustration of (200) pole figures for Al 0.5 wt.% Cu alloys
processed with 2, 4 and & passes of route D, (in FIG. 5) respectively;




FIG 2 is a graph show ng the effect of annealing tenperature on big;q[gN 2004
strength after 4 and 6 passes of ECAE for Al 0.5 w.% Cu alloy; FlI Als
a schematic di agram di scl osi ng an apparatus for gradi ent annealing of
targets; FIG 3B is a schematic di agram;howi ng tenperature distribution
through tar -section C C during gradi ent annealing; 4..S an
illustrati ong‘gbo?é‘gg pole figures for Al 0.5 w.% Cu all oygC %ﬁggé%ged
with 2, 4 and 8 passes of route D, (in FIG 5) respectively; FIG 5is
a graph showi ng the effect of nunber of passes and route on texture
intensity after ECAEFGF 5AJ2 siprhtshovine fie eifgeief numbesof g@sies ang 1gvta ghcdlGwi ng t he
ef fects of annealdsGreerme staikenbormbpute A after ECAE of AL with 0.5

w.%Cu: 5FIG 7 is raph oW ng t effects of annealin epper at ure
on texture intensi tf/& gfs arg()"’lﬁﬁg“’ﬁl"&%ﬂ%?fg”@d&@mﬁh“%]e%erfmﬁregjf’rgm\%f k@g{%.l FIG 8
is a graph showmOag of hewetf d2et®s Cof anneal ing tenperature on texture
intensity for route geatter Ea%ﬁ‘%héjdcéin“(he%fte& B 2ollingidberalibGon Bk 2 graph

showi ng the“effects of anneal i ng erature on textu Intensity for
route D after EGMEHOPr ajte Riaftdy EGAS o] 94MQU wHFR G 10 is a pole figure

illustrating the textd & @3 faph@islihy of B Bf HGESSR: dPeGHulDOicxaRd FI GS.
11, 11 A and | I B are schenpatic di an apparatus for ECAE of

_ , i agrams_of an
billets for taf ‘@’.f"“’B‘é‘%Fa%&&éﬁ%f‘%ﬂf%ﬂ”h@%ﬂt the Invention The
i nvention contenpl at El&. @ is plkdpBIshévgng & gt afvinneplibd enfperdatuanpmgxture
characteri %i CS: s sjgrbrsltng tahea}lElcyA‘Ehogﬁrpgﬁjn@y\%t material conposition at any
| ocation; - subtt RV ar apdence of pores,” volds, inclusions and ot her
casting defects; - Elgbdfantirale Zeuseiledraigs the taiupsi sat esult of reairoresi ze | ess
than about | MyecrifehNgqstable structure for sputtering applications;

FIGS. 11, 11A and 11B are schematic diagrams of an apparatus for ECAE of
billets for targets.
15

Best Modes for Carrying Out the Inventior

The invention contemplates a sputtering target having the following
characteristics:
- substantially homogenous matertal composition at any location;
20 - substantial absence of pores, voids, inclusions and other casting defects;
- substantial absence of precipitates;
- grain size less than about 1 pm;
- fine stable structure for sputtering applications;
- substantially uniform structure and texture at any location,
25 - high strength targets without a backing plate;
- controllable textures from strong to middle, weak and close to random;
- controllable combination of grain size and texture;
- large monolithic target size;
- prolonged sputtering target life,
30 - optimal gradient of structures through target thickness.
Targets possessing these characteristics are producible by the processes
described.
Because of high purity, cast ingot metallurgy s useful in most cases for billet
fabrication in target production. However, casting results in a very coarse dendritic

35  structure with strong non-uniformity in the distribution of constitutive elements and




- substantially uniformstructure and texture at any |ocation; - hﬁg@i
strength targets w thout a backing plate; controllable textures fr Mﬂﬂ‘g
to mddle, weak and close to random controll able conbination of grain
size and texture; large nonolithic tar ggt size; prolonged sputtering
target life; tinal gradient of struCtures through targe

Targets poss&’s%&24ds¥hesg characteristics are produmgbl e bg I;%ﬁaﬂ?gprocesses
descri bed. Because of high purity, cast ingot netallurgy is useful in nost
cases for billet fabrication in target production. However, casting
results in a wddjioncansehdendrand jagee costellict uMerenier: H"%‘t‘?@?gﬁnﬁﬁ?ﬂ JEf ormity in

the distributipgn ngo(\ggﬂﬁltlé[ Laahbivig a%bl?cﬂﬁﬁ'tc%e%ﬂgrocessmg'idﬁﬂhﬁds%&uﬁCdeolﬁs t he
i ngot and | arge crystal Mor eover , gh te erat on time

and |
homogeni zi ng cfaﬁlFFéthEféseaﬁpﬂTﬁ“é“‘d P CPHEAY ob ISR, i’cﬁlgs"ﬁﬁ BERYT Bise of the
further increagggOfhofib@niame @ﬂe eﬂboehmpseamreofsuﬁhenu nieentedombgohves this

probl em by . usi ng honmbgeni zi ng at up h £iox
redi stri buti od® OSﬁgé??F'gféﬁ? e’& 05%%?3"0”5 G lov‘(r’:%go a%égg%ﬁ%ﬁs@ @’f%umled by equal

channel angul JECa%) willsi sifficiehBEQAR)T ofipastes.grefanfbl fednehio taipriyein rqﬂnerbré%s es,

preferably from4 t QmerfQﬁboammra,mfaaemn@essmg Aratshesn AnbrdipRety,
el i m nat es ot her castl ng defects such as void orogéh%??caw ti es and

i ncl usi ons vvhlC@W“@aﬁ}‘i‘otndb%mép‘t’]?‘ﬁhﬁ}“wr@n’?f\}@ﬂl%{/: §878Rd™ enpl oys a
hot forging opepddyk QNhot | Breyrdpemtidny kNeumentvelhedsmébids fror Girgige hasa a
restricted appli catl on because reductions e Lypically
used at dw t SRTRTS: tRPECaBt Efcﬁbse ‘#{mms N f%l ﬁdngn?eagg %% ‘processes do
not sol ve t hattejppesdvire morkivzefor s’ﬂlabeﬁnmgm SO@PF Prheesssh AR NRtHPINK H%’s%“"%\"é”t he

billet for ECAR 3 bﬂ-%gtgbf hP sdren kRS 40 the blnlatvi%mzd:nﬂmetm as te@sdent Ngot has
a large Iengthto ter ratio, preferably t, forging,

0
the ingot thi GRYREYEE datgas Has! e iarﬁcc‘m@stg dlﬁ‘f“e'tehéa“& PF 5’?{’]?' qﬂp { BAAE. That
provides |ar gaa&rﬂl@lmsﬁfo@n@ whinght t]ﬁiElﬁesS hahiee ittt tamest of the hidalferizgAdnd

elimnatio cast Still  anot Qf elhGaloRwention is
directed t prg}f‘f Bﬁ“f‘g\'isqarg%ﬁgucu ’ésr"f'h‘%’l e “?‘S:ée“fg?g‘g"ti@ Wthecurrently known

nmet hods pr eci piattaiefectf.r ee material may be prepared by solutionizing at the
l'ast processing st epy;HQWaUCLmbolifhehNbS he BS@nitRalk | dd@cttD to precipitate- and

particle-free targets. With currently known methods precipitate-free material may be

prepared by solutiomizing at the last processing step. However, in this case heating to
20  solutionizing temperatures produces very large grains. The present invention provides a

method for fabricating precipitate-free and ultra-fine grained targets. According to this

embodiment of the invention, solutionizing is performed at a temperature and time

necessary to dissolve all precipitates and particle bearing phases and is followed by

quenching immediately before ECAE. Subsequent ECAE and annealing are performed
25  at temperatures below aging temperatures for corresponding material conditions.

A further embodiment of the invention is a special sequence of homogenizing,
forging and solutionizing operations. As-cast ingots are heated and soaked at the
temperature and for the length of time necessary for homogenizing, then cooled to the
starting forging ternperature, then forged to the final thickness at the final forging

30 témperature (which is above the solutionizing temperature) and quenched from this
temperature. By this embodiment all processing steps are performed with one heating,.
This embodiment also includes another combination of processing steps without

homogenizing: forging at a temperature of about the solutiomizing temperature and

quenching immediately after forging.




sol utioni zing tenperatures produces very large grains. The present

invention provides a nethod for fabricating precipitate-free and 16 JUN 2004
ultra-fine grained targets. According to this enbodinent of the invention,

solutionizing is perforned at a tenperatfure and tinme necessary to dissolve

all precipitates and particle bearing phases and is foll OWe( chin
i mredi ately Bet YrtdsecaE. Subsequent ECAE and anneal ing are %&?‘?/589’%%%? at °

tenperatures bel ow aging tenperatures for corresponding materi al
conditions. A further enbodi ment of the invention is a special sequence of
honpgeni zi ng,  f or gitrig slmossibleun jarerdenad gvidpdF ARVEBIE 1o AR LENE BBt s are

heated and sogkgthnBingldihe ErRRAKAk Br ﬁl@den%ﬂiroftn'ﬂﬁ ﬂe&%iyho(ﬁodhtenﬁenecessar y.
for honobgeni zing, then cooled to the tar forgl eratune, t hen
forged to thePrEFREtes; With Fhaeees dismRier f’flﬁﬁl g Eél“ﬁ’g n’t?’ #E TWhich is
above the sol uidnm,&nzd d&gelcﬁpaﬁmexfaﬁme)mla)ndglqmemcinedallbvmmsttmeECfbérrper ature.

By this enbodi ment g adtf)ro(r)la es%oc{]rg %%?t@?lnn%n%orpgrfbﬂfe%ﬂfi%fi*ﬁﬁ@ﬁ@rg#ﬂgat' ng.

This enbodiment al s6™inc es anot her I'nati on of processing, steps
wi t hout hom)@ems-zasng"lmdrmlgmmgofaltamtet dpé feagth he (BF- Hpsuereehitoadlitt i oni zi ng

t enper ature aBﬁdmﬂH&ﬁ?ﬂd@}Qcmmmi @JB}’ ‘B tt]ﬁ(ﬂc]és@[-lgbﬂ@ponds to the thickes&l SO
possible in accordance with the invention to c Hduct adi ng after,
10€S €

sol uti oni zi ng°hthe pHgt ft’@?ﬁj"eﬁ”a%? BB RO AP AV PP e “ReceSsary to
produce fine fcpg@cmmttsadheﬁ B rhdthiathg av esvage (Rl an®t er profidd egignephienA0. 5 }im

These pr e(ibpl t%%e%é%n\éun% L ﬁg@%ﬁ“%f%ﬁ@ E%ans E&%eﬁﬂgdl%@ilcfnor m gr ai ns

during fol odi nment of the invention
is a billet fo€" E@NEOafRI@rIG oAférrbe firsipppsynide (‘?d‘§'t hag | epiesAtaEsa bR dhe of

di aneter do apg,,6aqtl H ECHE!Hifter Mﬂb Shel Hh@Riand dTidR fargeli &k (Daf) sidanmet er D
and thickness H(FIG 1B The thjick ess H orr&zg\g?qgﬁmlg t he t hi ckness of
om

the billet fofhegipgosionsodhe Faghne age iEiplg % opposite sides
of the forged billet such as +1ma&hining or sawing (FIG | C), to provide
a di nensi q? A correspondi ng L0 @y Squane e billet for ECAE (FIG ID). ECAE is
performed'I'n direction "C' shoWn® on I‘—% 1C. After the first pass the
billet has a near-square shape if the dinensions of the ECAE bill et

(AXAXH), the di mensirgngv@hiot AEhEOkgRMpletes the (AdskDtoA R targeh;ewﬂﬁ frensidons of the
cast ingot (doxho)are relat e#ﬁé the foll ow for ae H88f 15 d,,
2h=| . 39. A2H TRBIAEERR FOREUPCRE S RORTEAST 4 2 BEerps 3 r |ect%1 ]?eBn of targets
Wi t h fine and static recrystallization with the number of passes and processing route adjusted to
20  provide dynamic recrystallization during ECAE. Processing temperature and speed are,
correspondingly, sufficiently high and sufficiently low to provide macro- and
micro-uniform plastic flow.
A method for fabricating fine and stable grain structures for sputtering
applications and to provide high strength targets is also provided. The billet after ECAE
25  with dynamically recrystallized sub-micron structure is additionally annealed at the
temperature which is equal to the temperature of the target surface during steady
sputtering. Therefore, the temperature of the target cannot exceed this sputtering
temperature and for structure to remain stable during target Jife. That structure is the
finest presently possible stable structure and provides the best target performance. It also
30  provides a high strength target. FIG. 2 shows the effect of the annealing temperature on
the ultimate tensile strength and yield stress of Al 0.5 wt.% Cu alloy after ECAE at
room temperature with 6 or 4 passes. In both cases as-processed material has high

strength not attainable for that material with known methods.  Yield stress is only

slightly lower than ultimate tensile strength. The increase of the annealing temperature

35  in arange from 125°C 10 175°C that, it is believed, corresponds to possible variations of




uniformgrain structure. ECAE is perforned at a tenperature bel ow t he
tenperature of static recrystallization with the nunber of passes 4bdUN 2004
processing route adjusted to provide dynam c recrystallization during ECAE
Processing tenperature and speed are, correspondingly, sufficiently high
and sufficiently low to provide nmacro- tand mcro-uniformplastic flow A
met hod for fX§191¢4836ng fine and stable grain structures forPGHUSNEIPhg
applications and to provide high strength targets is also provided. The
billet after ECAE with dynam cally recrystallized sub-mcron structure is
addi tional | y snmeal ethpahutehesultenergaddud eeMi;ecdiisﬂr@gmqualuexteQ etdnen thenper at ur e
of the target r ur i ead LIl Ng. h enperat ure
of the targetW%gnﬁ%t(:{'?(eh%(r:'ém%glf"%twmpexmf &e}ﬁit?gngmfeg pe re“I ggp%c'ﬂh 9'61Est ructure
to remain st aks agumbeighighar then the |swr@gth1qﬁah1m§mmlpnﬁé69@ at HeO cfridrient

presently posghilb 8 15d bl Qviddy el Y FatiothioR P ilEs piabee (Jeeﬁc tzgr aeibs,
performance. It al so ‘%row des a high_strength tar. shows t he

effect of t he XRAEHMA! &gst‘éﬁﬁ‘é?“&?rtﬁr%“‘afﬁ‘hctfﬂ Mdiide ‘faé”tdéaﬁ’?igf strength and
yield stress of Al -OHghwtrerfgiGronalithi Yargetst redy beGARcaadd frof06ild haeperiature with 6

or 4 passes. |n both cases a erial  has high strength not
at t ai nabl e fd’r reta}liunt“n Tt er A Fa(\imp{ ﬁm]m mcge]q?nﬁ’muaé’d thY‘lra1 @ stress is onl y
slightly |ower than ultsinshpssessensi ise batkmemiprds withledditiore} adsiemplicatetie

anneal i ng tergg@,ra@gngg&hlapd,gusqcarg,gﬁnfgropggkﬂcgg;p to 1 75C that, it is believed,
corresponds to possible variations of sputtering terrperature results in

t he gradu]é)l decr ease Fa¥ricaionoh BTeR rasiire? PoRigBn in the worst case with an
anneal i ng tenper at ur Gagkts hiptasiyaiegaic1ad dfentditspaang Kepeki al |y, yield

stress are nuch hi %1?%155@5%&1% oem&gi[y;greuséh OJallégfoqu;r el'fls ft%‘“-:@ Aﬁbgqg at T-O

condition which is aprrcat | on o cking plates
(see FI G 2).puTHetes2 prefimpay moichierd @mFlnlgsxpﬂtSWemlthNWitmnﬁrW@@Q af he

follow ng si qmaérlsﬁﬁa@ﬁnga&mmn@gﬁfﬁke f at o8 coRdifi &9 Qs bTeA e trhYl Andafiiet s may be
fabricated frommld _materials E

pure al um num co pl ati-num
ni ckel , tt adifdnt 4etePkendpy p’%‘fEFWs The “1’%“ il &5 frese ’ﬁéé‘é@%‘:af ‘gh‘E‘bS‘%&étebacku ng
plates with aﬁﬂtehn@maabn@md;rﬁmlof mataa_ﬂt 1s®mﬂ¢’d&iylv0m$ “&uchtoasmhcé Busi on
bondi ng or N8 oo on ,of, L Q& o R bIem -
c[ | qﬁ“’e D tt&%gltér%%ra#u{ 194 h’l&% 9@ {.ﬁ g nde'vTﬁ 4}9%1 ) F{’MP

Targets may eaS| is also
useful to enpshiaee @verdfn}'émwnamegalqu(hg S@? of Hﬁgé@sﬁf afdpger 3EG&1E S‘dFGf Flpn at

purpose a pr ela) i Rkoin MBS B gslsibia idRhictSerBXPOSBaIhE of IS ATRLY ek Ml
condi ti Orﬁ% assputtcnng machine at the regular sputtering conditions before starting the production run.
In all these cases distribution of temperature through the target as shown in FIG. 3B
through sections C-C of FIG. 1 is non-uniform and annealing takes place only inside a
very thin surface layer (8). Following sputtering the same distribution is maintained
automnatically., Thus, structural stability and high strength of as-processed material are
25  conserved for the main part of the target.

An additional embodiment comprises a two-step ECAE processing. At the
first step ECAE is performed with a low number of passes, preferably from 1 to 3, in
different directions. Then, the prelimmary processed billet receives aging annealing at
low enough temperatures but for sufficient time to produce very fine precipitates of

30  average diameter less than about 0.] um. Afier intermediate annealing ECAE is
repeated with the number of passes necessary to develop a dynamically recrystallized
structure with the desired fine and equiaxed grains.

It is also possible through use of the invention to conirol texture. Depending

on the starting texture and the nature of the materials, various textures can be created.

35  Four major parameters are important to obtain controlled textures:




under sputtering conditions and kept at those conditions a sufficient tine
for annealing. FIG 3 describes that processing. The target 1 is flibx&#d Zﬂﬁt a
device 2 which sinmulates sputtering: a bottomsurface A of the target is
cool ed by water while a top surface B ig heated to the sputtering
tenperature. Heating is advantageously devel oped at the thi | ayer
by radi ant eﬁ’é‘?&’y Ef%(l eft side of FIG 3A) or inductor 3 (r%ﬁ?ﬁéﬂgﬁgﬁof
FIG 3A) In addition it is also possible to achieve gradi ent annealing of
targets directly in a sputtering machine at the regular sputtering

condi tions before $emmeiemlythemambsr oftereeebRCATprsses pyRealFq tofhfe8®e cases

di stribution of tefmﬁ{ﬁéc@r%{é RER4O ferdrBed 1B SfdundsT pRRRWEfokibd G 3B t hr ough
sections CGC of FIG i s non-uniform and annfal [ nﬁ take QI ace only inside

a very thin surfad‘?émfi‘éfﬁ‘érﬂ‘ e8P Papso| VAIPAG S SO S RYV TR TE AN di stribution
IS maintained aut @nﬁhﬂgﬂlﬂhqﬁcmqumpmaﬁ lemnbteﬂmahmrsmadilplasttcwramdg hi gh strength

of as-pr OC%Ssed mat 8L contra{eg an&gnser ¥§g d tﬂgroizf%:Aer@éﬁ Dalakisgfa the target. An

addi ti onal “enbodi meh nprises at processing. At the first
step ECAE is perforonmummfbrra()dtl@w WaqirﬁféFxt@FS passely. ippest eehty from| to 3,

in different diregid Qg of IRRN90-iNReddiRE aMbfRRYdMANRE $0E shial | et recei ves
agi ng annealing at |ow enough tenperatures but for sufficient tine to

produce very fine praefpild Aasbepfedifer age di aneter | ess than about 0.1 m
After internedi atepaq@ﬂaalz ﬂxgEE@BchbﬁnandSrﬁﬁﬁté‘gtt&dm\Mﬁrhd bihde weyber of passes

necessary to devel o nam cryst i,zed g.W th the
desired fll e and e L?fl%&e 1sdrgtr ﬁcgd}ﬁf ehth¥§1 ateac ipass: g%;genb{ﬁ‘r ougT'n use of the
i nvention to cont r(ﬂCAﬁemttmlﬂyaEégemmﬁgummnOfﬁéfythPF%T%Wfure and the

nature of the materjalgy ayééﬂﬂk'ssduh%lé&ﬁ@ﬁraﬁﬁa be created. Four mgjor
paraneters are |rrportant to obtain controlle textur es Parameter | : the

nunber of repeat ed Paamgters; aunsaling HEHBET 8@t (OPPEHE MELRE! E\‘?(Brlkl{’eﬁf ece. This
nunber determ nes twh&r asPlmiht Gondiicast b led osndatiémaparatukent r oBilced at each

pass. Varyeng the tog.Andhs, 91%%3 G WCHGE uE NANILLAnGbn iR ECAE

equi pnent “€nabl es tpﬁe anoun stiC Straining to controll ed and
det erm ned and t herméroedate emeelmn‘tes”ealm selertidt FonalPasstsppo efiefive y f or

produci ng SpeC' fic “Ia%IoU&»&% vﬁlhé’sc{ektﬁél | )émnéanngma%&es G}&Sﬁsvanan of 0ol angl e of
about 90= is used since an optinmal deformation (true shear, strain E =

1.17) can be attai Héﬁ’mpﬁ?‘ﬂh’éﬁ"é} ang. phygice! E@E’”ﬂ%“f%‘i’}hﬁts’lﬂb"ﬁ PBite; that is
defined by the nay phiigte gwoiik andi @elesckge,i ratavod wod catichreopgpilizaben. di e at each

B?Zﬁes D:ﬁ g: chgn th1 all %m(grg%; Ess%h‘]%dl? tﬁ%l%éﬂ%guéqm lexidigper of shear
matcnals. Annealing can also create precipitates or at least change the

number and size of those already present in the material: this is an
additional way to control textures.
Parameter 4: the original texture of the considered material.
25 Parameter 5: the number, size and overall distribution of second-phase
particles present inside the material.
With consideration of these five major parameters, control of texture is
possible in the ways described below:
“Table 1 describes major components of texture between 1 and 8 ECAE passes
30 via routes A through D in the as-deformed condition for a strong initial texture and also
for routes A and D for 2 weak initial texture. To describe major components both the 3
Euler angles (afy) according to the Roe/Matthies convention and ideal representation
{xyz} <uvw> are used. Moreover, the total volume percentage of the component 1s

given. For texture strength both the OD index and Maximum of pole figures are given.




are acting at each pass during plastic straining. Paraneter 3: annealing
treatnment that conprises heating the work piece under different cobdiuNililss
of time and tenperature. Both post-deformation annealing at the end of the
ECAE extrusion and internedi ate anneal i ng between sel ected ECAE passes are
effective ways to create various textumes. Annealing causes the activation
of differentWadt/#45daur gi cal and physi cal nmechani sms such as psEgis#B3pnase
particle growth and coal escence, recovery and static recrystallization,
which all affect nore or less markedly the mcrostructure and texture of
materials. Annpggimg can al so create precipitates or at |east change the
nunber and size of,{hose alr g:esen |n the material: this is an

addi tional way to ccf’ﬁ Tref‘ lt:‘ entablop (g 0riginal texture of
rlum er:otp ;,ggs ary 1 mal textu

t he consi o 1 rer-af-i
um% of | M T xture%nen}’ tiois Notalion. 'E'ufer anéles index aumum .
A g’{ ol Adlion. Bl fﬂ;% AL St

di stri butli ns|i BRL 8ol
-
consi deratp| on of t&e umewu ;pr % Ota]par anmeters, contr of tehxturg 'S
L |y

pOSSI bl e 11 E—'A‘f\g dN 3 LT Uﬂt) Fabte—1—describes ||uj or—conponrent' s of
texture héetween | g E ,&é passes “via raoutes A through in the
A

as- def or méHiginghdi tl(H)rP?“cf’r“‘f’ét( éftlﬁ‘dn@? ilffeti al texture [@Ad al so!7%%r rout

es
and D for] & %eak |él ﬁescrl be maj or| conpongnts both the 3
Eul er anC' s (QAQl llgrzﬂgﬁ Plk (' 5 <r$ 5‘ rqn( Mat-t-hies conventi-on—and—i-dead

(2}
m

r epr esent Qﬁlon {xg 1926,8 Q{\{> E;ez“"' 9176%r eover, the 19& al ?jrre per cent age
of the canponent '64‘3.3."‘“ (1 )<§' %3 ‘gﬁzg/“s{’.ﬂc..gth beth k fe ..ueA atid
Maxi mum gf " pol e fi %Hl%% ?’% 0§3< ::5:> 866,;//:Nunber of Majjor” Text J?e Orientatijons

Not at i on: := et—ati i paooco |\i( Yoo 1 X P

<uvw>: % ctNg (t.r. )\%ﬁgﬁ 2169;{ g{%ﬁ)};% une WI th E%?Br ead IéaJTE A ( STRONG
INITIAL T O —Tt-1)<%t= 169R <1702

( N=0) ( 105 Eizg 5 oyimjagjf? %EEDQZM 8 24 26 5) : (??f5) B850, 3%
N=1(119 26.5 0): ({169) 5?4%]&1115%-1221:62%% 910

N= (126.7 26.5 0):(-102)<-2-3-1>:6.66% 3.94 5.61

(228 33.7 0):(-203)<-34-2>:5.8%
(31 36.7 26.5):(-213)<3-64>:3.42%
N=8 (035.245)(-112)<1-11>:3.1% 2.05 3.5
{180 19.4 45):(-114)<-22-1>:3.06%
{31 25.2 45):(-113)<1-52>:2.2%
ROUTE A (WEAK INITIAL TEXTURE)

Original (B0 25.2 45):(-113)<8-11 1>:4.3% 2.6 32
{N=0) Large spreading around (106) {119)
=] (0 46.7 45):(-334)<2-23>:5.8% 402 6.3

(222 26.5 0):(-102)<-22-1>:5%
(128 18.4 0):(-103)<-3-4-1>:4.01%
N=2 (126.7 265 0):(-102)<-2-3-1>:6 22% 44 6.8
(26.5 48.2 26.5):(-212)<1-22>:5.4%
(162 13.2 45):(-116)<-42-1>:5.4%

N=4 (226 36.7 26.5):(-213)<-12-1>:4.85% 3 51
(233 26.5 0):(-102)<-23-1>:4.63%

(136 19.5 45):(-114)<-40-1>:4.54%
(26.5 36.7 26.5):(-213)<2-64>:3.7%




(346 43.3 45):(-223)<2-12>: 7. 62% N=2( 138 26.5 0):(-102)<-2-2-1>:8.66%ﬁ 16. 9
(31 36.7 26.5):(-213)<-3-64>: 8. 6% N=3(126.7 26.5 5 JUN_ 2004
0):( 102) <- 2- 3-1>: 7. 459%. 795. 45 (21 36.7 26.5): (- 213)<2- 43> 6. 196hh4(2

36.7 26.5): (-213)<2-64>: 9. 42%. 826.55 (13 8 26.5 0): (-102)<-2 -2 -1 >: 4.62%
169 15.8 45): (- 115)<-32-1>:4.32% N=6(126.7 26.5 AUS00/33997
0): (- 102) <- 2R 4144866603 945. 61 (228 33.7 0): (- 203) <- 34- 2> FETEEINEP 36, 7

26.5):(-213)<3-64>:3.42% N=8(0 35.2 45):(-112)<1-11>:3.19%.053.5 (180 19.4
45):(-114)<-22-1>:3.06% (.31 25.2 45 :(-113 <1-52>:2. 2% ROUTE A (VEAK

NI TIAL TEXTURE) Original (80 25.2 45):(-113)<8-11 1>:4.3%.63.2 N=OLar ge
spreadi ng ar oUMBLELOE)ntipidddd) N=1(0 46.7 45):(-334)<2-23>:5.8%l. 026.3 (222
26.5 0):(-102) <- 2241302%:k i dnQtion(fordale B<- 34- 1>: 4. 01% N=2(126.7 26.5
0) : (-102) <- 2- 3- 1> s 2R H#ioAGr e hifiber ofl@as?es 2 fajtial reRd) <1- 22>: 5. 4% (162

| 3. 245) | (ROETBES mm@llﬁﬁ,ﬁ;ﬁgmmp 26.5) (- 2] 3)<-12-1>:4.859%35.1 |(233
202 0): (REfBL % ODlRadk Mk 5 o 7
26.5): (- %Ts 6’1 % <wwb{ le'ﬁafﬁ? Fgin wg%%ﬁs( [?tT at i or] poRIFigRHIE)A as a
function e nu mcwnh‘ and initial texture ROUTE B ( STRONG
| NI TI AL FFEXFORE—N o Orientationgy Not atji|gp; EUl er
angl esOD) FJ %’ﬂ\_/am E‘d g?ﬁ%@%‘é&%@& {xyz) <uvw>{% ot al ({t.r.)Pol e Filgures
(t.r.) (110 24 26.5):(-215)<-5-5-1>:9.3%
N=1 (119 26.5 0):(-102)<-2-4-1>:17.62% 10.9 10.9
(346 43 45):(-223)<2-12>:7.62%
N=2 (0 48 26.5):(-212)<425>P24.24% 17.27 14.02
(216 15.8 45):(-115)<-24-1>:8.07%
(138 26.5 0):(-102)<-2-2-1>:5.04%
N=3 (260 36 74): (-2 7 10)<94-1>:15.49% 7.3 9.1
(118 18.4 90):(013)<-63-1>:5.23%
N= (96 36 16):(-7 2 10)<-6-15-1>:12% 6 9.77
(187 15.6 26.5):(-21-8)<-32-1>:8.05%
N=6 (230.5 14 0):(-104)<-45-1>:12.46% 6.3 8.45
(100 36 16):(-7 2 10)<4-9-1>:10.2%
N= (230.5 14 0):(-104)<-45-1>:9.19% 49 6.99
(180 13.2 45):(-116)<-33-1>:8.21%
(100 36 16):(-7 2 10)<-4-9-1>:7.48%




volume wth 5 spread Original (10.954. 745) : (-111)<1-23>: 16. 4%21. 717. 02

(N=0) (105 26.5 0):(-102)<-2-8-1>:14% (110 24 2 6.5):(-215)<-5 -5 -} 5>JUN92UE’L
% N=1(119 26.5 0):(-102)<-2-4-1>:17.62%10.910.9 (346 43
45): (-223)<2-12>:7.62% N=2(0 48 26.5): (-212)<425>P24.24%47.2714. 02 (216
15.8 45):(-115)<-24-1>:8.07% (138 26.5 09:(-102)<-2 -2- 1 > 5.04% N=3(260
36 74): (-2 ™R0Y45¥ 1>: 15. 49% . 39. 1 (118 18.4 90): (013) <- 6BCTASH/RHY
N=4(96 36 16): (-7 2 10)<-6-15-1>:129%%9. 77 (187 15.6
26.5):(-21-8)<-32-1>:8.05% N=6(230.5 14 0):(-104)<-45-1>:12.46%. 38. 45 (100
36 16): (-7 2 10)<-4-9-1>:10.2% N=8(230.5 14 0):(-104)<-45-1>:9. 19%!. 96. 99
(180 13.2 45): TABLB) <eoBBmikn) 8. 21% (100 36 16): (-7 2 10)<-4-9-1>:7.48% WO

01/ 44536 9 TABLE 1 ’f&gm'tPe‘nﬂEﬁln)anI‘E%iEHEt%n% rg&gtch and orientation for route B
as a function of thg QPIREGL AL naaﬁasﬁ?pmgﬂmnmawmmxt ure  TABLE 1
(cont i nuetos KIS FRPONGIGTIAICTEX PR L at T o tor route C ROUTE C (STRONG
I NI TI AL TEXTURE) Nunber of Major Texture Orientations Notation: Euler
angl esOD [iNutebelarf pMpaiop Teytares@dentitions Sogtidnk Yolpranglns| OPdndex (| Mapxippp| e of
Fi gures ([tpasseyNyol unvirdh<swsftetald Origi nal (10.9 5Ut®R 45) ;| PolpFigures (tr)
| ) <1-23>:(16. 4921, 71vpluie withSOyrdd5 26.5 0): (-102)<-2}8-1>: 14%
Original (10.9 54.7 45):(-111)<1-23>:16.4% 21.7 17.02
(N=0) (105 26.5 0):(-102)<-2-8-1>:14%
(110 24 26.5):(-215)<-5-5-1>:9.3%
N=1 (119 26.5 0):(-102)<-2-4-1>:17.62% 10.9 10.9
(346 43 45):(-223)<2-12>:7.62%
N=2 (0 34.5 14):(-416)<4-13>:43.3% 48.9 25.9
(221.8 265 0):(-102)<-2 2 -1>:10.5%
N=3 (254 148.4 0):(-103)<-3 11 -1>:7.5% 5.2 6.05
(111.546.5 18.4):(-313)<-2-3-1>: 6.6%
N=4 (130 36.9 10):(-304)<-4-6-3>:15.05% 7.95 13.3
N=5 Large spreading 24 33
(270 14 0):(-104)<010>:4.66%
(26.5 48 26.5):(-212)<1-22>:2.54%
N=6 (110 36 16):(-7 2 10)<-5-8-2>:11.6% 6.32 9.3
(234 33.7 0):(-203)<-35-2>:5.7%
N= Large spreading 2.35 3.15
(242 18.4 0):(-103)<-36-1>:4.66%
(188 11.4 45):(-117)<-34-1>:3.36%
=8 (136.5 18.4 0):(-103)<-331>:14.71% 12.9 11
(257 45 0):(-101)<-8 49 -8>:8 75%




(110 24 26.5):(-21 5<-5-5-1>:9. 3% N=1(119 26.5

0): (-102) <- 2-4-1>: 17. 629%4.0. 910. 9 (346 43 45). (-223)<2- 12> 7- 62% N=2( 0
14): (- 416) <4- 13>: 43. 3948. 925. 9 (221.8 265 0):(-102)<-2 2 -1>:10.5% N=3
148.4 0):(-103)<-3 11 -1>:7.59%.26.05 (111.5 46.5 18.4): (- 313) <- 2- 3- 1>

6. 6% N=4(130 36,9 1 0): (-304

spreadi ng2. 43Y8% Y 14 0): (- 104) <010>: 4. 66% (26.5 48
26.5): (-212) <1-22>: 2. 54% N=6(110 36 16): (-7 2 10)<-5-8-2>:11. 6%6. 329. 3 (234
33.7 0):(-203)<-35-2>:5.7% N=7Lar ge spreadi ng2.353.15 (242 18.4
0): (- 103) <- 36 THBLE, 5660411288 11. 4 A5): (-1_|7)<-34-1>: 3. 36% N=8(136.5 18. 4
0) : (- 103) <- 331>: 1417k eSebilad 25 HnABodbr rdute 10 1) <- 8 49 -8>18.75%s a

function of the nugh@inc@fn JAESRMbANS pasikstdnd linififxdxtire
ANhj 6T TeRiulr & Dir Rk aliéts NoQidbS Hdled af didd ¢ IDOIRd f
d@¥ byt euNunhesa) of Maj or Text ure Qirgnt at
J e MaxiviRIsA spfeapasses N((Xy) :
RONEHNIGIAL TEXTORENE W th 5 spread ROUTE D ( STRONG

Texture
passes a
Eul er an
ototal (t
| NI TI AL
(N=0) (10
N=1(119
45) . (-2

) <-4- 6-3> 15.05%. 9513. 3 N=5lLargg . oo 0.

?g%’ﬁ 2004

TABLE 1 (continued)

SNGRBEH Nof
NphaskediNt i al
Ol esOD i n¢

(xyz;

<uv-, u

Xilmemnunbenpf
i RyhesFigNoesat 1.0
> !

of
n. -

ROUREI 8¢

{26.5 48,2 26.5):(-212)<1-22>:3.1%

TBRIMEE) P10 5aala6 0119 <54aF 149} - (- 111 ) <I-23p716. 402h2717. 02
53y 5 0) 1 (10408} 57 2roBr<328-14%eD 10 24 26.5) (- 21 5) <+ 5-5-1>: 9. 39
2%-5 0) : ({ 108px2@5)42h H:x 55-627@60. 910. 9 (34643
PR¥K- 12> 7(168% N2 (10248-26::5).620+ 212) <425>: 240.249%1.7|. 1214, 02
{346 43 45): (-223)<3-12>:7.62%
N=2 (0 48 26.5):(-212)<423>:24 24% 17.27 14.02
(216 15.8 45):(-115)<-2 4 -1>:8.07%
{138 26.5 0):(-102)<-2-2-1>:5.04%
N=3 (197 204 26.5):(-216)<-22-1>:8.57% 3.91 6.67
al] other components < 3%
N=4 (222 26.5 0):(-102)<-22-1>:13.34% 6.346 7.36
all other components < 3.8%
N=6 (223.5 18.5 0):(-103)<-33-1>:7.4% 2.72 4.26
a]] other components < 2.5%
N=8 (222 26.5 0):(-102)<-22-1>:3.42% 1.9 3.01
al] other components < 3%
ROUTE D (WEAK INITIAL TEXTURE)
Original (8025.245):(-113)<-8-11 1>:43% 2.6 3.2
(N=0) Large spreading around (106) (119}
N=1 (0 46.7 45):{-334)<2-23>:5.8% 402 6.3
(221 26.5 0):(-102)<-22-1>:15%
(128 18.4 0):(-103)<-3-4-1>:4.01%
N=2 (241 26.5 0):(-102)<-24-1>:12.72% 3 6.7
{26.5 48.2 26.5):(-2121<1-22>:4.1%
N=3 {197 20~ 26.5):(-216)<-22-1>:8.8% s 6.44
{26.5 48.2 26.5):(-212)<1-22>:3.9%
N=4 {221.8 26.5 0):(-102y<-22-1>:7.2% 3 5.3

Table 2 describes major components of features between 1 and 8 ECAE passes

via route A through D for a strong initial texture and after annealing at (150C, 1h),

(225C,

1h) and (300C, 1h)




(216 15.8 45):(-115)<-2 4 -1>:8.07% (138 26.5 0):(-102)<-2-2-1>:5.04%
N=3(197 20.4 26.5):(-216)<-22-1>:9.57%3. 916.67 all other conponent i%
N=4(222 26.5 0):(-302)<-22-3>:13.3411X,6.3467.36 all other conponei{i;m 0
g. 82/0 N:GE 223.5 38.5 0):(-103)<-33-1>:7. @;&. 724.26 all other conponents <

. 5% N=8(222 1 (-102)CG-72-1>:3.42%9.93.01 all other c < 3%
ROUTE D (V\EAk%?N?“I‘?%&L TEXTURE) Original (80 25.2 45): (-1 | 3)12%8@?%%
1>:4.3%2. 63. 2 (N=O) Large spreadi ng around (106) (119) N=1(0 46.7
45): (-334)<2-23>:5.8%. 026.3 (221 26.5 0):(-102)<-22-1>:5% (128 18.4
0):(-103) <_; - fLABLE20] 95 N=2(241 26.5 0):(-102)< 24-1>:12.729%6.7 (26.5 48.2
26. 5) : (- 212) <1- 22>:Majdr RatiredfrikBtatieR for réfie A) : (- 216) <-22- 1>: 8. 898. 56. 44 (26.5
48. 2 26.5): (-212) <id fimddon o3 nBibNof pdeel NGnd Borallg temid@hre 22- 1>: 7. 2985. 3
(26.5 48[ROUTEA (SFRIRG WrAZe 1EXTYRERDl e 2 descri bes maj or conponents of
f eat ur es | pelawee Euller amikes SofoCAKLy ) a6\8E£5 % 1thlaclume tvah A° fphrdugh D for a stromg
initial f{ekhbodefnandsed,ter anneal hiagpliadat Q1B0@, | h), | AhRBE (306§}, land ( 300C,
| h) ROV B34y TSN N0 WAL TEKIIHE): (VoL ACT 10N/, | Wl BI5 sangbnss{ap-30 |{ x
z; <uvw>yi Yeitodsalo)pokmes-wistoan S | @ 14 2 ad:(INARARA): Bg di140 IBDCIMRY-PbmeEli ng at
(225C, | ) popezlBAY-AD<E300GI% h) 1(43 47 22) . (=52§)<1-30>10 435 48
25) : (- 21 K10PRDN(W=FHHTB2D0 51 A5 HAINT-L35.269%. 3;5 o/ a mkelavlcn g.74%

< 2 _]g s 4 )<T015:
2%

7.38%

" S5 1054SK- 10453 B kA7, 31h<5-61 . | 315415 45)
o ozl e Y TR S S
) T (=7 =410G. 2 ] (A1 1 4-T>:07 &7 arbe
0) - (- 205 3] BT o o R S T 3 S s s 18 4
0) : (- 103} <D&3P16A.07AMR)<23-1>:7.35% | (290 45 0):(-101)<141>:11.5% | All components < 4%
2 (12018 26):(-217)<-1-5-1>:11.73% | (124 25 14)(-419)<-3-3-1>: (110 25.2 45)(-113)<-6-3-1>
(353726.5):(-213)<2-53>:11.2% | 12.4% 6.87%
(38 36.7 26.5):(-213)<3-95>7.5% | (318 25.2 45):(-113)<301>:5.1%
6| (180 19.5 45)(-114)<-22-1>5.5% | Large spreading (36.719.5 45):(-114)<-1-17 4>:
(135 10 0):(-106)<-6-6-1>:4% All components < 5% 9%
(0 46,7 45):(-334)<2-23>: 3.95% All components < 4.9%
8 | Large spreading around (313), (44 36 26 5):(-213)<2-63>7.94% | (152 32 0):(-508)<-8-5-5>:6.4%
{(104) {136 18.4 0):(-103)<-3-3-1>: All components < 3%
All components< 4% 6.17%

TABLE 2 (continued)

Major texture orientations for route B

in function of number of passes N and annealing temperature
ROUTE B (STRONG INITIAL TEXTURE)
Notations: Euler angles (aBy): {xyz} <uvw>: % total volume with 5° spread
N| Annealing at {150C, 1h) Ammeahng at (225C, 1h) Annealing at (300C, 1h)
1] (43 47 22):(-525)<1-32>:10.4% (3548 25):(-212)<1-22>:13.15% | (76 29.5 45)(-225)<-5-71>:9.3 %
(110 26.5 0):(-102)<-2-6-1>:8.04% | {114 22 10):(-102)<-2-4-1>:9.3% (141 37 0):(-304)<-4-4-3>:6.6 %
{130 24 18.4){-317)<-3-2-1>:7.15%
2| (21520 26.5):{-216)<-36 -2>:35% {112 34 0):(-203)<-3-9-2>:16% (221 26.5 0):(-102)<-22-1>:13.3%

(270 13.2 45):(-116)<110>:16% (16 54.7 45):(-111)<1-34>:8.88% | (109 14 0):(-104)<-4-12-1>:12%
3] (148 1979):(-15 15)<-55-2>; {10 45 10):(-616)<3-13>:5.7% (0 48 26.5):(-212)<4-25>:6%
17.5% (235 14 0):{-104)<46-1>:4.53% (222 41 45):(-223)<03-2>:5.8%
(90 16 45): (-115)<-1-10>:6.9% Large spreading {19.5 45 0): (-101)<2-12>:5.4%
4] (127 26.5 0):(-102)<-2-3-1>:5.9% (230 14 0): (-104)<-45-1>16.23% Large spreading around (107)
(242 14 0):(-104)<4 § -1>: (115)
All components < 3%
6| (180 19.5 45):{-114)<-22-1>:5.5% Large spreading (46.7 19.5 45)(-114)<-1-17 4>
(135 10 0):(-106)<-6-6-1>:4 All components < 5% 9%
(0 46.7 45):(-334)<2-23>:3.95% All components < 4.9%

8 | Large spreading around (315), (104) | (44 36 26.5)(-213)<2-63>:7.94% | (153 32 0):(-508)<-8-5-5>:6.4%
All components<4% (136 18.4 0):(-103)<-3-3-1>:6.17% | All components<3%




(155 19.5 45):(-114)<-31-1>:7.83% 112 19 18.4): (-319)<-5-6-1>: (315 115N 04
45): (-117)<701>:7.38% (31 36.7 45):(-213)<3-64>: 6. 88%20. 2% 90 7
0):(-108)<0-10>: 6.7% 3(110 36 16): (-7 2 10)<-4-9-2>:(110 45
0):(-101)<-1-4-1>:Large spreading around 15.2%6. 85% 117), (100) (233 26.5
0):(-102)<-23- 1>:7. 350/«( 290 45 0):(-101)%141>:1 1.5%AlI | con onents < 4%
4(129 18 26) WQOH4A$F36 1-5-1>: 11. 73% 124 25 14): (-419) <- 3- 3- | BC{YS0Y/33987 2

45): (-113) <-6- 3-1>: (35 37 26.5):(-213)<2-53>:11.2%2. 4%. 87% (38 36.7
26.5):(-213)<3-95>:7.5% 318 25.2 45):(-113)<301 >:5.1 % 6(180 19.5

45): (-114) <- 22RABLI52 &%ﬁmxge) spreadi ng(46.7 19.5 45):(-114)<-1-17 4>: (135

10 0):(-106)<-6-6-1>:.4° 4fV conp 0nstﬁ)”m%s}%(o 46.7 45): (-334)<2-23>:

3. 959l | corrponent§ # g l.;n ¥ ofp ? Iar;la qm erature

(315),26. =213 s2=03 AP
0):(-103) Soidtions: Eite nt 3 s<4%31 ROUTE B
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TABLE 2 (continued)

Major texture crientations for route D
in function of number of passes N and annealing temperature
ROUTE D {STRONG INITIAL TEXTURE)
Notations: Euler angles {afy): {xyz} <uvw>: % total volume with 5° spread

Ni Annealing at {150C, 1h) Annealing at {225C, 1h) Annealing at (300C, th)

11 (43 47 22)(-525)<1-32>:104% (35 48 25):(-212)<1-22>:13.15% (76 29.5 45):(-225)<-5-71>:9.3 %
(110 26.5 0):(-102)<-2-6-1>:8.04% (114 22 10):(-102)<-2-4-1>:9.3% (141 37 0):(-304)<-4-4-3>:6.6 %
(13024 18.4):(-317N<-3-2-1>:7.15%

2| (21521 26.5):(-216)<-36 -2>:35% (112 34 0):(-203)<-3-9-2>:16.45% | (222 26.5 0):(-102)<-22-1>:13.3%
(270 13 45):(-116)<110>:16% (16 54.7 45):(-111)<1-34>:8.88% | (109 14 0):(-104)<-4-12-1>:12%

(162 9 45):(-119)<-63-1>:9.6%

3| (337 50 34):(-323)<101>:12.2% (168 20 25):(-216)<-82-3>:10.35% | (150 16 45):(-115)<115)<-41-1>:
(21547 45):(-334)<0 4 -3>:9.75% (102 18.4 0):(-103)<-3-16-1>: 5.6%

(241 26.5 0):(-102)<-24-1>:7.02% 5.32% (198 18.4 0):(-103)<-31-1>:5.2%
(162 13 45):(-116)<-42-1>:6.44%

41 (233 26.5 0):(-102)<-23-1>:9% Large spreading Large spreading around (105} (116)
All other components <4% All components <3.6% All components < 3.9%

6| (224 18.4 0):(-103)<-33-1>:8.29% {224 18.4 0)(-103)<-33-1>:5.49% | Large spreading around (106) and
All other components <3.8% {109 18.4 0):(-103)<-3-9-1>:4.4% | (113)

All components < 2.9%

8| (222 27 0):(-102)<-22-1>:8.58% (205 21 18.4):(-138)<-22-1>: (222 26.5 0):(-102)<-22-1>:8.58%

All components<d% 11.44% (3816 45):(-115)<1-92>:5.55%
(233 26.5 0):(-102)<-23-1>:
10.74%




WO 01/ 44536 TABLE 2 TABLE 2 (continued) Mjor texture orientations f.ar
route B in function of number of passes N and annealing tenperature ]%ZJUN 2004
Maj or texture orientations for route Ain function of nunber of passes N
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conmponent s <39 onents <4% 7(304 3 (-7 2 10)<- 3- d29%{ 125 37

0): (-304) <- 47-18s5¢%7, an/mgaxg@togﬁqyégmgﬁ@mgg E%THU:S (t%mgn Argas can be d:stmgmshe

26. 5) : (- 212) <lin 4R3s-def& W 8001 9) - (- 101) <]21> 5. 82% 100) (105) (203) Al l
conponents <2.9% 8(104 47 2

18.4): (-314) <-3-5-L é"%ﬁ%‘)édﬁﬁg% Bnc}"“l ﬂg“’e%j& gd’f’%’)sﬁg’ig(‘fl’%d(“é'bs) Al |

conponent st3<3. 2ethtd arcomgieni.ehtthe in@estighsion of Al.5Cu, for cxample the OD index ranges

from more than 7 times random to more than 48 times random which corresponds to
maximum intensities of the ODF between 3000 mrd (30 times random) and more than
20000 mrd (200 times random).
For more than 4 passes (with a tool angie of 90°), medium-strong to very weak
20  textures close to random are created. In the case of A1.5Cu alloys, OD index varies from
around 11 times random to less than 1.9 times random depending on the route, which
corresponds to maximum intensities of the ODF between 7000 mrd (70 times random)
and around 800 mrd (8§ times random).
The two main domains are maintained after subsequent annealing, as shown in
25  the graphs of FIGS. 6, 7, 8 and 9. However for some¢ ECAE deformation routes (for
example route B and C in the case of Al.5Cu), additional heating can give a strong
texture, as discussed below. The existence of these two areas is a direct consequence of
the microstructural changes occurring in the material during intensive plastic
deformation. Several types of defects {dislocations, microbands, shear bands and cells
30  and sub-grains inside these shear bands) are gradually created during the 3 to 4 ECAE
passes (for a tool angle of 90°). The internal structure of materials is divided into
different shear bands while increasing the number of passes. Afier 3 to 4 ECAFE passes,
a mechanism termed dynamic recrystallization occurs and promotes the creation of
sub-micron grains in the structure. As the number of passes increases these gramns

35  become more and more equiaxed and their mutual local mis-orientations increase giving




ROUTED (STRONG I NI TI AL TEXTURE) Notations: Euler an les (tray : jx z}
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Maj or text ur e inrodead atdatinmssf(@sbldsAuing 2D Alhthfwrotidne allowf changeh @rthomapasses N

e
t ext ure strengmhl number of passes before the advent of dynamic recrystallization. as discussed
above. An important application exXists in the possibility to create different types of
15 strong textures already in the as-deformed state for a limited number of ECAE passes.
(3} Additional annealing has an important influence on both the major
texture orientations and strength (see FIGS. 6, 7, 8, 9 and Table 2).
For annealing temperatures below the static recrystallization, a change in both
texture strength and main orientation is observed. This effect can be particularly strong
20  for a low number of passes (less than about 4 passes) leading to remarkable migrations of
major orientations accompanied with either a decrease or increase of texture strength.
Such changes can be attributed to the instability of microstructural defects which are
implemented in the crystal structure. Complex mechanisms such as recovery and
sub-grain coalescence explain partly the observed phenomena. For dynamically
25  recrystallized ultra-fine structure (after usually 4 passes) smaller modifications are
encountered. They are usually associated with the transition from a highly stressed to a
more equilibrium micro structure.
For annealing temperatures close to the beginning of static recrystallizanon, the
same over-all results as in the above case are found. However, it is important to note
30  that new and different textures than for low temperature annealing can be obtained,
especially for a low number of ECAE passes (Table 2). This is due to static
recrystallization which creates new prains with new orientations by diffusion
mechanisms.
For annealing temperatures corresponding to developed stages of static

35  recrystaltization (full static recrystallization), textures tend to be weakened (as shown in




The increase of the nunber of passes is an efficient mechani sm of

random zing texture. There is an overall decrease of texture streﬂuétJHN 2004
evi denced by the creation of new orientations and, nore inportantly, the

| arge spreading of orientations around ]|t6he maj or components of the texture
as evidenced | 4. FIG 4 is an illustration of (200) kgl es
for Al with o‘*.’@“‘ﬂ“g%m al |l oys processed 2, 4 and 8 passes g&/rﬁ%{}g{ﬂé@% (FIG
5) and shows spreading of orientations as "N' increases. This phenonenon
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4) Starting texture has also a strong influence on both texture and
strength especially after a limited number of passes {usually after 1 to 4 passes). Fora
25  higher number of passes the ECAE deformation is very large and new mechanisms are
taking place which lessen the magnitude of the influence of the starting texture. Two
situations are noted (FIG. 5 and Table 1 for route A and D):
A, For strong to medium starting textures, after further deformation with
or without annealing, it is possible to obtain very strong to medium textures before 4
30  passes and strong-medium to very weak textures after approximately 4 passes according
to the results described in paragraphs 1, 2 and 3.
B. For medium to very weak starting textures it will be more difficult to
obtain very strong to strong textures at Jeast in the as-deformed state. Weak starting
textures are more likely to enhance and promote weak to random textures after ECAE

35  deformation with or without annealing (Table 1).




rise to a higher nunber of high angle boundaries in the structure. %e?ﬂm
weak and close to randomtextures that are created are a consequence 0
three major characteristics of the dynamcally recrystallized

m crostructures: the presence of high internal stresses at the grain
boundaries, the |large nunber of high ardle boundaries and the very fine
grain size W2H/445¥ar ge grai n boundary area (usually of tRCTEYHEPIBT about
0.1-0.5 ni). (2) The ECAE deformation route permts control of the ngjor
orientations of the texture. Depending on the route, different shear planes
and directions are(dnvol Sechdghase aaficipanse { peeountdd.cfEctandxabl bgzel and 2) .
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For anneal i ng teéenperatur ose to t eginning of static
recrystal | i zatviteyt subkravens apngaligy ex m&F‘l’Ed’r‘@s‘i’}P%“g“gasA SFOnE HBTRR FFETCHSe are
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deformation followed either by low temperature annealing (150°C, 1h) or by annealing
at the beginning of static recrystallization (225°C, 1h) or after full recrystallization
{300°C, 1h) are considered in this table. The original texture is displayed in FIG. 7. Jtis
25  important to note that in most cases new types of textures have been found. Not only
{200} and {220} textures are present but also {111}, {140}, {120}, {130}, {123},
{133}, {252} or, for example, {146}. For strong textures, one or two main components
are usually present.
B. Material (sputtering targets) with weak to close to random textures
30  with an ultra-fine grain size less than 1um. Whatever the route this can be cbtained after
more than 3 to 4 ECAE passes followed or not by annealing or intermediate annealing at
a temperature below the beginning of recrystallization temperature. A very weak starting
texture is a factor favoring the creation of close to random textures.
C. Statically recrystallized materials (sputtering targets) with weak to

35  close to random textures with a fine grain size above approximately 1 pm. Whatever the




mechani snms. For anneal i ng tenperatures corresponding to devel oped 3t@g?§mof
static recrystallization (full static recrystallization), texturé

be weakened (as shown in FIGS. 6, 7, 8 9 and Table 2). This is
particularly true after 3 or 4 ECAE pa $es where very weak and al nost
random t extu created. These textures are characteri r, six
or eight fol E]‘%S@}%ﬁéfsry wi th a higher nunber of cube (<200>)ZP%§.85r%onfgﬂtjs
Addi ti onal textural analysis of ECAE deformed Al and 0.5 wt. %Cu |s shown
S in the pole figure described in FIG 10, In_this ase t he s was

gi ven an i ni t Fete this Garhsosrsed dsr mpie dhap At EoPE Rase l@“’fﬁ ‘G’sanﬂ?? neous pl us
hot forging pliissmeniid hedalidgne a(tempelﬁ% de\ldSIhEVM&g]EﬁﬁﬁopascswﬂW@ﬂr oute C

pl us anneal i ng (250C, hour recr oI W Io ll had grain
si ze of 40- 609%&)55%8: st we k tei”;rg te ture 1ya{}a§ir fli\%f’g ﬁi‘ﬂJ Qv Ol{%i 2{%302

{-133}<3-13>. ra‘n‘h@nree@mbt shows t wo ECAE passes (C) plus static

recrystall kzation pﬁﬁ&ﬂetr Senﬁ@cimyrﬁlonﬁe Fnb&n&?rsvarswp%gs (&2 fotnxd wheal
component of the as-f condition. By taking into g][cq(igunt all the

foregoing, reswFes ‘%ﬁﬁ’\ﬁ}l‘i‘fﬁéﬁgetf ntler mersraseFiGen A bal in g% B pass
provi des severatm@gld]did swset, shdee3 %ﬂu&ﬂhlaﬁdeﬁxalﬂm 609 el ic uplirtlére’s sdnsor 7agfjdust

d.eSi red textur eawg%’l\ﬁt %B%) tg 3é3eovadvg*lw tﬁpeaﬁ e.'laémehtgtlfwgs'séﬁb% appeal i ng

ei ther at | owtY At 31
recrystal | i zavéroel eifatet 8 aAIhgmzomah@@mebﬁf is éfa@s%@t‘tcﬁk )’-a%emblgﬂ \?Eﬂ g¥flong

textures \N]t h 3N 8L ls?%dagt ';a%%%iﬁr@srs ﬁ%%@ﬂﬁlﬁ?h @@E@cﬁ@ttb @@ss\ﬂuﬁ himor w t hout

anneal i ng. B. ]nterrre ate annealing’in the case g g f?
recrystal | i zatheonemplresitonz-q BoEvarp erghel fideh e PVapPsFAYEEd: B"é{'r‘i ﬁés ® *nor e
easily to ver yopWeakod, end AWasiubiched blﬂStUbﬁl@di]tH@ﬁhto tefoiabthaor]l. Wiéringer wi t hout

annealing. It ig. also possipble t eat . i nt.er nealingesever al
times in order”°t gsg%ﬁé’ﬁ%‘: HEee fwn crs gasné’%l:%bgggéﬁlgglgﬁﬂ Starting

texture has alsocians BorSgdarrﬁf Ilno.l\enmetlm Wt tillet e Rt Ei?é“‘hﬁfjs'mﬁ e PR

especi al | ¥ af E\EE,QE rrEthle t(gﬂ JdggommarQ 2f RASSESs o URUMghnyl p’%&ltlﬁf ¢y]§nﬂ)er4 passés)
For a hi g passes. the ECAE dl([]e]f or mat i onhéfz %4 arge and new

nechani sms ar é’ﬂt’%ﬂ%\"%ﬂ'd%lt‘é&‘@t\ﬂhp(]?h"’leé%%@ﬁ FerehEs et SO AP uence of

the starting bmidjdttsehe plobBssedilletifibrh 0@ SieaThe faldivend fédﬁh@ar@w&ﬁd Table | for
route A and D): A {:?r stﬁ ge;ﬁ51g$%d‘ém Etn?c{vﬁd gghyhgmgcwyg&e, affiglinef Ur t her
0 I't

deformation with annea }%osm |e’to obtajn. very
strong to nedisamn spesd Eﬁr@@m@ﬁéf@?t@ahmsﬁaﬁ%dagnd & PRl SHEEY TP Yery” weak

textures aht €hroRHARd i GRdoe b Y THat R3AE &5 fud GhiMinmetion @f friction and material sticking
to the slider, in lower press load and effective ECAE;

(b) Die assembly 1 is attached to dic base 2 by guide pins 11 which
provide free run 8. During extrusion the die assembly is nestled to the base plate 2 by
friction acted inside channel 8. When the punch returns to the original position, no force

25  acts on the die assembly and slider, and cylinder 3 can easily move the slider to position

b-b and then eject the billet from the die.

(c) Three billet walls in the second channel are formed by the shder
(FIG. 11A) that minimizes friction in the second channel.
(d) The side walls of the second channel in the slider are provided with
30 drafts from 5° to 12°. In this way the billet is kept inside the slider during extrusion but
may be ejected from the slider after completing extrusion. Also, thin flash formed in
clearances between the slider and die assembly may be easily trimmed.
(e) Die assembly is provided with heater 12 and springs 13. Before
processing, springs 13 guarantee the clearance 8 between die assembly 1 and die base 2.

35  During heating this clearance provides thermoisolation between die assembly and die




to the results described in paragraphs 1, 2 and 3. B. For nedi um tojydayly 2004
weak starting textures it will be nore difficult to obtain very strong to
strong textures at least in the as-deforned state. Wak starting textures
are nore likely to enhance and pronote weak to random textures after ECAE
35 deformation with or w thout annealiﬁ& (Table 1). (5)._S Rgﬁppase
particles haV® ®'#f¥6nounced effect on texture. Large (>] n‘iCTzlﬁsg

non-uni formy distributed particles are not desired because they generate
many probl enms such as arcing during sputtering. Very fine (>] pm and
uniformy di dbseitbuteadts sebonttapiame. pahedtiot pavenind high DEpdirg IKERTHFCI nt er est
and offer many adva%@gﬁﬁramgiig g;alliyely Eipﬁ]\ég feBIML 3R BEEEL Bed WITBIRIHRWEN
stress-strain state during ECAE deformation. Secondly, they stabilize the
al ready ECAE- d&¥8Fmed m crostructure in particular after further
annealing. In this case particles pin grain boundaries making them nore
difficult to change. These two major effects evidently affect the texture
of materials. Especially: for a small nunber of passes (<4 passes), the
effects described previously in sections (1) to (4) can be enhanced due to
the presence of second phase particles in particular for strong textures.
for a large nunber of passes. second phase particles are effective in
pronoting the random zation of texture. In order to take advantage of the
possibilities offered by the ECAE technique in terns of texture control,
three types of results can be achieved: A Materials (sputtering targets)
with strong to very strong (ODF>10000 nrd) textures. In particular this
can be obtained for a snmall nunber of passes with or wthout subsequent
annealing or internmedi ate annealing. A strong starting texture is a factor
favoring the creation of strong textures. For exanple in the case of Al.5Cu
alloy Table | gives all the nmajor conponents of orientations which were
created for different deformation routes (A B,C D) between 1 and 4 passes.
The as-deforned state as well as deformation followed either by |ow

t enperature annealing (150C, 1h) or by annealing at the begi nning of
static recrystallization (225C, | h) or after full recrystallization

(300C, 1h) are considered in this table. The original texture is displayed
in FIG 7. It is inportant to note that in nost cases new types of textures
have been found. Not only {200) and {220} textures are present but also
{111}, {140}, {120}, {130}, {123},




{133), (252) or, for exanple, {146}. For strong textures, one or twol bifn2004
conponents are usually present. B. Material (sputtering targets) w th weak
to close to randomtextures wth an wdra-fine grain size less than | m
What ever the route this can be obtained after nore than 3 to 4 ECAE passes
foll owed or not by annealing or internediate annealing at a tenperature
bel ow t he begi nning of recrystallization tenperature. A very weak starting
texture is a factor favoring the cré&athldfS of cl ose to randomtextures. C.
Statically recrystallized materials (sputtering targets) with weak to
cl ose to randpm t ext t1-R_gifds ' [ - approximtely I m
VWhat ever the P réu#'% t E%Msotrlg?aﬁra%éetn%’b%gi%ﬂgf’aﬁg?pﬁg?é ltoﬁan 3to 4yECAE
passes fol |l owed bypasneiagiangzeringoht er nedi ate annealing at a tenperature
above the beginning of recrystallization tenperature. very 1r\E/{veak‘?tarti ng
T SRITR-CY

A
texture is a factoPofmaESHIAGC t¥7d dhgelt 18re dMe2dSe & BPE RN Go

Anot her e di nent of the | t.ron_j ] ds.for performng the
process ngPSgP%‘ﬂiﬂj%réD?Q}agcer?iéé}%ﬁg']gﬁggbgtﬂ@%wL 1,5’11A and 11B) i ncl udes
die assenbly 1, dicgpRasfg2eisiigd®io Fonpunc!d pssabbieak chydnaliigyler
cylinder 5, sensor 7,  and guide pins 11. Also the die is provided with
heat i ng esdtareents 12. Die assenbly 1 has a vertical channel 8. A horizontal
channel 9 is forned between die _assel i i l&bs:dfd xed
at table 10 of pr e@ﬁr@‘éﬁ@ﬁeggggﬁﬁfﬁ%ﬂ% Yr’éjolt@%t{?g%ﬁeggr%ép@ﬂgggﬁ%a%& Ie'n t he
ori gi nalg;pasdibt 8 asankpedoor war drenrddof slider 3 overlaps channel 1, punch
4 isina top position, and a well lubricated billet is i sert]ed Jgnto the
vertical channel. Ber e HieBEREHRYZEIFBIING: SYREGF NI 96,‘§9‘811(r)]\7€/n‘?‘t Eht'eV Y
channel 9, .t.ouc e billst, tr Lo i aaRehknSei®l i der 3
noves to"gde?'ﬁgﬁci\/]\ﬁ%# gi Fﬁlé'fl.Cq%t—%{éﬂgﬁé%iﬁpgﬁg%@&ggq%ﬂg@gunch reaches the top
edge of channel 9 and then returns to the original position. Cylinder 5
moves the slider to position b-h releases th illet. .retus t | der
to the positién a-& ”é‘ﬁﬁogj‘éccctoéo‘f’ﬁemprﬁ%’é%s’s%ﬁ—ﬁﬁ?lﬁoerrsé?sr’oﬁ‘n %%rsa}]@.&@hde
f ol | owi ng.ifeqtdiess aLg,HotBEhnélaknBUkl NgxexdisHsiconesihe ditie Bréissntheeeinby
hydraulic cylinder 5 wth the sanme speed as extruded material inside
channel @zriidecionnedizrapied o4UfE 3EPHEP T$127BFfbyi ded with sensor 7. That
results in full elimnation of friction and material sticking to the
slider, in |lower press |oad and effective ECAE;, (b) . _ )

3. A method sccording to cleim 1 wherein ‘said ingot is subject 10 &

total of 4 10 6 passes of equal channel angular exirusion.

4. 2 method according 1o claim 4 furher compiising zng posi-

exirusion annezling.

5 The method of claim 4 wherein the posi-extrusion anneahng

comprises recovery annesling.

. The methcd of cleim 1 wherein ihe ingot comprises a material
hzvine e beginning iempersiure of static recrystallizalion, end wherein 1ng

imesmediate annealing comprises intermedigte annesling &t ihe beginning

temperature of sisiic recrysialization.




Die assenbly 1 is attached to die base 2 by guide pins 11 which provide
free run S. During extrusion the die assenbly is nestled to the baseg tp)UAt Aol
2 by friction acted inside channel 8. ,\Wen the punch returns to the
original position, no force acts on thé die assenbly and slider, and
cylinder 3 can easily nove the slider to position b-b and then eject the
billet fromtHe di élhg o)eiTodee miditet! whiehani et Heod ecomar eharmdn=gral

f or med b¥ the slider (FIG 11A) that nipimzes friction_in tgf §ecgﬂg
channel . NEENSTRe MEI0HRNIAI 1SN S WE $EcTRHC IRERNEFFRITThe 2P JEiF el e ™"

ided. with .drafts from5 to .12 .1n this. i1t i rirsi d
Phe it dsfe il s it alral M ale <y Beh S s B FPEr et I B

conpl et i pGnEXIftUR ONstatt $8crybhiIRhipash formed in clearances between the
slider and die assenbly nmay "be easily trimred. (e) D e assenbly is provided

with heater 12 and springs 13. Before processing, springs 13 guarantee the
clearance 5 between_die assenbly 1 and die base 2. During heatingd this

cl earance proW des tHerf®ing |aif$ﬂ”b5twgﬁﬁﬂ8@@EhﬁﬁﬁﬁbF9”ﬁﬁE?§i% ng%%gse
that resylisgin %E%rtlnihga@rﬂ?er%%’ dioWzheatdcpgpmvefioandri gihdieat iing
tenperature. ~ The paratus 1Is relatively sinple, reliable and may be used
wi th or dirtarmye prsts semealifh ALdBp lise A inethedizforarfrasiing abloy Hie deginig
conprising: providing a cast ingot, honobgenizing said ingot for a tine and
t enper at [HBPE [#FI % PERETE SECTYERIIZ 19 but i on of macrosegregations and

m crosegregations; subjecting said ingot to from1 to 3 passes of equal
channel angul ar extrusion; internediate annealing the ingot to produce

preci pitates & avetragshodicimeslengef spusssingiargedlsontpi:inGum and after the
i ntermedi ate anneal i n

pass of equal chanﬁérloggjﬁ?{eﬁe‘?% ié{lg%ﬁté’;]'%’né F%%%’%‘?‘ﬁ?rarggeﬁﬁseﬂto%@?& %.ddl t2I OQ\al
met hod accordi ng to,&l arfing k8t hegotCRMliinsatg, cadit defesub) ot iy forging
forming the ingot into & hot forged product; '
forming zn exiruged material by subjecling said hol forged product
io a plurality of egual channel anguler extrusion passes angd 2t least one
intermediate anneal between pzsses 1o produce fine precipitaies within ihe
extruded material; and

manufaciuring the exiruded maierial intc a sputiering target.

10C. A method sccording io claim 8 further comprising post-extrusion
annealing.
11.  The method cof claim 10 wherein the posi-exirusion znnszling

comprises recovery annezling.

12.  The method of claim 11 wherein the sputtering 1arget comprises an

zverzge orein size of less than 1 micron.

13, The meihod of clzim 8 wherein the ingol comprises a malernizl

having & beginning temperzivre of siatic recrystaliization, ano wherein ihe




said ingot to equal channel angular extrusion to refine the grains ttbs H]
manuf acturing sane to produce a sputtering target. 3. A nethod accor il-ﬁ'lg I
to claim1 wherein said ingot is subject to a total of 4 to 6 passes of
equal channel angul ar extrusion. 4. A-frethod according to claim1l further
conposi ng and post- extrusion annealing. 5. The nmethod of claim4 wherein

the pOStim%)ﬁtnﬂe%ﬁéi%naﬁH@g%d RGrr SRERY IrS@ndEERY ehyicaMmealeing.thebbeJhenget hod
of claim1 wherein the irgot conprises a material having a begi nning

t enper atigfrg eofistaliistziieareystializenabi on, and wherein the internediate
anneal i ng conprises internedi ate annealing at the beginning tenperature of
static recrystallization. 7. The nethod of claim1 wherein the ingot

conprises a npjeri %h'ﬁ“g%\\fﬁi{@g‘%?ﬁb?%”ﬂnbn‘g'I"’EPéTP'eirh%t H{gﬁ?i ogorﬁﬁﬁgé5c 2 malerial

recrystalli zatTon, e internediate neal i ng conpri ses

I nt er meqh A&, a@ﬂ@@biﬁﬂﬂ@h@mé@m@egi nakng recempetiadiore ohd stakigon the
recrystallization.” 8. “The nethod of claim 1 wherein the i ngot co.rrBri ses a
mat er i aliniehanddiglea dregiainongoremsesatinieemsdiade agneedlitg &t ¢ LEEVBIRS and
wherein the internediate anqegl i ng conprises internedi ate anneal i ng bel ow
the begilBRIARIZ WEMRST At UFrE ¥ eSPAIPE recrystal lization. 9. A nmethod of
maki ng a sputtering target conprising: providing a cast ingot with 2

| ength-to-diameter ratio up to 2; hot forging said ingot to elininate cast
defects, the hbt fdtg moethbdr ai mpith8 WhGHRIN| Hito MEFotONBHRY rbaEHE:

form ng an extruded. materjal by.subjectip I ~40rg p : a
pl ur al i t2\gpS eau%egmrﬁg]e{engﬁgéﬁgﬁ gfﬁiﬁ{s??o%%ag‘t’ég@%ai% gﬁdl gg%?glgnyeo
i nt er medjal, e aBAeak PRLIRS Tt PASEES: Tfciheodiute dhneelipy extiqyiet Htedegintiinn t he

temperature of static recrysizllization.

16. ~he method of claim 9 wherein the sputtering target comprises an

average grain size of greater than or equal to 2bout 1 micron.

17. A method asccording 1o claim 9 further comprising & solutionizing

hezt treaimens orior to ihe eoual channel angular exirusion.

18. A method according to cleim 9 further comprising:
heating the cast ingoi beiore hot forging et 2 iemperature and jor @
time sufficient for solutionizing;
wherein the hot forging is at @ iemperature above the lemperaiure
of the soluficnizing; 2nd

water quenching the forged billet immedialely efter the hot forging.

12 The method of cleim 9 wherein the hot forged product is jabricated
intc & sguere billet prier io the equal channel angular exirusion; the ingot initiglly
being = casi ingot of digmeter d, and lengih ho; 1he hoi forging of the ingol
forming ihe hot forged product in the shepe of 2 forged disc of dismeier ¢, and

: L H H = 4
thickness hg end irom which twp SEQMENIS oM WD opposile sides of the hot




extruded material; and manufacturing the extruded material into a | !
sputtering target. 10. A nethod according to claim9 further co P|§NB“
post-extrusion annealing. 11. The nmethod of claim 10 wherein the
post - extrusi on annealing conprises retovery annealing. 12. The nethod of
claim li wherein the sputtering tar%et corrg{‘priJse an, average,_. rfirnf'Si ze of
| ess t hdRTSEChPEROHE! 2TE3TEMREE bt $EEN Gt TETHIGh 1§ ik B15 5Pt ih‘gﬁ 'EYipri ses
a materi LR L NG t I e_of. static rect i i,en, and
1?{%%}‘% / egﬁggggw&'n@% 1ﬁ?ﬁ@cé‘ﬁé§s othe L,;ﬂ%fe@r@ggi%a}’%é‘#.ﬁlduzﬁarﬁb%

wherein € afnea conprises i ate anneal I'ng bel ow

the begidiMRn eRP@EaLE € 0foSERIdBIFEW Y8 alrhézabha the Muslheiketdod of
claim9 wherein the ingot conprises 2 maleTial having a beginning

t enper ataqe| chasinat Bogpree pydtaldn, e conensinds wheieicast heol BRESFAddCsfe
annealing c rises inter iate annealing at the beginning tenperature of
static ﬁgf@@%agnﬁ gy QHJHS?%WEHH% met hod of claim9 wherein the ingot
conprises a material having a begi nning te?@{ wre of static
recrystallization, and wherein the internediate annealing conprises

i nter medi at e anneal i ng above the begi n,fy.t edpekat.ure of static
recrystallization. 16. The nethod of claim9 wherein the sputtering target
conprises an average grain size of greater than or equal to about 1

mcron. 17. fomet oo, areardingole & didhod of Hf Wieen CARPHGH Mhprises &
sol utioni zi ng" heaf treatnmeht prior to the equa] channel "angul ar extr usi on.
'18. A nehhagiAdeonch nrgidropelaim 8f fwiit hecnestaimaigimeand in which the equal

channel angular extrusion is performed ai a temperature below the tempersture

of slatic recrysialiization and &t 2 speed sufficient 1o provide uniform pigstic flow,

and under conditions which provide dynamic recrystallization during the egua!

channel angular extrusion.

21. A method of fabricating an article comprising:

providing @ cast ingot, the cast ingot comprising a cast ingol material;

solutionizing heai ireaiing said cast ingot matenal st a firat temperature
=nd for = time sufficient 1o dissclve all precipitaies and particle bearing phases;

homogenizing the ingot;

hot forging of the ingoi to produce 2 hot forged ingot;

equal channel angular exiruding the het forged ingoi a1 & temperature
below the first temperature io produce an extruded material;

. producing a sputiering targel from the extruded materiat; and

annealing affer forming the sputiering iarget, the annealing comprising

gradient annealing perormed by exposing 8 surfece of ithe sputiering targettec a

heating condition and exposing an opposiie 1arget suriece 1o 2 cooling candition.

22. A method sccording to claim 21 in which the gradient znnezling of

the target is perormed directly in & sputtering machine al sputlering condiijons

before stariing 2 preduction run.




heati ng the cast ingot before hot forging at a tenperature and for € I‘L?@?
sufficient for solutionizing, wherein the hot forging is at a terrpla eﬂ
above the tenperature of the solutionjzing; and water quenching the forged
billet immedi ately after the hot forgifag. 19. The nethod of claim?9
wherein the hot forged product is fabricated into a square billet prior to
the equal ch&afnel fanmgihac dxo&lsEEniPYIHENIoNgRElSTPIATY being a cast

i ngot of dianeter do and | ength ho; .the hot, f.orging.of t i.ngot formng
the hot forged prddG¥e a3t 'érr“ﬁaoﬁé’"’ﬁ?°ée'?%P‘gi@fc?%ﬂﬁgbeq()rfﬁ@ﬁgrfgt‘ér do and

t hi ckness h and frhoom %bﬁ@ LRy ﬁﬁ“ﬁﬂgmﬁw%t Wo.:0ppasthd eitsd des 1afgitide hot

forged product are tenoved In su ner to formthe square billet

havi ng <d;Riig "t‘ﬁ@%g%‘&i 60y & eepondicagrotioct he thickness of the billet for
equal channel angular extrusion and the width A corre?pondi ng t
a

o the
di mensi on of the soudeeiing |36 ot TosgRfl PElakhele SRHA aF 8T usi8h="t he
di nensi ons of the cast ingot .and the forged _hill.et. bei - t he
f or nul a8Xiruper, 19 éwmd%‘EZﬁP{ ;e;rgle_oﬁ{oé'_c‘} Q%O?RAGEJ&E%%%S ﬁ%g@%{ f}ﬁge olcl aim

9 in whighhDe-hagol COMdPes:Ia0inEes erdiaahavingiin 1 dopepattee abfeastat i ¢
recrystal I'zation; and in which thé equal channel angul ar extrusion is

per f or meglo atiii@r dre mrecsibus enbed erceitberEnpen Atilly @ SUFCIEY fijrpber of passes
recrystallization and at ﬁ’ ss%%}e ,ﬁ.uf f,i $i e te,to provi de uni form plastic
flow, HnECURWS 2 RAMFBINS Y ERT HFOVIYE U§nani ¢ recrystal i zaiion during

the equal channel yangigigsd extkESESRPrisiAd. inferrRidwid afndaboi peticrg 1aa
article conprising: providing a cast ingot, the cast i n[got con ri,{si ng a
cast i nGett @md ewicahg exiolsnnnibeiingrnedictaraaephe SAPT RSP FRGHE hat er i al

at a first tenperature, nﬂdf t1 sufficient to dissolve all
preci pi taé{fsé?sg%ﬁéﬁrﬁﬁfetrﬁg'ﬁ%ﬁb‘er‘éﬁlgéﬁta%ﬁgsﬁgs";%% honogeni zi ng the ingot; hot

forcing of the ingplard@=guadycRe @xbhotict ongedal mipe;spedfeanadhw®el angul ar
extruding the hot forged ingot at a tenperature

24 A method for febricgiing 2n aricle, cemprising:
providing an ingoi;

subjecting seid ingot to from four fo six passes of egua! channel

angular extrusion to form an exiruded material;

intermediate annealing between at least some of the 4 1o six
pzsses to produce precipitaies within the exiruded material, and

manufecturing the exiruded materiz! into 2 spufiering terget.

55  The method of cleim 24 wherein the sputtering iarget has an

average grain size of less than one micron.

26  The meihod of claim 24 wherein the sputtering 1arget has 2n

. average grein size grester than or equel to 1 micron.

27 The method of claim 24 wherein the manufacturing produces @

monelithic iarget.




bel ow the first tenperature to produce an extruded material; prodgchﬁaﬂa
sputtering Large! fromthe extruded material; and annealing aftedbfl Mg
the sputtering Target, the annealing conprising gradient annealing
performed by exposing a surface of the“sputtering target to a healing
condi tion and exposing an opposite target surface to a cooling conditjon.
22. A method d6cor dinegmedhasd af ghem 44 whewhn dhe 11! goati&se dnnedl $1gtof

the target is.perfo directly iin a sputtering mchine at sputtering
conditidﬁsTaﬁéﬁoﬁ€=gﬁﬁﬂ?i%5=égp¥aﬁgﬁtion run. 23. A method of making 2
sputtering target conprising: providing a cask ingot with a

| ength-to-dianmeter ratio up to 2 hot forging said ingot to elimnate cast
defects, the hot fdarg r@gthddofmcigmt he virngeoin it vicat hohsiktr geteqradidud tz;

subj ecting said hot forged product io equal channel angular extrusign to

f or m t hehigbtpidy gediar edifee 1B @RtPUded FHiept alumpHE, SQIFRET. THannel
angul ar qxgrusionli clqu .a first extrusion with 1 to 5 passes at | east
two di f fRFEHYTHITPRER" OnS "ENda second extrusion with a sufficient nunber of
passes to develop a dynam cally recrystallized structure; d. the method
further conprising internedi ate annealing between the first and second
extrusions, tB8.intermetict doarprdidling phedirRdwg Y egi prélateaiesp! alp¥r age
di anmeter_ | ess than ahout O.1lprrm and e. nanufacturing the extruded

mat er i al “PHPISHS G $EPP RS target. 24. A method for fabricating an

article, comppisiiBRig a BEOVINGIdIE @BnifiEMg = HkiReidRD SRIdkliggot to from
four to six passes of equal channel = angular extrusion to forman extruded
mat eri al ; i nt pEnfEdininea aakainaTy itset weehcamprisinst swoRelings theneesd Palegrk

passes to produce.precipitates W thin e.extr rlal; and
manuf actil?rT‘p‘?{SI’?H%]@?P?J%L&%&%‘% "ém".rﬁ%@%’ééu?ﬁgﬁ‘.°g‘gﬁ‘5’?é¢gget . 25. The
met hod of cl aime24inshgeabrmidie tispuirtaningy t aegeteltasaminavenejectpmarh si ze

of less than one mnicron.
zngular  exirusiocn rowies

¥

for defining predeiermined shear pianes and
crysigllogrephic directions in the alloy,

selecting at least 2 route from the defined routes for plastically deforming
the ailoy during equal channel angular exirusion; and

subjecting ihe allov 1o 3 predetermined number of passes through the

selected routes.

34. The method of cleim 30 further comprising intermediate annealing

between at lezst some of the passes.

32,  The method of claim 31 wherein the inlermedisle annealing

cComprises recovery annealing.
33, The method of cleim 31 wherein ihe iniermediale annealing
comprises recrysializetion annezling at the beginning iemperature of siatic

recrysizliizaiion.

Z4. The meilod of claim 31 wherein the iniermedizie annealing




26. The nmethod of claim 24 wherein the sputtering Target has an av%;ﬁt'ﬂ]e
grain size greater than or equal to | mcron. 27 . The nethod of di Ll
wherein the manufacturing produces a npnolithic target. 28. The net hod of
cl aim 24 wherein the ingot conprises e{east one of A, Ti, Cu, Ta, N,
Nag, Au, Ag, and Pt.. . 29. The_ nethod of claim24. wherein the i :

consi st sc%@@é'ﬁ’?? a{q%/w%f‘ﬁ‘zia”ﬂ? ofif TR S et a‘len%pqugb%dcﬁrj\é% 1’?‘?}@ bggﬁhg@

consi st | Wninum: - conpefs)igekd. platinum nickel, 2nd titanium 30.
A et hod%é@érgg%ﬁ%wméqfﬁg te>]<2%ur e of a cast material alloy, conprising
the steps of: providing a cast material conprising a non-ferrous based
alloy, performng a prelimnary treatment conprising subjecti ngE t he cast
material to 86l utildm Ziedkoced ciml Fadtrieie RPN gt 7R CAREF THGIEC

forging; after the performng the prelimnary treatnent, defining equal
channel E\H‘E&fleél‘)fé))?‘tsgﬁ§i B%”?rgﬂf‘@?nf6’?”50"elllnigrlzf%%m§r” det er ni ned shear planes

and crystallographic directions in the alloy; selecting at |east a route
fromthe defined routes for plastically deformng The alloy during equal
channel angul 86. extTrhssirenhodind chirbj Fcwhateit Hee ahheg!it® U§2PN 8 0et @AY R
nunber of passes through the selected routes. 31. The nethod of claim 30
further EOEISPRGEFATSr medi ate annealing between at | east sone of the
passes. 32. The nmethod of claim 31 wherein the internedi ate annealing
conprises recovery annealing. 33. The nethod of claim 31 wherein the

i ntermedi at e &dneal Thmgmaibogp ol sEsmrEcrpsteinithe &ningalianveaimMRg! aPmPHeES

begi nni ngectr-?sqg Jrzaa i%%ea%%egﬁr?gflgt a temperature corresponding 1o ihe beginning

temperzature of static recrystallization,

ZEB. The method of cleim 35 wherein ihe annealing freetment comprises
recrystallization annezling 21 a temperature 2t or sbove the iemperature of Tull

static recrystallization.

39. A method for conirolling the iexiure of a cast meterial alloy,
comprising the sieps of:

providing 2 casi melerial comprising 2 non-ferrous hased zlloy,

performing a preliminary treziment comprising subjeciing the cast malerial
to al least one of hemogenizing, and hot ferging;

after TBe performing ihe preiiminary treaiment; defining egual channel
angular  exirusion rouies for defining predetermingd shear planes eand
crystzllographic direciions in the slloy,

seleciing &t least one rouie from ihe defined routes for processing the
alloy; .
orocessing the alloy through the selected a1 leasi one rouvie; end
recovery znnezling the alloy 2t 2 lemperature range and 2 iime periog

deiermined for the azlioy for obiaining subsientially uniform grain size, globel

microsirucivie nd lexture.




recrystallization. 34. The nmethod of claim 31 wherein the internedi g;@N |
anneal ing conprises recrystallization annealing al a tenperature ab) tzlqltle
begi nning tenperature of static recrystallization. 35. The nethod of
claim30 further conprising, after the‘predeterm ned nunber of passes,
perform ng an annealing treatnent. 36. The nmethod of claim35 wherein the
anneal i ng tr e nent TEAPEG Ses INHEEEUE Jnahmeal§ fyO/UiPP. OTRe Chet ABES ¢l ai m
35 wherei,n the anneal jng treatment conprises recrystallization annealing

at a teEVater®e8Id Bdfifng to the beginning tenperature of static

recrystalli zatiQfying 385 healPOd:Bfisifhal Ab35cmbes ebBet Bognneal i ng

treatment conprises” recrystallizafion annealing at a tenperature at or
above the tenpefatting oprdluihanstradince Mecrvstiahy iszatdwding thagesAMsEdd f or
controlling the texture of a cast materi al ||O§, _conprising the steps of:
provi di i§ 3 |easitieaRidhaPoenRPid: SiChEP aNeo?d &PIUGGEWHEed al | oy  perforni ng
a prelimnary_treatment .conprisin [ c mat erial chbenat

| east one of FOND ?‘li%rﬁﬂ,m Ad eogrﬁﬁgﬁélghé;ﬂ%@%ﬁtt ﬁghglel for'méné: t he

preli m nargsr eakiredibn debidy n%ﬁ%lni?aﬂf@jeie&ﬁwdar stesdtrr usieomes r auties for
defining predeterm ned shear planes an crystall ographic directions in the
al | oy; seveelogrprtc beastomnme ¥ewrl®yf rom t he defined routes for processing

the alloy; processin t@e | oy thraugh the., t891e%,tfdre]§§3tc99£'i%ortﬂle'te?
and recovery %\%’ﬁ’éiﬂ?%ﬂ ﬁé?éjlnleog/oué? ' rg?e%ﬁe?%ﬁ'{’ﬁe% ‘Fange and a Iimé period
determ nggyfor the alloy for obtaining substantially uniformagrain size,
gl obal mcrostructure and texture.

processing the alloy through the selected at least one route;

recovery ennealing the slloy at 2 temperature renge and a time period

deiermined for the slioy; and
jurther recovery ennealing the allcy 2t 3 lempersiure grester ihan

rmraximum temperaiure of the tempersture rance.

41. A method for controlling the texture of a cast maierial alloy,
comprising the steps of:

previding e cast material comprising 8 non-ferrous based alloy;

heot-forging the cast materizl,

defining equal channel angular exirusion rovies for defining predetermined
shezr planes and crysiallographic directions in the altoy;

seleciing =t least one rouvie from the defined routes for processing the
alloy,

processing the alloy by performing at least one pass through the selected
zt least one route;

=fier the processing, intermediate annezling the alicy,

sfer the intermediaie snnezling, performing ot least one additional pass
through the selecied al least cne route; and

post-exirusion processing the alloy to cresle a specific texiure, a uniiorm

orain size and 2 high texiure sirengih for 1he alloy.




40. A method for influencing the texture evolution of a cast material

al | oy, conprising the steps~ providing a cast material conprising alb JUN 2004
non-ferrous based alloy; performng a,prelimnary treatnment conprising
subjecting the cast material to at |edst two of honogenizing, hot forging
and solutionizing; _after The performng the prelimnary treatnent, defining
equal channel4Zangubh&r Te&iodsi®ncleousdd fdrerdst i thiengnisredétzes neneee 'sBear

pl anes and Q%¥§t |l ographic directions in the allo 'ﬁselgpﬁjn at | east
bne. T out® FPIERTT RL 'GeT id T Gilt SSOVBY ettt iy THEAMEost it ORRLEITg t he
alloy theppahothie sol eqbfd Alcdeanl-ape ot ec) Go0velNiAMeR/dng: g all oy
at a tenperature range and a tine perriod etermned for the alloy; and
further grezalier. anneal ing the alloy al a tenperature greater than maxi num
tenperature of the tenperature range. 41. A nethod for controlling the

texture of a cast material alloy, conprising the steps of: providing a

cast material ,gonprising.a non-ferro based al\l oy: . -farg e cast
material ;- def'ﬁﬁi ngFrlgﬁu I Tﬁ%%nﬂTeIC?adegﬁa}[‘%gﬁ'Pu_Lrleo _Dr"g%%glsjsﬁ‘ gr lp([r}g(felt“ﬁﬁ?g
- r edet erdiragfs es heaforplinges paRUesysital 0EARRI Gedirhest i1ABSpdN-diQsRIn OY;
selecting at | east one route fromthe defined routes for processing the

al | oy; prioEadisiongompesild olyicmy! peef o o) iegoseny easeaime Bagsnedivughinehe

sel ecte at | east one.route, after the processing,. jnternediate, al i ng
the al | REOMRY GBI ERY B olekiply & TR HG PaT For M Rl Sebase i gRe "
addi ti ongini@wp. through the selected at |east one route; and

post - extrusi on processing the alloy to crease a specific texture, a uniform
gain size and a high texture strength for the all oy. 42. The net hod of

claim 4l Whergjﬂf.n t Q‘enj.é%grﬁ ?89%8&1%@5‘8?% i’r&gure of a cast materiai alloy, which

comprises the steps of:
oroviding e cest material comprising a non-ierrous bzsed ailoy;
performing 2 preliminary treaiment comprising subjeciing the czsl mazterial
1o solutionizing and et least one of homogenizing, and hot forging;
after the periorming ithe preliminary treatment, defining equal channel

&

anguler exrusion rToutes for defining predetermined shear planes and
crysialiographic directions in the alloy,

selecting at least one route from the defined routes for processing the
zlioy; i |

processing the alloy thiough the selected =zt least one route,; and

further processing the alloy under equal charnel angular extrusion in order
{0 creste = specific iexture, a uniform grain size end 2 high iexivre strength for

ihe glloy.

45  The method of claim 44 further comprising performing iniermedizie
annealing, the intfermedizie znnealing comprising at leasi one of a) recovery

annezling, B) annezling a1 ihe beginning femperziure of siaiic recrysigllizetion,

and C) full siziic recrysiallization annezling.




cornpnses at | east one of a) recovery annealing, B) annealing at the
beginning tenperature of static recrystallization, and C full st ij[m 7004
recrystallization annealing. 43. The pethod of claim4l wherein t
post-extrusi on processi ng corrprl ses pefform ng a post extrusion anneal i ng.

treat nent, posL extrusi on nea i ng onpri si ng n a)
recovery anneﬁ‘ ing! NB) TGN ?" 21 fhe ﬂ%@él T HB nB%ﬁgsth@ %f eéfiatl c
recrystal ian,_.a sstrat LCosr | R I 144, A
ot hod FOFVER PO ”"O%t”é-‘x%ﬁh% SRR R b R

conpri seset @edﬁi@ﬁﬁfee\ff znREANHEl Mogameast drahertsalincdogpeinpieng uee ndrefier r ous
based alloy, ‘performng a prelinmnary treatnent conprising subj ecting the
cast matetivalziitaigoland Ohil sglamecratisligaden ghecsfnGonogeni zi ng, and hot

forging; after the performng the prelimnary treatnent, defining equal
channel angul ar extrusion routes for defining predet erm' ned shear pl anes

and crystal | ogy aph%%ﬁhﬂe‘ﬁ%'@ﬂ% iBrrhd@nahl 8)as68lB61i4NtAEohpasingone rout e

fromthe defined routes or proceSS| ng the al I oy. processing the alloy
t hrough the sel ected a ast g ezl | oy
under equal channef ¥f anxtrus r% Ern1h% der %%%{:r%?%??dpgec% ¢

texture, aunlformgraln si ze and hTexture strength for the aIon.
45. The WTRLR Q1S €I PASAR Oﬁ@r’?ﬂ@ﬁ'@fﬁ%@ ng performng internediate
anneal ing, the intermedi ate annealing conprising at | east one of a)
recovery anneal i ng,sustianimalbicagcanf pW@Sbeglldﬁrﬁnfblﬂté#ﬁé'lﬁat&@ e of static
recrystallization, and C) full static recrystallization annealing. 16 JUN

2004 45, The met hoantﬁveeia@e Wrdi dize bhekss epaprEbsiung ey frer fErgel laeposen
extrusi on annealing treatnent, the post-extrusion annealing conprising at

| east m}ﬁ,égl?s)ug RCQVELYe ?Jﬁﬁ@& LRG s r%}n:ﬁﬁrm@ drfien abaitiberbegismeag

tenperature o tic rec allization, C full static
recrystallization anneali ng.

28, The spuitering 1arget of claim 47 comprising one cr more of Al, Ti,

Cu, Ta, Ni, Mo, Au, Ag, and P1.

4G, The sputtering 1arget of claim 47 comprising an zlloy which includes

=t least one of Al, Ti, Cu, Ts, Ni, Mo, Au, Ag and P1.

50. The sputiering target of cleim 47 further comprising 2 subsiantial

absence ol precipiiaies.

51.  The sputiering terget of claim 47 further comprising 2 subsiantialiy

uniform siruclure and texture 2t any locetion.




47. A sputtering target formed froma cast material and conpri sing: ) }{jNejﬂm
strength of greater than 50 nega Pascal (MP), and an wultinmate tensile
strength of greater than 125 MP; a substantial absence of pores, voids and
i nclusions, and an average grain size of |less than about 1 pm the target
having an anneal ed upper surface portion and a remaining portion that is
un- anneal ed. 5248. Titre sgpiictiopilaget & getimof / dLal @ A7TEHRPIT SiSHGSHIBAH Mor e
of Al; Ti., Cu, Ta. N, M, Au, fig, and Pt. 49. The sputtering target of
cl ai m4ﬁo%ggﬂﬁsddg @ﬂpgg_ﬁigy, MirGhotditdudes at | east one of A, Ti, Cu, Ta,
Ni, Mo, Au, "Ag and Pt. 50. The Sputtering target of claim47 further
conprising a substantial absence of precipitates. 51. The sputtering
target of claim47 further conprising a substantially uniformstructure and
texture at any location. 52. The sputtering target of clajm 47 Eurther
conprising 2 $bstHme isabligringdmagentoasn danpbeiett 8RTaNEN§!d HER918n.  53.
The Sputtering target of claim47 wherein both the yield strength and the

ul ti mat gnHeAsihhiemSts eaediB Areh g eat gfedibathal2B2VRIP. 54. The sputtering
target of claim47 wherein both the yield strength and the ultinmate

tensile strength are greater than 150 MP. 55. An alloy conprising a
random zed m crostructure and 2 texture with a substantially uniformgrain

si ze; said all oy ing a, non-iron based.alloy r ] - ih
material by aédmst Egﬁecﬁ%rggnﬁr%%Teoifféjﬁﬁg G :vdﬁfﬁﬂﬁﬁggéqég{ﬁlgh%ﬁe%

angul ar -ayt:kus| O OUE BS|el fFefiehiné RgeEpdeirer B nerl  shear planes and
crystal lographic directions in the alloy; sel ecting at | east one route from

the defined routes for plastically

55.  An alioy comprising = randomized microsiructuie and 2 texiure wiih
a subsieniizlly uniform grain size; szid alloy being a non-iron bzsed alloy
croduced from s cast materizl by & method comprising ihe steps of:

defining equal channel angular extrusion routes for defining precetermined
shezar planes and crysia]lograph“ic oireciions in the alloy;

selecting 2t lezst one rouie from the defined routes jor plasiically
deforming the alioy during equal channel angular extrusion; snd

subjecting the alloy to a predelermined number of passes ihrough the

selected =t least one rouie, the resuliing alioy being precipitete iree.

56.  The alloy of claim 55 wherein ihe alloy comprises af least one of Al

Cu, Ta, Ni, Mg, Ag, Au, and PL

57. The zloy of cleim 55 wherein the alioy has an orieniation

distribuiion function (ODF) of less than 7000 mra.

58.  The alloy of claim 55 wherein the svbstanhaly pniform orain size is

less ithan ebout 1 micron.




deform ng the alloy during equal channel angul ar extrusion, and SUbfgﬁhjﬂﬂ&
the alloy to a predeterm ned nunber of passes through the selected

| east one route, the resulting alloy being precipitate free. 56. The alloy
of claim55 wherein the alloy conprised’at |east one of Al, Cu, T a, N,
M, Ag, Au, and Pt. 57. T he alloy of claimb55 wherein the alloy has an
orientation @estrilhe izdoy faindéinos S GDE)eioforbessot hahsiz008\m @1 CITB8Z€The
all oy of claim55 wherein the substantially uniformgrain size is |ess

t han abotRMP/igEertontie alisy el WEX 8y S6¥€1 ai m 55 wherein grains of
substantially uniformsize conprised by the alloy are eguiaxed grains.

60. The alloy of claimb55 wherein the predeterm ned nunber of passes is
from4 to 6 pagses.Thdilloyhe crlihoys eheediaiimeIheubiereired heraledr a@f peorgr i ses
Al. 62. An alloy conprising a strong texture; said alloy being a non-iron
based al lzdycmprédtiuCerbsaesm a cast material by a nmethod conprising the steps
of : defining equal channel angul ar extrusion routes for defining
predeterm ned shear planes and crystallographic directions in the all oy;
sel ecting at lgast g an%%ﬁc!%rrﬁ@st\hﬁe@rﬁ hﬁl@gnw%ﬁgr&@é Mlastically
deform ng the alloy during equal channel angul ar extrusion-, and subjecting
the alloy to a predeterm ned nunber of passes through the selected at

| east one route, the allo nprjsin un

| . uniformy distributed d-_ph
pr eci pi tat es, Bhe. dMT Y Haw g B9 EaSTTNIET e Y (AeV PE Br aderlt That

was  not bggééeé?lbygi}obnge@?f%i‘n ARier hakeAs 19F b GhBbE X os@Sising e 8fepseast one
type of texture eing selected fromthe dgroup consisting of 11111). 5140},

{120), {130), def@dip eqpaBdanre252plal 2xBusiomRgies ke OEfindmPELRy mINe

shear plenes and crystallographic direciions in the alioy;

seleciing &t least one route from ihe defined routes for plastically
deforming the 2oy duning equzl channel angular e%(trusio'n; ano

subjecting the zlloy to s predetermined nﬁmber of passes through 1he
selecied =t least one roule, the alloy comprisingiuniform]y distributed second-
phase precipitetes, ihe glloy having at least one type of texture present that was
not present in ine casi maierial as originally cast, the 2t least one fype of texiure
being selecied from the group consisting of {117}, {140}, {120}, {130}, {123},
{133}, {252}, {218}, {223}, {205} end {146).

B83. The alloy of claim 62 wherein ihe uniformly distribuled second-

phase precipitates have a precipiizie size of less than about 1 micron.

84. The zlloy of claim 62 wherein the uniformly distribuied seconc-
phase precipiteles have sn average precipitaie diemeler of iess than 0.5

microns.

85. The zlloy of claim 62 wherein the uniformly distribuied secono-

phzse precipitaies have an average precipiieie diameler of less ihan 0.1

MIHCrons,




63. The alloy of claim62 wherein the uniformy distributed second- Eqﬁﬁﬁ .
preci pitates have a precipitate size of |less than about 1 mcron. bl @
alloy of claim62 wherein the uniformy_distributed second- phase

preci pitates have an average precipitate diameter of less than 0.5

mcrons. 65. The alloy of claim52 wherein the uniformy distributed
second- phase §freci pit aliey dHav@mah? avieragethpr peideitratieediraumiasr oiafaskess
than 0.1 mcrons. 66, The alloy of claim®62 wherein the predeterm ned
nunber of“padséEs T“&%‘nﬁr‘-‘f Sé¥FESM | to 4 passes. 67. The alloy of claim62
wherein the 21l cy conprises at |east one of Al, Cu, Ta, N, M, Ag, Au,
and Pt. 68. The alloy of claim62 wherein the alloy has an orientation

di stribution famctiohe OB 'of cafirPpst werheitQhE QA )T btk 202 008s M 6k of £9. The

alloy of claim62 wherein the alloy has an. orientation distribution

f unct i on (ED)E)Niof g risatis.td3ahPor equal to 20,000 nrd. 70. The alloy of
claim62 wherein the alloy has an orientation distribution function (CODF)
of from about 7,000 to about 10,000 nrd. 71. The alloy of claim 62 wherein

the alloy conmg sesTht. sidy. oAk|ginh OF2 CQIMRFARI MG SURS antd akh Y ofiaRdosh
textures; said alloy being a non-iron based alloy produced by a nethod

conpri si AtptiikeTiat dpaclist (CfeF) af hgtveranal 0,66amel 2an@OLRI0 exer usi on rout es
for defining predeterm ned shear planes and crystallographic directions in
the alloy; selecting at | east one route fromthe defined routes for

plastically dgdornTRg kii6y abl =@M ENOweGHEH eNanBpby angdll a5 eXERFSHeN;
~and subjecting the alloy lo a predeterm ned nunber of passes through the
distribuiion funclion (ODF) of greater than or equal o 20,000 mrd.

70.  The alloy of claim B2 wherein the alloy has an orienialion

distribution function (ODF) of frem abeut 7,000 tc about 10,000 mirc.
71, The alloy of claim 62 wherein the alloy comprises Al

72.  An alloy comprising substantizlly random textures; said alloy being
8 non-iran based alloy produced by 2 method comprising the steps of:

oefining equal channegl angular exirusion roules for defining predetermined
shear plenes end cryvsiallographic direclions in the slloy;

selecting a! least one roule from the defined rouies for plastically
deforming the zlloy during eqﬁel channel angular extrusion; and

subjecting the alloy io a predetlermined number of pssses through the
selected 2l lessi one route; ihe zlloy comprising & fine grain size of less than
aboui 7 micron and comprising unifarmly distribuled fine precipiiaies having an

sverzge diameier of less than 0.5 microns.

73.  The sllcy of claim 72 wherein the zlloy comprises 2t least one of Al

Cu, Ta, Ni, Mo, Ag, Au, 2nd PL.




sel ected at Ieast one route; the alloy conprising a fine grain size of | ﬁﬁslﬂﬂ'.
than about "} micron and conprising uniformy distributed fine 16
precipitates having an average dianmeter of less than 0.5 microns. 73. The
alloy of claim72 wherein the alloy coifprises at |east one of Al, Cu. Ta,

N, M, Ag, Au, and Pt 74 The alloy of claim 72 wherein the

pr edet er m ned nuntl;?:C scqgfm 7quﬁ)5npse§158mretctia'stm®e€d§§ﬁger Ch7B25Sfite ahoy

of claim 72 wherein 1t"Fl | oy has an orientation distribution function

(ODF) Offo'Jnﬁﬁ§8§ Qarbd@)@ppms@.s 76. The alloy of claim 72 wherein the all oy
conpri se .

i 2 as an orientstion
s The =zlioy of claim 72 wherein ihe zlloy has an Crensio

disiribution function (ODF) of less thzn 7000 mra.

76 The alloy of claim 72 wherein the alloy comprises Al




