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be cal cul ated by mat hemati cal inversion of several erent pole es
(H.-J. description of the arrangement of all crystallites with respect to a specific coordinate

system, such as the rolling direction, transverse direction, and normal direction of a rolled

20  plate (H.J. Bunge, Introduction to Quantitative Texture Analysis, Advances and
Applications of Quantitative Texture Analysis, H.J. Bunge and C. Esling (eds.) DGM
Informationsgesellschaft mbH, Oberursel, Germany, pp. 3-18, 1991; H.J. Bunge,
Representation and Interpretation of Orientation Distribution Functions, Advances and
Applications of Quantitative Texture Analysis, H.J. Bunge and C. Esling (eds.) DGM

25  Informationsgesellschaft mbH, Oberursel, Germany, pp. 19-48, 1991), both incorporated
in their entirety herein by reference.

Conventionally, diffraction techniques are used for determining the preferred
orientation of materials. These methods generate pole figures, a 2-dimensional
representation of the distribution of a normal (i.e. pole) of a specific atomic plane about

30  the measurement surface of the sample. A 3-dimensional description of the texture can
then be calculated by mathematical inversion of severai different pole figures (H.-J.

Bunge, Texture Analysis in Materials Science, Cuvillier Verlag, Gottingen, Germany, pp.



Bunge, Texture Analysis in Materials Science, Cuvillier Verlag, Gottingen,
Germany, pp. WO 02/ 25271 PCT/US01/29235 2 2-118, 1993), incorporated in
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deternmined fromdiscrete orientation data (S. Matthies and Vinel, On
Sone 20 1999), all incorporated in their entirety herein by reference. An efficient and rehable means

of revealing texture homogeneity is to use Orientation Imaging Microscopy (OIM). With
OIM, the orientation of each individual crystallite can be determined by probing with an
electron beam and then indexing the resultant Kikuchi pattern (B.L. Adams, D.L. Dingley,
K. Kunze, and S.I. Wright, Orientation Imaging Microscopy: New Possibilities for
25 Microstructural Investigations Using Automated BKD Analysis, Materials Science Forum,
Vol. 157-162, pp.31-42, 1994; Advanced Materials Analysis Via Orientation Imaging
Microscopy (OIM), TSL._ Technical Note, TexSEM Laboratories, Draper, UT), both
incorporated in their entirety herein by reference. The global texture can then be roughly
determined from discrete orientation data (S. Matthies and G.W. Vinel, On Some °
30  Methodical Developments Concerning Calculations Performed Directly in the Orientation
Space, Materials Science Forum, Vol. 157-162, pp.1641-1646, 1994), incorporated in its

entirety herein by reference.
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present invention will be set forth in part in
SUMMARY OF THE PRESENT INVENTION
20 A feature of the present invention is to provide a method for quantifying texture

homogeneity in polycrystalline material.
Another feature of the present invention is to provide methods to predict the
sputtering reliability of sputtering targets.
A further feature of the present invention is to provide a method to create an
25  objective determination of texture homogeneity for use as an fndustry standard.
An additional feature of the present invention is to provide a system to quantify
texture homogeneity in polycrystalline material.
Additional features and advantages of the present invention will be set forth in part in
the description that follows, and in part will be apparent from the description, or may be
30 learned by practice of the present invention. The objectives and other advantages of the
present invention will be realized and attained by means of the elements and combinations

particularly pointed out in the description and appended claims.



t he description that follows, and in part wll be apparent fromthe
description, or may be 30 |learned by practice of the present invention.
The obj ectvigvepssiid ot her advant ages of the present i nvent ipgr/idohhol3e
realized and attai ned by neans of the elenents and conbi nati ons
particularly pointed out in the descripyui on and appended cl ainms. WO
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ef fici ency of a ZE g,%?t and a nunber close to zero represents a target
that ha&® coff¥Pdy 8hndiBEk t ering efficiency. The present invention al so

relates to a systiRprdsert ikhéaildn D136 rBited 1 th@XIdUb Bredict the sputtering reliability of a
target that involves quantifying the texture homogeneity of the target by taking a cross-

section of the target for sampling purposes and obtaining the texture banding of the sample.
The texture measurement then provides a predictive value as to the sputtering efficiency of a

25  target and a number close to zero represents a target that has consistent sputtering efficiency.
The present invention also relates to a system for quantifying the texture
homogeneity of a polycrystalline material which includes a scanning orientation imaging
microscope or other device that measures crystal orientations, such as x-ray micro-
diffraction, and means to determine the average misorientation of each measured increment
30  throughout the thickness of the material being tested and means to determine a texture
homogeneity by taking the second derivative of the average misorientation of each measured

increment through the thickness of the material being tested.
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pol ycrystalline material 25 shown in Figure 3.
elongated grains.

Figure 3 is an orientation map of the same sample shown in Figure 2 that was
20  obtained using stage-controlled scanning orientation imaging microscopy.
Figure 4 is a chart providing the average misorientation of each increment versus the
thickness of a polycrystalline material provided in Figure 3.
Figure 5 provides the results of taking the first derivative of the average
misorientation of each increment throughout the thickness of a polycrystalline material
25  shown in Figure 3.
Figure 6 is a chart of the second derivative function resulting from the average
misorientation of each increment of the polycrystalline material shown in Figure 3.
Figure 7 is a photograph of a tantalum sputtering target that had been rejected for
producing film having thickness uniformity of greater that +/- 5%.
30 Figure 8 is the orientation map revealing textural bands through the transverse

section of the tantalum sputtering target shown in Figure 7.



Figure 6 is a chart of the second derivative function resulting fromthe
average msorientation of each increnent of the polycrystalline materi al

shown in Wwigore23. Figure 7 is a photograph of a tantal umppuidogndizg tar get
that had been rejected for producing film having thickness uniformty of
greater that +/- 5% 30 Figure 8 is thegorientation map revealing textural
bands through the transverse section of the tantalum sputtering target
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DESCRI PTI ON OF Tk 3 e nt.inventipn relates to a
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been cold rolled to gauge, level rolled flat, and then recrystallized.
Figure 17 shows the orientation map of a transverse sample of tantalum plate taken
from the same i)roduction lot as the sample shown in Figure 16, that had been cold rolled to

20  gauge, and then recrystallized without level rolling.

DRETAILED DESCRIPTION OF THE PRESENT INVENTION
The present invention relates to a method and system for quantifying the texture
homogeneity of polycrystalline materials. The polycrystalline material can be any material
25  having polycrystalline characteristics. Preferably, the polycrystalline material is a metal or a
ceramic. Metal-containing materials that have polycrystalline characteristics can also be used
in the present invention such as alloys and the like. Preferably, the polycrystalline material is
a valve metal such as tantalum, niobium, or alloys thereof.
In the present invention, a polycrystalline material can be tested to quantify the
30 texture homogéneity of the polycrystalline material. A sample of the polycrystalline material
can be used to make such a determination and preferably the sample is a cross-section of the

polycrystalline material representing the thickness of the polycrystalline material. In the



ceram c. Metal-containing naterials that have pol ycrystalline
characteristics can also be used in the present invention such as alloys
and t he |Wweonataferably, the polycrystalline material is p@E/ivahyesget al
such as tantalum niobium or alloys thereof. In the present invention, a
pol ycrystal line material can be tested o quantify the 30 texture
holrmgeneit?/}npf the pol %/écrystal hi ne g;ltfri al. A sa&pl eg[g(; the . 4

po yCryS a . . o [ . A

preferably t'ﬁﬂggqsgfr%l@ie)fei élt gﬁ%?gs’?ﬂg%ct icolgdo tﬁ%gﬁposl%g/ecr y?{hgr?ﬁleﬁel%@ée]ri al
repr esent i ngriankgion [sht kaesy aditraribeassighsicorjentatibn.i Hes mamberi isllsimply usedeas\iD
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sanpl e coor diiangtien Systleny diratly exidimleegrthagdn@D $gmfle podréinkts sysan ofhennal,

anal yzi ng t{ransver Se .stecti ops of cubic netals since the reference

ori ent at i on"EEYFE AL CENEEEFYP i th the orthogonal sanpl e coordinate
system of nor malThe shmpl&?o\f&fe%ﬁlgc@ﬂdllihefrﬁfeﬁﬁllc‘cﬁn galz a@o?ieébapableTmeﬁg@gdnﬁ%@f the
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orientati onLY REGTHP MRS e BO6PPYo Ph &P ehERel PR otha iRl &S aFeicrbly a
preferabty samplOreprEdtifs (RRHBRAMELIRS dMiRe S driLallidd RHEST Sn@havidder width
polycrystal line nmateri a% and having a W dth of about 1 1/4" or 1ess.
General |y, efbodfilz¢” of legshEergipyl e wizalpfthopanpleywirth will genpally bestestricted t o

i or oscope. b Senar e QR e AR 1k VR IARGH AR HiGo IRAb e
present i nvénvidesan sias. Prestmplebinthe mathné df theiptesend inveatin, isgreferablpseanneh

i maging mc 0, . i iLentations,of. a 15 |tiplicity
of grarns. AL ioRfutfe SR B ELT rBOSoB S Bha 1R Bt el st e
wi dth of theltiplop & gaaick. The eangh poit otibreatidnk alcrpestsrablf obfamed acrpdsahe width
pre-determn i ncrenments. . Thu a_ two-diensignal type scap.is achieved
in the pref & P8 BYE ALY iﬂgﬂu%lf’utttﬁ% t%?lﬁgncgjtggwl@ﬁ? ?%Wf'dﬁﬁff’élln%lnﬁre&eaﬁni ng
across the Thusphewadinémioasghsuiicat Readiidved & theipedeaeaSotatiohef tisappiea: The
nunber of grains that are scanned to obtain aﬁt ual%‘gol e grientations can be

20 based on™FRIOBRATIY: FECHAINE 2GS NS SARRLT andcfhronghauy thseptie thicknsesiths

determ ne t fgndleXthe mBmber S¥dr@ing t1af akeBanBd & bisthin aBMEBT Yol bAbdRktioRs EAiEpaM dt h
of the sanple can be scanned or a pole orientation can be obtai ned based

on a pr&? debasehPmdls apael agdaty poigt %é?ireddﬂél svertslly usetstozietsaming g (pxto0t h
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orientation can be obtained based on a pre-determined spacing. In other words,\ for
instance, every 100™ grain can be measured or any other type of desired spacing. Similarly,
the increment of thickness which are measured can be any spacing equal to or greater than
25  the nominal grain size of the polycrystalline material. The scanning orientation imaging
microscope has settings to determine such spacing across the sample and/or through the
increments of thickness. Increment spacing can be selected if the nominal grain size of the
sample has been predetermined by other means, such as optical microscopy. The scanning
orientation imaging microscope can be a stage-controlled scanning orientation imaging
30  microscope or a beam controlled scanning orientation imaging microscope. Also, for
purposes of the present invention, any other device capable of obtaining actual pole

orientations can be used as a substitute for scanning orientation microscopy, such as, but



the increnment of thickness which are neasured can be any spacing equal to
or greater than 25 the nom nal grain size of the polycrystalline material.
The scannwiga@stgnt ati on i magi ng mcroscope has settings paqgkeieézsne such
spaci ng across the sanple and/or through the increnents of thickness.

| ncrenment spacing can be selected if thg nomnal grain size of the sanple
has been predeterm ned by ot her neans, such as optical mcroscopy. The
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orientation imaging 30 mcroscope or a beam control[ed scanni ng (l’ent ation
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SEM el ectron,beam and a neans of |n(%eX| ng each, Ki kuchi pattern to
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pol ycryss al briidheutioRd @lchdred $orSHhaNNSIEpRsydSS ik efle RRURIned. MEhis QribARESL | ON

di fferences between the reference pole orientation and the actual pole 10
ori ent at i ondiffieieaca fagderdsiernined hymethsmatisal galelatipng pha peageanteancierieherito Thi s
ori ent ati ongi Tkl BOCRAAbINGHUSARL ONLAND ¥idRL A T GRLs 63| Eihfhbens O a
program can be set up to determne the orientation differences. Qice the
ori ent at i onvadie fogeBest & averagel emeyntion gdsorigntatien fiem ttiee reédrdnee polt leieatetimage
amount of mj ' d r qorient.ation. for each

osi 11 on et e bbb At o o LEResp S} e e E b et e
Agai n, 1% tthisslethehmrniomahibomadaby bemathestetiday cacuimioh ermapiogeim hatlvallldatheon or a

programthat ,wil.l dq,the al cyl ati ons. %{I sorientation val ues are assigned
baced on  ne'iant Mottt SHleaicdSiansy 0 & thempe Spistion pecerary
measur ed gr @i dligivitiehpdidef the heagnaegpial tiothe réferesdleof (e kingsie. arfues agpor t ed
in degrees. For each increnment there generally is two or nore

m sori ent at I8N 4ELSRhi ch are 20 averaged together to determne an
average m sori entortehinérBheR idle BRRMUY §LhwioN MEIFE BlisoribRARIHORRME whids are

t hi ckness of the sanPI e being tested. Once this average msorientation is
20  averaged together to determine an average misorientation for each measured increment

throughout the thickness of the sample being tested. Once this average misorientation is
determined, the severity of the texture gradient and textured bands can be obtained by
determining the first and second derivatives respectively of the average misorientation of
each measured increment through the thickness of the material being tested. Again, the
25  average misorientation and the derivatives can be calculated by mathematical formulas or
can be determined by a program that provides the calculations. The texture gradient and
banding numbers obtained by taking the first and second derivative of the average
misorientation of each measured increment throughout the thickness of a polycrystalline
material represent numbers which quantify the texture homogeneity of a polycrystalline
30  material. Each number is preferably zero, which would indicate a texture homogeneity that
is nearly perfect. A texture gradient which is close to zero is generally preferred since it

represents excellent texture homogeneity. Numbers considerably away from zero represent



determ ned, the severity of the texture gradient and textured bands can be
obtained by determning the first and second derivatives respectively of

t he aver age ¢¥:8pri entati on of each measured increnent thruaglsoihess

t hi ckness of the material being tested. Again, the 25 average

m sorientation and the derivatives can ke cal cul ated by mat hemati cal
formulas or can be determ ned by a programthat provides the cal cul ations.
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wel | above zero ,are hi %hlﬁ undesirable in sputtering targets (e.g., value
metal sput t SRy PEEPGR ¥ A% ause the existence of sharp texture bands
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1357- 1362, 1999), incorporated in its entirety herein by reference. In the
present i nveEoi poleienfatian. tapekiist derivetiveanay noplielsraal dcqurige desgiiptionatl thehe
average N o6 B Rkiald M teQlirSR5h fiflertall ' Lefl ects
t he overall chagnge1 ofeg)ﬂfohlg'o g %@?gﬁl{éaﬁ?gwqwgh%tﬁpgmwygttamgg&?%gﬁve may
provi de a t naperajly baurvayiog dhheges e texiture.chhas fpeowm fyodpettainige fitrabstare, thae fir st

derivative n L el cription of the..t.hrough-thickness
texture gr a% é%atl %@é%%léqﬁngﬂggﬁgﬁ% gitglﬁﬁgrr%r & acfg‘ftatl% SPUR e SUPNGY OF Al Bkt er i al
nat ural Ly hHsweerywing thbyarage sighificine xhanges inl the itextlea dromn §rain 6 i oF ifiog, f or

i nstance, that radual , changes_.in texture do no ignificantly affect the
sputtering %Efrfoluf:?aé’ﬁréy(%()tplcg“etsg?gg’ﬁpoi R é?%terWﬁléﬁesgﬁ‘@n iogpieehangss gt cant
changes in tdf@redex bibading@Miglediioh fodntg Tk KahdihgsNBnifyahirp dfanla®Y hangey

t hi ckness of the pal \ﬁcr ystalline matFri,aI , these significant changes are
referred t oMEXBENYIAGOBPAPH teties AL Fains proundrifisqoin aHarnkyadiag dads & ashar p

dramatic Ch?&ﬂ%uﬂérﬂlggﬁ&‘fo%&cmﬁh&%m@h%né Qhé:r?)ﬁaﬂﬂiﬁé shike Qﬁeﬁ'b NRn@hgund
this point. Sharp banding leads to a poor Sputteri n%vperfor mance of that

ar ea hav? ngPohide 3 dissprtinggussshange whigh j5 revwiat i sputtering. When a particular area is

resistant to sputtering, the material will generally not sputter in that vicinity. As a result,

the target will have a poor sputtering efficiency. Accordingly, while gradual changes in
texture generally do not affect the ability of a target to sputter effectively, dramatic
changes in texture which are shown by banding are undesirable and lead to poor
25  performance of the sputtering target. Thus, determining the texture homogeneity of
polycrystalline material is important and being able to quantify the texture homogeneity of
polycrystalline material permits the industry to predict the sputtering efficiency of a target.
Other uses of quantifying the texture homogeneity of polycrystalline material include, but
are not limited to, applications where the materials must undergo severe deformation and

30  strain uniformity throughout the thickness of the part is critical. A
Accordingly, the present invention further relates to a system for quantifying the

texture homogeneity of a polycrystalline material and involves a system for obtaining the
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measur ed throughou ness of ycrystalline materi a
tested; mneathgougheut tlwéhlekrmsmﬁtge lodir,crﬁ%élﬂr@geatmaébfnngmtadi on of each neasured

i ncrement thr 0u9ﬂ 1s5&%tat1tog 1%%9 S&% enaﬂlgl t{zl;g %@ggaﬁgor%pv ua}gcglelzsf 1%{1&%11&1%6)(5[ lg?{ Ie on of

bandi ng by taklng t e secon rrvative-o
each neasur allingnbe anendsiehod tghddthgoduet ok nes sundf vectoes thao lrgpeesyistt @k | polee

materi al bein ttested %Fll onal L); t he fs st can al S(% i ncl ude neans for
det er mi ni ng®t éa Pis Ty 2y QFPQRPTRA, TPrepte r%/ﬂ}eér &Pt Ysial iSERmSHY @ h
measur ed i nesrsideret, the agingiotiagiifude bhihe KResse wtw&dﬁ&wp@hapw@tlawstrmd

mat eri al tested.. The m sorientation angl e between any t
crystal |l ogr g&‘%? éie?}H’Ige‘glﬂ? malezials BVHSaCURYF crysial YRyt Hie Iawem%swha/éw%ﬁy t he

dot product in@fstihgMhbb Inidoeiehtich dnBRbefWRBH ﬁﬁ%mestlb@ppﬁsa&rﬁate@raa%%9%&30“8 in an
ortho-normal reference frane. Wien issues of crystal symetry are

consi def®d, the Trdlg sampleag@P Dutrs asitreniy selpeedascerefreange pele ovipntatigshapsol es i s

restricted. e orientation differences between (001) and the actual measured pole orientation at each

position throughout the samples was detérmined. The analysis region was sufficiently large
so as to allow proper determination of crystallographic texture at any given plane through
the thickness of the plate, and yet sufficiently small so that the pole orientation did not
25  vary significantly. A single value of misorientation from the (001) pole at each point
through the thickness of the plate is then assigned as the arithmetic average of all
individual misorientation value about a common interval of the sample. These values are
then plotted as a function, f7, with distance through the increments of thickness () being
the independent variable and misorientation from (001)(w) being the dependent variable.
30 o = fi(5)
The spatial gradient in the pole orientation at each point through the thickness is

then determined by measuring the derivative of @ with respect to §. The overall change in



Wien dealing with materials having cubic crystal symetry, the maxi num
physi cal ly indistinguishable m sorientation angle between two poles is

appr oxi mafy@J 958218 degrees. 20 In the exanples, (001) was P%rT%gocF;Bgy
selected as a reference pole orientation, and the orientation fferences

bet ween (001) and the actual neasured nge orientation at each position
t hr oughout t he sanples was determ ned. e anal ysi s region was sufficiently

| arge so as_to .al rnlnat on of sta r aphi re at
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val ue of msorientation fromthe (001) Qole at each point through the
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i ndi vi dual misorientation val ue akdut —a |eomubd i nterval of the sanple.

These values are then plotted as a fungtélon, fi, with distance through the

i ncrements of thickness (b) being the I ndependent variable and
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The spatial gradient in the pole orientation at each point through the

t hi cknes3 élang%@rp%ee%mtﬁtwaddm npisyeld @ Hiverns Perier Jeserintiongtt ﬂeeotmwh
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orientati on, O, i s obtained by I nt egratl ng over derivative unction
through t hesameresuiteas opa ghat rotytes back afd ft amEsg variua Silkhelussnlhedmepensiee pl at e

thickness. s Viitncdihd Sudbot! (s Refity U RhELHH s 13O WRElion 3, change

in pole orientation, es not ylreld i'que or proper description o

t hr ough- t hilat&ménsd. T@&Qmr@b@n@@bkﬁﬂmmﬁmgﬂewaumﬂdﬁnamsce@ﬁlIy changi ng pol e
orientation may yield the same result as $ne that rotates back and forth
anong various (hkl) values. To conpe r this deficiency, the nunber
of severity of inflection pointg\ixn_ih |on is determ ned. These
are obtgéned by cal cul ating the secqﬁ t|ve of fr. 1 h ~2 ~v ~ 7 d8
10 A= 7- j ~V(5 h 0 The two val ues, ylelded a quantitative
descrlptlon of the severity of texture gradlents t hrough the plate.

The two values, Q and A, yielded a quantitative description of the severity of texture
gradients through the plate.

As an example of the importance of quantifying texture homogeneity, as shown in

the Examples, the present invention was used to quantify the texture homogeneity of three

15  tantalum sputtering targets. One of the sputtering targets was known to have unacceptable

sputtering performance, the second had undesirable sputtering performance, and the third

was known to have excellent sputtering performance. The unacceptable and undesirable

sputtering targets were thus expected to have a high texture gradient and sharp textural

bands relative to each other and the other sputtering target having excellent sputtering

20  performance. As can be seen in the Examples, the excellent sputtering target had

homogeneity numbers that were significantly lower than the undesirable sputtering target,

which itself had lower homogeneity values than the unacceptable sputtering target, thus

showing the ability of the present invention to not only predict the sputtering efficiency of

a target but also to quantify the texture homogeneity of a polycrystalline material which is

25 helpful in setting industry standards. In other words, companies that use sputtering targets

can now demand that certain sputtering targets have a particular texture gradient as part of

their specifications in order to ensure that they obtain the desired sputtering efficiency of



As an exanple of the inportance of quantifying texture honbgeneity, as
shown in the Exanples, the present invention was used to quantify the
texture hagpgessiity of three 15 tantal um sputtering targaicgudeneons the
sputtering targets was known to have unacceptabl e sputtering perfornmance,
the second had undesirable sputtering pefformance, and the third was known
to have excellent sputtering perfornmance. The unacceptable and undesirabl e
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12 targets. Further, manufacturers of sputtering targets, for instance, can
use thel@rewentl on as a quality control technique and as a research
and devel opnment tool in ensuring that the targets that are nade w ||

provi de accept abthesspweriBenthyerirnemedsylelyariiethe pele éplafe normel) giseibution
invention i fglaevudddh errlf'y b@c&tehﬁé@ tt)%gvér@he P EXkeRGorfeliBi brphﬁgﬂ)hﬁ% of
tantalum5 for use in chemcal energy ( muni t1 on warhea and ot her
applicati onﬁmmielre uni formty of deformatl onis critical, such as

deep- draw ng l?eipam tor cops and crucibles. The present invention will
be further cfar? ied by the followi ng exanples, which are intended to be
purely &xenpl ar yTtUsf ¢peripes evas condacitd oto. d]aﬁloEsXv&MDItth Grichtior Botpeen NENt S
wer e concerned .nor buti 0 function,
bt can east o uaeEte afeuieb B Pafent R R RedBam plats w1 BRPAvELH

di stributi Omlahfyu Spiitieding tdrxapplde wioughbandhiesryexifigsd (7B thioR SantDinfl pkeedlad O
denonstrate thegdcor rel ati on bet ructural and textural

en_ nicr .
i nhoi nogenePYFBE & £ PMUMeeipl lﬁvﬁf’ﬁ Bestite ng:}l%’b‘ﬁ?l metetpeisaly |aE‘§iFne°hamcal

properties are provided in Table 1. A sample approximately 0.25" x 1.0" x 0.5” was
20 removed from a region approximately 0.5” or more away from any sheared edge of the
plate. The sample was mounted, and the transverse face of the sample of the sample was
ground, polished, and etched. The texture samples were prepared in accordance with the
procedure described in C.A. Michaluk, C. Heubeck, and H. Klein, Methodologies for
Determining the Global Texture of Tantalum Plate Using X-Ray Diffraction, Tantalum,
25  (E.chem. et al., eds), TMS, Warrendale, PA (1996) pp 123-131, incorporated in its entirety
herein by reference, with the exception that the as-polished samples were etched by
swabbing with a reagent grade solution of 50%HF-50%HNO; for 35 seconds. A
photomicrograph of the tantalum sample is provided in Figure 2. As evident from Figure 2,
the poor quality tantalum pfate exhibited an inhomogeneous microstructure comprised of a
30  fine grain size (region A), a course grain size (region B), and local bands having a large

and elongated grain structure (region C).



quality. Sputtering target-grade wought and recrystallized 0.25" thick
tantal um pl ate was obtained on the commercial nmarket. Results of chem cal,
met al | ur gwe@adz2seid mechani cal  properties are provided in ptah®i2e23A sanpl e
approximately 0.25" x 1.0" x 0.5" was 20 renoved froma region
approximately 0.5" or nore away from any; sheared edge of the plate. The
sanpl e was nounted, and the transverse face of the sanple of the sanple was
ground, polished, and etched. The texture sanples were prepared in
accordance with the procedure described in C. A Mchaluk, C. Heubeck, and
H. Kl ein, Methodol ogies for Deterninilageihe A obal Texture of Tantal um
Plate Using X-Ray Diffraction, Tantalum 25 (E.chem et al., eds), TM5,
War r endal e, ARdealcd P89 pp 123- 1Bestriptiancor por ateithin its entirety herein by
reference, with the exception ¥hatl3txé3"as- pobl.slbsd sanpl es were etched by
swabbi ngswi th a reagent grade sol ution of 50%F-50%IN03 for 35 seconds. A
phot om cr og€hgrhicalfAratysist at &l CnHSEaTNI €ri Gu [$6 OMiMedwi NbFizgure 2. As evi dent
from Fi gur e(i@ppm} he poor qudl 6ty Vars atsum pBate 1ex#y IBpt®d. an i nhonbgeneous
m crostructure conprised of a 30 fine grain size (region A), a course grain
si ze (regi oMerBjle Saédt UCKKMaBels having a large and el ongated grain
structure (region Q WO 02/25271 PCT/US01/ 29235 13 Table 1 Anneal ed Pl ate
Descri pti onyidd Sﬁ’éngth Q%YD(Kgg"lgm 13" 53.1 Ibs. 5 Chemical Analysis O NCH
Fe N Cr Cu Si Ti MoyEdR:-Ta £4n ppm) " 5 11 6 <1 7 <5 <5 17 <8 <5 14 47
82 Bal. Tensile Strength UTS(KSI): 34.6 10 Yield Strength .2%WD(KSI): 19.4
%El ong: 54 AAPIMGEAdide:Si ze: 6% 15 Hardness: RB-30 Surface Finish: 33gin
A sanpl gs was thega gnal.yzed usipfg 3y scanning el ectron mcroscope equi pped
with a lowlig urﬂ@éﬁfﬁfsﬁf and 3§wﬁorrput eri zed data acqui sition system
capabl e of indexing t

A sample was then analyzed using a scanning electron microscope equipped with a
low-light detector and a computerized data acquisition system capable of indexing the
20  Kikuchi patterns generated from each individual grain in accordance to standard
procedures as set forth in Electron Backscatter Diffraction (EBSD) procedures as
presented in S.I. Wright, 4 Review of Automated Orientation Imaging, lournal of
Computer Assisted Microscopy, Vol. 5, No. 3, pp 207-221, 1993, incorporated in its
entirety herein by reference.
25
INITIAL SETUP
D : Set voltage to 20 kV, and about 5 nA of probe current
2) m: Set Scan Mode to TV
3) m Go to low magnification (many grains in view).
30 4) m: Focus on scan area



20 Ki kuchi patterns generated from each individual grain in accordance to
standard procedures as set forth in Electron Backscatter Diffraction (EBSD)
procedur eqvga@aspriesented in S.1. Wight, A Review of Automatragkopreggt ati on
| magi ng, Journal of Conmputer Assisted Mcroscopy, Vol. 5, No. 3, pp
207-221, 1993, incorporated in its entjgyety herein by reference. 25

I NIl TIAL SETUP 1) (r): Set voltage to 20 kV, and about 5 nA of probe current

2) : Set SC%?L%&WEGO to | ow magnification (many grains in
view). 30 ocus on scan.,area WO 02/ 25271 PCT/ USO1/29235 14 COLLECT
BACKGROUND 5)VIGEI: (spen OiM Vidae®|Li ve Vi deo 6) DSP: Set to Live node

(Live/ Proc butten) 7) DSP: just Black Level and Gain so all LEDs are lit
except for ?)o;i)s%néf’tﬁé{“fv&‘i’i‘“@%l@ve%ﬁb“@) to Int node (Int/Avg button) 9)
DSP: Set Fr aymiysps WdfustBlhék Bdvellddll Galii sol\éﬂl@m%@m%@a%trmA drd boktdth| set to TV

11) DSP: Press B fromthe Load/ Act colum 10 COLLECT BACKGROUND CORRECTED
| MAGES 22) 8) MISPs8et teky ode flat/Ave Bigen) 13) DSP: Set to Avg node (Int/Avg

but ton) 14) oDpip. Eét%ém?%%w@t@l‘i{o% from Display colum 15) DSP: Press A
button from’Lgadl/ Act colum 15 16) DSI': Set Franes switch to 8 SET TIP

AM17) (r)i0) :Sdake siscdwan Mok isstiladt tK¥V 18) O M C ose Live Video wi ndow

20 19) O M . S@dech t hase pa nd | oad the correct phase 20) QM
Switch to C‘l,aﬁ\iﬂtjstrp(;a??e(s)s(rzB pé’ﬁlet%e P87AG Stumi

10

12) m: Set Scan Mode to Spot

13) I)sz Set to Avg mode (Int/Avg button)

14) DSP Press A/B button from Display column

15) I)SP Press A button from Load/Act column
15  16) DSP: Set Frames switch to 8

SET UP OIM
17) : Set Scan Mode to External XY
18) OIM: Close Live Video window
20 19) OIM: Switch to phase page and load the correct phase
20) OIM: Switch to Calibration page
21) OIM: Capture a pattern ?Eﬁ
22) OIM: Calibrate pattern
23) OIM: Switch to Scan page.
25 24) OIM: Capture SEM image £2]

25) 0IM: Deﬁnp and run scan.

The crystal orientation for each grain within an area of the sample comprising the

thickness of the plate (0.25”) was calculated. The discrete orientations data, having been

30 measured from the transverse plane of the original tantalum plate, was transposed (i.e.
tilted) 90 degrees so inverse pole figure (IPF) orientation maps could be presented in

reference to conventional sample-normal coordinates. The through thickness orientation



r' 21) OM Capture a pattern ';'~ 22) OM Calibrate pattern 23) O M
Switch to Scan page. 25 24) OM Capture SEMimge , 25) AOM Define and
run scan.wog/8smstal orientation for each grain wthin ap@Eien1 ezt he
sanpl e conprising the thickness of the plate (0.25") was cal cul ated. The
discrete orientations data, having been;530 neasured fromthe transverse
pl ane of the original tantalum plate, was transposed (i.e. tilted) 90

degrees so | r I.QUEE . (] rient at.l : esented in
reference t%ﬁ% %’ns\i}g%{??loﬁgﬁljegéfr%%ln{es-aﬁ?rorlréglCbg%o‘?ltg} %gheg?sa@ %ﬁ%gﬂ%%F grﬁeéj%tt IIS ﬁ ?ngness
or i ent at i oncon®1@a¢easiRythe PERAWSITiARICEBor iddexrmbsp given shbigmeeidn Fi gure 3. Grains
are color coded w.th r their. planar orientafion.in onpl i.ance
with the St andar\\(}j\{s ?ieé(%éﬁl%ﬁ%no%gghei %l él;[(a%gl sn?)a]f')gllnve1 urie?{Jt l’i?agld%l éevﬁ‘%s \r{}Faél} .
exam nat i ontesfurd mencd undonatioog theapickmess-digection 31 theadithlym platvegheraliy)ake t he

texture In pot uniformalong.th | ckness direction .of t ant al um pl at e;
goneral 1y (eRture Bheed s SPRitE pFiRaE Suhide bRButen D) AR oo to
ahpr om‘hnenlt pléﬂelﬂ;lf tteeplate! Figurd 8 aﬂlioalﬁeeaml; thhﬂ;fhep;il@t& QlflsoF{t(@thﬁr? ﬁlfnéﬂréiﬁ tageal s
that the plate al so contains nunerous nds striations) of stron

| ocal i zed t SKiaiPRs) ¢ Sg%@ggﬁﬁﬁ}i‘ﬂ‘r%\ﬂén&& Fi"ﬁﬁntt ern LN Lglfé‘i ure
from Fi gur emZeridtdubtute o FigtiRd AlvitA Thd GritnRtiof P o€ FikuteBthat &?ibﬁ)d“&)nﬁﬁﬁw i sed
of large and el ongated grains correlate to bands of (001) texture. 10 The

mi sori ent at PoArea Ay dongried garivy oraisty to binds AEW0Y) is¥EEt e orientation by
cal cul atyng the gt PERRHGEHPTankRE wak YRkdhniRE! for a0 ( ?%r%te agrggﬁ%%bﬂoﬂ}fml

pol e vectors. Next, an average m sorientation value et erm ned
for each t hialuiaiing thendst pradnet of B cfystahpole and(0g bi samplernsamalpote vattorsgNext] i ne

paral el tOul NEcL AL BHLAACRI (gl HEchiA B8 Aol % i 3OURY B el 97 e ¢

shows t he average ms atron versus de roug
t ant al um pl &ite poiatsdnetsired abnp hdireglaatlicbtosthe plave suntren (ilen dredorneddle d\viky age

orientation an ept h, t hr ough | at e The texture gradjent i efi ned
ot The Chansiiy. BERICARARUE BioP bR kferite whifetiitn il EPl BB S L1's
thi ckness (a8 platelFaglitdefings HeqdktiehshipHetvaden tift@erhi @it a0éragecxicdfatio Bahge
depth through a plate
o = f(8)

The texture gradient is defined as the change in average planar orientation within

an increment of plate thickness (dw/d§). Figure 5 shows a plot of the rate of texture change

20  through the thickness of the plate. The area under the plot given in Figure 5 represents a

measure of the extent of the texture gradient through the plate, and is calculated by

integrating the derivative function through the thickness of the plate (h). Normalizing the

integral by dividing by thickness (h) provides a scalar value representing the severity of the
texture gradient in the sample:

1dw

Q=—[2ds
23 | hids

In this example, the texture gradient parameter was found to be Q=265.
The texture gradient parameter () may not completely describe the texture
homogeneity within the sample. Localized textural bands represent a discontinuity of the

30 texture gradient, and are revealed as inflection points in the texture gradient function.



20 through the thickness of the plate. The area under the plot given in
Figure 5 represents a neasure of the extent of the texture gradi ent

t hrough tWe @828, and is calculated by integrating the derivatihyss
function through the thickness of the plate (h). Normalizing the integral
by dividing by thickness (h) provides ajgcal ar val ue representing the
severity of the texture gradient in the sanple: 1 h S~ = dw ds 25 f hods

In this exapphR 6 {Ho® st W el RLivRRE BFBE fxtMB Runk QMR d@@h.%%ﬁﬁ- The
texture gradient paraneter SZ may not conpletely describe the texture

honpgenei t ytrgRstiong in tgetuesagrgrlient dugytodhs pregpneesd sherg) welhaefined taxtues bands,are
di scont i nui : : | & i tion
ot nt o i nt pdicaled bfhe 12k i Al IR 80 SREAPUAR ElAABE T

Fi gure 6 shexmessedrsdhe dstivative of thederdurd eradieat funatioof t he texture function
versus depth. Rapid- transitions in texture gradient due to the presence of
sharp, well-defined texture bands, a‘gh i dpgated by the rel ative nmaxima
points in Figure 6. The severity\ot § dovanding is expressed as
the deriyative of the texture gradi ept fu %gon: | hr Co A-J2d 5h0d
6 In this analysis, the value of the t@dr bandi ng paranmeter is A=20. 8.
Exanpl e 2: This analysis was conducted to determ ne values of ¢ and A for
tant al um de . t utteyiNg target. Figure 7
shows a secﬁ@%aS%QSég?%ﬁ\%a S?ﬁmeg%%@lggér@ﬁ] tar gezetwst}hg{d'é{)he user rejected
because it produced filns wth unacceptable wvariation in thickness (i.e.
>59% . The eEeawaglexurface of the rejected target had |arge regions having a
matte finish intﬁ{.m’x d.with a({eazl hgvi’gg a lustrous finish. Texture

anal ysi s reveal et} AXYS{SHEas iaRqueted fp feferating yyesiofh &yand Anfordentylune deemesh1).

t ext ur e1whi LiackdpBabled fdreuck Udsea Qputlekifil tAYS. FRAONSHIRS aNQRfibrY of At fah@luh (001) .
It is been reported that the nmatte regions represent material that was

readi |y er o8RYoBe &pert (it g, usihavesdad Perauseultimedisedfidms witlepraceesibla ant to
sputter er ogifion iMGhiciddesd .ot B34y | PrAkioAGH sirBk Q)'ﬁhé‘t?% B9 Ardel AW e (001)

within a tantal um sputteri n% target are detrinental sputtering
per f or mincereg(gn;\_havmg a matte finish intermixed with areas having a lustrous finish. Texture

analysis revealed that the matte surfaces contained a mixed (111)-(001) texture while the

15  texture of lustrous regions was nearly entirely (001). It is been reported that the matte
regions represent material that was readily eroded by sputtering, whereas the lustrous areas
were resistant to sputter erosion, indicating that localized regions having a prominent (001)
within a tantalum sputtering target are detrimental to sputtering performance (C.A.
Michaluk, D.B. Smathers, and D.P. Field, Affect of Localized Texture on the Sputtering
20 Performance of Tantalum, Proceedings of the Twelfth International Conference on
Textures of Materials, J.A. Szpunar (ed.), NRC Research Press, Ottawa, pp. 1357-1362,
1999), incorporated in its entirety herein by reference.
A sample was taken along the radial plane of the rejected sputtering target and
prepared as in Example 1 and then analyzed by OIM. The normal-orientation inverse pole.
25 figure map of the rejected target is shown in Figure 8. The IPF map reveals the presence of
texture bands about the cross section of the target. Plots of the texture function and its first
and second derivatives are given in Figures 9, 10, and 11, respectively.
Values for the texture gradient parameter and texture banding parameter for the
rejected target were

30 0=299.980/mm



M chal uk, D.B. Smathers, and D.P. Field, Affect of Localized Texture on the
Sputtering 20 Performance of Tantal um Proceedings of the Twelfth

| nt er nat i wiad226mnf erence on Textures of Materials, J. A Sgauneinggs.), NRC
Research Press, OQtawa, pp. 1357-1362, 1999), incorporated in its entirety
herein by reference. A sanple was takemmal ong the radial plane of the
rejected sputtering target and prepared as in Exanple 1 and then anal yzed
by O M The normal -orientation invepsg pRlfim 25 figure map of the rejected
target is shown in Figure 8. The IPé map reveal s the presence of texture
bands about the Baseben thiceiaomlepnit canbe renclpeled that pnluof matedals evithu@ end unct i on

and its fir I i r AY; I I QU 10.. and 11,
respectivel ?/%hl S%ﬁ%‘e@g?’ g ggfl %g{%a%é%?%ggﬁ%lﬁlaﬁdgé&fl%g%ﬁllg’nlg%pg?é\geﬁd %{ee%(rltsﬁlFagpebandi ng
par anet er f for sputtering lejgetappticttianget were 30 Q=299. 980/ nm WO 02/ 25271

PCT/ USOl{ 29235 17 A=61. 104/ mm Based on this exanple, it can be concl uded
that tantalumnmaterials with SZ and A values equal to or greater than

299. 980/ mm Bran@d 3104/ nm respectively, are unsuitable for sputtering
target applicatigns. 5 | e 3. This_exanple determ nes values of f2 and
Afor a tantal urhiepHErBN fGTTies elPhal © BARh fredanaE SaBrRedpEet bR ng

per f or manceexhasiteRlehiradfe bfdittednd poFHUite! a§ GRII dsheth NadtaluiBitabAahatSR4dt t eri ng
per f ormance. Phot ographs of the desirable and marginal performng 10

sput t eri ng Maieyet sPudepEng paimpnee P pioasaphs of eqdesinabls andrwargingg pgrforming

Nor nal - of | efuabrifdtatells ard 8BRSl MOMLLEANS YRS $§ @%Eétiv@f}.s NStmiiRfiestesdd Al € and
mar gi nal performng targets are presented in Figurés 14 and 15,
respect i vel PapsSHAR Banskeiee isectiang o& pagr depirabld andamgrgingl perdorming Fregqss etsedur es

descri bed i . T g i of .+t irabl e
and nar gi naﬁe%érégglr] %1‘%1%5“ %ﬁﬁﬁ,gﬁﬁﬁgﬁggg%&gblg%’g&fé%gﬁ% %J&?%ie{ngv# g"i[ge%?ar get
K2 A Perf ovsmgibepDesiurealdberifetl in Sikampld 1993/ mm

The texture homogeneity parameters of the desirable and marginal performing

15  tantalum targets are reported below:

Ta Target Q A
Performance

Desirable 74.73/mm 4.993/mm

Marginal 127.9/mm 10.313/mm

Based on the results from Example 2, tantalum material having values of () and A
less than or equal to 74.73/mm and 4.993/mm, respectively, are best suitable for sputtering

20  target applications.

Example 4:
This study was conducted to determine the effect of level rolling on the texture
homogeneity of tantalum plate. Typical commercial manufacturing of tantalum plate
25  involved cold rolling the plate to finished gauge; the wrought plate was then flattened by
being passed through a level roller. After flattening, the tantalum flat product was trimmed
and then recrystallized by vacuum annealing.
Level rolling involves passing a plate through a series of offset rollers that bend the

plate back and forth as it passes through the mill. Imposing a positive-negative cyclical



Margi nal 127.9/mm 10. 313/ mm Based on the results from Exanple 2, tantal um
mat eri al having values of f2 and A less than or equal to 74.73/nmm and

4. 993/ mm wigeppesii vel y, are best suitable for sputtering ptG/uigesss
applications. Exanple 4: This study was conducted to determ ne the effect
of level rolling on the texture honogepgity of tantalum plate. Typical
commerci al manufacturing of tantalumplate 25 involved cold rolling the
plate to fi : g
Pacsed throupn o [ ayafe oy B R i e e A S e
was tri mmredare sgcadiyrthe Bausingenl ey ddie bynikikbiou of disinesibnay. cylalgvledldmgﬂlm ng

i nvol ves p e of. r ol t d t he
bl ate. back Soy o BB dr UHORoR, AL Suiol Yol iehed B ARy R v

posi tive- negamrwleto oyaystadbde m @@tmﬁﬁymumwsowlg P28le ilh&t gerleveh ralling he

pl at e, en s ShLepses ener uring cold

rolli ng e%}{ UERT grlﬁ%sttﬁe d%’a gmﬁge?teétﬁjf%grlagenﬁﬁ f i on of

di sl ocat i ons by RD}‘(IhisCstlhd}adil tagtaainscplatd eds a@ssvelze Iamuuﬁbmotan Shiakd ey K in
the material, and hen ri cefor terial to recrystallize
wen e pri ey fast i b Wil o b bASYs R listeppesiont i &
operati on cestfidi@liigir blhaeledtemhmme %umng ntsH rrsulggaedgtﬁp foRinta@dl &Uum
plate. For this study, a tantal um pl ate was transverse ro ?ed from an

anneal ed sl 988 Wap heated fipnp ity lepdmgredggplithe pycald rallsdl slatsd Thabgancsof theasor :  al |

rol I'i ngiopefoiitd pRg mrfmeﬁ‘eqr@ua&@giwﬁai%g ﬁﬁ&lgﬁ'&tle\%@ Reliitd Q0B Nek© iobﬂll%eﬁg
finish rollin a strip approxinat el ong was sheared fromt

| eadi ng edgvelfroliaderlats ﬁé@)lﬂlf posHlpesd r@)feétséear%@e@a\rv@m@éea@efd Qﬂdeanagale_’sbmréol | ed
pl ate was f 65 r lev: I

Next, both %?ﬁgﬁrﬁpggg@rtﬁ Ikdeg ﬁatg%ﬁﬁﬂgﬁggnﬂg&\a}%lﬁ f|1 Jé% %@g%f% e@a p| ece
wer e cl eanetdkemdoznthe shesded ¢dga of valhuﬂm,qfremmdt md tthbredusite &etpmmdwbs a

t enperature K t.he sheared
edge of eac%e%z ? §1le‘ganfé-ﬁ(éﬂrl gT n alé)ﬁlgmgtioe uérllaﬁ fﬁg?egfﬁgﬁaﬂﬁapggm a8cri bed
in Exanpte fblled' Iteeltaﬂmn r’pklte (afel ﬁmtzvatascﬁ’lgdrEFlmmS 10f retﬂb@tﬂreﬂiyl elherredullte df alnd

non-1| evel 15 roIIed tanty ag ﬁpl ate are shown as Figures 16 and 17,

respect i vel WXURHIOMOSENRIY AnglYSISWIC t oxt ure honpgeneity anal ysis were

Ta' Pl ate Process Level Rolled 191/ nm 15. 2/ mm

Ta Plate Process ) A
Level Rolled 191/mm 15.2/mm
Not Level Rolled 160/mm 12.9/mm

The results from this study confirm that level rolling of as-cold rolled tantalum
20 plate reduced the texture homogeneity of the subsequent annealed product.

Other embodiments of the present invention will be apparent to those skilled in the
art from consideration of the present specification and practice of the present invention
disclosed herein. It is intended that the present specification and examples be considered as
exemplary only with a true scope and spirit of the invention being indicated by the

25  following claims and equivalents thereof.



Not Level Rolled 160/ nmm 12.9/mm The results fromthis study confirmthat

| evel rolling of as-cold rolled tantalum 20 plate reduced the texture
honogenei 4w @2f2s31ie subsequent anneal ed product. O her enbogiTgdiseds t he
present invention will be apparent to those skilled in the art from
consideration of the present specificati®n and practice of the present
invention disclosed herein. It is intended that the present specification

and exanpl emm%@m@%lﬁs exenplary only with a true scope and spirit
of the invention being indicated by the 25 follow ng clains and

equi val ents thereof. WD 02/25271 PCT/US01/29235 19 WHAT IS CLAJMFn | S: 1.
A method for quantifyj ngetﬁmef&eagssya@ngqnpgsmu oD UVE LYSERUMRE
material conmprising: 5 selecting a feference pole Gri entats 6ny Scanni ng in
i ncrement s marigeompdsingon of said material or portion thereof having a

thi ckness with scann|S?gct?gglaer?}epehl?eonolégr‘,zte%aﬁ%;pr oscopy to obtain actual pole
orientations of a multipliFcity o If;ral ns 1 n’increnments throughout said

t hi ckness; deter m ni rgamirgeintiadreraenida fcfes-sretas obstidverreriahodparesiethere pol e
orientation_ 10 a g ?‘Ft ual..pol e .ori enta%ti ons of .a nul tigl ibci,t¥ of grains in
said materi Bﬂ‘”‘?ﬁag iekncsh WithetoagHne oLEnston; inges EOHOPYO AbLS FEH DN from
sai d ref er entesationd 6 DhilEPliadyiof Bragts e RGRMEAR HHouphasuthRdhiteaghout sai d

t hi ckness; determ ni % an_average msarientation of each neasured increnent
t hr oughout sai d t hi cKyieERiIning prieRigtigLdiffeignesy beieet padd FARBRE POlsyorigBiedemi ni ng

a secongdo defddvaatuaVgo1Obrici@dtidns @!‘é@ﬁlﬂﬂﬁlidﬁk%Pélja%@ﬁrﬁéai&ﬂat@tfial%ﬁg&iﬁi?ﬁﬁéﬂéﬁﬁd _
i ncrenent through said thickness. 2. The fethod of claim1, wherein said

pol ycrystal | i ne mat erddgnigpHaHalpe akmigprientasion rophwmidrsfegncespolapiéentasionetl of
claim1, V"h&{cﬁingir?ﬁEQufé@'tMSﬁ%ﬁ%ﬁ@a{di Hi‘ékr[é?st erial conprises 20 tantalum 4.
I n J oly

The method of claim 1, wherein said polyérystalline material conprises
ni obi um 5. The met hodteghingigaiam dveraghemasoriedation bl sach ystauted nncreateet i al
conpri ses a‘ﬁmroughout said thickness; and
15 obtaining texture banding by determining a second derivative of said
average misorientation of each measured increment through said thickness.
2. The method of claim 1, wherein said polycrystalline material comprises at
least one metal.
3. The method of claim 1, wherein said polycrystalline material comprises

20  tantalum.

4. The method of claim 1, wherein said polycrystalline material comprises
niobium.
5. The method of claim 1, wherein said polycrystalline material comprises at

least one valve metal.
25 6. The method of claim 1, wherein said polycrystalline material comprises at
least one ceramic material.
7. The method of claim 1, wherein said reference pole orientation is (001).
8. The method of claim 1, wherein said scanning orientation imaging
microscopy is stage-controlled scanning orientation imaging microscopy.
30 0. The method of claim 1, wherein said scanning orientation imaging

microscopy is beam scanning orientation imaging microscopy.



| east one valve netal. 25 6. The nethod of claim1, wherein said
polycrystalline material conprises at |east one ceramc material. 7. The
nmet hod of we) @i28274, Wherein said reference pole orientatiopdeud9Rdyss 8. The
met hod of claim 1, wherein said scanning orientation inmaging mcroscopy is
stage-control | ed scanning orientation isgging mcroscopy. 30 9. The net hod
of claim1, wherein said scanning orientation inmaging mcroscopy is beam

scanni ng orientajq on .h[é?fﬁl!. i.GEOSC , PCT/ / .35 .20 10.
The net hod of clgdl'm E urﬂgtgiedr}qc%%{r?rgfﬁ@éﬁrgc\é@gﬁ EJP %ﬁﬁtlz%‘aﬁggla :fl?%tqi e'g\Zar%ig?/g{i ve of
sai d aver ageridriieoge enisaicneiondf eecioheavead incethennibropgie setid thivkeesgh sai d

t hi ckness. 11. met h r edi. the sputtering.efficiency. of a target
conpri si ng: seﬁelc‘:ti ﬁgglg{hgcé y rr%dﬁ%téhepsglll & or fen réctyi%gﬁgargf %Oél?fﬁ%]inﬁ‘g in

i ncrenents a cross- seelkttong aotfesacdpdiasripatation; porti on thereof having a

thi ckness with scanning origntation inmging Imcrosc t o obtain_act yal

pol e orlgent ations of “H™HF 1 ﬁfﬁeg’le‘r?}?] ao?rgﬁfsgi’tﬁ)él ?tgsﬂ“ﬁ.%%%éﬁt@ﬁt%r @Erﬁﬂf(u)ut

sai d thi cknassng 8 efienes sﬂi}vﬂ@ls&i’nh[ﬁ@to&ﬁehl@ﬁbrdhﬁefgﬁfgetﬂ?ﬁ%c@@ft‘dﬂfﬁfh_ l_i@_a&tdalrlfﬁ,ﬁeerence
pol e orientation and actual pale orientations of a nultiplicity of grains
in saidtar Q%Tnt%ﬁoni)%gatmblﬂp]ﬂ%‘éﬁog&‘ia}ns Toingemeps fierehoytspiddhighness sori ent at i on

fromsaid reference pRlcemRige&Meatiitdifbren®3 BBWRER L FRASHHE DEletdreRUGhO Ut
sai d thickness; determ ning an average msorientation of each neasured

i ncrement  Mkastighenle odentagiontefarpmetinlicity aficrais 41 ssidgrast aregttiongheggofidi ent by
determ pjng a second liXA% W ¥iGe BF Fibhtatd LSQrd ' each
measur ed i ncrenent tﬁ?ﬁ%déhésai d t8 .h?%‘ahglst%t&l@ﬁ?%'ﬁg?ﬁ%ﬁeﬁ%cﬁ Oge{‘](;r%ﬁjga?%n %fl
wher ei n sai each@rajemgasueedithraeghautseidithicknestipri ses at | east one netal . 13,

The et hod o1 & WherHigheyR Pl PRAERILE LB ket R
mat eri al cotipoligbed saiditlitingss, at’5. The net hod of claim 11, wherein said
pol ycrystalline mat E'\roibgalinir(l:g,p a g)itﬁreésgrg'c}ient by determining a second derivative of said
15  average misorientation of each measured increment through said thickness.
12. The method of claim 11, wherein said polycrystalline material comprises at
least one metal.
13. The method of claim 11, wherein said polycrystalline material comprises
tantalum.
20 14.  The method of claim 11, wherein said polycrystalline material comprises
niobium.
15.  The method of claim 11, wherein said polycrystalline material comprises at
least one valve metal.
16.  The method of claim 11, wherein said polycrystalline materiai comprises at
25  least one ceramic material
17.  The method of claim 11, wherein said reference pole orientation is (001).
18.  The method of claim 11, wherein said scanning orientation imaging
microscopy is stage-controlled scanning orientation imaging microscopy.
19.  The method of claim 11, wherein said scanning orientation imaging
30  microscopy is bean scanning orientation imaging microscopy.

20.  The method of claim 11, further comprising determining a first derivative

of said average misorientation of each measured increment through said thickness.



| east one valve netal. '16. The nethod of claim1l, wherein said
polycrystalline material conprises at 25 |east one ceramc material 17.
The net hoghgaf284ai m 11, wherein said reference pol e ori entptrgnhssz§001) .
18. The method of claim 11, wherein said scanning orientation inmaging

m croscopy is stage-controlled scanningaprientation inmging mcroscopy. 19.
The nmethod of claim 11, wherein said scanning orientation inmaging 30

m croscopy i s begn s § i A i i ] Y. t hod
Of Cclai m 11, furiher comnen B REAHhehe TRt EhoRop BT R PoL Rl
aver age ni sbefesptcRMpEpngf each measured increnment through said thiclul ess.
WO 02/ 25271 PCT/ US01/,2923% cﬁil:nt%&on i’rahag%gtnﬁ@ogc% e.quantifying the texture
honogeneity of a pol ycryst% I'ne mat &rffal conprising: a scanning
orientation imagi ng meny$orogeermingsg) Sritrdaticdedifervhners ngtvoreh enteditreren pole

di fferences n ol 5 or.entation and.actual. pole

ori ent at ?ong %é@g%ﬂ(ﬁcﬁ%ﬁ ?‘éllgto §gn5 loagcé‘?anns’gllnﬁﬁ%é’ioggﬁ% Ser Faé‘??laﬁg%ghs for

assi gni ng a val ue of méasprforemsigbingra falons aiighriesthtsefion il eferamdeeguli@at i an

at each grain neasured throughout .said thi.ckness; neans for determ ning an
average ni sS??ng‘ﬁﬁoﬁtaf%‘ﬁhg?ln %‘ﬁurﬁ’i%% %“ts?lﬁg}‘gwﬁ'fﬁ t hr oughout sai d

t hi ckness; and 10 meamsn$ obr Gletedhiningg ad SeEEE dmiefiénaiohVef @hchS aiddsidyEr age
m sorientation of heach measut d increment through said thickness. 22. The
system of clMgfSRepthropghquy sl @’&%’B‘?Sﬁﬁnﬁg means for determining a first

derivatiye of said mipsant etdtainiy 2Bl ReriRANI6EMHId MeFRERNborlhaBubr Sai d
t hi ckness. 23. The system of claim2l, wherein said m croscope is equipped
with a | ow cach mepged ingtrwent thrgughssaid fhisknesscuchi  patterns generated when

i ndi vidual graing arerferdadharefidy1, Arns &olheRe REAM fd’rqme}nﬁ'iﬂin aCﬁlngppe.
24. A systemfor quantifying the texture hO(mgenél ty of a polycrystalline
mat eri al cofghRBYaRS saidweippsicpighiontfteasinineryured ingegmepbiheough padthicknenss of sai d

pol ycrystal li ne jmt eg’gﬁ%lesystelg%f gﬁﬂﬁ'%l,ﬂ%er&ﬁ $86 %i@o&%pg {si e%ﬂ%p%éd i gilg\}cv.er ences

between a reference
15  light camera to capture Kikuchi patterns generated when individual grains are irradiated by

an electron beam from the microscope.
24. A system for quantifying the texture homogeneity of a polycrystalline
material comprising:
means for obtaining actual pole orientations of said polycrystalline material;
20 means for determining orientation differences between a reference pole
orientation and actual pole 6rientations of a multiplicity of grains in said material;
means for assigning a value of misorientation from said reference pole
orientation at each grain measured throughout said thickness;
means for determining an average misorientation of each measured
25  increment throughout said thickness; and
means for obtaining a second derivative of said average misorientation of
each measured increment through said thickness.
25.  The system of claim 24, further comprising means for determining a first
derivative of said misorientation of each measured increment through said thickness.
30 26. The system of claim 24, wherein said means for obtaining_ actual pole
orientations is with x-ray micro-diffraction.

27. A method to predict the sputtering efficiency of a target comprising:



orientation and actual pole orientations of a nultiplicity of grains in
said material; neans for assigning a value of msorientation from said

ref er encewl@s2ari entati on at each grai n neasured through@uiussahehss

t hi ckness; neans for determ ning an average m sorientation of each neasured
25 increment throughout said thickness;,and neans for obtaining a second
derivative of said average m sorientation of each nmeasured increnent
through said thi cknesgecte-a ik §é’[|§&1@6?ié?ﬁati8{yai m 24, further conprising
nmeans for determning a first ger vative of said misorientation of each
measur ed i ncrement tiscanmglg maindremiants kneross-seBbn26f saih ¢argat sirgpntifn themiofn 24,

wher ei n sai ] .al ni ng. ac I le .orientations .is wth x-ray

m cro-diff rg%‘{ﬁfgﬁﬁ.sth%gﬁesﬁ%ﬁ& Hoc%g{cg ctSEaZbll ?:)? O? ﬁlem%gpﬁ‘?fl%r?oneg ngrfs[?téqné nocfija of a

t ar get conpmuiptigity M@rOaY id HRTdnAGCThidSgouR @2BMhickaRs.sel ecting a ref erence
ole orientation; scanning.in increnents a cross-section of said target or

Borti on %eher eof havidﬁ%”gg{"ﬁi Oéi?ﬂtgé%nnaﬁ?{mﬁn%esE’SWGE%Saé(gbeg?ﬁ'é’ec?f’éd)ﬁ{eﬁﬁaﬁ‘?r%g

act ual pol eamrdcent @ilé aiEsitadibneof atiiltiplidity OF pinin® fin Gidiarst dridoitioa MRREM S

t hroughout said thickness. 5 %ete rri.ni.gl?[ orientation differences between

sai d reference pol e Sri@ht&t VEHE ChRECHET AN %‘B?éalgnr‘?f‘érﬁ{‘%ﬁo%%“‘?ﬁ‘fat‘an at

mul ti pli cityachierag @bddGret hrs@dhduf salddRickiRks; por ti on thereof; assigning a

val ue of misorientation fromsaid reference pole ogrientation at each grain
measur ed t hr oughout SSiCHNHIEC RAe3EIA%0 EHPHIHNG & ol r mEwUed s dicreaenit i on

of each;freagwh@fodt 968 BiRkss; & t hroughout said thickness; and obtaining a
texture gradient by determning a second derivative of said average
m sorientation of eachtafingsarteduiengadiensy deieroiniie 8ateepndhdesivativesof sald

average misorientation of each measured increment through said thickness.
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