;.€3em | nLoro@BvwiwdsCf | 25 SEP 2003 NI CKEL/ VANADI UM SPUTTERI NG TARGET
WTH ULTRA- LOW ALPHA EM SSION Field of the Invention This invention rel ates
to nickel /vanadi um sputtering targets having high 5 10 hoaneneity, hi gh
purity and ultra-low | evel s of al pha em ssions. S Backgroqu 2®3

I nvention As a feature size of microcircuit structures are educe t he
quantity of critical electronic charge, which is used to represent a single
"bit" (0 or 1) in binary code, is significantly decreased. A single al pha
particle passing through the circuit el enent can adversely affect a mnute
anount of el ectronic charge and cause bit flips fromone binary nunber to
the other. The al pha particles are emtted fromnaturally occurring

i sotopes/inpurities of raw nmaterials that conprise the mcrochip. N/7wt.%
V is the standard conposition for use with direct current magnet r on
sputtering systens to de netrc ni ckel . N um (Ni/V) is
enpl oyed as a barrier M\\\\\ er for under-b Emmlo support flip
chips, or 4 (coIIaps olled, chip connectlon as lies. The flip
chips allow high 1/0 count® good -1 2 5 sEP 2003%¥feed and el ectrica
per formance, thermal nanagenent | ow profile, and the use of standard
surface nount and production lines for assenbly. Low al pha emtting

ni ckel / vanadi um sputtering targets are of paranount inportance to thin film
deposition with zero bit error in mcrocircuits. N ckel/vanadi um sputtering
targets currently 5 avail able contain al pha em ssions too high for

sati sfactory performance in mcrocircuits. There is thus the need to

target and %MN%@@@S%W@%@%W&#%?L@ iz

thin filmde f magnetic nickel on mcrocircuits and sem -conduct or
devices. 10 Sunmmary of the Invention The present invention provides a

ni ckel / vanadiField o the lnventioget havi ng an al pha eni ssion of equal or |ess
than 10-2 counts/cnR-hr) and preferably equal or less than 10-4

count s/ cn- hr. ToThi¥ ifvéidn réfas kdnBREAHANESR s\ph&auﬁmrg&g H‘aMrEU lgghof the
present invention, nickel and vanadi um source mat erial s~ of al p‘na em ssi on

equal or les t han 15 cou |t ed. and cast under vacuum
and | ow pr eszrapgag}c?%stblﬁ}épgntyﬂ ?tra-fm ow lcvels ¥ glpﬂgennssmns.

Background of the Invention

5 As a feature size of microcircuit structures are reduced, the quantity of critical
electronic charge, which is used to represent a single “bit” (0 or 1) in binary code, is
significantly decreased. A single alpha particle passing through the circuit element can
adversely affect a minute amount of electronic charge and cause bit flips from one
binary number to the other. The alpha particles are emitted from naturally occurring

10  isotopes/impurities of raw materials that comprise the microchip.
Ni/7wt.% V is the standard composition for use with direct current magnetron
sputtering systems to deposit nragnetic nickel. Nickel/vanadium (Ni/V) is employed as
a barrier/adhesion layer for under-bump metals to support flip chips, or C4 (collapsed,

controlled, chip connection) assemblies. The flip chips allow high /O counts, good
-1 -



cast.ingot is cut into a workpiece, rolled to final target thickness and
.annealed to forman ultra-Iow al pha em ssion sputter targ&t S:EE 5”1 further
feature, of the present invention, the nickel source nateri aq s purity
of at |east about 99.98 % and the vanadi um source material has a purity of
at | east 20spagrbend dectrogl psrfermaness themeal sppnagesnent.dpyarofble oandcbel usenedr ef r om
has a purity of at |least 99.98% Further, the target is cast, rolled, and
anneal ed sugtindafibdurfacelricuat mdipretudtivatlinenfaiasseatbhyli usw alpaiemitinpt i es i s
obtained in the nickel. These and ot her objects and advantages of the

present inv | gk &H%q 4 LOG:. A aw ngs
and descri p@?%érw tg %erl eofS th'? ?%E%I‘gm}ﬁ?é‘%‘ﬁﬂggﬁ#%? ?%ﬁ‘%ﬁﬁﬁgﬁ%}tg% ngs
The accorrpan?/i'angr dqr.avvi ngs, .which . are._.i nepr orated in and constitute a part
of this spe¥ithFERDIHTOrIR MICTOFLEFHSe T urg SPYYFENE RFEFIE COeG,
together with a general description of the invention given above, and the
det ai | el dezwilripeicontaiyi alphe drpissians werhigh Br sasisdacpiry iperfoimeange immiqrb@suds. t he
invention. FIG 1 is a plot of the al pha em ssions during the nmanufacturing

and use of a spurhee id dugete mekd tdéevelopseliiph pungNilalowrlfha eZnikSord
ni ckel / vanadi um i ngot before dissecting to determne the distribution of

the all oyi : j LiiLes: I : oAl afe: Vi a
sarpl ¢ of | ca FARAT e ERHoeh 8 efibd Tt Chrofydife il BB AR Yo e
re-crystal Ijzgti on ,Ei e Versus average,%rai n size; FIG 5 is a plot of

rol 1ing ten¥ehailin blpdeposition of magneg ickeken icrpgirguity and seynintapdugipr
sputtering tinme versus sheet resistance uniformty ' (average of 3

measur enent 89vias. a function of rolling process and tenperature; and 15 FIG
7 is a plot of sputtering tinme versus sheet resistance uniformty (average

of lastig2 nEaswiAvRRitRe IMen@iohunction of the rolling process and
tenperature. Detalrled Description The present invention provides a

ni ckel / vanadi um N [ - 1 5590 gf

undesi rabl e radi 2@%?#\%@%&5&2%2%‘ c\éeasr}?cggééﬂﬁtd% E@}c’s\{e?g%r’%&gplgﬁraf]c:a};mang
the sputter targets. The first step of the present invention is to provide
source mat efTEFIONSf eqya l@éIesé 1\ SARSA O g IPstemb Irpauaker Ipssi tae s si ons
and low levels of inpurities. The nickel source material is preferably at

| east 99. 9886ymts/@miaht. Hl athisdmh andini assoxiancequith therprineipdestdfane pdesant 10- 2
counts/cnR-hr) and the vanadi um source material is preferably at 25 | east

99. 5% pur e WivkhicH nkBha derEnagiu kol fleahatefiall 868 phianisakaehudi®r Zess than
counts/cn2--hr. - '3 - '

15 10 counts/cm?-hr are melted and cast under vacuum and low pressure atmosphere. The
cast ingot iscutintoa workpiece, rolled to final target thickne.ss and annealed to form
an ultra-low alpha emission sputter target.

In a further feature of the present invention, the nickel source material has a
purity of at least about 99.98% and the vanadium source material has a purity of at least

20 about 99.5%, such that the sputter target produced therefrom has a purity of at least
99.98%. Further, the target is cast, rolled, and annealed such that a uniform distribution

of vanadium and impurities is obtained in the nickel.

These and other objects and advantages of the present invention shall become

more apparent from the accompanying drawings and description thereof.
- 2 -



2 5 SEP 2093 Acceptable commercially avail abl e products include 99.99%
Mrotech nickel (actual purity of about 99.995%to about 99.9996% )
Mrotech, Inc., Ontario, Canada; 99.98% | NCO ni ckel (act b $afr 200y of about
99.99% to about 99. 9997% , | NCO Al l oys International Inc., Huntington,

WYV.: and 9BrizfDeserintionef the\dramings "purity of about 5 99. 8%t o about

99. 95% G E Metalle Und Materialien GrbH, Nurenberg, Germany. | NCO nickel
and G E vanadi unjlhé accompanying draveugs, ahitteare tncasporatsd af arabaubtithte?a pard 6f ©  and
2.7 x 10'" counts/cnR--hr, respectively. The next step in the present

i nventi on i g;pERuirriaAth, 21MSRAL GRSdHihBAts b IHeSn fdhRbn eﬁ@%&f@x itH ggerﬂ:&w ty
sputter target ‘having a honobgenous corrposr tionin terns-

di stribution of. t.he nadi um al | oyi e nt adthel urrtl .and t hat
i ntai ns. oPeiaRinsol B8 sHRPEeuRY v r e dsilss aeuplbr Biven Relosh it
materials. To this end, and in accordance with the principles of the
present 3i nvéneipdan thmmmimftbomvaamm um source materials are nelted
under a high vacuum and | ow pressure atnosphere to forma nolten alloy. The

vacuumis preferably &I6iph M ﬁasmmoﬁlpabeuﬁssﬂonﬁ)dmﬂ,@% hficti@hgléndaheut
10.0 mforr, and nore preferably about 1.0 nforr to about 5.0 nforr, and the

| ow pressur%fg%%m&pgbg éto'f?nenﬁr@; gl%;{n&] | ow pressure argon at rrosphere of

about 0.1 to m)re preferabl y about 0.3 atm The nelting

of the nickel and van sour r| als is ferabl onducted in a
sem - conti nuous vacuuﬁms@rmf Wénﬂt;’ﬁ@é‘r S¥SHPS ﬁqtgwnpﬁt ®he

i ndustry for depositing magnetic ni ckel is 7w.% 20 vanadium It is to be
under st ood, distmintion of theaalloying glererd esil Agpuritiase as descri bed herein may be
used to fabricate nickel/vanadi um sputter targets having a vanadi um cont ent

less than or greater tHIGN3 VY tofopldBeEawse alsh Pléts'h'cé Yakendrodd Pan&tos Fion, f or
t he ni ckel and vanadi um source materials dif however, hi gher or 1 ower

vanadi um contents may HQéIBFOf%rdﬁ;%alflgglo?lé%gls%?sgﬁe 5'3? target

and the filnms sputtere rom B 2igf

hi gher inmpurity and al pha_em ssio evels are likely with h| gher vanadr um
content. Once a nol teﬁgﬁb@a?@t ?fg'rolrlrl% tepReragire 6?}'5‘11553"@5@3 g¥f3128 nol d under

a low pressure atnosphere. The nold may be selected fromthe group
consi sting of steel, di@phistaplahef putteringrime vetsusshethesistancpneifemity
at nosphere is preferably an argon atnosphere of 0.1 to about 0.7 atm, and

nore pref er gleyasd P BtméhsSretdenits) b4 FiliRkibn bh11IRY HBBesdlah@YerhSerngd; @h@bl y cast
into the nold in a SCVYM Upon solidification, 2 solid aIon ingot is

e sT S g2t e i 50, S o AP B0 FRUN B R, o

materials (less than about 10 10-3 count s/cmz--hr}
(average of last 2 measurements) as a function of the rolling process and temperature.

Detailed Description

The present invention provides a nickel/vanadium sputtering target having an

ultra-low emission of undesirable radioactive alpha particles, and a method for
20  fabricating the sputter targets.

The first step of the present invention is to provide source materials of nickel
and vanadium having low alpha particle emissions and low levels of impurities. The
nickel source material is preferably at least 99.98% pure with an alpha emission equal or
less than about 10”? counts/cm®hr, and the vanadium source material is preferably at

25  least 99.5% pure with an alpha emission equal or less than about 10 counts/cm?-hr.
- 3



Fromthis ingot, a workpiece or target blank is cut, preferably having a
di aneter fromabout 7.0 inches to about 7.375 inches, nor Borgg%ﬁqbl y about
7.25 inches, and a thickness of about 1.625 inches to abo#t f nches)
nore preferably about |.75 inches. 15 The workpiece or target blank is then

rolled to a\dcb?tﬁlkleesmlﬂe@ﬂ&l@i\&ﬂalﬂf‘: padividts ibE1%eld 99.a8RWir8R% nitkel (aexukipi ece
may be hot rolled at a tenperature of about 500C to about |200C or may be

col d roll equurit V58l 96 st RPBALETRIBIHAS RirdiBéh, 1| A BRCLBLAY Gegat es a

texture or “certain pattern of cryst at1ans. xture aftects how
atons are ejected f,roma sputter t . The a I distribution of

sput t er ed %ﬁ%f%wm(&u%Bﬁ%ﬁ%%@%%é? %?%g%?ﬁ%m“&@]éigmm formty.
The rolling therefore plays a role in chancing the texture, and the texture
in turn af fletermatioha lamgidiringtiing ¥ .Morand£9.2% Gipuvanedient (petnali piriey obatebut
subsequently the filmthickness uniformty. Thus, the rolling process is

desi gnesl t ®oagzh eIt DSOS N GIR Kiefhl UK diet aBSSGHBE, NursBbdkeGetnnget s for
uni form sputtering. The circular target blank may be cross-roll ed, whereby

t he target : i t PRLQX] e to0.90 after h .ral ling
pass to matiIﬁt%:aClP }r\l@?‘ﬁea néiquu‘%ggggr%%r%%ﬁs%e%’? egH%sb%r,xs thr?ﬁ??telta}%é 1foi nal

t hi ckness is achieved. Alternatively, the target blank may be

di recti onalaAGt] 249 GAHLHY - &esBeGtvglar target blank is rolled in one
direction until the width reaches an internmedi ate thickness, then
cross-rol | ed to Thegiextsitmm thb apsedtanveng ot eproesiingeadmbnufattutihg edne gt

Al t hough both hot and cold rolling nay be used in the nethod 5 of the

present i nvsp4iceda high pusitP@lutiyRebet Ra¥ing 8 hemokAddus GoMipblitiBh BitRRs 8 fhkner
grainin the final product. Finally, thé roll&d workpiece or target blank

is theprecrystalli i nne a te ture. of abqut 600 .C to
about {11?)00 J‘%“E’@P“ag@é? ?%‘383]@ @E@‘i’ £ @8%8{‘%"‘{]% gég{r%puﬁ%:&tar%C%H%tdpagn&agxsfo& m a
target having an al pha em ssion equal or |ess than about 10'' 10 .

count s/ cni -IOWELS thhl@vpiersle phalphe wgiaciivigsol tha soyrpemaisgiatie Tanthisrang) andiidd t he
ingot (less than about 10'3 counts/cm --hr). Preferably, the target blank

i S recryst actordaideorittathn @aheigleatof et prageat atvemntdor) thealicke] 2B SanaGiuno sadroeit 875
C for about 2 to about 4 hours. A fine grain structure is obtained by the

met hod f tf}ﬁm@ﬁﬁf%tmélfeu%%p@higﬁﬁaéd\ﬁﬂhﬁa1o\w ﬁf&?&ru?e &Hﬁosbﬁ%&%f&ﬁﬁk is cold

cross-rolled tollowed by recrystallization anheal i ng at about 825 C 15 to
about 875C far about t o_about hours,. This rolled a a aled target
may ¢ hen b SiBiRIYade N AR s Rt pieh dr it s L O AR RIRR S e
particular sputter tar,;et application) followd by bonding to a backing

pl ate o f Aberal O miiost and mogepretesadpbut IthaTopue rbeutty) Feiost, gathiedewur ed
" according to the above nethod were highly 20 honbgenous in the distribution
of bot h t hepressnaditmosphletedy iprajerablyradoty pragutehergommrosphers of Ehout Bdrombeut t he
fabricated targets maintai ned or even reduced the ultra-low | evels of al pha
radi oact i vig ¥ 1 esfithotebréBRLHPARE0 PBLAT Tk SneldRof tE Ridie] 4R RUbLE! ed
fromthe targgts’ nanu?zf(r:htruredﬁgy 0t he above metehod’ %‘]itggrﬂ(ﬁ%ip ayed ulltra-l ow
al pha

source materials is preferably conducted in a semi-continuous vacuum melter (SCVM).
The standard composition in the industry for depositing magnetic nickel is 7wt.%

20  vanadium. Itis to be understood, however, that the processing route as described herein
may be used to fabricate nickel/vanadium sputter targets having a vanadium content less
than or greater than 7wt.%. Because the purity and alpha emission for the nickel and
vanadium source materials differ, however, higher or lower vanadium contents may

affect the purity and alpha emission of the target and the films sputtered therefrom. In

- 4 -



particle em ssion, specifically, equal or less than 10 =counts/cm -hr, and
even equal or 25 [ ess than about 10 3 counts/cm --hr. FlJG5 SEPdegs cts t he
appr oxi mat e al pha em ssion at - 2 5 SEP 2003 every step in the

manuf act uri_n that of th jlm FI 1 shows
that the aPPRACEHIEISHEDYHY aﬂ@é@ﬁmmn Ao G OED £ he Mg et ng
process, but rather decrease during manufacture. The sputtering process
itsel f al s6o’pplears to be such that the al pha emtting particles may not be
completely transferred fromthe target 5 to the wafer during sputtering,
resulting in evenckaweslteal alog iefonnsd,ahe hlloytibeasienoirheld unbéda fokl %Pessﬁl:e'SO,
the purity level of the final target product was higher than 99.98% In
use, the s a r

 nvent i on %&*%%%‘ea% THE SOl LRSHULE o b O 000 sRng b Kol B8 onc
Fur t her_nor e, E@er or. in mcrocircyits 10 _caused by al pha _em ssion was
el i mi nat ed Cem APY Prassurg afne & 1% gsferaply apapgonAmesRhsrheifyl 09. 98%
pure | NCO nickel with 99.9% pure G E vanadi um nelting under a high vacuum
of 5 m croneakng 00 atingsad amate prafembly about Givapn.cEunthiez, the goniteatatiog pher e of
0.3 atm in a SCVYM and casting into a steel nold under a |ow pressure

argon at nDgpdTeraBlyWastini 1@t Mold th 2SECWM UDbE sélNiREativASa SOIRBARIyaHgdtqs
determ ne the distribution of the alloying el ement and i npur i t| es. FIG

depicts in 0 f h h m whi ch
three sli cgg&f‘? fﬁ‘ i@cg%hgﬂg€%?%s%%%& e#dl?Pr frégg\/%ﬁ}l uet 1t%op slice 12
is taken at 1/4 ipch fromthe top 20 surface of ingot the mddle slice
14 is ext réeﬁ@éfcgléf@ﬁnﬂrpéﬁé@bmyﬁﬂd%é thygttheaf ghe wpcesmaté@aliﬂCSSathan glprut
bottomslice 16 is renoved at 1/4 inch fromthe bottom of ingot 10. Five
sanpl e ar d0Pakems/tmdix)each slice, and they are taken at two radii R, R
perpendi cul ar to each other. FIG 3 shows sanple 1 and ~ are taken fromthe

edge of the sli @@emipRRASLS %ﬁméc@%reﬁ%t%qanka@&tsa@m&ay%aaﬂd adidhqep the
m d-sections of the 2~ radii R, R=, respectively. Table 1 Ilsts t he

i mpurity r S

Spect r onet g&%%ﬂ%‘%ﬁ% %ggcr’]"g();]tsa]sjgnrrp S mgr rsﬁ égfar?ép%%o?t 2’[‘ t'] es aé'lﬁ results
of nean, standard devi atl an, | e var.i ance and range, S t pical in
the i ndust rickRsss Ahabayt éﬁ?iemf—hfé tRAPGYLd. fihga@%me&mpﬁeablmhqui i{ 7§ targets
are produced, by the chem stry of the ingot sanple. The nean and standard
deviation dfct®/ is 7.00% 5 and 0.0609% respectively) and there is no
segregation of the alloying elenment in the injot. Table 2 lists the

i mpurifsy resul t spHeQiorkpR 065015@.@3 sﬁnm @echirh tw%l&me@?re%hb&&%of%o&é 16 as

conpared to the neasurenents for the iIngot sarrp e. The inpurities are also
evenly di sty h n Q d that | the
sanpl es has f %%Paés%/al% “%Okglﬁéaetmof b?h@ roﬂ athFr@ ““‘rﬁge‘?"“t%?aé
denonstrated that the ingot 10 sa gives a good representation of the

entire i ngdP 2boUABZRO 9C onmay fe sgldrp %53[ typically at room temperature. The rolling

operation creates a texture or certain pattern of crystal orientations. The texture affects
how atoms are ejected from a sputter target. The angular distribution of sputtered

20  particles from a target determines film thickness uniformity. The rolling therefore plays
arole in changing the texture, and the texture in turn affects the angular distribution of
sputtered particles and subsequently the film thickness uniformity. Thus, the rolling
process is designed to achieve the fine grain structure desired in sputter targets for

uniform sputtering. The circular target blank may be cross-rolled, whereby the target

[ R
wn

blank is rotated approximately 45° to 90° after each rolling pass to maintain the circular
- 5 -



Sahpl eMeanSt andard Devi ati onSanpl e Vari anceRange%

V7.107.000. 0090. 0025920. 15%Ag0. | 800. 3220. 08920. 007970. 38z1§/d3351> %@12. 4930. 63
410. 4022. ~%As

~,0.0320.0 7 - 9 9Q. 040..09 9 . 000. 0101
76E- 103, 0GETB00R B- 63007 0RTC0ad v MRS ket PEl

, 2. 07E- 0~0. Q149%Ca0. 0300. 020, 03020Q. 000917 ~0. 11% . . ,
Cdo. 000. 08 Fﬁﬂ%ﬁgﬁﬁ@ﬁbr’?¥ﬁwﬁﬁﬁ¥mﬁ .Eﬁéﬁé& i rqjled ingnogirpetion wid the 66~
0.4231 0.1791. 3%Cul 0. 3720. 4600. 3720. 1391. ~1%-e9. 0808. 9200. ~60. 31327?%

Ga0. 0400. 04WidOzeECHER 4n $B B HicloBeD HEBEdosablled to a circular shape having the

0. 000. 00%K0. 0340. 0390. 02680. 000720. 08%.i 0. 000. 0101. 76E- 103. 10E-200 - 8 2

5 SEP 2003 dedirddbfinallthigRiesSaARheidnasvth avdaiddoRerliatd PRPBETBLR in the method
Vari anceRange%vy1, 5201. 2100. 1090, 0120. 31%vh0. 0800.70730. 00857. 34E- 050. 03%\b0

0, 0,
p2atl 1300 dR0pRi0p fuiniBR Y, i€ 24023 1Ra R AW o ACR AR 2R 1 R0 0280
E- 050. 01%6i 19. 40021, 8534, 02216, 1812, 28n0. 0660. 1520. 34570. 11951. 35%h0. 0007
00. 000720, OfRPA BPoHugh E- 070. 0018%Ti 1. 1601. 4560. 60260. 3632. 5%.0. 00130. 002560. 0
004011. 61E- 070. 00139%Zn0. 3820. 3360. 2560. 06591. 03%Zr 1. 8001. 5020. 09880. 009770,
339P0. 470. 6210, 15624561146 44FEC A2 0r 05 B4Rk (4hO6 FectRBMization annealed at

Ol 0. 680. 6060. 27090. 07340. 999%06280. 817. 905320. 668YN10156. 6844, 724% Puri ty

', 99. 990999, RG340 B0 AR 6605 &Y kb9 3600°for a périsd SEEbd 36 rdifutkARL-E 2:
"I ngot Top #1Top #2Top #3Top #4Top #5S anple Mddle #1 Mddle #2 M ddl e #3

M ddl e #4 M,dd #5Bot . om #1Bott om #2B om #3Bot t om #4Bot { om,#5% V-

'7,107.076.@55Lgﬁ??%%%%ﬁﬁb?é%ﬁ%5599%6%33%3?E§§Fﬁdﬁ9g?§ﬁ6%65@%%*5@%&5o.1800.
4500. 2900. 3500. 3900. 2700. 3020. 2900. 3400. 5200. 3200. 3120. 2730: 1370. 1360. 350%A
| 15. 6009 2. seuns/ayer? arrbpreferaip s1endessithaniio souge rpersdnas! Beodngot §esr13. 10012
. 90012. 20011. 50012. 800%As0. 0320. 0350. 0150. 0200. 0200. 0320. 0170. 0370. 0330. 032

0. 0400. 0370th@d akou 180 c&Bﬁﬂcﬁ%ﬁPﬁB@’:ﬁB%I}OBIMaﬁ;EBQaﬂE&Qea@&QHQRQ&\ fhzQled220. 1
670, 0850. 0400. 3600. 0200. 0410. 1620. 0589%Be<0. 005<0. 010<0. 010<0. 01_0<0. 010<0. 01
0<0. 010<0. 040500100, £ AT, BILEOIOFOSAE00, 045001050 HIAYEI Q. 9300, 0410
. 0300. 0280. 0330. 0310. 0340. 0370. 0310. 0300. 0300. 0340.0370.0340.0410. 040%

Ca0. 0300. 020<, ) . . ) .

0. 0200. 03805BHLTUGHE® BBFIRHTARY DeHshedhe BFECH 4B eBsRA B H9EE 8D % Cd<
0. 0500. 1400. 060 1 0. 0780. 070< 0. 0500. 0800. 190 ' 0, 0600. 1700. 0700. 100<_0. 00<
0. 050< 0. 05@eEeHbBYk is cold cross-rolled followed by recrystallization annealing at about 825°C

Co27. 40025. 50025. 40025. 60025. 60025. 70025. 80025. 70026. 20026. 30031. 70025. 4002

7.700 125. 200douBB2L. f6Pebout 2Qo abowk 4hdures P 2003 10 I ngot Top n 1Top n2Top
~3Top #4Top ~5Sanpte Mddle :1 Mddle r2 Mddle ~3 Mddle ; 4 Mddle

#C??(th ggg"lﬁlgggam%gilﬁagﬁgﬁﬁ 001{%9%96 gi%@%én%@ 831Ad and machined to the final

| . 60011. 30012. 00012. 40011, 90011N0012. 30011. 10011..10011..700%Cu0. 3720. 3700. 32
00. 4400. 334 .r%e@é*evw@m%%ﬁ .leébfo?%‘ §02BEH APPSO I8 9%%%% §%§/@fe@. 0808
. 800~

8. 8508. 60082 batkdnRwar.t6 (08! HoUVPIRBO_rBHAREMLIY1L0. 7009. 5408. 6108. 7108. 500%
Ga< 0.040< 0.040< 0.040< 0.040< 0.040< 0.040< 0.040< 0.040< 0.040< 0.040<
0. 040< 0. 040< 0. D4Osputied thbser OmddiractQrdddtdrdin 0o ARDsb d¥e AadifoDweRAE glily030<
0.030< 0.030< 0.030< 0.030< 0.030< 0.030< 0,030< 0.030< 0.030< 0.030<

0. 030<,Q. 0309 . o the vanadi : d

0. 0100 8160 B oe n e B Biseiuion 65 B3 BE S SR SUSHS LEMLAY $820. 0200 <o
. 005<0. 010<0. 010<0. 010<0. 010<0. 010<0. 010<0. 010<Q. 010<0. 010<0. 010<Q. 010<0. 01
0' <0. 010<0. m%%eélgb}%ﬁf@%ib%fgéﬂ% ?Wm%’@%?%‘é@l‘?véééi@fegghe e 16w
~1.2001. 3001. 1001. 1001. 360 ' 1. 090!l

1. 3101. 100%évels 058Ipho TRDoR TSy Pdént 66 e VOB . roBedal9The Oi7 (ilr0y eMutE6sD. 0S30.
0660. 062~ 0. 0680. 072%\b0. 9441. 1001. 1001. 1001. 1000. 8501. 1001. 100

~1.0001. 200404044 1ot 0L raBQFacthred 8 thd 48dve3BBthod hko displayed ultra-low alpha

particle emission, specifically, equal or less than 10~ counts/cm?-hr, and even equal or

25 less than about 10° counts/cm®-hr. FIG. 1 depicts the approximate alpha emission at
- 6 -



2 5 SEP 20p9 10 'IngotTop # 1Top #2Top #3Top #4Top #5Sanple M ddle #1
Mddle #2 Mddle #3 Mddle #4 M ddl e #5Bottom #1Bottom #2EpbtS$hHR 2®Bot t om
#4Bott om

#59%0Na0. 2210. 3100. 1700. 2700. 3000. 2000. 170Q. 2800. 3500. 2000. 2500. 3400. 2280. 390
0. 2740. 1249%@ieryQtep9In theomamuFrctaring prioceps1a80vell as that of the sputtered film. FIG. 1

| 0. 2001 0. 1501 0. 1900?7600. 2000. 2100. 1900. 1580. 2440. 1860. 2060. 190%5b<0. 100. 010

<0. 010<0. 01QrOWOHAOHE hiisha @niIdiéhs QedrotRRndiB@ tRdbBShout the manufacturing process,
0. 0100. 012<0. 010<0. 010<0. 010<0. 010%&i 19. 40029. 50018. 30020. 50022~ 90018. 00019

.50022. 10026, . . . 7 18. 20019..30096n0. 0660, 0700. 05
02 0. 050< 0 PBGRE R SaRE R i of e G DR 6 80 656 b oS

- 0.009@h0. 7 pph0. 9~ ppb0. 80, ppb0. 40 ppb0. 60 ppb0. 60 ppb0. 60 ppb0. 60 ppb0. QO
ppb2. 20 ppbGUsbthapihe 2 aﬁgﬁ@ﬁ&@aﬁﬁmw %Be.ce@pmnfrs@sf% om the target

Ti 1. 1601. 5001. 3001.3001. 3001. 1001. 3001. 3001. 4001. 5001. 2003. 6001. 2201. 1801. 3
501. 3009%J1. 3o firh@afddyriry3pR0eringh 25s8Dingph 2vettioppblphdemissidn4f trpdedodied
ppb3. 20 ppb3. 00 pppb2. 60 ppb2. 60 ppb2.30 ppb2.20 ppb2.80 ppb2.40

pPpPbYZn0. 282@4i23AK. 3001 0. 2300. 2700. 3400. Z900. 571

| 0. 3000. 3300. 2301. 2000. 2620. 2040. 3260. 170%Zr 1. 8001. 7001. 500

| 1. 5001. 5001. 4001..600Q41, 400 I 1. 6001, 6Q01. 4001. 5001. 4401. 3701. 600 - 12
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#59°0. 470. 910e smEeEREesImanactyisd by Ste Bethod @b tsaueoDiny2ntiarsprode@dzeoa-<0. 02
<0. 05<0. 05<0. 05<0. 05<0. 05<0. 05<0. 05<0. 05<0. 05<0. 05< 0. 05< 0. 05< 0. 05< 0. 05<
0. 05% O 0. 63AmAged i OAIRTO 186 APK: tBRsIOBOFBAHerARe:, SHRaBaE ST tridRBirdl. 52%
05210672811228063785472989283618169%N101214141114141281471312312128%

Pur i t y98) 9909924990599 291499,/294099,0891299. 991999. 991599. 991099. 990699. 990
299. 990599. 990499 991799. 991999. 991799. 9916 - 13 2 5 SEP 2003 Exanple 2’

Vari ous rol Im@&iﬁcryst al lization techniques were investigated for
determ ni ng m procedure for the reduction of grain size in Ni/7%W
sputter targets. Using 7 inch dianmeter) 1.75 inch thick target bl anks

nmel ted and cast a  met hod of Exanple 1, the techni ques eval uated

i ncluded cold rolling with prior honpgenization at 1155 C for 24 hours,
cold rolling w thoWi/7g6V éigob oapgrbt bRicombinitto99.089 | purgINCO 6ke) whatoorsh | i ng
at 800C, and hot rolling at 1000C. The rolling was carried out to achieve a
68% r educt i j ] ‘he : t S
were subj ec e(rjé 4?‘(f)E Péér&(:a:ﬁglfgr? ’gﬁlggé"f ?%ﬁqal{l%k%guw Eji'@}cgirﬁééegsﬁo& l%rs%@gru g%‘%m e
3 10 sujari.zes the techni{%‘ue described .abque. TABA,E 3.

Tar get Hoogd AN PO ERATNPPITE bf Bk $rieor/h 8 SRS IS persbmaldir e
forRecrystallization68% Reductionat 850Ciyesroomtenp.1, 2, 3, and 4 hrs.15
2nor oom t enpindyr plovwapressuce argpr tupsphire®HOB1rmin SCYM Fharingonwe8aoGEed?,

3) and 4 hrs.5n01000C1, 2) 3) and 4 hrs. The sanple target blanks were
exam ned on tb detetraine s diz@iducibn sfitht atieyiandlehieat 204 BimsRies eBIG. ANddpister ti cal
surface under an optical mcroscope. Gain sizes were determ ned accordi ng

tothe ASTMifdotdp bf 7Shaldidkllier &Y 12005 gcgihgi&:,r%gﬁ?rﬁ%kﬁcﬂ%%mc@?fl?,??l,l%aki ng

an average O ngs o e nozinal an measur enents of' each of

the surfaces. ;The effect qf the recrystallization ti and rollin
t enper at ur e 9f 2§AR%% 5%‘?‘2@%9%‘3@ el ﬂaydnLﬁF(‘%‘? g&llc"'a}%o‘s L‘;EP& g/é‘df‘?}?/éf’& therfpp
time of recrystallization
20  surface of ingot 10, the middle slice 14 is extracted 3-5/8 inches from the bottom of top
slice 12, and the bottom slice 16 is removed at 1/4 inch from the bottom of ingot 10.
Five samples are taken from each slice, and they are taken at two radii R, R,

perpendicular to each other. FIG. 3 shows sample 1 and 5 are taken from the edge of

the slice, sample 3 from the center, and samples 2 and 4 from the mid-sections of the

18]
n

radii R, R,, respectively. Table 1 lists the impurity results, as measured by a Glow
- 7 =



é6'varying froml to 4 hours has only a snmall effect on the grain size.
2 5 SEP 2(~3 tenperature) hgweSERr 2003r oduce

Mariations inrolling -
greater, changes in the grain size.
produce | arder grain si
S7ERE YiReSs

rolling wthout prior

recrystalli
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es. The
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Hi gher

tBMEDrg”

hot
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rolling tenperatures tend to
rain size of all
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@githastadyical o) ¢

olling at

800 C, and rhodtsodimeangstatdagi d3@dionSampe 27iance addBrangen It itypical in9Be ~m and
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hot rolling

respectively. Thus,
Wi t hout priQpgd
from47-54 ~cm

SHBGRat 85¥iRb
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?n

r eak
i

the grain sizes for cold rolling with or

§ eRArg bl R tha Bekil ok odtOfrbinehigh AR aeg%tsséreig
artially recrystallized grain was ‘'noted to

ol ling ar foberorstosSh B bR, T ety

and 800 _C, but 10 cracks were not visible during

kuced, %'E)Qi ng

up during
hot

3@%‘%3@% 600 C

cold rolling and hot

rol 1ing at RIGED50PR. yepgetorely. pad thereisaiorsseregatignsof shetliqyingelement iv thench

di anet er,

1.7~ inch thick target blanks be cold rolled w thout prior

honogeni zat iiagot. fTable@ksls the impariyatalltsi foathe drsaatplddS eadh dfake threk dhioey S.

Exangl e 3: Three R1VI X12 targets (12 inch dianeter,
non-al um nunsl
fabricated from7.25 inch dianete

fol I owi ng p;aﬁﬁév%ﬁfyéﬂg%%bﬁ%g

mai ntain a circular shape until

roomt enper

7

the fin

al

rotating maj net

i b pancnes o Irpuied of Gampleyt. ere
o S SR oL et

t hi ckness of about 0.449 inch,

fol l owed by % E&ipsvabe pythel offhainggt-ganmple o hes, hids demonwrajed)thashelingot

directional -rolled (fine gain):

cold rolling in one direction until

t he

wi dt h re@chesingle gintes gst beeséthbfdanebe ofitire inggthes, then cross rolling to

a circular shape and fina
recrystalli zpgi at 8~0C for 3 hours. - 15
?Apfzg £
L

di recti onal -

until the w

rolling to 4

fol |l oned by

sputtered tq

6 i nch wafer
measur ed on
The average

nmeasur enment s
burn-inlsthe

ro

t hi ckness of about O0.449 inch,

fol | owed

by

2 5 SEP 2003 (3) Hot
(course grain): hot rolling at 1000 Cin one direction

Hh—+eaches—ar—Aterredtaterthiekresg—ef———+pehes)—then cross
circul ar ;hap?gamE finuhmtﬁidkmegsiaf agompile 0. 44R4dngen,
recrystall i zelampte pt 850C f pr Bviatiewr 5. Barfdmee { hree tarfets were
0: o maph t arbitl shect b Ot (pOIEEE FoPort BFELS"  han
epagh wafer. (Ayedor) e of 048 | ocatdeys| usi dgy7er four PNl probe).
Rs—tht-Form-ty—of—the—S—reastrements—and—theat—pf—the—t+apt 2

@Ak depijct ed 15-000F GS. 184%n( 7, B4becti val492 |After 2agh

%JAE st . 0.032 0.027 0.009077 8.25E-05 0.026

%B 0.239 0.081 0.07054 0.00497 0.24

%Be 0.005 0.010 1.76E-10 3.09E-20 0

% Bi 0.030 0.033 0.00454 2.07E-05 0.014

%Ca 0.030 0.052 0.0302 0.000917 0.11

%Cd 0.050 0.088 0.0448 0.00201 0.14

% Co 27.400 26.200 1.67 2.79 7

%Cr 12.300 11.566 0.423 0.1795 1.3

% Cu 0.372 0.460 0.372 0.139 1.51

% Fe 9.080 8.920 0.56 0.313 2.2

% Ga 0.040 0.040 7.04E-10 4.96E-19 0

% In 0.030 0.030 0.00 0.00 0.00

%K 0.034 0.039 0.0268 0.00072 0.08

%o Li 0.005 0.010 1.76E-10 3.10E-20 0




10 sputtered wafer always has higher values of Rs uniformty than the two

subsequent measur enent s.

It is believed that this is caus@d [§Poggati on on

the target surface during transfer fromthe burn-in test stand to the
sputter chamber. It is therefore concluded that the last 2 nmeasurenents

represent a
uniformty @
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Wi th

fit withpa Cﬁgg@ﬁl an functlpfgoof varigggl e W gtégbéinnj @E(QI near |gast
squares fittgn—techt eh—peak eet-er entroidjof the
al pha peak. |TRE cent roi ds06013tlhe 10100256 peak(mom‘ld t heéJE-g70f r esp@OH g
energi es vvereqzsed to Ne The zerjo and 10 [gal m_of tjTe SpectTionet er.
The sanpl e tlo”fi® anal ' ' 5i9nrches i O3 anet er
and 1/8 i nch %@rthl ckness y\@g pI acegsg,nf t hegghanber . chanber .,.was
evacuat ed t q—O—25—rmHg—are—-Hen i) NN L A O SR
chanmber high %Bltaje |was rd&48dd t o pbais| 3, 00@156 AI pbamso&unu ng4dsor each
sanpl e S uct ed Tor Y ugrs a_Io EacIT gpectrunmwas
anal yzed for %%gqpul - 292)3 Lly" Qﬁ‘@&qr [ n‘b96§1'1r9h em ttiohlq
i sotopes fromthe 9 4l errentossgcf curd_w@ thobbﬂm ur agipsHn i
pr ot act i ni ugr—potontygny—ptut-otf f B —H mtting
i sot opes undé®Qanal ygi s are Ri|st ed i8A-8Tjabl e17905- 3D.65{ SEP 20683

%N 44.7 24

% Purity | 8.76E-07 0.0038




TABLE 4:

Bi CnPoPuPaRaRNThUBI - 212Cm 244* Po- 218Pu- 239* Pa- 231Ra- 226Rn-
211Po- 216Ra- 224Rn- 220Th- 230U- 235P0- 215Ra- 223Rn- 219Th- 228U

82dip
34Po-

i

U- 238Bi -
Th-227Po

-212Po-211Pri.é%]&‘§ man- made al pha-em tting isotope The spectral analysis
program f or g5 H—ef—a—tied-wigdit-h—Gaussi-anto the sanple spectral data
at 24 locatjons in {the mgﬁdtrumpt#orresrppﬁui ng Thp#it he ewgl eS'rdaf#s he al pha
particles epitted by' -Saps, gt e P7 - maturgt+y—ocepr-r+hg—| sot opes.
The spectral analysfs prod a%‘dﬂ@ﬁfg rYigdla#d | Adiadle 13 Mlddétdﬂai r Middletts of a
straight lipe to 10 backgrou,gngl Shedty ta. . Thesp,cont atiron|l evel s
ar e expr esspd—as—aHphasicH ; ﬁ Hpm %ottom Eoto&#& gﬁﬂ"?’%ﬁ as total
eni ssi on anfloet em ssi anodf natuor 4l | y 66r JI‘I’I n'go3| bot opas |af t ermghdckgr ound
em ssi on wap deductled. Neggttve _vatjue of _Tmet—atpharentsst r-ate—yas
cal cul ated | n sone fcases. The nédhtli ve V3 te rep¥ekent 574 jpackd®dind al pha
count that [s highef than tihe ahpha counp, at thée pspectd.vie 1S e peak 15
of the sanple—¥hi-s—regative—ret jphﬁ e-$S-0h m e i 6t'I3P f°<%§95)ery | ow
| evel of en %ligon and thE0rjesulx4503 st arpst i cab.B;o Pquad.3do0, zergn7o
al pha/cm -hy. Tabl g S reporfTsS The total__ar pha emsgiomTate—for—tfe sanpl e,
which is the sum of| the enilssi % at es 0288 [al 1 034 | sot OpWs| THE28anpl e
prepared by|the netjhod of the pbr36f§e*nt lpayent i og,hak an tira-| al pha
em ssi on | epet—ef—6—69>—L0——alpha ccu.nf Lﬁ..."gba %H\Gjbl_e% so
provi des a péadnd tot alis.égogha Hmos#l on2red € f ae.76che sempdoe{ ofuajopha
emtting isptopes existing [m nmatu wWhi ciT 175 thersunrof—tte—enrssi on
rates for epch isotjope - 1 12808 | SEP 18808 orP#%d hg #h&0el s&369A |rat es for
t he two nan} made i sjot opes, | 39 nd 2 Thi, SSI ate is
-1.41 x 10' B—atphea uagta/ e E?P@F 19@&W_ VHS%. 7nn§1%ﬁl1ﬁ %L TABLE 5
Al pha Ef ss| @AsRat €|l sot WaI pma%n:r{riz- hio)ols $3420.028] 6E- 0813 2352%.d32
OE- 03Pa- 231[L. 95E- 03Po- 2161 Z8E-U3P0- 2159, OVE-0U4P0-RI85—3
6E- 04Ra- 2265. 27E- 04Po- 2144.|35E- 3046k 242438 E. 0803 p393088H 04199882, 8
| E-04Th-232P. 86E- 05Rn- 2" ?0-{1. 41394 Th- 338 0.014 0.026 s
. 43E- 04Rn- 2p2=S3— 957064 Re—2743—4—2—104Ra ,_’L4.'21,7EL-Q4-B' - 00%
i -211-4. 67H @&BTh- 2274. 6®E9C4Po-02)50 15. 028 04B 0621P- 6. 0.8102] E- 0eld0219- |
. 04E- 03Th- 2B0- 3. 48H- 03Po- 2 5 I:- 5 rot al 6. 69E- OBTOt al_TEess Pu—-239 and
Cm 244-1.41F-03 - 20 SEI9 i'Fe| t heO¥eksent OPKvient i B0 as been
i Ilustrated| by the [descri pt|i on 0%0 cm 0.020 0.041 0.162 0.058
%Be <0.005 <0.010 <0.010 <0.010 <0.010 <0.010
. <0.010 <0.010 <0.010 <0.010 <0.010
<0.010 < 0.010 < 0.010 <0.010 <0.010
% Bi 0.030 0.041 0.030 0.028 0.033 0.031
0.034 0.037 0.031 0.030 0.030
0.034 0.027 0.034 0.041 0.040
% Ca 0.030 0.020 < 0.020 0.038 0.060 0.050
0.058 0.057 0.130 0.057 0.050
0.080 0.028 0.029 0.036 0.050
10 % Cd < 0.050 0.140 0.060 0.078 0.070 < 0.050
0.080 0.190 0.060 0.170 0.070
0.100 < 0.050 < 0.050 < 0.050 0.095
% Co 27.400 25.500 25.400 25.600 25.600 25.700
25.800 25.700 26.200 26.300 31.700
25.400 27.700 25.200 26.600 24.700
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enbodi nent t

consi derabl e detail,
scope of the appended clains to such detail.

her eof

and whil e the enbodi nent has been described in

It

i S not

intended to restrict or

Addi t i

onal

raddeiBatng

nodifications will readily appear to those 5 skilled in the art. The
invention in its brgader ect.s_i;s| t her ef ot,. It ecific
! ader,aspects, ;S| L NELCl P
details, regresentafivg z P nd—ngihg éﬁ#?llu<°Pg?lv9§£&§i | es
shown and ddscri bed] Accor d| mgldls #1 epﬁddldﬂzesmﬁmu#pe mall@,,irmgygﬁ details
wi t hout depdrting fromthe Fcope OTSPrTTt apptircant—s—Ppererat— nventi ve
concept. - 41 2 5 SEP 20{ &gtomiT Bgtog_vﬂu momﬁw .Boftom ¥ ¢ @ogorf #F
manuf act uri ng, a. ni ckel /yapadi umy. @utter éd'arget ng Isb(gﬁl ol\év pha
eni ssion, cqnprising the st ; gl l N adj urce
mat eri al s urjder a hifgh vacupm aneoo pw mrmsur e1momrsphgr4@01 o figppe p nol ten
all oy and tq reduce|al pha efrssSions;—wherernm nrcket—sourceriater+al i s at
| east about [99. 98% pure wi th adldl%ha &H%si onllel§hgl orl.1pegs ﬂham)about
1.2x10° Zcourt%ggnﬂ- r apd,4 he |93%pnad|y our it eri I's epst about
99.5% pure Wi th an &l pha entssi-ch—e ?% or ﬁﬁ%githaﬁ%%% ut 3§§ 10' 2
counts/cnR-hr; castiing the poltensoa onl.soo a nal.gdo ynderg 4qp acuumg@m | ow
pressure atrosphere|to reduf® aTE [ e SSTgmand—tg—for-m-af—at-toy—i ar get
bl ank, the tlarget blank having %%l phal-#dilssi dP28qual %463 ¢r | 8880 | han
about 10'2 i|sggpunt $/ cni@pky | angegol i ngedd a thighness reducti pf about
50% t o about 5596an; anneal rg *E $d Lanéﬂ$§ fnrﬁﬁgg rndﬁgg)alpha
enmi ssions and to fofma spu tersscmrget $goei[ng aeoal|pha se #si ogegd | equal to
or less than 10' 3 counts/cng=nr, _20[ 2. The |[process jof—ct=i —wherein the
source materlials are nelted] und®/%%l hi gh50dcuurk®@f [aboi?!a | 0x16:580 hiTorr to
about 10.0 rilggr andl a bhayy Presghioe] ar 99fodt Mmsidigrie of out Q.1 1o about
0.7 atm inja sem -¢ontinuol gfnt. 22 5 I'1:%5)’:arﬁ(a'(«ﬁ.o1'he
process of ¢laim 2, |wherein theo.wurc&mmm)eu atioso4are weloued undedo p hi gh
vacuum of alout 1.0|nTorr tp abour p. 0 NIorr and airow pressure—argon
at nosphere qf about 10.3 atn] | 1%&%leni < &MMtli nFAXO Jac s @it t 6004814, The
process of ¢legiym 1, | whepgidn| theo 5l I enc @b qy 1. BaF LR.030 $€Me0.030
<0.030 <0.030 <0.030 < 0.030 <0.030
<0.030 <0.030 < 0.030 < 0.030 <0.030
%K 0.034 0.050 <0.010 0.016 0.040 0.035
0.030 0.025 0.070 0.090 0.060
0.090 0.016 0.016 0.022 0.020
% Li <0.005 < 0.010 <0.010 <0.010 <0.010 <0.010
<0.010 <0.010 <0.010 <0.010 <0.010
<0.010 <0.010° <0.010 <0.010 <0.010
%oMg 1.520 1.300 1.400 1.200 1.100 1.300
1.200 1.100 1.200 1.300 1.100
1.100 1.360 1.090 1.310 1.100
%Mn 0.080 0.073 0.073 0.074 0.065 0.076
0.080 0.090 0.077 0.070 0.060
0.088 0.066 0.062 0.068 0.072
10 %Mo 0.944 1.100 1.100 1.100 1.100 0.850
1.100 1.100 1.000 1.200 1.100
1.100 1.260 1.100 1.140 1.300
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cont i nuous vacuum nelter under a | ow pressure argon atnosphere of about 0.1

to about 0.7 atm

io 5. The process of claimd4, wherein thg snsePesggl oy is

cast in a sem continuous vacuum nelter under a | ow pressure argon
at nosphere gf—about 0.3 at 6. The process of claimi1, wherein the nol t en
alloy is caqt into @ nolgoi § sebeat pd tépam [t herguoup e;gg@; 5t i R st eel ,
graphite and ceram ¢. Bamplhfproce of —ctgrmi—whererr—the—a c" t ar get
bl ank is forjmed haviing a di arﬁ@@@r“lok Madsidp 2 7M@die|#3:hdﬂxdﬂ1@w“ap(Mjﬂdle7#5375 i nches
and a thickness of @bout 1. %udmn#ihleﬁ 10 .8 " g SEnﬁ?l NCNES. The
process of ¢l=ai lwherein ral % B}L"I" qupé F[%ﬁ‘i §0%§A| ed at a
t enper at ur e [ohN@about 600:24:0p0C b.910 pe(nmd of oab@qit 3Q.360 hut e§.2f{00 about 6
hours. 23 2 5 SEP|2~3 9. [fte gruu ss—of—gtarmrt; re+-e+art+he—atHoy target
blank is hot| rolled|at a tepper&ii¥ri ofOE@a-Mw@Oto forpe @ finesograi n
structure. 30. The process rlei n ¢ al'l 1rget briank is
cold roll ed bo—s—foldma fang_,g_r_g?Jocjrn(:{‘\‘%glrn 03@8%9 “SS_B'L4 aimlo,
wherei n the |aPwy t &rgen.idl ank o.310r ol | eglhaiion onq,ldbrect |0(3501 0 ap;sp
i nternedi at 4 thi ckn¢ss, andititrenrTtross-ruttedt—wthrabott—at+45—-00 -
rotation aftler each|roll tola fPH&I] t hi®kAdss A0 ¢ir cwl2a0 | shapestp form a
io fine graijn strucfure. 12| Th rjoces f} cla [0, wherern tne @alloy
target bl ank—-s—cro$s-rolled ﬁﬂ% ||1‘(§'"49 = Q%'lg]é‘( ree 0r28§ ti Oﬂ'l% t er each
roll to a fijrapthi (:knesmoahd coomul ar< gtwapge. dopids - It@@l(p oce§§13of claim
8, wherein tlhe all oy target[biamk rotted—TmoreTtht+ect+pr—to—ah
i nt er medi atq thickngss, and|theh0®rpss-¢&0lled <A0Lh |abo@01%| 45<001aegr ee
rotation aftler each|roll tojla fippal|th gss ¢ rc sha Loforma
fine grain structtre—2014 Thg&% n{@i@f r~l<2.ﬂﬁo MJQ?(L ﬁﬁ | oy
t'arget bl ank %% cro$s- riekbdoed wmalsoo bouts. #0045- 9ﬂ)ﬂedre@or9@¢ At i QRo@f t er each
roll to a filnal thi¢kness a’Tﬂ_ﬁ-rTShdr Shapgeto fomma—fng—gratn
structure. 44 2 5|SEP 2ppB_ 19500 | 221007] 26000 |  29.000 | ~ 23.300
25.200 18.700 17.300 18.200 19.300
5 %0Sn 0.066 0.070 0.050 <0.050 < 0.050 < 0.050
< 0.050 1.400 0.070 0.100 0.085
0.090 <0.050 0.050 0.058 <0.050
% Th 0.7 ppb 0.95 ppb 0.80 ppb 0.40 ppb 0.60 ppb 0.60 ppb
0.60 ppb 0.60 ppb 0.50 ppb 2.20 ppb 0.70 ppb
0.50 ppb 0.40 ppb 0.80 ppb 0.60 ppb 0.50 ppb
% Ti 1.160 1.500 1.300 1.300 1.300 1.100
1.300 1.300 1.400 1.500 1.200
3.600 1.220 1.180 1.350 1.300
%U 1.3 ppb 3.40 ppb 2.20 ppb 2.80 ppb 2.40 ppb 2.10 ppb
2.40 ppb 2.10 ppb 3.20 ppb | 3.00 pppb 2.60 ppb
2.60 ppb 2.30 ppb 2.20 ppb 2.80 ppb 2.40 ppb
GoZn 0.282 0.230 0.300 0.230 0.270 0.240
0.190 0.571 0.300 0.330 0.230
1.200 0.262 0.204 0.326 0.170
10 % Zr 1.800 1.700 1.500 1.500 1.500 1.400
1.600 1.400 1.600 1.600 1.400
1.500 1.440 1.370 1.420 1.600
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20 circular shape to forma fine grain structure. 23. The process of claim
15, wherein the alloy target blank is rolled in one dlrectlon to an
internedi ate thickness, and then cross-rolled with aboug CO32 5 SEP 2(~
45-90 degree rotation after each roll to a final thickness an Circul ar
shape to forma ‘ain structure. 24. The process of claim 15, wherein
the alloy target- blank is cross-rolled with about a 45-90 degree rotation
after each rol | Vagioas folhmg artdwiectystelizatomdtechniqudsavers irapstigatedffor m a fi ne
grain structure. 27 .A
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determined according to the ASTM E112-77 standard. Average grain sizes were
determined by taking an average of readings of the normal and parallel measurements of
each of the surfaces. The effect of the recrystallization time and rolling temperature on

grain size are shown in FIGS. 4 and 5, respectively. The time of recrystallization

[ye]
h

varying from 1 to 4 hours has only a small effect on the grain size. Variations in rolling
- 14 -



+{  dEAVT"-f 109%& ()- Lt10%' ()-fZ 10% ()- 10%& ()- YI0%&' ()-L 10% ()-
&/ [dEIVT"- *10%& ()- (10%& ()-& 109%& ()-Zy&$ $109%& ()- !- DOSESEF) 20MLO% () -
=dE:/ 10 10:109%& ()- f810% ()-310% ()- 1s! 10%&' ()-
/2" 109 ()-& M 10% ()-\xY:/ 10,t!10% & ()- .Lz 10% & ()- 10% & ()-
10% & () -! tetfpérainfe) howohdr @rbduce@cz{t&dﬁaﬁoeiﬁ)ﬂ #ﬂ:(g’/él&s(z): BB Rihg -
y10% & ()- .9 10% & ()- ~10% & ()- 10% & ()-$kIdE:/ 10, @ & 1094 & ()-&$

1(1)00/;/&&&8) %‘%&ﬁé‘ fis\arid ‘39{5&50&3ar°éf'\5‘}£3r@sf%e£.)rhe9§g,&£\ Sl sikedfiir 4 10, SY4@

0, ! - 0, - 0,
104 & () - Srelcgy/s&ta égtlolnt or colgi rc@?xos %v(x)t pnog'xomogemzanon cold rolling without

prior homogenization, hot rolling at 600°C, hot rolling at 800°C, and hot rolling at
5 1000°C are 47um, 48 um, 54 pum, 99 um and 462 um, respectively. Thus, the grain

sizes for cold rolling with or without prior homogenization and hot rolling at 600°C are
similar, ranging from 47-54 um. Partially recrystallized grain was noted to break up
during hot rolling at 800°C. Huge cast grain structures were retained during hot rolling
at 1000°C. Surface cracks were noted during hot rolling at 600°C and 800°C, but

10 cracks were not visible during cold rolling and hot rolling at 1000°C. In view of these
results, it is preferred that 7 inch diameter, 1.75 inch thick target blanks be cold rolled

without prior homogenization, followed by recrystallization at 850°C for 1-4 hours.

Example 3:

Three RMX12 targets (12 inch diameter, rotating magnet non-aluminum
targets), melted and cast by the method of Example 1, were fabricated from 7.25 .inch
diameter, 1.75 inch thick target blanks by the following processes:

(1) Cold cross-rolled (fine grain): cold rolling at room temperature with
approximately 45°-90° rotation after each pass to maintain a circular shape until the
final thickness of about 0.449 inch, followed by recrystallization at 850°C for 3 hours. -
20 (2) Cold directional-rolled (fine grain): cold rolling in one direction until the

width reaches an intermediate thickness of ___ inches, then cross rolling to a circular

shape and final thickness of about 0.449 inch, followed by recrystallization at 850°C for

3 hours.



101-109%& ()- 10\\ 10\\ 10\\!: $109\& ()-: $10%& ()-S8 1Q% & ()-
_18088% s

. S6!10% & ()- +vpdEdV7 10!-Y 109 ()- ,"109%& ()- 10%& ()

109 ()- @O%& ()- pBOJEdV7 10!-:110%&' ()- 109%& ()-, YzZ#109& ()-, 10%& ()-

S10%& () - 10%& (). Q1 dEAV7 10! - F+. 1 109& ()-) 109&' ()-& 109& ()-.. .

L $ $10%& () - F" 163/&19?5 & R (ffll?mﬁﬁvﬂ%r 1‘8‘ ffg%@ %‘)15‘0@631@/&[?6(%@32@
109&' ()-1!109& ()-,/" $10%&' ()-s-10%&' ()- MSTUVCcbC 10!| &t 10% & () -

10% & () - - un0idyghe Wixith tegalgepintyrmetifetd thickasssiafoR' (ircheh, thEibGosOtollirgdgag’ () -
S10% & ()- &10% & ()-10% & ()- y "10% & ()-y& 10% & ()- 0  *1211dBbC

10! [ $g#10%8echlar $1ab6 Uh& finy tekbQAEs8 of hb&ltDQ%D&h&H,‘folféva&f)fﬁd&eéﬁystallization at
10% & ()-! (""" 4###dEDC 10113 10% & ()- 1 10% & ()-@$10% & ()--10% & ()-*

10% & () - ( ZLQY& —$$$$$$9%6 %V7 10 109& ()-!f-10%& ()- 10// 10//
10//!:‘$10%&6%@d§“ 0% & ()-5GLO% & ()- "IB@&i &&&+ dEUV7 10

5 The three targets were sputtered to 10, 20, 40, 80 and 120 KWH. Thin films
were deposited on three 6 inch wafers from each target. Sheet resistance (Rs)
uniformity was then measured on each wafer. (Average of 49 locations using a four-
point probe). The average Rs uniformity of the 3 measurements and that of the last 2
measurements are depicted in FIGS. 6 and 7, respectively. After each bum-in, the first

10 sputtered wafer always has higher values of Rs uniformity than the two subsequent
measurements. It is believed that this is caused by oxidation on the target surface during
transfer from the burn-in test stand to the sputter chamber. It is therefore concluded that
the last 2 measurements represent a more realistic indication of performance of the
target.

15 Rs uniformity of the hot directional-rolled coarse grain target is higher than
those of the‘two fine grain targets by approximately 1.2 times, and it increases with
higher KWH. The Rs uniformity of the cold cross-rolled fine grain target also exhibits
an increasing trend with KWH. The Rs uniformity of the cold directional-rolled fine
grain target displays an initial decrease, an increase until 80 KWH, and then a decrease

20  to 120 KWH. The cold directional-rolled fine grain target thus appears to be the target

with the best performance.

Example 4:

Alpha count analysis was conducted at Idaho National Engineering Laboratory

in a large-area Frisch-grid ionization chamber alpha spectrometer. The counting gas
- 16 -



109&. ()-109& ()-1 "109& ()- , 109& ()- 9!'109%& ()- f 109%& 2)-+- ' 1(((?) dEUVT
10 Y'109%& ()- @ 109 ()-M 109& ()- fZ'109%& ()- Y109& ()- 25 SEP 2003

,F10% ()-?)))*qg***aBuVv7 10 , @O0% ()-*nml0% ()-F( ! 109%& ()-!f

f4#" 1098 ()-' F#"10% & ()-'!!10%& ()- *@++B,,,,dB47 10 10! f

L1098 () - Wad 00 Adr10% XIOR-10 gasP @ I0RR. (The AiHalspediameterwds cpRoARAd Yith , |
~a--.i.gH7 10 10! @10% & ()-,s:!10% & ()- ,3 10% & () -

, 10% & () - 3'8;150%h8nrel mullchitine] adatywet./ Tie-Haid Vad Bosed BB vef Qh'e@oé‘fﬁ%h&'ic@ -@
1006 & ()-sS10% & ()- @S10% & ()- 1096 & (} -/ 00WDOVI1aBH7 10 10S(T0% & ()-

10 Tososy okt S BEAEY, It Uit ol el B Fiddn iR

10% & ()-34"4 4 4a4ma57 = 10 10! @P&@10%z& ().-!, &@#10% KF K& ()-!-10% & () -

10° 10 10foliowpgsaphspuipisanalysty & s)wasmf/mvgsh_eéfaa yping a standard plate

10! @D10% & ()-510% & ()--10% & ()-Y9d0% & () -

Ps! 10%6&' ( ha@hg SPTH R PRafd 2@ Aepdied or its surface. These three isotopes emit alpha
particles with energies of 4.688, 5.155 and 5.805 MeV. Each of the three spectral peaks
was fit with a Gaussian function of variable width using nonlinear least squares fitting
techniques. Each peak fit determines the centroid of the alpha peak. The centroids of
the three peaks and their corresponding energies were used to determine the zero and

10 gain of the spectrometer.
The sample to be analyzed, having a maximum size of 10 inches in diameter and
1/8 inch in thickness was placed in the chamber. The chamber was evacuated to 0.25
mm Hg and then filled with P-10 gas to 35 kPa. The chamber high voltage was raised
to plus 3,000 V. Alpha counting for each sample was conducted for 7 days, 24 hours a
15  day. Each spectrum was analyzed for **Pu, **Cm and 22 naturally occurring alpha-
errllitting iso.Eopcs from the 9 elements of curium, thorium, uranium, radium,

protactinium, polonium, plutonium, radon, and bismuth. The alpha-emitting isotopes

under analysis are listed in Table 4.

-17 -
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8 8xY: _

=10 10~D10% &
88888#8) 8sY: _

()-~D10% & ()-~D10% & ()-/ K6~ ~D10% &'5( SeP-QAR% & () -
10 10~D10% & () - ~D10% & () -/ K6"

~D10% & () - ~D10% & () - ~D10% & () -) 8/ 868>8DBE8I 8T: _= 10 10~D10% & () - / K6”

~D10% & () - MoBbdsde ()-~D10% & ()-~D10% & () -1 808BV8] 8c8g8h8e5 = 10 / K6~

~D10% & () -~D10% & () -~D10% & ()-~D10% & ()-~D10% & ()-h808u8{8888i J_= 10
| Ké" .
~D10% & () - B 0o gm( \ﬁ..'\]f&%,gﬁ }()‘j 0188 & f{a..m BE o ( FT*Lm oK & () - 8888888xY
. _= 10 / ~Dl81e& { Cm=2830Yp&2(8) | P00 &af3 1 R0 BRA-)22- D048 (-3¢ K6
8888888xY: [ TO0 —D10% ()2- ~PIo9% & () ~—=Drovs &) Do &)~ K6\
~D10% & () -|9888888xY: =|X02)6-D10% &|() - ~DLBYE%® én—i@m’%—@% U2¥6
~D10% & () -|~D10% & () - 88 5Y: _= 10 / ~DLQY%,& (3= 5410% & () - L KO
~D10% & E 3 D109 & $ 2 41504 (379048949 ,%%_Q“’FEB/ Wil Aﬁ)uﬁﬁ_ K6~
~D10% & () -|~D10% & () - ~Pe&24& () - ~DI0% & () - 1969<9C:9I49'B9§ﬁe5_: 1p / Ke”
~D10% & () -FDIO% & (- ~PI0% & ()= ~DY0% & )~ —DIp¥& )=V S9kpPpor9i J_=
10 / K6~ Po-212
~D10% & () -|~D10% & () - ~Pp0% & () - ~D30% & () - ~D1p% & () - ~D10P% & () - r 9s9w9999
oxY: = ~
Po-210
5 *man-made alpha-emitting isotope
The spectral analysis program forces a fit of a fixed-width Gaussian to the
sample spectral data at 24 locations in the spectrum corresponding to the energies of the
alpha particles emitted by *°Pu, **Cm and the 22 naturally occurring isotopes. The
spectral analysis program performs a linear least square fit of a straight line to
10  background spectral data. These contamination levels are expressed as alphas/cm*-hr.
The alpha emissions are reported as total emission and net emission of naturally
occurring isotopes after background emission was deducted. Negative value of net
alpha emission rate was calculated in some cases. The negative value represents a
background alpha count that is higher than the alpha count at the respective isotope peak
15  of the sample. This negative net alpha emission rate indicates a very low level of
emission and the result is statistically equal to zero alpha/cm®-hr.
Table 5 reports the total alpha emission rate for the sample, which is the sum of
the emission rates for all 24 isotopes. The sample prepared by the method of the present
invention has an ultra-low alpha emission level of -6.69 x 10~ alpha counts/cm*-hr.
20  Table 5 also provides a second total alpha emission rate for the sample of alpha emitting

isotopes existing in nature, which is the sum of the emission rates for each isotope
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8. The process of claim 1, wherein the rolled alloy target blank is annealed

at a temperature of about 600-1000°C for a period of about 30 minutes to about

6 hours.
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11. The process of claim 10, wherein the alloy target blank is rolled in one
direction to an intermediate thickness, and then cross-rolled with about a 45-90
degree rotation after each roll to a final thickness and circular shape to form a

10 fine grain structure.

12. The process of claim 10, wherein the alloy target blank is cross-rolled
with about a 45-90 degree rotation after each roll to a final thickness and circular
shape.

15
13. The process of claim 8, wherein the alloy target blank is rolled in one
direction to an intermediate thickness, and then cross-rolled with about a 45-90
degree rotation after each roll to a final thickness and circular shape to form a fine
grain structure.

20
14. The process of claim 1, wherein the alloy target blank is cross-rolled with
about a 45-90 degree rotation after each roll to a final thickness and circular shape

to form a fine grain structure.
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15. A process for manufacturing a nickel/vanadium sputter target having
ultra-low alpha emission, comprising the steps of:
melting nickel and vanadium source materials under a high vacuum of

5 about 1.0x10™* mTorr to about 10.0 mTorr and a low pressure argon
atmosphere of about 0.1 to about 0.7 atm. in a semi-continuous vacuum melter
to form a molten alloy, wherein nickel source material is at least 99.98% pure
with an alpha emission equal or less than about 1.2x1072 counts/cm?®~hr and the
vanadium source materials is at least about 99.5% pure with an alpha emission

10 equal to or less than about 2.7x10°2 counts/cm?hr;

casting the molten alloy into a mold under a low pressure argon

atmosphere of about 0.1 to about 0.7 atm. in a semi-continuous vacuum melter
to reduce alpha emission and to form an alloy target blank, the target blank
having an alpha emission equal to or less than about 102 counts/cm?-hr; and

15 rolling the alloy target blank to a thickness reduction of about 50% to
about 95% to form a final thickness and annealing the rolled alloy target blank
at a temperature of about 600-1000°C for a period of about 30 minutes to about
6 hours to further reduce alpha emissions and to form a sputter target, the
sputter target having an alpha emission equal or less than 10 counts/cm?-hr.

20
16. The process of claim 15, wherein the source materials are melted
under a high vacuum of about 1.0 mTorr to about 5.0 mTorr and a low pressure

argon atmosphere of about 0.3 atm.
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21. The process of claim 20, wherein the alloy target blank is rolled in one
direction to an intermediate thickness, and then cross-rolled with about a 45-90
15  degree rotation after each roll to a final thickness and circular shape to form a

fine grain structure.

22. The process of claim 20, wherein the alloy target blank is cross-rolled
with about a 45-90 degree rotation after each roll to a final thickness and

20 circular shape to form a fine grain structure.

23. The process of claim 15, wherein the alloy target blank is rolled in one

direction to an intermediate thickness, and then cross-rolled with about a
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