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Given the importance of high deposition rates and film uniformity to economical
production of high quality integrated circuits, investigations have been undertaken to. consider
the relationship between the nature of the sputtering target and the nature of the resulting

“deposited layer. ' -
It is believed there are three parameters of target structure which are related to
sputtering effectiveness. One factor is grain size since, rather than being one continuous
- crystal structure, solid metals are typically composed of separate and discrete grains of
continuous crystal lattice. Depending on the cbmposition and forming method of ‘the metal,
these grains can vary in size from the millimeter range to the micron range. Target grain




size is also inportant to achieve high deposition rates and uniform
deposited layers. Targets with fine grain sizes also enable higher
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each metal system and alloy. For example, in the case of aluminum, it is common for a

target to have a grain size of 100 microns to 1 millimeter with a less-than-optimum
- crystallographic orientation. Grain sizes may be reduced by using grain refiners such as
tltamum diboride, but these matenals should not be present in sputtering targets because they
35 contaminate the sputtered deposit. Those alloy elements which may be desirable components
of a sputtered deposit do not have a sufﬁczent grain reﬁmng effect to produce optlmum target
grain size,
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- To inprove the performance of sputtering targets, manufacturers have used
speci al caswiong/20e8shni ques to -reduce the resulting as-cast grPCTIUSISAST794

Al so, deformation followed by recrystallization has been used to reduce the
grain size of the netal to be forned into a sputtering target. 5
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Target Metal
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tradi10| onally associated with spray form ng nmet hods woul d suggest that such

nmet hods are not 25 sui table for sp 'litg target manufacture since
porosity |_Eweon&etely undesi r abl e. met hod can be adapted to
produce fi lnlmm@ramoﬁwrfyom&nnpmawe%mr? ukechRIqEeS t o t hi s
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es gas
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Fr agnment afi Altoyand Tast cool flel d fine grains

with ultrg fine dendritic sf i ' s sprayed onto

a substraél'ltaalmghly denSe roduct can be
formed w | grain size appr H/ﬁ Agni tude snal | er

t hamypr od hesbi g al._poudd aclL 25 Jdnethods. It is

al so possible to keep pr eci p| tate sizes bel ow 1 mcron. For exanple, in
al um num al | oys, grain sizes |less than 10 mcrons and precipitate sizes of
| ess than 1 m Metals with relatively small grains have been produced by a technique known as liquid

dynamic compaction (LDC), but not in the production of sputtering targets. Porosity levels
traditionally associated with spray forming methods would suggest that such methods are not
25 suitable for sputtering target manufacture since porosity is completely undesirable. The LDC
method can be adapted to produce fine grain size and very low porosity levels but prior to
this invention there had been no use of the LDC process for making targets even though, as
now discovered, the single step LDC process is lower cost than processes used heretofore
for target manufacture. LDC involves gas atomizing moiten metal to produce a fast moving

30 spray of liquid metal droplets. These droplets splat quénch upon impact with a substrate.
Fragmentation and fast cooling nucleate small crystals to yield fine grains with ultra fine
dendritic structure. As the atomized metal is sprayed onto a substrate, a highly dense
(greater than 99% dense) metal product can be formed with grain size approximately one to

two orders of magnitude smaller than produced by other conventional powder production -
35 methods. It is also possible to keep precipitate sizes below 1 micron. For example, in
aluminum alloys, grain sizes less than 10 microns and precipitate sizes of less than 1 micron
may be obtained. LDC is also the only known method capable of producing sputtering



may be obtained. LDC is also the only known nethod capabl e of produci ng
sputtering -3- WO 96/ 20055
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wi th random texture, which may be valuable for step coverage and via fill.
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The present invention provides a sputtering target comprising a body ofa metal such

30 as aluminum, copper and titanium, each alone or alloyed with a dissimilar metal selected
from the group consisting of copper, silicon, zirconium, titanium, tungsten, platinum, goid, -
niobium, rhenium, scandium, cobalt, molybdenum, hafnium, and alloys thereof, in which the
grains of the major constituent measure less than-about 20 microns, for an aluminum body,
less than about 30 microns for a copper body and less than 10 microns for a titanium body.

35 For aluminum alloys precipitate- reglons present may be less than about two microns,
preferably less than about one micron. - o -

Also provided is a method of making a sputtering target comprising meltmg a metal :
selected from the group consisting of aluminum, copper, platinum, gold, niobium, zirconium,
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35 For alum num al |l oys precipitate regions present may be less than two
m'crons, preferably | ess than one mcron. Al so provided is a nethod of

naki ng a Sqg depiobssy target conprising nelting a netal sel ect pdrivsssnerse
group consi sting of alum num .copper, platinum gol d, niobium zirconium
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FIGS. 9 and 10 are photomicrographs of Al + 0.5. wt. % Cu produced by standard
deformation and recrystallization and by the ECAE process; respectively; where Fig. 9 is the

30 standard micrograph and Fig. 10 is the ECAE micrograph; and :

FIG. 11 illustrates the results of X-ray diffraction tests on aluminum workpieces
formed with the techniques described. The relative preponderance of different grain
orientations is shown.

Detailed Description :

35 Metal sputtering targets that are commonly available to the industry have grain size
limitations as shown in Table 1 above, and varying degrees of texture and dominant
crystallographic orientation. Such targets may be obtained by casting and working the metal
followed by recrystallization heat treatment at an elevated temperature. Alternatively, high-
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formed wth the techniques described. The rel ative preponderance of
different grain orientations is shown. Detailed Description 35
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make i supgﬂxeatsdm}t tembto require that nozzle to substrate spacings be I wered may cause
porosity problems as well. On:the other hand, too- hlgh a superheat will make it difficult to
extract heat quickly, and grain size will go up. An illustrative set of conditions that would

30 apply for an aluminum alloy sputtermg target are shown in the Table below:

- TABLE II ,
_ Typlcal Spray Parameters for Aluminum Alloy Targets _
Superheat 100°C to 400°C
35 Atomizing Pressure . - 80 to 800 psig
Nozzle to Substrate Spacing 20to 40 cm
Ratio of Gas to Metal . = o
Mass Flow Rate 0.210 0.6
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also be produced in a manner similar to aluminum-copper workpieces described above. LDC
25 is also especially useful in creating sputtering targets with unusual alloy combinations, such
as aluminum and titanium, tungsten, tantalum, rhenium, scandium, cobait, molybdenum, and
hafnium, as well as other elemental combinations, to avoid problems of precipitation from
the matrix phase during cooling in conventional casting techniques, or creating precipitate
regions too large for use as acceptable sputtering targets. The LDC process allows the
30 creation of alloys of these metals with very small precipitates and targets with high
concentrations of the alloying elements may thus be created. Although alloys with over 90
weight percent of the matrix metal are typical, lower concentrations of matrix metal could
also be produced with this technique for sputtering targets.
To make target fabrication easier, the substrate 34 in FIG. 1 may be moved durmg
35 preform formation as the atomized metal is being deposxted to control the location of
material so that the shape of the preform is closer to that desired in the finished sputtering
target (known as "near net shape forming") by avoiding undesirable buildup. The preform
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exi 1 el o e e} e Gt R 5 e gt iy 5 :tKe

pr ef or§9Ftionean tbel fis chamel. s Inthis example theichgnnels aze substantiallsperpendiculamtti nal
seventthechannelRefayobe & digles ghditerfish DOT.N The ichdnnels are oriented relative to each

other such that upon entry into the inlet channel, the large faces of the workpiece are
30 vertical, and upon exit from the outlet channel, the large faces of the workpiece are
horizontal. Each channel terminates at the channel intersection such that the two transverse
channels form a single contiguous passageway with an "L":shaped l(ingitudinal cross section. .
The workpiece 60 is advantageously lubricated with any known anti-seize lubricant,
so that a ram 50 presses the workpiece into the inlet channel 72. - When the workpiece
35 reaches the end of the inlet channel, the ram continues pressing the workpiece, causing it to
shear along the plane of intersection of the two channels. As the ram continues to press.
down on the workpiece, the workpiece is forced to exit the die through the outlet channel 74,
continually shearing along the channel intersection plane as it passes through the intersection.
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30 ~ The photomicrographs shown as FIGS. 9 and 10 illustrate the different metallurgical
structure achievable by the ECAE process. The structure of the standard rolled and
crystallized material (FIG. 9) is not nearly as fine or as ordered as the ECAE product (FIG.
10), for the same composition.

Certain textures are known to be desirable for different purposes. For example, for

35 deposited film thickness uniformity, in the manufacture of aluminum alloy targets with a
planar sputtering surface, it has been found that it is desirable to have more grains with
{200} planes approximately parallel to the target sputtering surface than grains with {220}
planes facing or parallel to the target sputtering surface. In contrast, aluminum targets with

-D

II(

-9-



conventlonal def ormation processes results in grain sizes of 100 m crons or ‘
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U|re l &%&ﬂwtu e€S. OI’ 5 even randomorlentatlon

de erm SBH Wxture is typi cal 'y made by an X—ray di ffraction
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sur f acQnanufacture of ultrafine grain targets. For example, the desired target metal may be
vaporized and condensed to form very-fine, i.e., micron diameter, particles followed by
30 compacting and heating the particles to form a solid sputtering target with fine grain size.
' It is apparent from the foregoing that various changes and modifications may be made
to the invention without departing from its spirit. Accordingly, the scope of the invention
should be limited only by the appended claims and their equivalents. -
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25 _

6.  The method of claim 5 wherein said metal comprises aluminum with up to 10
weight percent of at least one metal selected from the group consisting of copper, silicon,
zirconium, titanium, tungsten, platinum, gold, niobium, rhenium, scandium, cobalt,
molybdenum, hafnium, and alloys thereof.

30 -
7.- A sputtering target made by the method of claim 5.
8. A sputtering target made by the method of claim 6.
35
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al um nunwocesmoess, silicon, F\!ﬂmm mm um tungsten, pCauwisssirg79gol d,
ni obi um rhenium scandi um mél ybdenum hafnium and all oys
thereof; atom zing the nolten netal to produce netal droplets; collecting

tHe metal diSopl eAsmethodiof miaking af sputterigy triget eomprisingpi ece; and fabricati ng
t he wor kpi ece i I“B?IH;] |
wherein Eal d m“é&%%h%&[ m&rr?&ﬁo\}\ﬁgﬁq die (ﬂavmii JM%‘BE; %ﬁgéentw%t
'east | S Quetehaganls e SRR EHD HRHERLATHSS SSFEIT, (g toe Ygpighece enfere B
zi r coniinlet chartnehandnexits uigentian chainal, |tmp1rq)dug;elad extruntnumd r heni um scandi um

cgbal t, nol ybdeng gc%gﬂé%yaﬂﬁ% iftd Qgﬁltﬂeﬁﬁggﬁ.% -12- 7. A net hod lof

maki ng a sputterin get conprising g a nmetal workpi éce through
a di e having contlguous transverse inlet and outléet channels of
substanti al 1. i dFet methbd of claim Sewherein, the/imestal wpmiphises ainfofnuac with up. nesr s t he

i nl et d
Faori ool A henatof ¥ richl eSSl i i A0S sons dhop of e AL, b, O
claim ﬁ%ﬁi"elthngsﬁéa platinum, 3Ald, atobium., Fheniim. \NF iyt GPITPEn ‘Wg B‘ﬁﬁ‘“‘ﬁer cent

ol0a nHiafiliume bt altsysithersofl he group consisting of copper, silicon, 10
zi rconi um titanium tungsten, platinum gold, niobium rhenium scandium

cobal t, bdenum haf ni um and al | oys A nethod of making a
sputterl ng ¥ brg 52‘5#&!‘854"55““ Y“@x‘f‘?‘hﬂ‘?ﬁg ’Pﬂ%tal wor kpi ece through a
di e havi ng conti guous, transverse inlet and outl et channel s of

?‘n‘iiiaQL;ﬁLi L6 SiPhe BRmRRCYY B mlipd SPUeidono 1P e o0t el e €

p of (a) one or nore tines follow ng rotation of the workpiece prior to
entering this.i nIAetneﬂimamfehalding asputtering aafgenedmprisingided article w t h a

desired texture; é]i%lu

article into a éF}utterl nggtametal[wg% E@Bﬁé]%‘{ﬂﬁr}%"ﬁ?%flﬁ f)’ er e| n the
net al tehanpels ohsul %%H@“F@\%?W%)e‘?’%?ﬁy the workpieceienters ot ed -
fromt h&mlembamhm&émmghobuﬂm@mel ;silicon, zirconium titanium

A S G =

sputtePfﬂlj"‘E’ isee PHADID %qt?rgls thg)inlet chapnel fg; ‘ggc‘,’ﬂﬂ‘prl sing
al um namlesiredotexture) adal | oy
(c) fabricating the final extruded article into a sputtermg target

25 14. The method of claim 13 wherein the metal comprises a.lummum with up to ten
weight percent of a metal selected from the group consisting of copper, silicon, zirconium,
titanium, tungsten, platinum, gold, niobium, rhenium, scandmm, cobalt, molybdenum,
hafnium, and alloys thereof. : '

30 15. A sputtering target made by the method of claim 14.

16. A method of making a sputtering target comprising: |
(@) extruding a metal workpiece comprising aluminum or. aluminum alloy
: through a die having contiguous, transverse inlet and outlet channels of substantially identical
35 cross section, whereby the workpiece enters the inlet channel and exits the outlet channel;
(b) repeating the extrusion step (a) one or more times to produce a final
extrucled article with predominantly <200> or <220> texture; and
(c) fabricating the final extruded article into a sputtering’ target.
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through a di e having contiguous, transverse inlet and outlet channels of

"substantially 30 | denti cal ﬁmﬂﬁ ereby t he workpi ece enters
‘thve inlet chavemoossnd exits t ”mmlu:mum (b) r epeat i RQTAUBES/16794

extrusion step (a) one or nore*tifres-td plsoduce a final extruded articleée
Wi th predom nantly <200> or <220> texture; and 13 (c) fabricating the

final1extruded EW'E | The nieftiod o'fcﬁi’mtltﬁhéiﬁnttﬁé ﬂ&h}mtﬁﬁaﬂoﬂ&ﬁnﬂmhﬂdnﬂfunﬁwm

11 wherein. gfag ﬁum 2 §¥'aﬁ% Sbéﬁlefaﬁ 5% “@oﬁ%ﬁ% %8“ S&Q}stﬁ“gé §f°°¥§5‘g

percent of
silicon, zﬁﬂ@@humnmmmm tungggn,etnntakuahtrammn, seandiughy cobals,apiyhdenum,
cobal t, nohafaitenund dlleythereofand al | oys thereof. 13. A nethod for making a
sput t§r| ng target conprising: 10 . nelting a netal selected fromthe
groups consi sti ng of alum num copper, silicon, zirconium titanium
tungsten, pl atildum Agoethod fetopalking arsputATIng, 1a8geh FRMPISINgsobal t, ol ybdenum
hafni um and al | oysmeltiageOmetaBt om zi ng the nolten nmetal to produce netal

vor ks ece; 55 °' ool By ool b fPalbe HRBLERRRS G, £ Cont i i ng

conti guous, transve¢(§b°1ima te remd drapletstonch subsaate tofpr@dmgaamrkmm i denti cal

crossms-ection wher elttdipnbdiRYBRON I 0 diefBntalifg cortipI0m, taRShersihkt { he

asput tor | IR qub{ahhdlsF S@ﬁw&é%ﬁaﬁ&cﬁoﬁg% i Ca‘%ﬂ%? Eoidt e he' ©
conpri ses ialetghannel and exitsshe outiey channghto preducean mmmé@ét one net al

sel ected fromthe ofpHétiafMRé SkthisibnGhtoCH Biiftfering itdrgt0 zirconium titanium .
tungsten, platinum gold, niobium rhenium scandi um " cobal t, nol ybdenum
haf ni um and al |l oys thereof 25 15. A sputtering target rrade by the

met hdd of cl ai #95, 6The Bethod of claim 18 veherein theometali comprisea Rlumjnum syith wpta Hy

target conpgiplw ;fwcenf of at 1ea§|dnbrtﬁe@ SERicRld £6hasé gﬁblipréaﬁkx%mg ef @dﬂ@éx, silicon,
Coe ot b RRBRet,, Syt G TR, bR, R0t
haf ni um 4nelybdenuis hafaiureodnd qlloys theseafni zi ng the ol ten netal ; (c)

produci ng a workpiece fromthe atom zed netal; (d) -extrudi ng the

workppece throygh 3, dhfelay Wigemide l%,”&‘ésme&éé‘i‘)?‘éﬁfn?‘ig.

21. A method for making a sputtering target comprising:
(a) melting a metal;
(b) atomizing the moiten metal;
235 (c) producing a workpiece from the atomized metal;

(d) extruding the workpiecé through a die having contiguous, transverse inlet
and outlet channels of substantially identical cross section, whereby the workpiece enters the
inlet channel and exits the outlet channel, to produce an extruded article;

" {e)  repeating the extrusion step (d) one or more times to produce a final
30 extruded article with a desired texture; and
(f) fabricating the final extruded article into a sputtering target.

22. The method of claim 21 wherein the metal comprises aluminum with up to 10

weight percent of a metal selected from the group consisting of copper, silicon, zirconium,

35 titanium, tungsten, platinum, gold mobmm, rhemum, scandium, cobalt, molybdenum,
hafnium, and alloys thereof.
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-14 - inlet and outl et channel's of substantially identical cross section,

wher eby t he workpi ece enter el and exits the outlet o
channel wbgsamyguce an extr Hllmmlﬂ]'ﬂlmﬁrgll!] 't (e)  penesdsiiggat he
" extrusion step (d) one or nore tines o0 spreduce a final extruded article
wth a desired texture; and (f) fabricating the final extruded article

i'nto a sputtgri Ny hehed for tdking aé?mgdaﬁgefcdm#ﬂsiﬁg a sputtering target

corrprl sing: 10 pet.al o Sk ym num or
al uni num al | oy; @) meé'ﬂéﬁ?% cPWB" 3 q(}rg C) nﬂ%fo Yucing a
wor kpi ece from t@ atatomizisg th:emgltenmg;al extrud| ng the. workpi ece through a

dl e PaVIt ngl fontlay?ui,mduemg%vwbﬁgmwmm thechtortize@ metdipnnel s of
stantially id i C S r ers

t e inlet channef®anf* E'Fl%o %h%rlproyggﬁggyh \rfhg)c%ﬁnguo\ﬁ? ss&?"hﬁﬂe

ext rusiand mﬂeqcﬂl(am)elbnfesubstanwla identisal arossiseetinRs hereb wesmqqa eatearttup cle

vm%h Srlg@ahtmla;m ?u@%&udé%héﬂn@l and (f) fabri catl ng the f| naI o

extruded article, _{ntg ing -

a sputtering tar l ﬁ%ﬂ %Ee%ed?loﬁ'g oe{ m&% ?mgﬁg‘thFI S1 ng Wnum

Yi

or al uréxtuded EWQbPredo hdexture; @adnet al ; (c) produci ng a

wqokpi ece from tipe atiicatts theifhl extfided afticle into agpﬁmxngqmigat ece through a

di e havi ng contiguous, transverse 25 inlet and outl et channels of

" substantially identical cross section, whereby t he workpi ece enters the
i nl et chann@#. arEhegnethed ofclaim 23 wherein:the setal comprises alminym avithiep 10,40%si on

step (b £MRas®on80metaf iséBsted Frai %BJ foup édﬁiﬁhnﬁwrd@@& alidon] @irvéritim,

predom tI y xture: .and. n

articl ep é“%tlﬁ'i éﬁt‘%\‘b‘mﬂ 2% '°§ 9rhe%ﬂfﬁe%€%o t‘ﬂct’l %{m&f%ﬁﬁ@
1$5V\/nerhafmumhendmﬂwstbﬂnq:fr| ses alum numw th up to 10 WEI ght percent of at
| east one netal sel ected fromthe group consisting of copper, silicon,

Zzirconi um 't u t.ungst en, atinu jum rhenlum 15
scandi um ¢ "%Vb@gm?iﬂ” témg%q f“@r?” her eof . A net hod
according to cI £&)m smeltiogai metehtamprising alyminym e at umn@;ztaﬂwed and 5.
fabricated in a@pnnabmiingd thendlteaunahlianti al ly all al um num grai ns neasure
555 than 20 m qrons, | B, L2, SRikiSld Ao AE URmibd fleGR t her eby.
(d) extruding the workpiece through a die having contiguous, transverse inlet
and outlet channels of substantially identical cross section, whereby the workpiece enters the
inlet channel and exits the outlet channel;
(© repeating the extrusion step (d) one or more times to produce a final
25 extruded article with predominantly <110> texture; and :
® fabncatmg the final extruded article into a. sputtenng target

26. The method of claim 25 wherein the metal comprises alummum with up to 10

weight percent of at least one metal selected from the group consisting of copper, silicon,

30 zirconium, titanium, tungsten, platinum, gold, niobium, _rhenium,_ scandium, cobalt,
molybdenum, hafnium, and alloys thereof. .

. 27. A method according to claim 10 wherein said metal workpiece is extruded and
fabricated in a manner such that substantially all aluminum grains measure less than about
35 20 microns in the sputtering target produced thereby. :
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21. A net hod according to claim8 wherein sai'd netal workpiece is

. extruded and fabricated in a substantially all precipitate
L regi ons pr oagegneggasure 10 mﬁ I"jmgu"ma' mcron in thePePUSISE6TINY
target produced thereby. 22. * A %retthod aecording to claim8 wherein said
metal workpi ece is extruded and fabricated in a manner such that

. subsgantially ggl qatmgmwgbafram S0 BRAA UOGwHeréifi shidanetalbeotkpiderisexauded andt . hio
sputtering target. produced:t e m
whor el n SRR SR ek Ot anda T preci Pl el BB Shelhe B il

t hat substahouti hivigromfin ﬂ&lwuﬁmm@r@tp@dn@sﬂw@b)'ess t han about 20 microns

I n the sputtering target produced thereby. 20 A net hod accordl ng to

claim 10 wherefh s
nmanngr such th ?bg’f"’g‘r??fj \‘Q@ Q? %‘F@éap g{lgqtgeéif%%s&%%% maasure d) ess
. than aboutfabnqatedrmra inanneh guchpthat substantiallyr g aluminyam gEains MEsUR lespthan about

| et hod ac Q0 ftrél} ih e Sputtstidd tabbd ‘pRoduced tiferéByt al wor kpi ece is extruded and
- 25 fabricated in a manner such that substantially all alum num grains

" neasure |ess than about 2 nicrons in the sputtering target produced
thereby. 26. 30n et methodacerding o cleim [14iwhersin spid mastal workpieorsis £rirygndiasiece

s eygr ud%ﬁfépfxafarm&ﬁteeh Gudnthit sm.&aﬂﬁal dlhalufafurs ghsisameisatd iesetian abouri num
 grains nmeggsure | ess than ut s in the sputtering target

~ produced ?ﬁé?‘@’fﬂ?s 1p the sl’“ﬁerr‘fgt E@Fﬂ%g claim 12 wherein said netal
wor kpi ece is extruded and fabricated in a manner such that substantial ly
al'l precipitatg reg ﬁ@ﬁaoﬂ’%@c%?&lh i etaim 4 whereid Said metd v Eceabetdtrud!edrmdron

in the sputterl eb

claim 12 ﬁt’&f%teag% E?%@Eh?' #Wﬂ&éedégﬁggg %g&#,%g?@ 4R a
mannky suahomﬁamxcsmbntﬂ!atspmtdnpgetaﬂgeapnodummlgﬁby ns measure | ess than about
2 mcrons in the sputtering target produced thereby.

32. A method according to claim 14 wherein said metal workplece is extruded and
fabricated in a manner such that substantially all aluminum grains measure less than about
2 microns in the sputtering target produced thereby.

20
33. A method according to claim 17 wherein said metal workpiece is extruded and
fabricated in a manner such that substantially all aluminum grains measure less than about
20 microns in the sputtering target produced thereby.
25 34. A method according to claim 17 wherein said metal workpiece is extruded and

fabricated int 2 manner such that substantially all precipitate regions present measure less than
about 1 micron in the sputtering target produced thereby.

35. A method according to claim 17 wherein said metal workpiece is extruded and
30  fabricated in a manner such that substantially all aluminum grains measure less than about
2 microns in'the sputtering target produced thereby.

35

ep\aced

/ _
R T —

T, SHEET,HAS BEEN
| HEPLAGED i




