21 NOV 2003 COPPER SPUTTERI NG TARGET ASSEMBLY AND METHOD OF MAKI NG SAME
BACKGROUND OF THE | NVENTI ON I nterconnects for use in integrated circuits
are generally made of alum num but alum numis unsatisfactory in hﬂghNUVZNB
speed sem conductor devices. The resistivity of alumnumas well as its
electromgration limts and restrict its use in such applications. The
present invention contenplates use of high purity copper as interconnects
for use in integrated circuits which have requirenents of |ine w dth about
0.18 pmor less and are to be used in sem conductor devices at 1200 Mhz

cl ock speeds. The interconnect lines are created by sputtering high purity
copper fromsputtering target assenblies. To produce very small |ine

wi dt hs, as descri bed, we have determ ned that the sputtering target should
be of high purity, i.e. at least 99.999 w.%purity, (referred to as 5N
copper) andCOBPER FRAITERONG IDFFGERL ASSEMALIYL HND INFTHOEEE t AN GENRYBpper ) .
Purity is inportant to maintain the low resistivity of the copper Iline so

t hat high EQO&%§%§'%%E gﬁv@ﬁﬁ%ﬁyed. Moreover, purity may also influence

el ectrom gration resistanc ave also determned that it is also
desi rabl e t hat InyRrcoaparteriafg usar getinigveated iGie cahes ARFsEaReFatdw uni form
gr ﬁ! N Si zZgadeProd euahh?(uﬁbnm keﬁ@m@ﬁh@l’j_j aﬁﬁathgeatcfﬂd}@ ghfihgﬁi ilﬁeeé’d gf eit nt )
put tor T oariohabitel dRsEsEOnTy SRt POLIRROSE pAlhs Rl BPuel Bl B1
substrat e, 155 e®lGE¥AMigration o ld@pits m3dft S t¥AChcddrSdait® Wit hSi%e
I nvent i on dpliicheitns get Tho heesedif fogeraricbondedendazeki ghe o@ilgidh hi gh
strength tm&itgg BLBEE: as An{HBRhEBL YT us@rl 98T inPAfddrell BELyuidwose
desi gned fwrn 0 qyn_dhaneter si L on %ﬁf S (;Reowgb_QE of th Larget
becones a C}Ef:g‘nﬁ‘f cant RaRtT T iy °ffagf'ber. ?g%h?’ﬁ ¢al Iy, |g*f WEult83Be Bossi bl e
to decreas¥re ke bhivsRAetr semicerdushar tAaviiAgs t3dr 4800 Jnef ateck speeds.

The interconnect lines are created by sputtering high purity

copper from sputtering target assemblies.

To produce very small line widths, as described, we have

determined that the sputtering target should be of high purity,

i.e. at least 99.999 wt.$% purity, (referred to as SN copper) and

preferably 9§9.9989 wt.% purity (referred to &as 6N copper).

Purity is important to maintain the low resistivity of the copper

line so that high speed goals can be achieved. Moreover, purity

may also influence electromigration resistance.

We have also determined that it is also desirable that the

sputtering target have a fine and substantially uniform grain

size, preferably about 50 um or less. The fine grain size aids

in achieving a uniform f£film thickness during deposition, allows

the target to sputter faster, and seems to result in fewer

particle problems on the substrate, i.e. wafer. It is also

important in accordance with the invention for the target to be

diffusion bonded to a light weight, high strength backing plate.

As targets become larger, particularly those designed for 300 mm

diameter silicon wafers, the weight of the target becomes a

significant handling factor. Technically, it would be possible

to decrease the thickness of the sputtering target surface
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21 NOV 2003 because only a part of the target is consuned. However, in

crde: to take advantage of this capability, it is necessary to bond a
thinner target blank onto a |ightweight backing plate provided the 2.1 N0V 2003
t hi nness of the sputtering target surface does not allow the target

assenbly to warp during use. Warping of the target can lead to

I nconsi stent deposition as well as particle generation. Therefore, it is

i nportant that the backing plate be strong and stiff in addition to being

| i ghtwei ght. The present invention achieves these objectives by providing

a sputtering target assenbly conprising high purity copper target

di ffusion bonded to a precipitation har dened al um num backi ng pl ate. By

use of djffusion ondln OJF0|nthetar%fe?t to the backing ]platelt i's
possi bl e PEFAVE GPthé ﬁé "SHAEFF N WAPEH'SSs untiERiSFabl’e S158Eause
t enper at utestakeqadvactk fger ofpitiemciepghboiiten areis swfdeissieent ty thinghato nel t

th;e S?I dFEhpl%@r ?a‘artgia% B@éﬂ@to%té\r/‘wg lnj’ﬂ%{w%%ﬁ{ bé%r@eﬁia%nﬁf@:ﬁ%@dgas f
otentl a nti nue ro N e erpLoas o
Poe’ " SUmERS, GRRERY (ER wtE R i SR ESRe G URF TOF (IR AGBITTIST CHEr o |
provi ded dargputasrdmipd vt Ae gearrassshbpd Wwssonphesping @thichh pawdery ceopper
target, alesceociopiiha&mrstiéa&d@mﬁhumwmealll 8y haekicng Qéﬁéﬁ:\t@'&ﬂ an
i nt er medi %t1 f&gr of Cu(};n gﬂ JL Si Q0 d;eoqr}(gn ;bglcfg_%esggts@ bagkl ng

pl at e. Desi'tab MR s |nt condi t Gfiand t he
sputteri n@t%ﬁffg’él Et%"r#ﬁll%e%o &?&ﬁérltﬁh%’eﬁﬁi“ﬁ y Thst P&FSPEES%“%&PHQQ 999
W . % Theaspiddes i oedar gejealives dontpidicidingl ar osphd et igoaitergkabi | i zers

conpri si ngs?émﬁﬁa%omgggsztﬁ)cj A%h ?ﬂrlt hecobBer Mar gf%-t %‘1ff§910r@%n%ed-rhe

stabilizer 1s t% resent .inan a lblnt aogt . pmtolOpm‘n

The i nt of e B S XEHER L ShATCBBed pBR"SROPAHEART 818 0 1%

pr ef er abl silébm;tonlbf@nd'ir@ treghopurthey tenggfert ot ahgéw%smablsm)swtanﬁl al | y

uni form gpakpisidetd®faviQld HREeEnédtrFcabRLlddLifyMwhi2h is undesirable
because temperatures required for sputtering often are
sufficiently high to melt the solder bond of the targets and,
moreover, the heat generated has potential to continue grain

growth in the target after long periods of use.

SUMMARY OF THE INVENTION

In accordance with the invention there is provided a
sputtering target assembly comprising a high purity copper
target, a precipitation hardened aluminum alloy backing plate and
an intermediate layer of CuCr diffusion bonded to the target and
backing plate. Desirably, the aluminum is in the fully hard T6
condition and the sputtering target comprises copper of a purity
of at least about 99.999 wt.%. The sputtering target also
contains a micro-alloy grain stabilizers comprising at least one
of Ag, Sn, Te, In, Mg, B, Bi, Sb, and P. The stabilizer is
preferably present in an amount of about 0.3 ppm to 10¢ pmm. The
intermediate CuCr comprises copper and about 0.5 to 1.5 wt.% Cr,
preferably about 1%. The high purity copper target has a
substantially uniform grain size of not more than about 50 um.



2 1 N OV 2003 in another enbodi nent of the invention there is provided a
nmet hod of making a sputtering target assenbly :;hich conprises providi

hi gh purity copper target of at |east about 99. 999 wt . % purity. Préth ﬁ§m3
a master alloy of copper and not nore than about 10 ppm of at |east one of
the mcro-alloy grain stabilizers described previously, preparing nolten
conbi nation of high purity copper and the naster alloy and solidifying the
nolten conbination to produce a cast billet; hot deform ng the cast

billet for a total of at |east about 50% deformati on on each of the axes
and then rapidly quenching the deforned billet, preferably in water;
frictionless forging the quenched billet at elevated tenperature to about
70% of the starting length of the billet and rapidly quenching preferably
in water; coldrretditiy embodingttalofothaboiinergdos defgenasi Bnﬂwmﬂstiam ng an
al um num vaéir%@ draGid @ gpkakguhavi g &a@@esl a€khinitg ys uht ag ec &ifip 4

di f fusion nedth reto;, diffusj ding,t
qn bopding

hi urdet 0 per t ar get
to the pr%c? a Efu(?r gs ritey Coﬁﬁerrem o] tat i onf%°§ftdggo‘?tg 9][9hégé7 UM num

al | oy bacRwhg bl dreppsinneat ﬂF?S/eMa%HOVG oo k@PPEHN2NPr Y terBdIey T8 mast er
all oy i s ps@panedpdy ocfoabnma&g éndTajfothe atiaunt a Nfoyh gl putbbyl Cafper wn th a

m nor anoy erfbggtpgqu%f’? pr@fnaH]-?gn%?I %Jn@;}’na%&@?'&f %Q'Egﬁ 5% it

In, My, B, e co |na lon_and casting to produce a
mast er al FERPET | #che thPefMATHT e 68¥rrearﬂd t 8L Heshenal FBY i EPmed by
conbi ni ngebmiginaniont yoc gupercev & hcast | kikitetonéobf dthermingy ohal |yt
stabilizep$1idt @okalki@Qfl 6?0!3'{ Ho 220 ab8udl - 50_Ehaeb@ﬁ4@t&9>npbﬁt@achﬁ\blfn9 a
precl addi gg surface_o J gg‘ |ff S|on b(‘):gln h%reéo IS Rref x;Lr

produced BY®a BrEcedd pr i s érrb%d? g an A oy° o1l 4 |n an

al um num Brefedalphy nimvatesy Wém@kesénéoéglb@aﬁﬂmltﬁwephéle}ﬁﬁelaépe cl osed
I N a vacudeeimsdr eerﬂpé&atuheatotémaiﬂ ngst be mck;asedlrﬁ;mehgple @hdhef Oor gi ng
to bring LheyCiQnd Bk GREGAR! AELediabllyl B PLUENUBLASH PlingaNd Lhen

heattreatlng | usi o Gt & ni ze
total of about 90% deformation; preducing an aluminum alloy

backing plate having a precladding surface of CuCr diffusion
bonded thereto; diffusicn bonding the high purity copper target
to the preclad CuCr surface; and precipitation hardening the
aluminum alloy backing plate to the fully hard T6 condition.

Preferably the master alloy is prepared by combining a major
amount of high purity copper with a minor amount ¢f at least one
of the micro-alloy stabilizers Ag, Sn, Te, In, Mg, B, Bi, Sb, and
P, melting the combination and casting to produce a master alloy.
In the preferred embodiment the master alloy is formed by
combining high purity copper with at least one of the micro alloy
stabilizers in a ratio of about 1,000 to 1.

The backing plate having a precladding surface of CuCr
diffusion bonded thereto is preferably produced by a process
comprising embedding an alloy of Cu and Cr im an aluminum or
aluminum alloy envelope and e~beam welding the envelope closed
in a vacuum environment; heat treating the enclosed envelope and
forging to bring the CuCr into intimazte contact with the aluminum
alloy, and then heat treating to diZfusion anneal and solutionize
the hardening elements in the &luminum alloy, guenching and
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the hardening elenents in the alum num alloy, quenching and -3 2 1 NOV 2003
thereafter renoving the alum num al |l oy envel ope Lo expose the CuCr surface
and precipitation harden the alumnumalloy to a fully hard T6 condit NOW2003
Sputtering targets in accordance with the invention may be used to produce
an interconnect for use in an integrated circuit, having a width 0.18

m crons or |less and conprising copper of at |east about 99.999 w. %
purity, preferably copper of at |east about 99.9999 w.% purity. BRIEF
DESCRI PTION OF THE DRAWNGS FIG 1 is a schematic di agram show ng the
orientation of the deformation steps in the hot work breakdown of the cast
copper billet; FIG 2 is a schematic flow diagram for diffusion bondi ng of
a high purity copper target; FIG 3 is a photom crograph of a cross section
of a coppererezdserngenditi@g 4hesadunfiragr @hldesenibiorg theespapt ethiocati ons

on a Cu E€astiNghet 2R exRalipiest sdn MrdeX ©Re deferifaki eNlofl& H is a
i the hot work breakdown defornmati on schedul e;

schemati c_dj.agram. descri hin

FIG 6 isf‘gllﬁﬁgﬁéﬂiﬁéocﬁfgbﬁg%q'.a sanpl e havi ng been subjected to a 40%
def ormati on; Bb@&tering haptritsodfcrotsncef Y is &Pl EPYRIVELSE BeenPe subj ect ed
to a 30% dedorpapidtice FAfGinBeidnaephotanues agr aphimfegaasedmliecsibj ected to

a 40% defor.mation t%ri oShown J | G lb ssa0fly 7%)&%8&%%:‘;%9%? ferging FIG

, 0
9is a ph%?‘(’)lﬁgc?o‘é?dap of a sénﬁ e subjected to tion, as shown

in FIG 7lemst 2250% PP 889 o -8sSuFbF i rRFeteEplly oQPPaRdof1akr eeast
phot om cr ags@phe .0boa 2 st augity,. CuCr  internediate | ayer and an Al backi ng

pl ate; and

BRIEF DESCRIPTION OF THE DRAWINGS

FiG. 1 is a schematic diagram showing the orientation of the
deformation steps in the hot work breakdown of the cast copper
billet;

FIG. 2 is a schematic flow diagram for diffusion bonding of
a high purity copper target;

FIG. 3 is a photomicrograph of a cross section of a copper
casting:

FIG. 4 is a diagram describing the sample locations on a Cu
casting for an experimental matrix on deformation:

FIG. 5 is a schematic diagram describing the hot work
breakdown deformation schedule;

FIG. 6 is a photomicrograph of & sample having been
subjected to a 40% deformation;

FIG. 7 4is a photomicrograph of a sample having been
subjected to a 30% deformation;

FIG. B is a photomicrograph of a sample subjected to a 40%
deformation, as shown in FIG. 6, and 70% frictionless forging

FIG. 9 is a photomicrograph of a sample subjected to 30%
deformation, as shown in FIG. 7 and a 70% frictionless forging;

FIGS. 10 and 11 are photomicrographs of a Cu target, CuCr
intermediate layer and an Al backing plate; and

FIG. 12 is a photomicrograph of a Cu target microstructure
at 200 x magnification, showing grain size of about 30 um.
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FIG 12 is a photom crograph of a Cu target mcrostructure at 200 Xx
magni fi cation, show ng grain size of about 30 um -4 2 1 Nov 2003 DETAI LED
DESCRI PTI ON As previously discussed, high purity copper, for exanmpl ¢ 1o§0y 203
| east 99.999 wt.%purity is especially useful for producing high purity
copper interconnects for use in integrated circuits. Control of grain size
and grain growh is very difficult for purity |levels exceeding 99.999 w. %
and containing unalloyed material. Also, copper is particularly
susceptible to anomal ous grain gromh effects, where a few grains
scattered throughout the material grow considerably faster than the

matrix. As the grains grow, they consune the smaller matrix grains until
the entire structure ends up with a very large grain size, often in excess
of 250 unpeTRmEm® Dss@rrFidaNcal tenperature for the onset of anomal ous

grain growh Byt Ml%rurs!’c'paél%lcﬁsgg@ &fi bﬁ';’iﬁllt@e%&t Ur'%r LSaiRfilenzabove the
n1n|nun1tenperatare needed fusion %ﬁég_ ght be desirable to
enpl oy | o#F d+33si®dn Bt 'nsb p“tréﬁﬁejr%t‘?ﬁp&lg 42t 6°8eb5I 8 Pze t he

target graigh p@tlﬂﬁtqup@grb&ﬂtdrpghnqnn5|tyroﬁppen cMﬂﬁgnmdepeégﬁkﬁ§5the

i nherent  cLomper %ﬂr&aahalglﬁetxnaogﬁwﬁng@w&hese eeRdi Bi prscuard fiok used,
result in a weak bond strength 99§e§§ than %k%%olgln :1%%0 the use of
a | ow t enPBRFHLUr &5 BohTdi R SE &ﬁ%lqaes do8s.t wothiH 39 2B 58 % he tar get
m cr ostrum@mreadur|Aﬂg§0hea@PI§9é'néPaﬂaééléﬂ-r444q St]?f‘ee%ﬁai?erq%@“w#@é@s It has
been foungréﬁﬁfgrbhfml&&eldﬁe ehesel £aodyrl ingy ke teek @ NEMicRghbup pmeand

sub- ppm | gvel a1 en»?f}ogggag R O tgonﬁé%’f{ UGLUE fe CAIL, 0G

stabilized s usi on

gr owt h un&é?“hlE%PXNﬁﬁﬁsugﬁuFP%r?WE}IQEOHGFF?%ﬁ%r%Hﬂét“Qéhéféﬁgﬂghﬂg%gzgerable
anmount of sheadturdowmderup wiohta otdrablyred |anpiingsive i e tgpmianek e sls- ppm
level's isogiagbcﬂht-There is a critical temperature for the onset of

anomalous grain growth but unfortunately the critical temperature

is often above the minimum temperature needed for diffusion

bonding.

It might be desirable to employ low diffusion bonding
temperatures so as not to de-stabilize the target grain
structure, but high purity copper does not possess the inherent
temperature stability to survive these conditions and if used,
result in a weak bond strength, i.e. less than 4,000 psi. Also,
the use of a low temperature bonding techniques does nothing to
stabilize the target microstructure during heat generated during
the sputtering process.

It has been found that through use of selected alloying
elements at ppm and sub-ppm levels, a high purity copper target
microstructure can be stabilized sufficiently to allow diffusion
bonding and prevent grain growth under high power sputtering
conditions that generate a considerable amount of heat. However,
controllably alloying to the ppm and sub-ppm levels is difficulr.
The present invention solves this problem by use of a master
alloy with precise control of the amounts of micro-alloying
stabilizers. The amounts of alloying elements are at
sufficiently low levels as to not interfere with the bulk
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The present invention solves this problemby use of a master alloy wth
preci se control of the amounts of mcro-alloying stabilizers. The

of alloying elenments are at sufficiently lowlevels as to not inte fl 2003
with the bulk -5 2 1 NOV 2003 resistivity of the copper. The stabilization
of the structure provides sone |latitude in tenperature paraneters during
di ffusion bonding processes thereby permtting enough of a tenperature

wi ndow to provide a nechanically strong bond, e.g. greater than bout 4, 000
psi, with a high stiffness backing plate. The thermal nechani cal processing
used to make the targets has a major affect on the final grain size and
uniformty. The deformation process nust be able to break up existing
grains regardless of their size and orientation. Large deformation on al
three axi ge@fistheicassi nghebidolpptr i sTHeeqtabedizfnidmeor et sadedosrmt i on

brocess il gi0g. iA5uT {1 GLEAL AeCOIAL. 0P W lnkeSil Lurlfly $08R.010d he as

cast grai uare being retaine structure as | arger
grains th&tonéirlégpé’FPFaFﬁﬁ orhergly y PRETML i ARgt ﬁ“IOHEBdOfSﬁcﬁeF“B?ﬁ%t‘b?%l ned
areas can Jinkewfes @revtide thenecsputdarliyngt pend gromence. f drigeteargetn Correct

defor matiqn,, tpﬁoﬁé’@'%ﬁs Witd 4 %%Hl’lt s&f‘fﬁef sNBa G @ignpage substanti al |y
uni form structurelnt he tar dceasutterln et assenbly

in accordance W€ HDetrRali |18?1 :f“rﬁcﬁﬁ bﬁ?l‘ﬁ?dcﬁﬁpr&ar rhgeE T4 £ f usi on
bonded t o has @ eeiipit affant lear tendd nalugraimsdizeognd askifvgmprat 1%y use of

?E [ nlternqgﬂ;rgla%g;; bfgc_?rslsay@gtbg&v\@gmt{@ bt ek Qi Iyt s€OPpPesra iy ge;b?nd
e al um num in e r na se
qffﬂi g fo%eu 1hLe RLOw, 98&%%0“ Lax DO ;naEﬁ@.&hl y

with sever@did perti 83 rain size o purity
copper t ardjel Wﬁﬁl ﬁ%l%rﬁafl the %asgt”‘lge%i%%r\lsaﬁﬁﬂt’l%ﬁj 'prf\“ar’rac%ﬁ’b%‘ftant ially
uni form ideformation RpOcosdREOLE ngr tmsufdd owrt. dSécordlipn wild sesenyt h of

the precipitation handengd backing PlRt8ctSrd bdig fekbynd@rd Toe
final structure as larger grains that are partially or fully re-
crystallized. Such large-grained areas can interfere with the
sputtering performance of the target. Correct deformation
procedures will result in a fine grain and substantially uniform
structure in the target.

To produce a sputtering target assembly in accordance with
the invention a high purity copper target is diffusion bonded to
a precipitation hardened aluminum alloy backing plate by use of
an intermediate CuCr interlayer between the high purity copper
target and the aluminum backing plate. This provides a final
bonded target assembly with several unique properties. Firstly,
the grain size of the high purity copper target remains small,
e.g. less than about 50 pm and substantially uniform, i.e. with
no anomalous grain growth. Secondly, the strength of the
precipitation hardened backing plate is in the fully hard T6
condition, which is an important requirement for large, thin
planar sputtering targets. This technique could be used with
precipitation hardenable Al alloys, such as the 2000, 6000 or
7000 series alloys. It is also possible to achleve diffusion to
a non-precipitation hardenable alloy, such as the 5000 series



condition, which is an inportant requirenent for large, thin planar
sputtering targets. This technique could be used with precipitatioq 0V 2063
har denabl e Al alloys, such as the 2000, 6000 or 7000 series alloys. ]N Y;
al so possible to achieve diffusion to a non-precipitation hardenabl e

all oy, such as the 5000 series -6 2 1 NOV 2003 alloy, but the backing plate
w Il not achieve a fully hard condition, with alloy '0061 being the nobst
popul ar grade. In addition to the CuCr all oy described, there are a nunber
of comercial Cu alloys that could be used in this process. These alloys
are included in the following: Table 1 UNS I Copper/ Copper Alloy Types
0101000xygen-free coppers C10200 C10300 C104000xygen-free silver coppers
010500 C50100 0108000xygen-free | ow phosphorus copper CL1000El ectrol ytic

t ough pi tallogoppers WWE1380%iihgerlbear hgl DOUgACPHieth eoppéts 31400 C11500

C11600 Cl25QQFkpe, refinnediod ostgh Beish CRPPEES Mogllasi hyede C12700 C12800
012900 C13000D$%é%999%9WLFQLQQRR%rglﬁ%ﬁ%%gcribed, there are a number
of commercial Cu alloys that could be used in this process.

These allcys are included in the following:

Table 1

*UNS § Copper/Copper Alloy Types

Cl0100 | Oxygen-free coppers
clozo0
C10300

C10400 | Cxygen-free silver coppers
C18500
c50700

C10800 | Oxygen-free low pheosphorus copper

C11000 | Electrolytic tough pitch coppers

€11300 | Silver bearing, tough pitch coppers
C11400
€11500
Cl1l1600

12500 ! Fine refined, tough pitch coppers with silver
C12700
Ci12800
c12900
C13000

C14300 | Cadmium coppers
C14310
€16200

C14500 Free machining coppers
C1B700

C14700 | Sulfur copper

€C15000 | Zirconium copper

C17000 | Beryllium coppers
£17200
CIT300C
17500
C17600




C16200 C14500Free machi ni ng coppers Cl B700 C14700Sul fur copper
ClSOOOZirconiun1copper C17000Beryl I ium coppers C1' 7200 ~° _, 500 Nﬂﬁ
2003 " UNS ' CoPer/ Copper A:lcy Types C18200Chrom um coppers C18400 ci@éﬁw
C19200Hi gh strength nodi fied coppers C19400 C19500 C60600Al um num bronze
C65100Low silicon bronze * The Unified Nunmbering System (UNS) is the
accepted alloy designation systemin North America for wought and cast
copper alloy products. The three-digit system devel oped by the U S. copper
and brass industry was expanded to five digits. follow ng the prefix

letter C and nmade part of the Unified Nunmbering Systemfor Metals and

Al'l oys. UNS designations are sinply expansions of the fornmer designations.
For exanple. Copper Alloy No. 377 (forging brass) in the griginal three-
digit system becs Ng3779g gqc&gg QNﬁnSygggnl The UNS |s mgnaged jointly
by the Anmerican Seet+etyrior—Festrrag—eand—ivaterrats—and—the—|Soci ety of

Aut onot i ve Engi ngeil8200Bpemasentdrersesol d nunbers are enbedded in the new
UNS nunbers, no ddnifif€i on need result. In one exanple of tHe method of
produci ng a hi gh |fiP1%y
€19200 | High strength modifiec coppers
€19400
C19500

Ce0600 | Aluminum bronze

C65100 Low silicon bronze

* The Upnified Numbering System (UNS) is the accepted alloy
designaticn system in North America for wrought and cast copper alloy
products. The three-digit system developed by the U.S. copper and brass
industry was expanded to five digics following the prefix letter C and
made part of the Unified Numbering System for Metals and Alleys. UNS
designations are simply expansions of the former designations. For
example, Copper Alloy No. 377 (forging brass) in the original three-
digit system became C37700 in the UNS System. The UNS is managed
jointly by the American Society for Testing and Materials and the
Society of hAutomotive Engineers. Because these old numbers are
embedded in the new UNS numbers, no confusion need result.

In one example of the method of producing a high purity
sputtering target assembly in accordance with the invention, a
high purity copper target of at least about 99.995 wt.% purity,
preferably at least about 99.9999 wt.% purity, is provided. A
high purity Cu target can be made by a casting process that
includes consolidation of ultra-high putity, electro-refined
copper cathode plate. The cathode plate is melted in order to
allow residual chemicals from the refining process to be burned
off. Surface moisture from the environment is also driven off
during melting, and the melt is held at a high enough temperature
to allow a majority of the gases and volatilizable material
entrapped in the metal, such as oxygen and sulfur, to be driven
from the metal. The metal is then allowed to solidify in the
crucible.



sputtering target assenbly in accordance with the invention,
copper target of at |east about 99.999 w.% purity, preferably at

about 99.

made by a casting process that

a high purity

e
9999 wt. % purity, is provided. A high purity Cu target Ca#'ﬁ@ﬁVZNﬁ

i ncl udes consolidation of ultra-high

purity, electro-refined copper cathode plate. The cathode plate is nelted

i n order

to allowresidual chemcals fromthe refining process to

be

burned off. Surface noisture fromthe environnent is also driven off
during melting, and the nelt is held at a high enough tenperature

a majorit

all owed t

tenperatu
to be

to all ow

y of the gases and volatilizable material entrapped in the netal,
such as oxygen and sulfur, to be driven fromthe netal. The netal

is then

o solidify in the crucible. -8 21 NOV 2003 An i nportant step in
t he copper cagri ngoercesss sitgpt an ﬁﬁ@p&ﬂwparnﬁsﬁéﬁnﬁlP695°$ﬁth§ugﬁ t here
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| evel add

I ons ent’ al
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nmeet thlSamBﬁht&HdﬁisEﬂébﬂd@ albwlyiageelsxtenitisi 1 e tl@ssAghaSnabdug, 10n,
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0. 3 ppn1t
di ffusion

silver,

My, B,

P or2val ﬁfﬁa-ﬁptkelev%lll X@ﬂlt%ﬁs,b%uﬂdgﬁg ;id"cethQafLanﬁalexfg abOUt
ﬁﬁ? mto acé) as assetabl I izer for toe r;cg;:fl strug{juref\1 duri ng
EBB’H 'r%g mAE 1 st FITSSR | 3% A t’h C® fAFGetSto Mést the minimum
99. 999 wt rHspativitygrafiethepaet el cablHEinoA WéFFe&haﬁDﬁ'}ﬁ“ofUﬁsl ver is

about 2.5 ppferian ihbiwdeGoBhEXdre HOVEMBLTed Ccorke, tre Mast &n, alld.oyB, Wi th

Bi, Sb, and P. As an example, silver may be added in the range
of about 0.3 ppm to 10 ppm to act as a stabilizer for the grain
structure during diffusion bonding, while still allowing the Cu
target to meet the minimum 99.9%9% wt.% purity grade
specifications. A preferred amount of silver is about 2.3 ppm
in this context. However, to make the master alloy with silver,
or any of the other micro-alloy elements, care must be taken to
avoid simply adding the pure form of the element to copper since
this will result in a loss of significant amounts of the element
due to the fact that their vapor pressure may exceed 1 atmosphere
at the temperatures typically used for melting ccpper. Because
the vapor pressure is high, the alloying addition, e.g. silver,
would evaporate, making it difficult to control the ppm or sub-
ppm level of the alloying additions. To precisely control the
alloying level, a master alloy, e.g. with at least 100 ppm
silver, is used. To make this master alloy a ratio of copper to
alloying addition of about 1,000 to 1 is desirable. For example,
2000 grams of high purity copper cathode plate is melted with 2
grams of silver. The metal may be melted via induction heating
in an open atmosphere. Once the metal becomes molten, the melt

is cast into one-inch diameter billets. A sample of the billet
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or any of the other mcro-alloy elenents, care nust be taken to avoid
sinmply adding the pure formof the elenent to copper since this wll

result in a loss of significant anpunts of the elenment due to the falck0V 2003
that their vapor pressure may exceed 1 atnobsphere at the tenperatures
typically used for nelting copper. Because the vapor pressure is high, the
alloying addition, e.g. silver, would evaporate, making it difficult to
control the ppmor sub- ppmlevel of the alloying additions. To precisely
control the alloying level, a master alloy, e.g. with at | east 100 ppm
silver, is used. To nmake this master alloy a ratio of copper to alloying
addition of about 1,000 to | is desirable. For exanple, 2000 grans of high
purity copper cathode plate is nelted with 2 grans of silver. The netal
may be neltedcyt a dducinagpzéeatdyng thien abMPdpertlaknospherargeOneest he net al

b L t t t 8t $re A |
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dlschargemﬁﬁg%r Hdeut careths) Rifapdiy ﬁ%ﬁkﬂﬂfo fﬁ@zgﬂ&ﬁqt(ﬁ%iﬁétéPrblIIet of
tine nashkedimy |y ataoyimenrdaetsasi |y cut into convenient sizes for adding

as alloying adgiLiofy. abEEL, ali?omtse[)eé{ lm‘a)ﬁehai-:‘t Q%@lnb@ag&mbﬂnreccﬁ-ﬂ be

conbined in appropriate anounts wth pure hig urlté co éy Lo be nelted
to form APREFTIBFE| FIOUNER; B EpBYLR ifoA |%P§i6Vafﬁ a8 §ECEHETE &8 in a
vacuum f ufnaneai et deilleo. rﬁhmsnpperahsxpossaév¢nQ%9e9ﬂslnx¢qnﬂHQ§ﬁd The

pr e- consol;j,dat %cﬁﬁﬁthgnm@tﬁa | et Rechih@mi e Oﬂlhéjep&\sn.muﬂf( which wll

produce t 111 et en t t I | qand wei ghed
to the degl"f‘ga h?rfo Plﬁ% pf%vceﬂmbll%: ec %‘I%gl R a% SItf% ? éH%onsgl i dat ed

copper an®roNhgdeesn admAnti hi gl cFé’GdP‘FP at'"rﬁeldceisﬁgeﬁr'% e §3%%a vacuum
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reaches ahayt,12Q0¢ to gelfnak;yhlch 'f‘}eén_:[’&rea-tcléﬁgolidét%d helpget Oranabout ten
m nut es aﬁ% %%en cggled t%$gbo t 1038C. f
master alloy is then p aced in a melting crucible in a vacuum

chamber. In the preferred embodiment the material will be heated
until it reaches about 1200°C to melt at which temperature it is
held for about ten minutes and then cooled to about 1038°C. The
cycle is repeated two additional times to drive off any residual
gas in the metal under vacuum environment. The metal is then
heated to the casting temperature and poured into a graphite mold
and cooled. The top 3 inches and bottom 2 inches may be cut from
the cast billet to remove any shrinkage or solidification veids
at the top of the billet and cold laps at the bottom of the
billet. The billet is then ready for deformation.

The billet is deformed to remove the as-cast grain
structure,. This deformation step is referred to as the “hot
work breakdown” of the billet.

Again in the preferred embodiment the billet is processed
as follows: The billet is first heated to about 343°C. and then
deformed for a total of 50% deformation on each of the 3 axes.
FIG. 1 shows the orientation of the deformation steps and the hot
work deformation schedule. The billet is water quenched after
the sixth hot work breakdown step.
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cycle is repeated two additional times to drive off any residual gas in
the netal under vacuum environnent. The netal is then heated to the

casting tenperature and poured into a graphite nold and cool ed. The ﬁgﬁv%ma
i nches and bottom 2 inches may be cut from the cast billet to rennv% y
shrinkage or solidification voids at the top of the billet and cold | aps
at the bottomof the billet. The billet is then ready for defornmation. The
billet is deformed to renove the as-cast grain structure. This defornmation
step is referred to as the "hot work breakdown"” of the billet. Again in
the preferred enbodinent the billet is processed as follows: The billet is
first heated to about 393C. and then deforned for a total of 50%
deformati on on each of the 3 axes. FIG 1 shows the orientation of the

def ormati on st &ps ramxd ther hot frywwrikndesorfoagion sthedulldet The Heickket is

wat er quenghegoaf t 13°ct Beg Soxhba het awerilcthbpakdawrostliePion k& 21 NOV 2003
The next step is Knlctéopless forgkgg. The bhi.l | et %s hgatqg to about 343~C
and forged th & ¥ CPi BRIV e COTdiItT off Mo 2770 8F “Phe’ St f°hg “REF ght

usi ng the brgakdoyrins daformat ifdnr stemotThsosRmp by ek dORN detor mueinghedt ep. The
sanpl e is then water mguepcdiedis Bexd, rbheedrater gakei & codwhir obf edoto give a
total of 9% delqrmetion frhellopless.forge 5169l d rol ldsc Mg meterial is
t hen ready for 3ifPusion_ ondi ng. é process ftor dififusion onéing process
i s shown geMat glepgy for mMigfupiomrendipgt step in the diffusion bonding
process i nvol vegetgcessnidd dheniss obli bérdiingnphieedsnds aghovheg&uw@altp t he
preci pi tatione; hakdenabl e al um num all oy and the sol utionizing of the

alumnum alloy., Athin allaq Flate gf popgerdmﬁth about 0.5 to 1,5 w.%
chromiumis fir8e BrirddabtP ihsHae GATRIAAN BRRY0E BFYTRFuAPEPIY tHE shown
in FIG 2.sihilganssentiiffugiomdrendibeatd welededCsmpt tha precipitation

hardenable aluminum alloy and the scolutionizing o¢f the aluminum
alloy. A thin alloy plate of copper with about 0.5 to 1.5 wt.$%
chromium is first embedded inside an envelope of aluminum alloy
as shown in FIG. 2. This assembly is then e-beam welded shut in
a vacuum environment. The sealed assembly can be removed from the
vacuum environment and handled freely without fear of
contamination or oxidation. The assembly is heated to 338°C, and
the temperature is allowed to equilibrate for 30 minutes.

After 30 minutes at 338°C, the assembly is forged at 300°C
to bring the CuCr and the aluminum alloy 6061 into intimate
contact. The assembly is then quickly returned to the furnace for
a l-hour diffusion anneal at 338°C. After 1 hour at 338°C, the
furnace temperature is then slowly ramped to 529°C and held at
this temperature for 90 minutes to put all the hardening elements
in the 6061 alloy into solution. This solutionizing step is
followed immediately by a rapid guench, e.g. in water. Quenching
is critical in order to retain the hardening elements in solution
for subsequent precipitation hardening. Quenching differentiates
this process from HIP or wvacuum hot press processes, since
quenching weould not be possible in the latter two cases. After
quenching, the cover of the assembly is machined off to expose
the CuCr surface.
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a vacuum envi ronnent. The seal ed assenbly can be renpved fromthe vacuum
envi ronnent and handl ed freely without fear of contam nation or oxidation.
The assenbly is heated to 338C, and the tenperature is allowed to 2 1NOV 2003
equilibrate for 30 mnutes. After 30 mnutes at 338C, the assenbly is
forged at 300C to bring the CuCr and the alum numalloy 6061 into intinmate
contact. The assenbly is then quickly returned to the furnace for a 1-hour
di ffusion anneal at 338C. After 1 hour at 338C, the furnace tenperature is
then slowy ranped to 529C and held at this tenperature for 90 mnutes to
put all the hardening elenents in the 6061 alloy into solution. This
solutionizing step is followed imediately by a rapid quench, e.g. in

wat er. Quenching 1is critical in order to retain the hardening elenents in
solution for sHbseguentadreetpidat boshaidenvng.redenahi-ngidishbesenti ates
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fin r.ai ne unifo
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nmechani cal f@fﬂ?%%idn%“é&%ﬂ‘i'ok. have an affect

The thermal mechanical processing used will have an affect
on the final grain size and uniformity. Incorrect deformation
procedure will result in some of the as cast grain structure
being retained in the final structure as larger grains that are
partially or fully re-crystallized. To elucidate the difference
in final metallurgy between 30% and 40% deformation during the
hot work breakdown steps an experimental matrix was established.
Samples were chosen to ensure that a direct comparison would be
possible between the two starting samples.

A cast billet is symmetrical about a vertical line running
down the center of the billet, see Fig. 3. Two samples cut from
the top of the ingot and hot work on each axis by different
amount will result in different grain sizes. As shown in Fig.
4, Sample A and B are from a region of the casting were eguiaxed
largest grains are present. Sample A is hot worked to get 40%
deformation on each axis; Sample B is hot worked by 30% on eacn
axis. The hot work breakdown schedule is described in Fig. 5.

Samples, polished and etched, reveal that the microstructure
of the 40% deformed sample was small grained and uniform. The 30%
deformed sample has a non uniform grain structure, see Figs. 6
and 7, and Figs. 8 and 9.
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on the final grain size and uniformty. Incorrect deformation procedure
will result in sonme of the as cast grain structure being retained in the
final structure as larger grains that are partially or fully 7 1 NOV 2003
re-crystallized. To elucidate the difference in final netallurgy between
30% and 40% deformation during the hot work breakdown steps an

experinental matrix was established. Sanples were chosen to ensure that a
di rect comparison would be possible between the two starting sanples. A

cast billet is symretrical about a vertical line running down the center
of the billet, see Fig. 3_ Two sanples cut from the top of the ingot and
hot work on each axis by different anmount will result in different grain

sizes. As shown in Fig. 4, Sanple A and B are froma region of the casting
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B, Bi, Sb, and P. Silver is preferred to minimize the bulk
resistivity of the material while maximizing the grain
stabilization effect. Concentration range of the alloying
elements are to a certain degree defined by grade. Recommended
minimum and maximum concentrations are listed in Table 1. Below
the minimum alloying levels, the grain structure fails to
stabilize and anomalous grain growth can occur if the target is
exposed to diffusion bonding temperatures. Above the maximum
alloying levels, the material will no longer meet grade
requirements for purity, if the micro-alloying element is
considered in the total metallic impurities.

Table 2: Recommended Alloying Ranges in ppm by Weight

Grade Minimum Alloying Maximum Alloying
Level Level
5N {99.999% pure) 0.3 ppm 10 ppm
5N5 (99.9995% pure) 0.3 ppm 5 ppm
6N (99.9999% pure) 0.3 ppm 1 ppm
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Recommended al | oyi ng el enents include Ag, Sn, Te, In, My, B, Si, 5b, and
P. Silver is preferred to mnimze the bulk resistivity of the materi al
while nmaximzing the grain stabilization effect. Concentration randd MY 2003
the alloying elenents are to a certain degree defined by grade.
Recommended m ni mum and maxi num concentrations are listed in Table 1.
Below the mninumalloying levels, the grain structure fails to stabilize
and anomal ous grain growh can occur if the target is exposed to diffusion
bondi ng tenperatures. Above the maxinmum alloying levels, the material wll
no | onger neet grade requirenents for purity, if the mcro-alloying
elenment is considered in the total netallic inpurities. Table 2:
Reconmmended Al |l oyi ng Ranges in ppm by wei ght G adeM ni rum Al | oyi ng Maxi mum
Al l oyi ng Level Level .5 , % ( 25%0:.pure) 0. 3
ppnb ppm 6N (9@?%%55%&?%“%2% fpdgun%ig%)%r%%t%ggg%eﬁlgghg%%%”‘?’%ﬁ%ﬁ%%rﬁﬁ% ranges
for def or FBEi oRAMARE gétter ARF e PRedr IR 1T EAe EhDGARPLBYE déf oF Fat %N

requi red tsarachireve Bounineohot wstrkuctaskdowidartephef Mot Gordefiorsaktown step

of the Cu detorymtih@N:oPd106e85:in beet Haaks s raidnial hevadi@bns shaul d
advant agequs

ly be in the ran f 2.14 _and 5.49, correspondi.ng tao a 30%

BN 8 6056LT i daRE! G 2rEAd0R: BH el bR FTRI S 2Be SO RBI Bb ERE B Plmum
strain valfwggethbedghuctrafecriy reri sdiifrcifentl y Refkedtandmihemumuni f or m
grai nI St ruglrbie mylemo{;hé)l%tabtﬁutﬁomb? FRCAhENEficibRCL Y bérked skdat had
anomal ous gr.ains rmy r t in the teri% e L0 hsyfd i i .
deformati o"%lo?n?sgdﬁaépe? ué:rtéléegn?_aa’i Hggt eat&lg tgpp.en t6 ge lffrif g\b%?ébllsy
ori ent ed fdEkstngtd@PPRELIST gIAdPS ABBY eX EHEL L nigkiThHgm™SLrAL A v e© buckl i ng
may occur.in¥hfefd¢iantt Hafoinmtion of isolated large grains that happen to

be unfavorably oriented for slip during forging. Above the

maximum strain value, buckling may occur. Material that is

folded during buckling will produce a highly non-uniform

structure and will form large voids within the material. Optimum

deformation for the process employs a total strain of about 4.15,

with an average of about 50% forged reduction per face.

Table 3: Optimum Compositions For Alloying With Ag:

Optimum Alloying
Grade Level
SN (99.9995% pure) 5+/-0.5 ppm
SN5 (99.9995% pure) 2.5 +/-0.25 ppm
6N (99.9%9%% pure) 0.5 +/-0.1 ppm

Total cold deformation after hot work breakdown, whether
done by forging, rolling, an alternative deformation method, or
some combination of various cold deformation techniques, should
result in a total height reduction in the range of about 84% and
93%, with the optimum being about 90%. Below this range,
sufficient grain refining may not occur and the final product
grain size may be too large. BAbove this range, the excess strain
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fol ded during buckling will produce a highly non-uniform structure and
will formlarge voids within the material. Optimum deformation for

process enploys a total strain of about 4.15, wth an average of aB&ufﬂw%
forged reduction per face. Table 3: Opti mum Conpositions For Al loying Wth
Ag: G adeOptimum Al |l oyi ng Level 5N (99.9995%ure)5+/-0.5 ppm 5N5
(99.9995%ure)2.5 +/-0.25 ppm 6N (99. 9999%ure)0.5 +/-0.1 ppm Total cold
deformati on after hot work breakdown, whether done by forging, rolling, an
alternative deformati on nmethod, or sone conbination of various cold
deformati on techni ques, should result in a total height reduction in the
range of about 84% and 93% w th the optimum bei ng about 90% Below this
range, sufficient grain refining may not occur and the final product

grain size fay_be,10q.l-3r06:1A00Y e L NS G, o RREAGERT1SEL AhPaz 4 2 1

caus
NOV 2003 causes tﬁe recr sta]hza tron temperature and anonsal ouS grain

growt h onsErvtenpersgtur €mrELar ohe b&PoWiMe RfFustsh BohtPstEnpeP ure. 1t
is apparerttembéemxﬁﬂ‘he foregoing that various changes and nodification nmay

be made W'thoutI %5E599n€ rﬁ%tbﬁe'&%%mﬂ thaACGRE bl dhankbe se@pe of
the invention s e nmeasured onl e .app ?nded cl ai ms _wher e| n what

is clai rred“qu‘fliail‘?\’l“ dgray Q@Ogaﬁmq@om ERPULTEr A" t HIg e VAR5 ERD
conpri si ngiccarsjmgltyer thg t@rgetiptieelomveat &by dowddi B¢ mpasayygar Onl)a backi ng

pl ate conpsy $iRYa g5 AdiTe DAY eiANcha hendi figndaayer conposition
di ffusi on bonded between the sputtering target and backing plate, the
bondi ng | ayer conpri sing copper.
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2. The assenbly of claiml| wherein the target predom nantly conprising a
conposition that is at |east 99.999% pure in copper (by weight). 3. ZE;@VZMB
assenbly of claiml wherein the backing plate is precipitation hard

CuCr 4. The assenbly of claim1l wherein the bonding |ayer conposition is 5.
The assenbly of claim1l wherein the sputtering target contains a
nicro-alfo§ﬁd$ stabilizer conprising at | east one of Ag. Sri, Te, In,

My, B, Bi, Sb, and P; and wherein said mcro-alloy grain stabilizer is
present in an anmount of about 0.3 ppmto 10 ppm 6. A sputtering target

conpi rising: copper Afspatteting target aséerhB %mﬁg:gg. 999 wt.% a

. . pal i W
m cro-all oy grain staBplittds . ting of Ag,
Sri, Te, In, B, Bi, &Q'Bgcﬁn %ﬁb@ﬁ@ﬁogﬂg %M‘ﬁ%m% %%ggrgéﬁvlthl n the copper
to a sufficient conggnhra ilQ”eIIr?o ngg% i %g of the copper to
achi eve aﬁ@gﬁna&%@g 3@ ﬂ¥ea| pi 'g’ y§19pshondedriwegRnithe prevent i ng
grain gro of >t S CRHINGR At e bRTFINg fayRy qompRyising seppemhe
sputtering target CQﬁFri sing a substantially uniformgrain.size of |ess
than or equal t% abolfi® 58S5fMPlynef e claimhrioughergin t the dagetr pwdbmh-ramchr 0-
al | oy gr aiSPeRIHNY A empasitiomthad friat least89.0898 Yepurefin coppen @avatepﬁ't)n t he
mcro-alloy grain stabilizer is present at a concentration of from at
| east 0.3 ppm td abditie 48sambly & claine 1SWHEFRY | At =Y rein
t he m cr otardeyedirain st abi | iyzer conpri si ngﬁy?%b%?k'ﬂ rpelg%fﬁg?%ﬁ,a“%, I n,
B, 13i, Sb, and P dispersed wthin the copper is present at a sufficient

concentration {40 prepgn ' Lthin the target under hi gh-power
sputtering,& tdrThe sput %%ﬁg&tgtgéwgf%%%ﬁ{% %H@ipgﬁ?\ﬁf EYBRAsHAN|ly of
the copper of a purity of at |east about 99.999 w.% and from at | east
0.3 ppmto abo 10 rn_ of %Qefmc_ro-alloy grain stabilizer. 21 NOV20(3
10, A nethaod of’: maki'f§ ASSHNPWPH Fgin ot yaereis dhetsputiesng rtargatorains a
provi di ng THFEHalaK grajn stapilizergrorpprisioa ot leass .aneoef 589 St T, iy May B, Bi,

Sb, and' P; and wherein said micro-alloy grain stabilizer is present in an amount

of about 0.3 ppm to 10 ppm.

6. A sputtering target comprising:

copper of a purity of at least about 89.999 wt.%:

a micro-alloy grain stabilizer selected from the group consisting of
Ag, Sn, Te, In, B, Bi, Sb, P, and mixtures thereof dispersed within the copper to a
sufficient concentration to enable diffusion bonding of the copper to achieve a
bond strength of greater than 4000 psi to CuCr while preventing grain growth of
the copper within the sputtering target; and

the sputtering target comprising a substantially uniform grain size of
less than or equal to about 50 micrometers throughout the copper and the micro-
alloy grain stabilizer.

T The sputtering target of claim 6 wherein the micro-alloy grain
stabilizer is present at a concentration of from at |east 0.3 ppm to about 10 ppm.

8. The sputtering target of claim 6 wherein the micro-alloy grain
stabilizer comprising one or more of Ag, Sn, Te, In, B, Bi, Sb, and P dispersed
within the copper is present at a sufficient cancentration to prevent grain growth
within the target under high-power sputtering.

9. The sputtering target of claim 6 consisting essentially of the copper
of a purity of at least about 99.999 wt.%; and from at least 0.3 ppm to about
10 ppm of the micro-alloy grain stabilizer.
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b) preparing a master alloy conprising copper and not nore than about 10
ppm of at |east one of Ag, Sn, Te, In, My, B, Bi, Sb, and P, c) preparing a
cast billet by formng a nolten conbination of the high purity copﬁelr ﬂm
master alloy and solidifying the nolten conbination; d) deformng t

billet for a total of at |east about 50% deformation on each axis and then
rapidly qu é&g%eple d forrred billet; e) frictionless forging the quenced
billet at king:asputteting targobassenbly comprisimy | ength of t he
billet, and rapa)dlwoq@m:lmgh@urwcmparofatlleasgabouagwsalwm ;ﬁpﬂw 90%

def or mat i on: g)b)pr preipairing amasltamllmymahbﬁsin@@@ Egaﬁﬂfﬁcﬂnl’\‘@fé pge! ad
cuCr surf‘eo:ppmrofanééstsamfmcsmqéhﬁ Mg! B; BP plet to the precl ad

CuCr surface; nd pkra Vi ck
plate 11. oy ﬂﬂ;g P s{{é}&jﬁg?ﬂwlffﬁgwg‘%% H&‘f’(e gﬁ go(? tQ??' ster
al l oy conprise (o) ﬁ%hﬁ ?Fi J Ity copper with
t he at Ie Sd Qéffﬁrﬂﬂ'l he bl @a %@gt rg bg rﬁad?l BE)

conbi nat i o %?‘?H We qaf"”ﬁ?‘ﬂrbi led according to claim
11 wher e tuhe %Jenﬁgmﬂleé@t wievated teraperaturettoatmutf  Ag,
sn, Ti, IO ﬂls? Siairtlnﬂ?ngbhq uhelhﬂlei and rapidly queinching] 000 to 1. 13. A

met hod accor di iy €@daplingitaa total phaboutod§fhidefoenaticer mi ng t he al uni num al | oy

backi ng pl ate @er groviding ﬁnrafumng]mrmrdysb@ckmgarmgédhmn% Hrkd doéu@r' and
Cr in an auwfaceym or al umi num all oy envel ope; wel di ng the enve ope cl osed

in a vacuum enw)r onrgflision 'b%ﬁ&ln&tﬁ%tédl&-rélﬁﬁj Sﬂgt ik ﬁf%ﬂd’ ngga

\Aherelntt'a@,dforglng brings the Into Intimate contact” Wt

al um num al | oy ei) gé L5 ﬁamﬁwé%ldﬁt W%ﬁ Elaglgihg ]‘ﬂerem)w ng the

al um num al | oy enve ope 0 expose

1. A method according to claim 10 wherein the preparing said master
alloy comprises:

forming a combination by combining high purity copper with the at least
one of Ag, Sn, Ti, In, Mg, B, Bi, Sb, and P;

melting the comblnatlon and

casting the combination.

12. A method according to claim 11 wherein the high purity copper is
combined with the at least one of Ag, Sn, Ti, In, Mg, B, Bi, Sb, and P in a ratio of
about 1000 to 1.

13. A method according to claim 10 further comprising:

forming the aluminum alloy backing p!ate wherein the forming comprises:

embedding an alloy of Cu and Cr in an aluminum or aluminum alloy
envelope;

welding the envelope closed in a vacuum environment;

heat treating the enclosed envelope;

forging, wherein the forging brings the CuCr into intimate contact with the
aluminum alloy to be used as a backing plate;

quenching; and

removing the aluminum alloy envelope to expose the CuCr surface.

14. A method of forming a sputtering target comprising:
forming a master alloy comprising:

a first high purity copper material: and
a micro-alloy grain stabilizer comprising at least one of Ag, Sn, Te,

In, Mg, B, Bi, Sb, and P dispersed within the first high purity copper
material;
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14. A method of formng a sputtering target conprising: formng a naster
alloy conprising: a first high purity copper material; and a mcro- ?'1'5@9 2003
grain stabilizer conprising at | east one of Ag, Sri, Te, 1In, My, B; .
Sb, and P dispersed within the first high purity copper material; -17 2 1
NOvV 2003 addi ngaddingnamrdmotintt bf theghestenldlioy tooaasemantighi parityuespyer
copper Ml 16 RorhPaISpatiERNy targeR Boinosbn TRNTEPA deSied BuhBehifatitSer ed
concent L?tnfggpnfe&o-amegaﬁiﬁ@amii RIS EHabld M l:brﬁér; ghgper oed wthi i copper
15. The met hod %Ifé)éiﬁg i iﬁ“mﬁaﬁﬁﬁ%ﬁ%ﬁﬁw %t %ggﬁﬁg‘ﬁr@goncorrpri ses
conbining the first high pthi ty copper material with the micro-alloy grain
stabilizer in al¥atibh@fmathadplclaweut4 wirrefathe feoppar the mastertallsy t he
m cro- al | osorgpases soathiningehe fist higle pusthh coppér ahaternall withhibveemicrokadldyi r st
and secondgrairgstahbilizaryin @ apfierofnatt ashlabohtit60a parts coppenfo At phrtasft thebout
99. 999 wt . #icrd-alloy paimesthbilzef clai m 14 wherein the first and second high
purity copper materials have a purities of at |east about 99.9995 wt. %

silver. 18. Thejgret pde Ghefilodl 7 LBiMthY %‘tHEréiHeth@ £isP ld Q¥R hyRShaRy! | zer
BRI Tk Gy e R DA
purity copper and a:tr | east one micro-alloy stabilizer selected fromthe
group consi stiny- of Iag Mefhod) of claimsid wherein thgelingt andagecasidehighcpirityl | oy
st abi | i zercapseh@esaismaven partiesalat least abaym99RAR5 @t.%.ppm up to 1 ppm
20. The sputter-deposited interconnect of claim19 wherein the mcro- alloy
stabilizer conpt8.sesThg.method of claim 18 wherein the micro-alloy grain stabilizer is
silver.

19. A sputter-deposited interconnect for use in an integrated circuit,
having a width of about 0.18 um or less; comprising at least 99.9999% purity
copper and at least one micro-alioy stabilizer selected from the group consisting
of Ag, Sn, In, B, Sb and P, the at least one micro-alloy stabilizer being present in
an amount of from about 0.3 ppm up to 1 ppm.

20.  The sputter-deposited interconnect of claim 19 wherein the micro-
alloy stabilizer comprises Ag.

-18 -



