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accordingly it is generally desired to reduce particle generation. Particle generation can be

particularly severe when there is a large thermal stress in the target arising from large differences
of thermal expansion coefficient between the target and the backing plate, and from high
temperature due to high power deposition.

30 Physical vapor deposition targets are retained in a chamber or other apparatus dufing a
deposition process, and problems can occur in fabricating the targets for such retention. One
method of retaining a physical vapor deposition target within an apparatus is to first mount the
target to a so-called backing plate. The backing plate is configured to connect the target to the
apparatus, and preferably comprises an electrical conductivity which is equal to or greater than

35  the material of the target so that the backing plate does not impede electrical or magnetic flow

from the apparatus through the target. A common material utilized for backing plate
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can cause target separation from the backing plate, and in particularly problematic cases, can

30  cause a target to fall from a backing plate during a physical vapor deposition operation. Also, it
can be desired to heat a target to temperatures significantly above 80°C to reduce particle
generation during a sputtering operation. Physical vapor deposition processes which are operated
only at the relatively cold temperatures at which indium-based solders are stable can be
particularly problematic relative to particle generation.

35 In light of the above-discussed problems, it is desirable to develop new methodologies

for retaining physical vapor deposition targets in physical vapor deposition apparatuses, and
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deposition target support.

Fig. 4 is a diagrammatic, cross-sectional view of the physical vapor deposition target

25  support formed in Fig. 3, and shown in an inverted configuration relative to the configuration of
Fig. 3. Also shown in Fig. 4 is a solder material provided on top of the support.

Fig. 5 is a diagrammatic, cross-sectional view of the support of Fig. 4 shown at a
processing step subsequent to that of Fig. 4, and shown with a physical vapor deposition target
bonded to the support.

30 Fig 6 is a top view of the Fig. 5 support.

Fig. 7 is a diagrammatic cross-sectional view of the support formed in Fig. 3, and shown
in an inverted configuration relative to that of Fig. 3. Also shown in Fig. 7 is a bonding material
provided on top of the support.

Fig. 8 is a diagrammatic, cross-sectional view of the support of Fig. 7 provided within a

35  press, and shown with a physical vapor deposition target over the bonding material and pressed

against the bonding material.
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relative to a particular target which is to be supported by the backing plate.
As discussed above in the “Background” section of this disclosure, a target material

30 which can be particularly problematic to support in sputtering applications is tungsten, due to the
low coefficient of thermal expansion of a tungsten material. Methodology of the present
invention can be utilized to form a backing plate having high conductivity, and having a
coefficient of thermal expansion approximately matching that of a tungsten material. It is to be
understood that methodology of the present invention can be utilized for supporting other target

35  materials besides tungsten-containing materials. Methodology of the present invention can be
particularly useful in forming backing plates or other support structures for supporting physical

vapor deposition targets having coefficients of thermal expansion less than 10 x 10K, and/or
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30  properties of copper are retained by mixture 16. Mixture 16 can consist essentially of carbon
fibers and copper, and in particular embodiments can consist of carbon fibers and copper. In
other embodiments, mixture 16 can comprise materials in addition to copper and carbon fibers,
such as, for example, silicon, aluminum, nickel, silver, chrome, and molybdenum. An exemplary
composition of mixture 16 is from about 40% to about 90% copper (by volume), and from about
35  10% to about 60% carbon fibers (by volume). In applications in which it is desired to form a
support structure having a coefficient of thermal expansion approximately equal to that of

tungsten (i.e. approximately equal to 4.5 x 10 K™), a suitable composition can comprise from
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pl at e, can, for “ex
complete solid dlffusmn to occur within powder 16 and thus form the support structure 18 of Fig.

3. A preferred compression of mixture 16 can be at a pressure of at least about 4,000 psi and a
30  temperature of from about 875°C to about 1,000°C for a time sufficient to cause plastic
deformation of metallic components of mixture 16 and thus form metallic support structure 18.
Referring to Fig. 4, support structure 18 is shown removed from apparatus 10 (Fig. 3)
and inverted relative to the configuration of support 18 in Fig. 3. Support 18 can have a
configuration of a physical vapor deposition target backing plate, and can, for example, have a
35  round outer periphery (visible in the top view of Fig. 6) typical of an “Endura” backing plate

structure.
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thermal expansion of a backing plate to that of a physical vapor deposition target while keeping

an electrical conductivity of the backing plate greater than or equal to the electrical conductivity
of the target.
Exemplary backing plates of the present invention can comprise copper and carbon

30  fibers, and can have electrical conductivity’s approximating that of copper (with copper having a
resistivity of about 1.67 x 10® ohm-meter). Such exemplary backing plates can also have
coefficients of thermal expansion significantly less than that of pure copper (with pure copper
having a coefficient of thermal expansion of about 16.5 x 10°K™). Accordingly, methodology of
the present invention can be utilized for forming a support structure 18 having an electrical

35  conductivity greater than that of a tungsten target (with tungsten having an electrical resistivity of
4.82 x 10°® ohm — meter), while having a coefficient of thermal expansion less than that of

copper. In particular embodiments of the present invention, both a physical vapor deposition
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present invention can avoid such prior art problems by forming a backing plate having a

coefficient of thermal expansion approximately matched to that of the target.

30 Figs. 7-9 illustrate an alternative embodiment of the present invention. Referring first to
Fig. 7, support structure 18 is shown in a view similar to that of Fig. 4. However, a difference
between Fig. 7 and Fig. 4 is that the solder layer 20 of Fig. 4 is replaced with a metal matrix
composite (MMC) mixture comprising, for example, carbon fibers dispersed in a copper powder,
with the MMC mixture labeled as 30. Mixture 30 can be considered as a second mixture of

35  carbon fibers and copper relative to the first mixture 16 (Fig. 2) utilized in forming backing plate
18.
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Fig. 2. However, a difference between Fig. 10 and Fig. 2 is that a physical vapor deposition

target 50 has been provided within lower mold portion 12 of apparatus 10 prior to provision of

powder 16 within the apparatus. Physical vapor deposition target 50 can comprise, for example,

30  tungsten, either alone, or in combination with other materials, such as, for example, titanium.

Alternatively, target 50 can comprise a ceramic material. Powder 16 can comprise the

compositions described previously with reference to Fig. 2, and can comprise, for example, a

mixture of carbon fibers and copper.

Referring to Fig. 11, apparatus 10 is utilized to compress powder 16 (Fig. 10) and form a
35  metallic support structure 52 joined to physical vapor deposition target 50. The compression of
powder 16 (Fig. 10) to form support structure 52 can comprise conditions similar to, or identical

to, the conditions described previously with reference to the compression shown in Fig. 3.
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assenbly is_shown in Fi %P 12 1n isolation from apparatus, 10, and |nverted

relative tBhSHRPOTSEHENISAL it the AssemblphFiz 12, AR adyanfage irorming thgawspmblpof

assembl y @Gg 0} rdtitie tolfdrmingl aREBEBID LS Rl 4T3 ARGherd Bante fEWéilgrocer%mﬂQﬁice}%
respecti VW%GHI s that physjical vapor deposition target 50 is In % ysi cal
¥

contact 5 i e PPly G upelingdvantist pasisdbnt Gan bt thel igis mpge ditfqult to
advant age rédyclb @di%ﬁbﬂ Gtridifle 85 5RIENb1Y0 aftki tﬁrget152) Ha§Wdnl oethhdit 598 FbGe

assenblies 25 and 40 js that_ there can wer. processi ng% steps utilized

in form ngURRSESHIyesH of Assamblichd srdidfe Q?F‘“fé%aéléﬂlf)?ay bg diftieni Bé’*nloﬁ%l% used s

nor e diof f itgdt troltovef RBYEH RrustuRIFIIF aibhible 6O VBhSR cﬁ{mg?‘ﬁ&ftﬁ@slu{ ShuabhRr target
50 has worn_out than it is to recycle support structures of assenbl i es

25 and 402&prseidmetyAhpgeing the %ﬂorbgr“ﬂﬁufefql@ﬁﬂstonﬁo renpve a used 10 target

from over suppMdthsidologs bEhe pReenPinvasisREdal atida Whitdna dhd Eliktbinipediifbiact e
support strgq\%ure and accordi ngly changi ng the support structure

di mensi ond° PVOIRURSEEY 2 GinestenscoptadtingRuysiFA} SRROT @7Positien BrERHANE 2URRATt or m and

uni nt er r Ugkr@ahurt NAR eieimmy irferfie # GHdWRANn BRHNEBEaph SUNE 38 S8peeiHodIRl Pigh
physi clg Vﬁgor dep05| g target and a support, structure. An exenplary
ce beg

i nterf WSARORPFTC TEGHERH SBf‘Ct?!F onded to afynastenitarggt fnaccqrignoe 13 15

shows a ¢ @@ﬁa&ﬁamahqm@éaa& i@ htidnX Tﬁ&&ﬁb@éﬁcaﬁxbﬁ G6éristshoRenERde Is@héwit Mngst en
target in anc \g}ﬁ th a nmethod of the present inventjon, The

copper/ car dbptograph, eftig. é313§dgﬁdwgsﬁeﬁtar§b€ﬂﬂpr‘tsﬁé‘ WHehal f of

the phot ogbacpﬂsnhaf oﬁhgphoﬂograpaaﬂprghﬂ IANNGISERR i§ OGE bet®OdHARd SiPSorBdd@bret e

bottom hal f . of the a of , Fig. ,[13. An interface js shown between the
suppor t st%@f 353 ﬁ*&nf Qiﬁglakformﬁe upigteEr it 1 Hatghers;1sinp SePATALORY

uni nt @0r upt®@en the tdréhﬁhndth@f@p@rﬁstfh@tuﬁeeﬂaé ahifen aaﬂ)umttaméu ihldgace@ngpd and the
support structure. The unlf? %}e Q@‘F% $terru§ mterface can be

i mpor t ant "PROTRES AMATHTAGE B maghet %ﬁﬁ%@f?’:‘ghg‘ﬁﬂﬂi’f”ftw ty
t hrough t h&ucsluapmfmto thd target diiriag aqdlttbﬂ‘ﬁgcz)pteﬂaﬁoﬁ axcgentdlx@ly[ inBfodldgpLEther i ng

operation. Accordingly, methodol ent.inve n be
CETT Fzed PP GPARY HhySTRAR GhpotnaBBEe YeBi Earyien PSRRI E ST o

assenbl i esssahbli@iwhetdiethere iisSunifoint eledmical feld ﬁﬁdlrﬁzllgnfaﬂlcﬁﬂidﬂd @dﬂﬂedﬁﬁ@ﬂﬁddgﬁ tlfel el d
oI ate and in physi cal . vapor

h h k
82[):;; : gﬁ ro ?ﬁi{lf’tﬁs}' %ﬁ?ltlp F fiepositiou ater rmgfb‘““ ‘“rb‘hg BF'24e pr esent
i nven_t| on can lMaethttds of the gretemt mm?Mbecamhysmn@kl guaﬁbre é)ﬂy%ﬁlﬁB‘&aT;b)bIQiapositﬁ)hlget S ‘d
conprisin ten or t t en/t n ac ates an
RO 1 S0 g R G e e

conpri si nGighermngsdessingttmperatures than previous assemblies comprising tungsten or

tungsten/titanium targets and backing plates. Such can lower particle generation relative to prior
30 artassemblies, and accordingly improve semiconductor devices formed utilizing target
assemblies of the present invention relative to devices formed utilizing prior art target

assemblies.
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tungsten/titaniumtargets and backing plates. Such can |lower particle
generation relative to prior 30 art assenblies, and accordingly inprove

sem condweo or/3ases/i ces fornmed utilizing target assenbli esPoOf/UsHigIspIsesent
invention relative to devices formed utilizing prior art target

assenbl i es 02/ 36846 PCT/ USO1/45535 CLAIMS 1. A nethod of form ng an
assenbl y é¥¥é$g¥§gical vapor deposition target and support, conprising: 5
providing a physical vapor deposition target having a coefficient of

t her mal xpansj on ss than 10 x 10" 6 .K- i ni.ng the sic vapor
opostt i orl-Far emot: of EXNpEM st S RBHT Lisnb PRI Hech it PPt 1 v ¢ h
carbon fi ber sodlpisge:sed therein; and wherein the support has a coefficient
of thermal expansion lLess than 11 x 10-6 K-1 The nmethod of claim1l
wherei A the physi c&FOXdipot PIHERY PR S?POP‘EP‘Z;@fgeUbaH&g|a§8£tﬁf‘3‘?’ft°£$'ﬁ"rﬂafl 3. The
met hod of cl ai medpankien ef lesstthd 10RYI9F° &l vapor dep05|tion target conprises

nol ybdenum 4. The .net had of .claim 1l wherein the si cal deposi tion
target conprises 37PRgHCRRYsicpEVapor depasian iprect tog S‘B’P elsuW?é&QP]ﬁ“T‘

physi cal vapor @&}Mmatrimmﬁﬁﬂgﬁtﬁba@fmpdr@eshesm iag®n. 6. The nethod of claim

1 wherein the physi or depositign targe ri.ses er.mani 4 7. The
Tethod of ¢l ai ' VilBr B RieSitfipacesosiph et S8Rt e 5 al 200t <os

t ungstien. 2. 8. Tine nﬁﬂfob@ﬁclﬂfn D\lvlﬁ?dréih thephpical Vhpbh&psdlmm(idir'get@&ﬁﬁﬁde§ﬁﬁtalangr eat er
el ectrical, conducti y 20 t han .t cal or deposition target. 9.
The' et hod- of | APEMABP RERRE v Eien BE sBETE! o Seen R SHub 805 copper , by
volunme. 10. midideminhod of claim 2 wherein the support conpri ses copper and
the carbon fib had ,of _cl.ajm 2 erel t he sup ort

Conmpr 1 soa YeoppdiHOHRETEE: huters BerbSh bR RSl S Spe R hoposi ¢ on
target conprizgesmnah. | east 50%tungsten by weight; and the coefficient of

t hermgl. expansi.on of the su t .a oefficient of thermal .. .expansion
of 1 haSphsa callhg AR T Pt e ghiical @opo BRI Y RoRGebslRn 15,
The net hod. of dihainfEthbd ofisiirel Whdréie the @RYsidaCvaptit depbsiticaesrg@icomppansi on of the
support and 30 the coefficient of thermal expansion of the physical vapor
deposi tion t&'J¥"dte both below 6 x 10"6 K'1. 13. The nethod of cIa|n111
wher ei n t e codht neihedbf diint hehdrEh theppgital wpondepbditonsarpg@omprésadtungsten.

8. The method of claim 1 wherein the support comprises a greater electrical conductivity
20 than the physical vapor deposition target.

9. The method of claim 1 wherein the support comprises at least 50% copper, by volume.

10. The method of claim 2 wherein the support comprises copper and the carbon fibers.

11. The method of claim 2 wherein:

the support comprises copper and the carbon fibers;
25 the physical vapor deposition target comprises at least 50% tungsten, by weight;
and
the coefficient of thermal expansion of the support and the coefficient of thermal
expansion of the physical vapor deposition target are both below 7 x 10° K.
12. The method of claim 11 wherein the coefficient of thermal expansion of the support and
30 the coefficient of thermal expansion of the physical vapor deposition target are both below
6x10°K™.
13. The method of claim 11 wherein the coefficient of thermal expansion of the support and

the coefficient of thermal expansion of the physical vapor deposition target are both below
5x10°K™.

11



the coefficient of thermal expansion of the physical vapor deposition
target are both below 5x106K"1 11 WD 02/ 36846 PCT/ US01/ 45535 14. The
nmet hod ofw@bzsasudll wherein the physical vapor deposition PEr/@eel/45635si st s
essentially of tungsten and wherein the coefficient of thermal expansi on
expansion of the i cal

of the su ort aefficient_ of thernal )

vapor depddi 11 dRemethEet SR Hotr Rt neR dPBDS gkt RS asBias: i ng
an assenbly @fmagqménysnct,\aﬁerehameboaﬂ@qwﬁbﬁmamat &p@&ion&mmeswﬂmﬁd the conpri si ng:
provi ding a ph or deposition. target; oi nin si cal

vapor deposi P CIF"ZIDBg]F‘Q?%e’&’a PHRS e PRy V@’Pﬁgepf?%d’%%ﬁ elfg’lpeé%ﬁ copper .
10 16. The methwd ¥ claim 15 further conprising fornming the support by
conpr essi a mx nprisin r ers and cop wder to a

o ebsute df a A SO S ARG SPH G Rer RO SPRTr o of t he
m xture bel owodpriglg:i ng tenperature of the copper. 17. The nethod of claim

15 further conprisi orm.ng the s ar.t ressing a mxture

conpri si ng ca;ngon Pf%é%‘%gaaﬂﬁ'glﬁﬂﬁﬂﬁ’ﬁ%g’%%?m térr’tgressurg of at |east about
4000 psi 15 whi | e joming tiRiphisi@] GapbeipesitinUtirget@d a kippototipiisig bebawfitrBout
1000C. 18. The nethod of claim 15 further conprising form ng the support by
conpressing a M%YWPE" conprising carbon fibers and copper powder to a
pressude ab. at T|heﬁﬁﬂloabwimﬁﬁﬁ‘ﬁh’ﬂ&stompﬂ@ink@orﬁﬁlgthawi)pdﬁgbﬁcoh@@ﬁﬁgﬁ ure of the

m xt ure bel ow.about 9QQC. ';L ho of .claim 15 fO?rtl er Cotg@hdsl ng
forming the éIH%Hffrcf)mBVS‘%% oadi Frﬁﬁn COP% PRVAE ( & PESHTSAT & it abay Pibers
and copper gmnﬂe malmng'\memblﬁtu‘td’tﬁtlje()mmuﬂsg:)eﬂﬁﬁalﬁﬁltlﬂé feﬁllperfiﬁ)ferr;ﬂfﬂ@ H:bﬂs;@r. I :
support; ni, n r ni ng the ort . to the si ca
vanor depddi ti die TR BRI AR e g Gt BRI ST 25 1 ar ¢ her
conpri sing f@l’fmmr‘bg:fofngﬂsﬁgJ@ﬂgjhtﬁbbry ammaspp@@swm@ t@a priegstie of Rﬁer:]aﬁi abol 4800 psi

co r| ing carhon fibers and co in the joining occurs
af {rgr or?n n ﬁ@aglffb‘ﬁ%?temﬁﬁat“%?gﬂ ed‘i“?‘n‘i“ e@@fT%}DP%]z)ng%l ni ngJ t he sgpport to
the physi qgl vamefned@@eﬁmlmqrs mﬁfegaimprwnghroram’ﬁgaﬁ@n%pm ¥t dbirRreRéingar bon
fibers and co The tthodo claim 15 furt é)}f’r%rl%lngformng
the support tBES’rﬁB?’@’é}%P%‘@j’rb&n BErs ARGGOBPE PEBAT LT & Prey et BidrRst AP OhRRY
copper powdekshild dAintdiaheh RdpBatulf RieNHixQEC8Icw Wbl of@r m ng the support;

t he j oi ni na cor{prl ses joini n t he support to_.the physical vapor deposition
target 3afd he method of claim IS further comprlsmg forming the support by compressing a

20 mixture comprising carbon fibers and copper powder; and wherein
the joining occurs after forming the support; and
the joining comprises joining the support to the physical vapor deposition target
with a solder.
20. The method of claim 15 further comprising forming the support by compressing a first
25 mixture comprising carbon fibers and copper powder; and wherein
the joining occurs after forming the support; and
the joining comprises joining the support to the physical vapor deposition target
with a second mixture of carbon fibers and copper.
21. The method of claim 15 further comprising forming the support by compressing a
30 mixture comprising carbon fibers and copper powder; and wherein
the joining occurs while forming the support;
the joining comprises joining the support to the physical vapor deposition target;
and
the compressing comprises compressing the physical vapor deposition térget

35 against the mixture of carbon fibers and copper.
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t he conpressing conprises conpressing the physical vapor deposition target
35 against the m xture of carbon fibers and copper. 12 WO 02/ 36846

PCT/ USO1MB58368422. The net hod of cl aim 15 wherei n the phpeT/wad1/4s83s0r
deposition target conprises a ceramc material. 23. The nethod of claim 15
wherein the ph%§|cal vapor. deposition tar%et conprises a netallic

mat eri al . hypsthed PhadimolS vleggimtha Bhgigel \aper deprsition jagct sempispsoy
deposition t &G/l BRI ses tungsten. 25. The nethod of claim 15 wherein
the physical vapor deposition target conprises ybdenum 26. The net hod
of clai m 23 whehemsthetef ﬁﬁylsﬁeﬁ}er%tbﬁphya@ﬂdﬂxtr.dSPPStﬁQﬁgaéget EVmsiseSe s
zirconi um  1Ghethfiic nfdiridiet hod of claim 15 wherein the physical vapor
deposition target conprises silicon. 28, The method of claim 15 wherein
the physi ¢4 v%ﬁ@fne@%@‘é?l@lm&é whereiethe plysispl vapy depgsitien fArgntPommisesTHREsiedt hod
of claim 35 Wn%@hﬁthw%faﬂxﬁrscvalere\ﬁamgﬁhﬁﬁa%bérlc@ﬁbsﬁ@ﬁ%get cafpistsSes tungsten
and titanium 15 30. The nethod of claim 15 wherein the physical vapor
deposi tion téFﬁ%ﬁmB@hS|sts essentially of tungsten. 31. The nethod of

cl ai m 15 -wher eimfe atol BY QAikals Mﬁ:%ﬁ{théiﬂg@§hltv'aﬁ& depds@Rh t QR SdrflrReOf

tungsten. 32. An_assenbly conprising 0 a physical vapor deposition target
havi ng a coefif®iWht of thermal expansion of |ess than 10 x 10"6 K'1; a
supporpj oined Qe hidfol Byaalﬁlalls \Mﬁwthgﬁgeﬁmwap& depdsAlh tar@d éoﬂmgéseglmoﬁ he
support has a coefficient of thermal exXpansion |ess than 11 x 10-6 K'l1

and conpriZ8es dhpdetpd ﬁﬁqlﬁﬂwlwfteﬁmbta? phyisicel VB sleppsEion fasgsicaniuiees n. 25 33.
The assenbly ggmghgin132 wherei n the physical vapor deposition target

conpri ses tun st en. . The assenbly of claim 32 wherein the support

conpri ses2& gr 3&? g#ethe# é@‘fl‘lﬂp’clélWIEWHB%PIWIC{‘V@QTWSPPS{‘WE twﬁysqr@wsew&ﬁen
deposition tar@ekainva>- The assenbly of claim32 wherein the physical vapor
deposi.ti on tarq‘t conprises =30 tun%sten and titanium 36. The assenbly of
cl ai mi82 Wher eilhe mekod R{dimglS Whersdt thephysisak viapar depasision tasgsh squsists essgadighint i al | v
of tungsten @apfintdidnani um 37. The assenbly of claim32 wherein the physical

vapor dep05|t|on target consists of
The method of claim 15 whereln the physical vapor deposition target consists of

tungsten.
32. An assembly comprising:
20 a physical vapor deposition target having a coefficient of thermal expansion of
less than 10 x 10° K/;
a support joined to the physical vapor deposition target; and
wherein the support has a coefficient of thermal expansion less than 11 x 10° K/,

and comprises a metal matrix with carbon fibers dispersed therein.

25 33, The assembly of claim 32 wherein the physical vapor deposition target comprises
tungsten.
34. The assembly of claim 32 wherein the support comprises a greater electrical conductivity

than the physical vapor deposition target.

35. The assembly of claim 32 wherein the physical vapor deposition target comprises
30 tungsten and titanium.
36. The assembly of claim 32 wherein the physical vapor deposition target consists

essentially of tungsten and titanium.
37. The assembly of claim 32 wherein the physical vapor deposition target consists of
tungsten and titanium.
35 38 The assembly of claim 32 wherein the support comprises at least 50% copper, by
volume.

39. The assembly of claim 32 wherein the support comprises copper and the carbon fibers.
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tungsten and titanium 35 38. The assenbly of claim 32 wherein the support
conprises at | east 50% copper, by volune. 39. The assenbly of claim 32
wherei n tweozsgsport conpri ses copper and the carbon fi berBCT/US®/ME3502/ 36846
PCT/ US01/ 45535 40. The assenbly of claim 32 wherein: the support conprises
copper and the carbon fibers; the physical vapor deposition target
conprises at |east 50%tungsten, by weight; 5 and the coefficient of
thermal expansiTafa®émblper SaipE2rwhestd the coefficient of thermal expansion
of the physi cal vaﬁ}or depositi.on target are bo P below 7 x 10"6 K"1. 41.
The assenbly of cl ZISFPBRSGIBPETER CORRE LA HECAPPRAPS S t her mal expansi on of
the support and tae pghoaéd voeddpoafion tgetBmpAep aNedsOsVWfunk i@, Phvspeal vapor
deposi%i on target are both 10 below 6 x 10"6 K'1l. 42. The method of claim
40 wherein the é¥bificient of thermal expansi on of the support and the
coefficient of thetEbefiRR TR Exgahgordétsd s‘ﬁ?ﬂ)orb/ai‘lﬂ(ﬂ{e sdemieshtlor fRrmiAr get
are both below 5 x 10"6 K-1.. é& The met hod of claim 40 wherein the

physi cal vapor &8 pidhe Rhysiga varop Agiostian egekae poth Pslow 75¢ 19F K ungst en, and
wherein the coghé hwimbly ofdlain@rwileirthPasicint Of thérhel SYRRRA S B Suphe
coefficient of t%her l. eﬁ)ﬁnsi on of,thg physi cal vapor deposition target
are both bel 8% e goetitpignt Rt thermahexpagsion oE thgphypicab vapp deppsifipn e apdiotal  vapor
deposilpi on t sslgelsx @k R0 a support joined to the physical vapor deposition
target, the support c ri.sing. carbon fibers and copper. 45. The assenbly
of ol a m 4% whaPemFtefer RO e rocHisas e iithgmakepyen eﬁtﬁwm@ga@

ceram ¢ nat etie@beffidiént of BRrrad SQIHid &FithePhetital 44poraeposition {8t éisth BAbw vapor
deposi tion tgr qﬁg conprises a. 25 nmetallic material. 47. The assenbly of

cl ai m 44 wher&i' e physi cal vapor deposition target conprises tungsten.
48. The agsenbirye Akthed af dRihLOWIRFER] the BHYSicHRYSIr @3bositioR Bk get EReist: bisitiallpr get
conpri ses m)% bdenum, 30 49. The_assenply of clai m44 wherein the physical
vapor deposi £ GAestetr Fieripine seediicien pldpgnalixpaisionphite UM thet c| ai m 44

wher ein the pbutsdigbf thaRQl exgheisi of e phisidalelpoCapplitichasrgsiakd Koibelow
5x10° K™
44, An assembly, comprising:
a physical vapor deposition target; and
20 a support joined to the physical vapor deposition target, the support comprising
carbon fibers and copper.
45. The assembly of claim 44 wherein the physical vapor deposition target comprises a

ceramic material.

46. The assembly of claim 44 wherein the physical vapor deposition target comprises a
25 metallic material.
47. The assembly of claim 44 wherein the physical vapor deposition target comprises
tungsten.
48. The assembly of claim 44 wherein the physical vapor deposition target comprises
molybdenum.
30 49. The assembly of claim 44 wherein the physical vapor deposition target comprises
zirconium.
50. The assembly of claim 44 wherein the physical vapor deposition target comprises silicon.
51. The assembly of claim 44 wherein the physical vapor deposition target comprises
germanium,
35 52 The assembly of claim 44 wherein the physical vapor deposition target comprises

tungsten and titanium.
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51. The assenbly of claim44 wherein the physical vapor deposition target
conprises germanium 35 52. The assenbly of claim44 wherein the physical
vapor depo@nl/3asme t arget conprises tungsten and titani um PAWURO/4B323536846
PCT/ US01/ 45535 53. The assenbly of claim44 wherein the physical vapor
deposi tion,target ¢ nt i.al S Ihe assenbly of
claim 44 . er elgief‘le a?tsgm&ﬁftg ?léla Eﬁg/vgh%?m &eé%ysmta gr[éep Osntonz%arﬁm SPEof

tungst en. 5 SSsentidily ofismesidl. y of cI ai m 44 wherein the support consi sts
whorei n t i sup Rl fBl BPMert BE bR o RRRE TR B b " e
of claim44 \m@stenn the support is in physi cal contact with the target.

and targers 10 nedioeRe Rkl g P SR T e R ARG B
first coeffidibent of thermal expansion; and a support joined to the first

mat eri al , port 50 ri s carbon fi ers.a support
e, HERRE TP PP RS R BB G

coef fici erstl. of “lthlaassambly@idamsmbmhammtmesu@bnﬁstmbﬁ%aaf caontaet withrtbd tacpeef f i ci ent
of ther rral 15 xpans assenbl V\,her e| the first
mat eri al corrprljgles tf gffim 44 rthet omprisy @nﬁidercbe?weepale e Pre%? t he
first lomat ePi al anﬁﬂﬁcahpmmrrggsten 62. The assenbl y of cl a| m 59 wherein
t he support consi st f _co an ssenbly of
claim59 wherein thzﬁr%fna%e Pﬁavmg a%r&hoegﬁ%l%tocon ac?Xpanstuﬁl ?Ihdg first 20
material. 15 a support Jomed to the first materlal the support comprising carbon fibers and

copper; the support being a different material than the first material, and having a

coefficient of thermal expansion within about £10% of the first coefficient of thermal

15 | expansion.
60. The assembly of claim 59 wherein the first material comprises tungsten.
61. The assembly of claim 59 wherein the first material consists of tungsten.
62. The assembly of claim 59 wherein the support consists of copper and carbon fibers.

63. The assembly of claim 59 wherein the support is in physical contact with the first
20 material.

15



