Lift-Of Deposition System Featuring a Density Optim zed HULA Substrate

Hol der in a Conical Deposition Chanber This application clains the
benefit oWoUBioARemsdsi onal Patent Application No. 61/ 214 p8@ais2étolosdsdpri |

28, 2009, and US Provisional Patent Application No. 61/216,093, filed My
13, 2009. BACKGROUND OF THE I NVENTION 1. Field of the Invention [0001] The
present invention relates generally to sem -conductor processing and

opti cal coaf g pepasitibic BbﬁéJn#eaw?ﬁ\ng SRRy Orfitindd ROLK Slid e bRIRRY S Cal
vapor deposition onto subStrat . _Description of Prior Art

[ 0002] El ect ron beam evapor at'PGqun;lFaéBﬁWiﬁﬂ'?‘ Ghambero coat wafers with a thin
netallic layer in a process known as netallization. CGenerally, in typical
silicon wafer fabrication, the taIch er deposited js then etched to
Form ol roui 1 AiBESUFABR TSP BEG ot v Bl SRS AR AP Ry i nt qr at ed
circuits, gaAzhil 800, difesl@Vpiiczs, £GEBAaNd US rebvisionphiess @i iApplicalids) Nasd/2n6,088,0us

al |l oys bet a& g .. and simlar electro-optical materials are now
typically u 1 as a substrate. Sonme netals, however, forma superficial
oxide on their surface that is known in the art as the "skin effect.” In
circuits V"@Wc‘i‘(dH(?Jerﬁ fVERGYSN |S used, this is a problem This is
critical especial I C chips used in cellular devices since the skin

ef fect i ncrllediisofy Ve'ﬁ'é'hsunptl on. [0003]CGold is often used as the

conduct or  ghoaf)t e%abe&e&'..W%Hf.&ﬁeﬂae%@\éﬁeame s@mmauaf& iEedding SR d wi |1 not
forma superficial oxide, Unfortunately, the use of gold presents ot her

probl ens. PREAHTBHNESE agicHigdy, \RWFe‘Pie%%é"’M%’t“éPi%‘?t%S @%MS'%V%%QWF@% are
ones ot her ohfdanbgididscon such as the gallium arseni de previously nmentioned.
There are two problens with depositing a gold layer directly upon a GaAs
substrate. First, the gold will leach into the substrate. Second, the gold
w | not ade(ﬁlead:ne)hgﬂ etdhrePeonaPinr ectly to the substrate. Therefore i n order
to prevent goI l,on barrier
of pal | adi L! r] i n'ﬁﬁ%gs”g%?ﬁ gO'H mé@ﬁlef%g?(ﬁ%ct%%t WaégﬁgJ'tL | tionally, an
adhesi on | meea"ICdaye! |ntéampf@ﬂ$ﬁ¢sn0vwh&1&3fn¢tahi&tign depagaltyeit) tmhsmd@evx@é% substrate
bet ween th@?b%'é}%hrtﬂé%e?anﬁ |év§?débo%ftédﬁé nl%ﬂ:rhéa %rfoﬂnﬂcu%ruﬂﬁécés%f grke the gold,

and the diffusion barrier here substrate. These barrier and

adhesi on Id?@‘%te%'squ'tt ﬁﬁ'l el ‘I'%PIUB@CV\)@P?'ateﬁlchcwtétga\/\é'ﬁya'ﬁﬁﬂ'qedﬁ%ﬁs pgum

2010/ 12918@P&§%H§Zlﬂﬂ?pélQﬁﬁﬂ%@ods@D%]déMdeKQhegmo%n@lsfnﬁlbli dledtioaspgalon a silicon
substrate, the. L(u&' aces caBr[ba‘tg etchefi 6%% f;omthe GaAs
Subetrat o ietsiafass oSy beta iaEs cotbMBls nSul FRER MR B 0 enove ¢ he
adhesi on | ayenficatdxide b their emfdmartmaterkaum the egian thet ‘Blgn effgat Uil citauace from
Lo 1SuPSLT Shere dH fock8nd) rEEAE e HEST A NS RANES BonaRT BT R 2, L1e

gold circuit are pi cal ‘made ording to a process,
all as is weips usasddneelivlgr ﬂmcearstncetr@Sh@eeffteﬁu@:'?ﬂseee@@e' cansygptior of metal to

be deposi tgéod@jSt C%‘&J“ub%}f& Geba §Jt|¢‘e0§o%é(ct ot ﬁlltéb%ﬂe(% 810%93 feai&eas Wi th respect

to the substrate surface as 1gosm . isisreferred to as orthogonal
deposi t i on Pasfiverprialogrld wiInot ey pisapRI I QKipagUniertynately. theuse@f g@lda " i ft - of £ "

coating or p&b%e.ztebmes,b.esleﬁ]@v¢ﬁ@g.ebleﬁseﬂéﬁmﬁdnyth@&ecb.@Bhb&ﬂaa@é sipadecal vapor
deposition in eam eva racti cal

i tl
ConlT cat | oAt S Plenliey B SER 8 LR sl iR e iy Pt oy ee e ¢
sour ce, t hingo prebjains @dth depsitiey agachayee diyectly tfonsp@ehd subsisae upisst ftoe gapeci fi c

pover | evels and ,(BY&rd Bliie EXRRY G5 0 GSPaRBIRbE SRS LESR, ¥ fe

di scl osed.
substrate. Therefore, in order to prevent the gold from leaching into the substrate, a

diffusion barrier of palladium or platinum separates the gold from the GaAs. Additionally,
an adhesion layer of titanium or chromium is deposited upon the GaAs substrate
between the substrate and the diffusion barrier in order to make the gold, and the
diffusion barrier adhere to the substrate. These barrier and adhesion layers must
typically be very thin yet very uniform.



[ 0005] U. S. Patent Application Publication No. 2003/0180462 (2003, Chang et
al.) discloses a planetary lift-off vapor deposition system The system

i ncor por ave=0rmi2pispl e donmes nounted in a square or rect 20PAISa010AEEIM
chanmber with a planar top wall and a planar bottomwall. The nultiple domes
rotate about the source centerline axis and about another second axis of
rotation in order to assure an even coating on the target wafers and to

utilize a a6eaT REREANERRRLARUAT Aot URRARR! AY bR NBE0LIRS comPar ed

to single orre syst ens stemis con Qia?ure uce ort Yogonal
liftof f co&ieitysed AVdhiERT tﬁe@ﬁ?ssébﬁfat%'”@ﬁm' fichipg %RSS heg@s6]tthe advant age

of the Chanrghgit wluld .sms\l@tﬁb la@hdsho |a@eamj‘qum§|cmu@h%l dﬁj@"ﬁ‘e‘elh@th@ drt@net ary
confi guratl on C ve a proces ess sensiti rocels
YR RIS :

at is
vari ati ons '8¢t evapitant "Ee efj‘?aéY “”?f&%%t%'e PUGEUEBE %'uet i"§9°Yand t he
like wt houhcwthmceﬁsmemjpmllwmacﬂmmmmgnmakhft A" ohozase) al b@s@malhgovdemtrme
d f t d
g;g;"emes . hgft dﬁga 3 Q%&’é’e% oulc%&‘ﬁﬂiela% 6e°cfl=,p8£ Feb%%f‘&éhe@%%rna?ec%w% fl 32; o
of evapor aﬁtosm%mesleeéwnbLﬁspa@é@tf@tsm%atmfa@m@s paseler TWusfiereterredd@0o7] U. S.
Pat ent No. a§oﬁ%oﬁélzieéésc%ﬁ:an@ﬁ{egﬁpﬁhﬁablegjlt%ﬁtld?)%ﬁﬁg |§|é?¢91'9édt893 @aﬁhd)ff’e having an

adj ustabl e rotation system The coating nmachi ne has a cylindrical -shaped
vacuum chafB&PIR 8h2d 569{%%@%% wmm%&ﬂ“s&‘dﬁ?%rm BB%SEC@H%RH'I fepogition east
one coati ng I8 @cdsSed m@leuﬁﬁﬁbdaheé\@p@atdhen Q%ﬁdaﬂ@)pﬂiwbﬁﬁwh@ehﬁmmeed ina
resi st ancewg e?t & t 2af case 04z ﬁ n OlIC ht irgg ¢o hmtgzy E%spi ndl e
assenbl i es P& WOURCEY TH yhé) ¢ gﬁﬁ(—? g\ﬁistH Sagﬁ %qu F%% ’E‘g%’af‘% s€hbl i es
having a r epedifisisietips far spikadic pawsulbetls aidomételiaier Bxaspissrof iede bym@ach spi ndl e
and is ada@%&&né&e‘&ﬁ%& @ Ssubstrate in such a manner that it is adapted to
recei ve coa material fromthe coating source. Means is provided for
rotating t H80@Ai ndl-& Ratent Abblicatipndhblicatiombo 2903 0&8%Had (2098, Clanatet Alg t he

spi ndl es abpbsdshehiandaM iRSF Fagdh dé&ﬁsltl@ﬁ‘gﬁtéd\ nﬁqeté}@bénﬁr@o.&&ht@gn{uﬁ.b@t ed about
the source. Additionally, neans is provided permt adj ustnent t he

spaci ng of 9PHES BgHHEH B asarp’i %féa'ﬁgP@hY%CH@“@B?ﬂ“éﬁ” veip arFHﬁ'@t FOBrY"aé{BB‘&? t he
scﬁur ce. ljln praéigli tihdttﬁm ,walledns mumpl@ro@meéadatb@b@ﬂrtm doudd]jodatenmabxiobnd hehangl eI of
the spindle wit S rce to t the angle
of i noi denebol e BaTl AR APTAEAH PBE PR ph Bt BR R AL ket e o
carried by wales gpl tndliles.a 1IQO0S) dameage ios adicanltexgeorated frhm tBesgie t device i s
that the s i \mﬁ{ e coating
source boa?b@gél %éﬂ)}?’w&dn@éw- Fﬁg%%é%ﬁgﬁe&']@ﬁﬁgrd; d@gg' roﬁﬂgﬂput of

t he nunber o8Foginpe EhaykBrse obd URIREMBIHAYK onal set up tine required.

Al though t heod# IRk bafRge @1 AkicHaRy 8l JYBERVE the®ist bEMBRIGY dOMES intdhe
singl e-done system it still suffers froma wast e of evaporant material on

surfaces oPREpAHRANIGURION &t ARbeVRAEMEICESHINAL IR ESE BRIV IREasH VRIERION 0009] U. S.
Pat ent No. s@efeb3vBgdralthatdrial, \Jatvk) le e, seb@gRSitich, tahd thefliké MstRPpdeidse 0Na

appar at us ha Each of the racks has a
SO face t hatady i Afpuinie PoRrictce il Bes T P Mo MG IRTEED of 5 sphere.
A st ruct ur eoliestiqrefidiahey ofara sirgteadamid sy steo titel digpdidneagead ke @rangleealhol der i n
such a man - al e surface
of a comm%%gerh@qm'rehsescim%éé?r)zgﬁa%fﬁiaggﬁfl%ﬁ&i% gvs:u ggc(fg ? ghr% Y &8'9!1?&9%8%?% hol der
upon an axM@be%ntrally di sposed with respect to the racks and for rotating

the racks 3oy t ek o BXeas0lar952% bas bASRIRRELIkaniDEANO] der. A

source of t terial appears posi tioned on approXi mately the

surface of NAY{Ro appdiysialy rofqiipn Resten. rB*Pﬁ ¢ORENG Hagyne TQ?@lQJ]"N"&@'§QﬂQPQnt age of
the Mahl dexduee dhambbaitt Heiahdriep Wéllealﬁ@tﬂl&fél péttoral Al lA@'lea@fbdércofaMfgt her than

t he surface of the re.requir vacuum
Chanbor - ogotlts frcuRBa fietein v dobsitier bRAERl AlsfSiallq i e ount of
exposed surfracedan ea2iichavae. Alpluealifyart spiedleiassentpliedie n&mat;edmamedhamm ce
material t . I L.aLe vethefllm
Coati ng. Fulh gach e SFRAPISEHNRR ol T AE Sphdl PATE (Rl

source, thgarmaaky ﬁ@hﬁpind'ﬁ@@d épadanled 1 earysBIbaINath ingsuch iafthaﬂ@e'fthatptr'@c ess.
[0011] Therefore, what is needed is an electron beam coater capable of the
orthogonal deposition necessary for I|f2t of f applications that is |ess
sensitive to process variations such as evaporant material, power |evel,
beam position, and the |like. Wat is also needed is an el ectron beam coat er
that is nore effici ent .



SUMVARY OF THE | NVENTI ON [ 0012] The apparatus and net hod of the present

i nvention deposits a uniform"lift-off" coating on a | arge anount of wafers
in a shorwoperwigisof tine. In conparison with prior vapecTAsp@eiosise

devi ces and net hods, the apparatus and nethod of the present invention
utilize a greater percentage of the vaporized material, do not require that
any conponents be changed when vaporizing different materials, and reliably

and consi Sfaéﬁﬁtéd’tod&%ﬂ/@&ﬁtn% AREGal HBnfred éﬁaﬂﬁlgjscm(?éc'l\ﬁ@néi%aélb\ﬁ&d f6.0013] The
present inventi otentl a or van

bt cessi ng g AN BRI SRS By EHROUG TGS AR D PP O SPEY S e

t echnol ogi ef&mfah@atltmméanthetlnmﬂtﬂﬁemlkltj@@gtldj‘[eted@boblﬁgl’id spircef dedlll@mIlV, nofang
conventi on 0 obt al 0] eratln
efficienci 2ssp§ @(—:I%Iet@ iﬂetsalﬁjoustrﬁelggfstlhg SP%IH of%he S md% a%aérﬁﬁl(s Efl% cenP 9
deposi t ed @hmlpaapomhermmce{dh@dd«wkmeeﬁms pmyictedpd @elmayﬁejuetmenmfélne aI s),

mul tiplying,tbg t?ne‘%éufﬁl@bﬁﬁ'?éépéémé %%H?[P\ %o!%e ?ootﬂl?)éb PSaibdi SR Jracki ng

density princip o an advanced ormty Lift-off Assenbly)

substrate Hl‘y‘ldﬁé?e Oféwqpé'pq%”%@f'etaﬁ’ew'%ﬁ%@ﬁt ‘ioé*FfPafobﬁE'ﬁée%%b%Pyd Position

chanber wi pin@esone-shaped chanber. Transitioning froma box-shaped

deposi tion B@b r to a conic chanber prom ses vast urrgi n% advant ages

because of [ ced Ne dispdyaatege ahthg Beraigl dmyise 'SEH?)[I“E)‘J;/?FHEF'% $SR@plieg must

hyperef fi cnb@@tj;u@i@ﬂﬁewwag oadmame@lcdrzlldhg\s@u@estbdaatseodacdddnerhei1r2 igchcblec chanber

Creates a (g fho hLﬂ ﬁ% \ ﬁlq r scal nnay atl dql f unlque set
i nt egrat '8 TEERMINEEP PR ROVE M ORE 9§ %) ? 8H? e wi

yield inpr mnwn%télthongfplhlmﬁierwelme[vlce|0éﬂ@>al1Upplede&jm&nCBO%l tergingldhat t he use

of the coniy %T@rﬁr Wy SN

i npr ovenent gmgfg roacI Qi'||§§ﬁéu§‘ﬁo?%014 C(gl | ect |'gﬁ%\§"??@| %ﬂ%géé%?elgérftsmanhe

per cent agemﬁta'@@h\ﬁ@ﬁ‘@to@ hererindlg a3semhlps. i s deposited on the wafers. For a

si ngl e- axi g06d9]" Ot A | e NBSE 6L @ZSWQbﬁeMah%usQ% atﬁﬂlnﬁn@@ééd%mo@f fi C' ency is
a deternined by the uniformty @r@re qui_red process,
[

di amet er ofPRHRUGBRAEO 3 Pf?éde;ﬁé&ﬂ?r?& K rRGKs. oﬁa@,lfﬁé'?er'%@“aéﬁ StUHéCGdBﬁ‘e and
mat ch bet wae@thtemenfshﬁatmen ofa b@eouemar@@mmbe of aJsmheaawdA $thenspRerdvarl felome.

[ 0015] The e rate tra soyr in.a straight |ine

| ovar e CARSY Rt e RLo L hBYRE A AT 4 RO Pl &R shPE0 vt or
field or vauwbs lichowdllyhovweserfacd & anommaoni spoemn Aldrive heclto amcvided _
cont ai ned afahSoRE foiddiAbboBRENs cRElAILLREY i (BGect MG dtRULE BESU L T
an extrenely uneven coati ution on t ot ati on of the
done about 'Qtﬁ@gé%'@é@ %@Htg?“ PW'héX%\Péf%@% with gespaetitathiediqiset. HélﬁOltb@;Q:QIr in a
circul ar p@iehnété@él@ﬁpéa@to%%@uhode’d% a@B@xuﬁ@teﬂﬁtﬂb‘@@%c@%ﬁt%'s@h’&e%n unevenness
consi derabll%/ Even vmtrlét)he done rotating, however, a substantial source of
nonuni f or mid{er KR aCoat i ng t hi ckness is greatest near the source

centerline [emb]deosrcﬁ@@e@n@g?e di e s banesis tr@i |obéteugwaé Surder@matdial Gosir ce

centerllne|@ @ ﬁ‘ rﬂfr 1i10 reduce t| Z of the coating
deposi t ed fraleslan SSPH%C g 'gd?%tf’le?ﬁénucg aé?%ltSfZSr? PG VaRiYbr ity sk,
whose wi dt kharaer By a$ifg ailargerivaciueeddpogtisrachamber, iadarpeanicadt dekpesed t he

sour ce and of i PR a¥iabid for TR0 Ab ERoraldiRolih WAl tarlBRl bl ocks a

| arger portion o Ré vapor near fhe ce ie than It does far fromthe
cent er | i ne deposiied gjue QH'MC@IS Hitengegipsiecerysthe lﬂ@ QA PG nfr ur e (e %sdhﬁf oafetshe

evapor ant R @)t bAhoRREl 16 e vBsor At R6lc& IRRAR AiganufeeEbtdoledBBudeith a

si gni ficant I%Oflffect vapor cloud shape. Wen a well designed uniformty
mask is adddePt 8"CRE system the unifornmity mask brings the overall coating

uni form ty [pdf#]i N TAEGRMS, alatis InbsddoSs aIU@ﬁa@r&wéaﬁﬁJom. &éyablw lﬁenecessar iy
achi e

limts the average co t|n

BT e A R e O Mt e e

waf ers. [ 004G suthzs rgadoht thadel; pdvier itbeam positivasdndabé likec tWiem isand

on- done col| t ction efficiency. The key
to opt ] m2|ar?§(ﬁtre%&% %§n g@&ﬁ‘cﬂ degrln oQ{e. fﬁ%éﬁéﬂlo.e 8@%&% Jormo di ameter o which
on-mask col | ection begins to overtake on-done col l ection. The foll ow ng
equation represents this trade-off mathematically. T cos" dcos 0 [0017]T -
"(1) R [0018]where: Tp = Coating thi ckr&ess at point p



[ 0019] = Coating thickness for v =0, 0=0, R=1[0020]v = The emni ssion
angle, that is, the angle between the source center line and a |line drawn
from t he wonbwal29msour ce to the poi nt under consi derati orCrAG2dip03193he
vapor's angle of incidence at the point in question. that is, the angle
between a |line drawn perpendicular to the wafer's underside and the vapor's
actual trajectory at that point [0022] R = Done spherical radius = D stance
from virtuglyniwA € OF THEAINYVERGIGN on dome's spherical surface [0023]n = A
val ue calcul ated after the values of v, 0, and R have been determ ned
[0024] I n pHO@1dal Theepparatypand mewed pHbe siesentiivenipatdepesitad wdert Higotthi ckness
are the magitinglonRe4ge aR¥aR AbRE m%@ﬂo@ﬁé&%ro@hﬂn@nhf Rhpaddthh WilRgribenper at ur e
of the virtual source. Those three factors, e functl ons of the

ol | ovi ng. e CFOIPT daysasma et Frs<Be oaha dut 8 TbieBats HESElect ron beam
gull's em aseafnctlizeandreater peccddtage of the vapdiized setedial, domuisequirt tieat enyci bl e
[iner e chaSlonRlocl g, £Y3RRLAB5 RGBS FEYIR) Gpg | he beam spot
si ze, the pos surtace of the
evapor ant nammt@rhlv dernsits atTh)ee wsf@lr@ﬁndmﬁ%@mﬁ"meam sweep, and the

optim zat| b r

Chemser ves 10051, ° APEPRIERT R DA Aind Sia fTal Bf afonids (FHES] b@Basoffl .

Under procé%'%ﬁ @hja'@@ml@whwwgue oA TE Pfr'ié”qvél'v&ttﬁwp 9'ﬁ$ F'”P'H@Q ors conpound

each ot her opt‘irﬁn@nh@ tHeWIHRb Mi‘ﬂcn@nﬁd‘y%‘?bcon%ﬂ@h@fsmd?@@x@@f |§ta%‘|\ borkapt . [ 0025] Al
of the above, ndent on e vapor clou shage of the

evapor ant RREEY tp%b'gh?%0%9@1g€szc'eﬂ18're?r§d"?vﬁ@'eHP'?’?rﬁrsi}’gt?é’t”g?'m't AR fB‘f""vapor
cl oud shapemgreejebdmﬂe@mmamntmmarblemaalks @ dnditips |@yeaEDImaterials), I‘nalllﬁl,ymWr'II chis

resear on by e BRuSraRSe AELE B ABRuE e Stn} RS FadER P i B3 equat i on
provi des aapva@ce@HULhdﬁ&h UflIfcvupbtlftolfd‘tﬁderstbiv)ﬁebstmmld&tlamldsplwalmue on | ow
val ues of C'E'ion‘i\iéﬂﬁbnra R&hSHY cfep@é’lﬁ’on%hl%@u wiffSa écﬂ% sﬁ%%é(‘ﬁ:h@%bé’\ i ncreases, the

vapor cloud shape econes and nore tear haped. The
i nventors' Tvaaﬁ@@meq 6o aresehgred draesition $Barples dap seni¢ ﬁ'?aﬁmblebp'oﬁﬁsﬁﬁ VAdlt eri al s

the deposi tpumamg atienfaaks secalibe medmc@@au.ka:eaaseaaanbwarahieorEnqi’loydmg%utaé}Cae from
the virt uaI h‘é assum n t hat

| on rate re ns constant.
Under st anaPHer Tiasy S35 oE pdyBra i SeSRae Rl ARoNe b itim pedRe e
enabl es opnmuquczs&tloomtergfatemtecmmai mnmatugnsrra"ﬁie wMuueiseucﬁmeggabemcanmchlused to
i nsure coa r - ers. The
i nventors' 'id\u/1§9aé‘dﬂé {n%%%waéﬂ% C%§'§|C rI(ygr)]jés' V\?Iggé@grrﬁcﬁ?&%ggﬂ{s "p@SrﬁW%gf]}%%em to
det er mi ne &pi abOGJIaW@ Qﬂldéha’fﬂi@ el ﬁl’@r@@ﬂlépbafébeepllJérthesadZ@ﬂQ@Q(bWMhi ch on-nmask
col l ection Fb\(,%légﬁ{f&@hgﬁ inebeEm& R é&%dcﬁﬂgﬁ@% a particular radius of
curvature dorre ingle axis dome w reach its maxi mum col |l ection
ef ficiency [pW‘Her r?é’” 'O%Pfi'@'e'QQX/d‘ﬂ@}”SéﬂWeﬂ%ﬂpe@é@f‘@ﬁ@'aﬁ%fﬁatﬁ'l‘%ﬂat s nore

deposi tion d@@dsﬁéd @1{ th\éﬂvdakelbeFdl@séh1gllé3a>&§]@f refatibrP§UBs i dte WBIAK:, bihddnd, S
i ncrenment al | on,wa of that match

DT RaCT oigpecliy iy OB oD Bk g o GiasEel {eBi e iTRs BRESe. | 0056] The
HULA (H ghtiddidmetat of oire ddnfe, Heffackisg eertsity §f qubstresdsaonythe dbag raatiendtadl der was

desi gned Qe [ 8ab 5 AOSAES AR IETH QReRLdhghency | nherent | n

uni formt e uniformty masks
requi red i f08lajh s”jnstemmnattgq:)mamllalynamﬁ heotthelsﬁ)uﬂsE% eftraipd liee mparched

material. CUEd ﬁ%d wgmﬂ c%‘i lerHé $RNG5 EBnaﬂFve%Yﬁél@Bn PJp@P@f&%‘r y domes

with no centra sys éns require no uniftormt
t herefore m@‘ﬁ‘i‘?‘ietvl'ﬁ@f)té}”'icﬁmlﬁf@@ W%@@Tﬁﬂonf%m@d\laﬁ%ﬁWF'@rﬁt@pf‘@'&fi ‘@H@tip”SAn

addi ti onal nbtﬂ@@l%h@ wBiid Fdxan H%v%xﬁ&r%@m1é\fentcB§t'ing'distﬂub%tudSW&hthE%ﬁe@ens' tive
than a sin process variabl e that fects vaﬁor cl oud

e e o HotauG BEa o aba e SuRE SSERT I averages e AU FaRey abs.  The
HULA pl anetcacwar pushteesnndhisceana ihesndepesudes i@ aove'saihevamnessisongiosrabll.i f t - of f

coatings ongR,\ihek BHPSaRS, RLR:Sa dUbs@ntdt 850r& oShuRBrly remains.

Coating thickness is greatest near the source centerline and decreases as the distance

4



time, in conparison with single-donme deposition systens that require the
use of larger uniformty nmasks. [0027] The present invention is an advanced
HULA concwpt2otonabisoncl udes a ring of planetary dones surcowsdimwg3@seent ral
donme of the same size. In this configuration, the HULA systemrequires only
a very small mask to nmake the central done's coating thickness and
uniformty match those of the outer dones. The mask required for the

central dorasmhbsvambtn%e §m éeh%‘ilm@fmc@eésb!@' m@tdeﬂdﬂ.@bazedﬁm.ow&s@mnéot only
because t he rner is er than | a al so because t he

mask for tﬁ%attﬁ’@ﬁ*fet’%sl'te%??ée%n‘ﬁe8?1%"99 %\‘t}‘é‘%'léﬂjeatsﬁél?”%%fog“'tydaﬁ n§"4SRi ckness
'E o} mait ch t Rhedth mbel'fshﬂ vtenicegasingnediad, istrheunvaf engeannhg étﬂn@&inﬁltlhe (ﬁc&nedgmas
0028] Furt er fof C tio rs _reductions
of up to 50%in ep'Bt ie ot/\E ) ”O'Fn'ty %g%)k blg‘igéﬁé'g (':t(')olr}vggt V%R ne o@eshaped
chanber s hotmieitige thhe ltgaeﬁefadtl@mﬂteetemaﬁter Acaique @nigormithingskr red@@tmcoﬁomn
punpdoun tiiERafisiSnOLabBidht MERRLI i fe AR 9%@.0];95%.&% fRer ation (C00).

Addi ti onal uctions w resu fromt oW n ?act ors. Conic
secti on volSigrEicanly affepp ygnogslgud ﬁmee&mevawattdeaa&e%mw% m%ﬁétﬁﬂ?@’é Pl unme

yi el ds redw‘eestsu@wrmertm.f@ﬁwhfaemntgs i m.dutteatn@amn@tﬂnywh.ﬁtac@@etbey savi ngs

t hrough th se of smaller punps. Conic ! t|on surf 0% 1 ess than
cqutval ent o udpyiBly. e anassady fnds o o el el HiB B I Bhs i e 1 or
a signi fi cdowesmolal aehieved bhengasked dspasiibe ai the ouﬂeanosma@ge di ehecdomoasadieel f r om
the chanber, this.keduction of surface area yields nmuch of the predicted
50% i rrprovement I ' punpdown tines. The conic shape of the vacuum deposition
chanber of [606]r e iditirghhelratienaff badged v @npatksolientiaugied erhdonehentbaionval | s do
angl o - Saviioa o e ot aR g cRACY HRRs 1 i 1Rl o L Cber ati on.
[ 0029] O heﬁetadwaﬁttagﬂ@@e&tarwe FHeish Ab-Mmagl epltectsm 'qeﬁ@P tRievettpke @'b‘qufmm ng.

Coni ¢ chanbgiestidryrheolb@icgaitR rfestnliyais 0hes-o PrafeBbcalp0 their overall
manuf acturing cost would be nuch l'ess than the cost of manufacturing thick,
heavily rei a(f)pf]ced and wel ded be LL‘é’foﬂ@r‘/’ed wth bgg shaped chanbers,
coni ¢ chanbers ‘use | ess materlal ‘and arg® |'i ghter and sier to ship. The
cost of cleaning, maintaining, and replacing deposition shields is greatly
reduced. THROW]ni svheteanbel, =<Jvapiey thrizkess iat pgpissi bl e to integrate the
ancillary punio , pneumatics, and electronics within a conpact cylinder
whose di amdP@I0li s defi ned-byCoaHkO Biskeess IQigpe?. 4 Gnfdedr . O yopunps can be
Chamber . att0fBaard,  so tHadnEREVSEPa BRI Bk e HE HHE5aroRs et ol ure,  Thi
chanber, ward, so tta ' ol unme is
position woul d benefit highceasdietaadadin@drpnngm thepirtoaeo®ent & tha petmi ng

efficiency may nmake it possm}jeI cBn?suéj XYI?)SII ze punps significantly, reducing
initial systemcost and the energy reqwred to operate the punps over tine.

[ 0030] Fur t higg ér::g | mpr ovemgRL Sadds GRYIE Qﬁﬁélé’éﬁcgfa ﬂhSPSnﬂpM q%Qtnanhéthsd

si gni ficant roverrents in COO'in specific applications, particularly

t hose invol vi ng deposition &t %jt@ieobea\t"ﬁfncﬁ'Wérd'%ﬂ'&ﬁ'@ﬁj@clﬂﬂéttﬁlﬂée waars ent |y,
nost of the gold that is congursee bid BEbHANY aPlLBARERSy hithalepPsi ted eit her
on internal shields or on top of the photoresist-covered substrates. Wen
the |iftoffl0RR@2cess is cdiplleme sphaiical edvat Digidowmsfiromhertedbalirceainns
deposited on the substrates.ihg GadD&heRH Slifiieand liftoff residues go to
gold reclaimers, who typi cal I y charge a percentage of the gold' s original
val ue as tt[et)23]f ee. For usemnsaweeaRuRECRSISAS valeSH1L0,GOHMR Idepesétion, the
expense of buying and managi ng their inventory of gold can run to hundreds
of thousands of dollars per %GB5ATA® Therefore,  a key goal of the present

i nvention i r e ot her
than that 0PoHle" SRERebER R epladlEl My BRRleL e B RN SIS AP E, 1
deposi ted mﬁtqlﬁeb&mf@@QO'atGHeth@I@VQﬂOIaﬂﬁ” tte elatthewmatuuemthewntuab short ened,

so throughRpyficé. STHd@B'trQé(@%cto@nﬁgm n'thEl%Jtuon\er?rtr%Vf%m%mg Additbhd QHeHdRdt  woul d
result fromthe reduction of time required to change shields, which are

much snal | dPessvaiiplesihrpee 'He§|eﬁﬁﬁ°'t%?‘ﬁ‘ g ”Ej%%to"sfﬁ’étﬁetdc%'g'@étze [P%%‘%L] The
present invention achieves these and other objectives by providing an
apparatus for depositing a materi al on & substrate by evaporation using a
lift-off process. In one enbodi nent of the present invention, the apparatus
i ncl udes a coni cal -shaped housing, an evaporation source, one or nore
orbital done-shaped nenbers, a central done-shaped nmenber, a uniformty
mask, and one or nore wafer receiving positions/|locations. The

coni cal - shaped housing has a domed top, a bottomand a | ateral wall that
converges fromthe donmed top towards the bottom The evaporation source is
p05|t|oned adjacent the bottontand allgned mnth a flrst aX|s that ext ends

e Y



[0033]In a further enbodi mrent of the present invention, the apparatus

i ncl udes a support structure that positions and rotates the one or nore
orbital dwomeshapmsd nenbers and the central done-shapedproemdsesioaboss t he
first axis. [0034]1n still another enbodi nent of the present invention, the
apparatus includes a support structure where the support structure
positions the one or nore orbital dome-shaped nenbers and the central

domne- shape@. wﬂ@@bf §éIGE|bIE haé. ttqbtaevatr&aqeféttaﬂ@gmtmottvh@mm@c.gt.btavth@ be&MI t al
done- shape entral do r are coincident with

the ci rcunﬁ%‘?téﬁé “%Po%t“%k%g?%“ RERi 'hi}a‘i'ot”é'Vc%'h&‘érsuﬁtfetoﬁé‘ef‘tv%?a'lalxu s and

| ocat ed at nidieiabptan Ofcaise@n nSummebee{nO%@bl a’mﬁh@bh&tﬁlz&ﬂbﬁdﬁ)méweﬁb t][te )

pr esent inventi Pa | 0] C t hat urt her

i ncl udes a gtru?”\}go' ghes'F&ﬁ%' i U%tt's Ep%?rﬁ e%/e eS%ﬁﬁ% Oﬁ)heég acE; { Hz{ %@orre- shaped
menber s abmjatlvellweghgrt&@f@@t |u@esetooe&smaﬂomltm[ne03@1l¢h1thamjatwelw némdsodi ment ,
the appar alditor Sorfp(A8 SEciIFRASHE BitnGIEN b Ehelt NS 4, Ldrf b QfiicBh0cess. The
vapor dep03| t1on device iIncludes an evapor ation SOUI’CG Pace rane

mount ed f od092Rlat iAdref kB @leveainftiingis daR@'EieﬂtFmHh?)a%@e@Otﬂmﬁ?f@Qgﬁ hhe evaporation
source, On%véﬁoudﬂpﬁﬁtéﬁélbllﬁ aﬂtysiégn’é‘m%hﬁcié‘%ﬁmmuﬁmﬂﬁ@'o? b%@@lo@@gté%etafbe

evapor ati on source adj acent domed to nd at a constant radius fromthe
first axi s”ien%i’lap%i"ﬂté?éﬁ%“aﬁ ﬁ'?%@@ﬁ@%éat@@mt r"ﬁPﬁhﬁ laggely HunelgRebthedsWea cent r al
Florre ShaDEQpan]l’Bﬂh?Ithe eﬁbw’m @@t metpm tskresaich WIRe ﬁhK/etfr@EﬁaMﬂé@(annel@fel vi ng
ocations. ,,The one, or r.otate t irst axis
whi | e eachthtﬂI 7% & tha&%v %6%0& %Vﬁggeora%??ﬁﬁ 'P%%eéu%rfof/d%?%aé)g Wé%?]t a second
axis that eltembased hn ougtalues obntead pobsmshadfantieblats: istteé valones-shapegsmenber .
The centr al e i d first
axi s and thr:aeq%gﬁ't r@gﬁgrr)re- %S gﬁﬁ%ﬁ% Qt?frﬁ&g;?%d;&ugg %8 TH\% |B1P?s'£t&§m s. The
uni formty VAR Kklopd '%BQ'P'E‘ i"'@ﬁh@z‘ﬁp @é?%{%bﬁﬁattfﬁ@“é'\»’db@iﬁ@@ ES‘ﬁ d%Qﬁ't@é A dels he

central dogBnwshRR&Y atﬁtbﬁdsnoar@dd.t,tan@prﬂfnatwe@n@tal ébuﬁ:@Q%@ﬂmeIﬁatHﬁ&e only with
t he central done-shape ecei vin |0Cﬁblons

el o utpRoR A BT ety oRaS St TRy ato shie s or s
and the cemtingdeptaived atzbieedpiireiziton of tie undaeiity imagk ahivmfsered dueanel used to

00371 Th S i . t f |ift-off
Loo3. Lg or b Baffh (N SHG 26 DLa TR (o B dth BbaKLTRGHLAGR |1 1E -
mat eri al f vapgar ﬁlOQ@Qﬂ@@epoﬁiﬁ@'m"ﬁW'@ Wmsﬁ)ﬂnowe@ Kfag@@' an"l@bbthlte a first

axis that pageRen %Tﬁé)éﬁgrlﬂetfeh& s‘?z%"llp%ﬁ mﬂ%fohbh%é&ﬁ@Blfe%ﬂton%@ﬁa@g%ﬁ‘%fém”ber and
the source, and rotating an orbital dome- shaped nmenmber that is offset from

the cent ralcolfgHRs. f@h%ﬁ%&%h%‘ts A SHyBtuteRoMS: r%%'”gi?(?’s‘s germe wlreaah g t he

orbi tal domexpiapesicsRiaicicadoN terms ESiIBNAVaet icapdchPtbep@aRISRAiS ntnltta@u@he t he
center of the tral

rhit en
done- shapedonsnbe e AT Ra Rar 8 i TR bHERE S n AT oy SeSET i t ne
first axiswafus inals;e consau idptiveatidvedf tha nemitdhss datfinallthoforam the@gimabtion®f t he
source. The, il g{;na shaped nmenber has a wafer mounted thereon that is
of f set fromthe secon axis and has a surface that is substantially
ort hogonal [0@28]he THeliltA.(HjgbGBBIation bifidlfhagsemblybilammary sefstiatechofsieewant
i nventi on, dEQ&te@% hm#mtzeﬂteu%%s tn%ﬁédt.atgemé.e.tétemre%tt it GHIS RS e Der

and the orbttal donme shaped nber about first axis andtheo |taI
domne- shaped‘"tﬂé'ﬁﬁ'époﬁ'ﬁ@tﬁ‘ﬁ“ﬁﬁe”&%@ﬁﬁd“‘%(ﬁ@"%Ierﬁﬂl'?det'ﬁébﬂ“s?y?te“[sdﬂ?s@]'lf n anot her

enbodi ment ceffect ’roet Bk @sm@tevéo@t/aeéti rinQﬂ@ualt b@némtttutak donfiduistRas P&isfsosim ng t he

st eps of eva ora % t he materi al tat gg mcent ral dome- shaped nenber
and rotatifg eﬂ?té’ 38? P Rmeq ”gﬁﬁ'ff)[badl i Pt S MEdRMWEIshaped housi ng
w t h a donmedifdrajy mask) ttetr goneaedliziag baDeréd mwadvlembhtam cdlecrioareffesenty.ofm t he doned
top toward v rati f j acent
Lop L ovir Sl LIS SRREAL U miEEK Bl AT RSB Gae]
orbital doRestenipaty nmtes%va'la§lep@tﬁ6¢%wp&dpl9@®ﬁtape Kf@g dewéa' atttfpate[@04o1 In
anot her en%@&ds%ﬁ‘iat@fon bB@m %&MN Phe Ittlb@A Bl%tﬁét%tsyét&‘d@tms'éh@bleé B&Io8itihG

di scl osed a net hod of ficjentl coatin on a waf er.
The met hod °"hEY 'UB'@§‘”EQ)5H6‘r°ét ‘i%b”%é’ﬂe%'?'&le 'W%B?h A V‘?B?u? @é‘ shpderefing ota cent r al
done- shaped nenber about a first axis that passes through the center of the
central done-shaped nenber and the source, and rotating an orbital

dome- shaped nenber that is offset fromthe central dome-shaped nenber about
the first axis and rotating the orbital donme-shaped nenber about a second
axi s that passes through the center of the orbital dome-shaped nenber and
the source. The central done-shaped nenber has a wafer nounted thereon that
is offset fromthe first axis and has a surface that is substantially
orthogonal to the source. The orbital dome-shaped nenber has a wafer
nDunted thereon that |s offset frontthe second axi s and has a surface that

. 2 a0 o o o b o o



BRI EF DESCRI PTI ON OF THE DRAW NGS [0041]FIGURE 1 is an illustration of a
side plan view of one enbodi nent of the present invention show ng the

coni cal - shaepeth/inoissi ng. [0042] FIGURE 2 is an illustrati eocTafS2@oparss al top
pl an view of the enbodi nent shown in Fig. 1. W)

2010/ 129180PCT/ US2010/ 031986 [0043]FIGURE 3 is an illustration of a
perspective view of one enbodi nent of the present invention show ng the

support st gighe! Hic8mb&isoh M@h §m§|terdalne@agoéﬂrohIspﬁémglmaereah.amel uSBHMRG S
[0044] FIGURE 4 s an illustration of a top plan view of one enbodi ment of

the present fUPERPAYS showi ng the rel ative positions of the central and

orbi t al dor[eeﬂ]apatﬂe mlanmem.dnhs Bn bdilﬁén@élﬂﬂlglﬂd ccﬁﬁé&@l‘ﬂat h@maemund 8§045] FI GURE
5is anill trat on of a Vi ew dome pri or

ot dovi ce PERERIS e QUi arkila of o g lshRe S Re M AR T A "of
mat eri al f HuAtshstedepmsies ban a vPQGAR) FlaGJREN8kel the aentiial dansd's etatio;n of a top

Pooar) e 08 AR Wiy A GR-0PTE 1% BTN o O B0iRT2"

five-done &Piihgemeistsmaflertthan thatiaha typical gipgle d@ée Wsﬂeﬁ@)l]@t OQWLEWP@L@IG rtﬁec y mask.
former is much smaller than the latter, but also because the mask for the central dome
must only average that dome’s coating thickness to match that of the center line of the
wafers in the satellite domes.
[0028] Furthermore, the use of conic deposition chambers offers reductions of up to
50% in pumpdown times, compared with conventional box-shaped chambers holding the
same diameter wafer carriers. This reduction in pumpdown times has obvious benefits for
aggregate cost of operation (COQ). Additional COO reductions will result from the
following factors. Conic section volumes are 42% less than equivalent box volumes.
Reduced volume yields reduced pumping requirements plus the possibility of energy
savings through the use of smaller pumps. Conic section surfaces are 30% less than
equivalent box surfaces. Where outgassing from surfaces is responsible for a significant
volume of the gaseous material that must be evacuated from the chamber, this reduction
of surface area yields much of the predicted 50% improvement in pumpdown times. The
conic shape of the vacuum deposition chamber offers reduced shielding requirements
because the chamber walls do not present their surfaces for ready deposition but fall
away from the flux angle. Savings are realized and compounded for every batch cycle
operation.
[0029] Other advantages of the present invention include the following. Conic
chambers may be fabricated by a hydroform process, so their overall manufacturing cost
would be much less than the cost of manufacturing thick, heavily reinforced, and welded
cubes. Compared with box-shaped chambers, conic chambers use less material and are
lighter and easier to ship. The cost of cleaning, maintaining, and replacing deposition
shields is greatly reduced. The conic chamber shape makes it possible to integrate the
ancillary pumps, pneumatics, and electronics within a compact cylinder whose diameter
is defined by the cone’s upper diameter. Cryopumps can be mounted facing away from
the gun, the source of heat in the deposition chamber, and upward, so that they are
below the chamber’s main volume. This position would benefit high-conductance
pumping. Improvements in pumping efficiency may make it possible to downsize pumps



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT [ 0048] The preferred
enbodi nent of the present invention is illustrated in Figs. 1-4. Figure 1
i Il ustratwe 2aisi2esopl an view of a planetary lift-off depasiuscan/oappar at us
10 of the present invention. Electron beam vapor deposition generally
occurs in a vacuum The apparatus 10 includes a seal ed, vacuum

coni cal - shaped housi ng 20, an evaporation source 40, a central done-shaped
nenber 60, s@ﬂﬁﬁcé?ftlyW@(ﬂ&:n@rnlﬂilél§J/sté196@st§h@@1%@n€@l}m&fuﬁe(§@ og@@éim@%ﬁ]pérane 120
(shown in Fi , and a uniformty mask 100. Housing 20 includes a doned
top 22, a Be‘gt“mﬁ opening 24 and a lateral wall 26. Lateral wall 26

conver ges f[OMD]dOTFﬁﬂhéI@lBIeZRnﬂlé\Wed& i 6l HIRWNDPWB {ickBdigniticag a vacuum

chanber 12. Evapor ource. 40 ositio adj ace ott om openi ng 24
Cnd s ait grh e i ST BieoaicEpliGubi ped g RS g ERbars S Ghgn o

cent er poi mgobndbthtdopreciomsnpetaE andewtlyapostal theryositbatdecobumedd4shident r al
done- shaped . i first axis
200. Cent r§|dg§ %§09%5 eﬁhr%%m ggna Sﬂkggljof Fﬂﬁ%ﬁ &eﬂﬁlbgpe%%hé\%\}\?gb surface 60a
facing and Sa%@@@se\‘/\é”]@@rﬂ?ﬁ lifteH Peasas<ie CWDD'Q@} aiealout H0°dehdd gpﬁpefzé_“ﬂs Central

dome- shapedehRNEesn B8 suiSstiafisatrad IcNan%en @ﬁ@lb@gnd ReoB YRRRIS gb g B 120 (not
shown) and rotates about centerpoint d first axis 0050] One or

more or bi t &3C1RYBFE- %Mﬁ%’%@"%ﬁﬂ%@?é p8'(§ei“§9‘i)6fstf‘? pAneariendl Halye %W biRe surface

80a facing Fan@lseadaweeempweanecwmesgourd@@os%nadgaamntse dmwdgtaﬁ@ 22 and at a
constant radjus f top 22.

bt ol o diheRng bETARASY GEOR oA ladd BuBle Rl HELSSR bt S3aRnsi MR, o ot es
about a sedbergioaxiakep goaltohtie peoseatitkentio is tgyiedacecied twp pyiohmedldepositadoi t al
dorme- shapegn gﬁ;ﬂ%ﬁfacggth@gﬂaﬁ’ PORd LR é”ﬁ?aﬁ@h lyue?ceﬁ é@"&)f @8 981 1 JEb' tal

done- shape |rst axl s ond axi s occurs
si mul t aneoifsd8pOgiigeion dheopiptat ihe duraliond Bach derasiEpt (Hndhehopieesd sabl v, cent r al

done- shapeghbRjHBetis Pthraved. mhtaua.ﬁénaﬂmwovemlaaﬂmdnds@mb@rw&w .eameldnhmesane
di aneter and the Bﬁtﬁﬁ concavi t nme- shaped

The concavi.t
menber 60 &GO “”b‘-‘o'r"rﬂu'keﬁa{ EPge sbE ':a '%ﬂ%nwg*e a’H?'eél”l e%%llfal to the
surface of dasigipthen & disosxshgped comhr us equal to the distance between

eva oratlo rce, 40 an center lnts

0P FeopectPBEH]  TrE BBt RRI ARt oot fued PERRdP BER e
evapor at i oapsavatus &r 4épaitidg eerdterél oda recsy by dvapmigen uBipg alftioff@ratesyy mask
100 in this jed to
View I i o SHEERpEEn oF EIREHARBIERR ABalIRbdls LinBRdfended P
appr oxi mat gp'yﬁ"l@hé” EEIPOERIOR POLFRSH PPGPY fﬁ@ﬁ@@ﬂ&b@é‘éﬁ shappémembesndicewal nar r ower

g ai | 1g2 |g§@bﬁga®6 AP X mbmh.w hiR, Qﬁjrdnlalbeﬁ%ge @Qs?e@%wﬁﬁgant:al .
one- shape ne e Sha var acco | (0] e materia elng
ittt T NG A T R R R
menber 60 aatlthavepoe@bs Hom Siceldatieed46p tolmewe\xleaarbottbhe Twie @e#pgpatioh isomcefs

f t I tral
dore: shapeibHiES At nefefih ah B Bauh B Bt oy EEINIGLIE Tonera ¢ ne
peri pher al cetg@oinUpiithodamedioprasie AB |ﬁ§>l©pl@ﬁdtdpmﬁ@ha@/edeh@almﬁlsf or use only
Wi th centr ahsiGeg aﬁ(h\)%ﬁﬁéje%mé%n QQJ c%r%]dcént'mé ddﬁé’(ﬁob Qnmccﬁ%nﬂoeSBgOt

af f ect evaporant mat eri al osition on orbit done- shaped .
Orbital dorliustEseie festBes tfe edyKis t%taghrfaeae'éeiewntf%mWeﬁﬁ% Thefineormi ty
mask 100 i gr me}eaddmeeéhxapmbdnb@n@n@at@edomhéhet axii viroe Bhéyoroms ksmersed Wi t h

singl e done ste S uired to ke th oat i ng thickness and
i Tor m ¢y SBPeRSTTTe SulEneBHe el aisaF = BEFofa FO M BLE R Grbl o
done-s hapedemtenmbler of8iGat oiitaisdopresshiadersmempero e cettabdémeshapkel nwindecyasand

L hoCugnput o RABTEhELRAoH bRk S bl i domfs bom@UndRalnen Hhiegat © val ve
300 connecte |on vacuum c air source coll ars
310 for corabeutmerfgst@%epahevwweomawsnoﬁ'twe@em@nWieﬁgan@o@tmﬂ@outrpg 2,

there is S*&ﬂ&’fhe&:eht%d@r‘n@@hé(ﬂe@%é?ﬁbeﬁ BRd BHRERLERNY eff20uM ok Use‘:d)lgy wilnh thés can be
seen, donmed top 22 has circular_shape with transverse wall 26 converging

t owar ds botc?'Hh"\' BB ped Medioeholl %‘6 %1019 WREE TR Y €°S§'OE’§ aig & <pect i ve

vi ew of support franme 120. Support franme 120
8

menber 60,



includes a primary drive shaft 122 that is rotatably connected to a drive
conponent (not shown) to inpart rotation and a franme hub 124. A drive shaft
ext ensi orwb2810/9onnect ed i n operational and rotationacTalse@omeryss on one
end with primary drive shaft 122. Drive shaft extension 123 is fixedly
connected to central done-shaped nenber 60 at the centerpoint 60a. A

proxi mal armend 126a of a plurality of extending arns 126 is attached to

hub 124. Emtﬁlﬁ@b&gof%é@né@(?ncﬁéSlbﬂQ%He%h%&CrﬁQn%élQﬂh@@a@Qeﬂtrﬁ@émé\rOund hub
124. A secopdary I‘IVﬁ)dS aft 128 is rotatably connected adjacent a distal

arm end 126B2R5H PO IR KRBy Eached to one of the orbital
done- shapeQOmIbemsa.&ﬁqeatenibb@m@ﬁtr&fm bdtht BOantion, thesizedr nfifde wARr Can be seen,

each of the central. and or menber s 60, 80, respectively,
has a_pl ur SECPOGPS USRS s e g hsener A A0Sl ePurahl y, each of the
plurality q003®f enn aameweml@dpm@it boihs pldbntanentapemeagsarbias inckded ¥i ng t he

waf ers therej nIt Dot neghﬁ Slgrnrse(g ! tod} merp}t I%upeomé frame 12 has six arns
126 supportF'?P SI'X°0 &P pa1g e?ﬁ? oﬁé) ﬁape ar’rg%eéf usi ng
secondary dramoersshafthe d€h@akgod easheped mambd(ﬁbeutsthepiedamﬁerrber 60 supported by
drive shaft en Oper, . nect ed
Lo pri mary 1083 EN3) O aheer RS B0 RRDR Rl RO RE RRb4 B8N SHAEPANECL S

i ndi cat ed lﬁyplf@rtrswstu@we'GI“IHE§Uwu§e90telt€m0§'a©ﬂsdb¢reﬂ%¢iaM§ orpipisioNMs- 80 to

rotate abouhadelifdmbdXd $hdiRO cfiraPddniBENapEs mémbeNAIch thkf thelafcsBolRMK LIRS Y
motion as well as to inpart rotational notion to central dome-shaped nenber

60 connect 888 PUMeE ARIaLENH shaped ReMER's £Y thergealrgdone-shBRRITRRMPE %€ al so
oper at i onalcbiyicigsnn mntred:nt:@nfemoedfaa" sphdrd heming aténtdizH thefigpaseargecondar y
drive Shafﬁjo ﬁéﬁ*ﬁiﬁ o a qus i ndi cated by arrows 138. This causes orbital
done- shape g é?)of P3P4UP%E about second axis 210 of secondary drive
shaft 128. [8@35]r dilmghogher embbdimlentcht tre- (8 bspeidvantiom elie Sépaisussinciudesaneous| y
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80. [0058] For conparison purposes, Figures 5-7 illustrate prior art done
systens, which all use box-shaped vacu chanbers. Fig. 5 illustrates a
singl e donme systemin a box-shaped vacdum chanber. Fig. 6 illustrates a

three done satellite systemin a box-shaped vacuum chanber. It is inportant
to note that the shaded wafer positions if used would require several
uniformty masks to nore evenly create a consistent coating | ayer across
each donme. Fig. 7 illustrates a five done satellite systemin a box-shaped
vacuum chanber where no uniformty mask is required. [0059] Exanpl es of the
coatlng eff|C|enC|es mnll nom1be presented The flrst exanple |IIustrates
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Donme Radius (in) Dome Wdth (in) Vapor Angle (degrees) Done Surface (1112)
Col Il ection on Done (% Wafer Count
WO 2010/129180 PCT/US2010/031986

shaped member that is offset from the central dome-shaped member about the first axis
and rotating the orbital dome-shaped member about a second axis that passes through
the center of the orbital dome-shaped member and the source. The central dome-
shaped member has a wafer mounted thereon that is oftset from the first axis and has a
surface that is substantially orthogonal to the source. The orbital dome-shaped member
has a wafer mounted thereon that is offset from the second axis and has a surface that is
substantially orthogonal to the source.

[0038] In another embodiment of the present invention, the method includes rotating
of the central dome-shaped member and the orbital dome shaped member about the first
axis and the orbital dome-shaped member about the second axis simultaneously.

[0039] In another embodiment of the present invention, the method includes
performing the steps of evaporating the material, rotating the central dome-shaped
member and rotating the orbital dome-shaped member within a conical-shaped housing
with a domed top, a bottom and a lateral wall that converges from the domed top towards
the bottom. The evaporating of material is performed adjacent the bottom and the
rotating of the central dome-shaped member and the orbital dome-shaped member is
performed adjacent the domed top.

[0040] In another embodiment of the method of the present invention, there is
disclosed a method of efficiently producing a lift-off coating on a wafer. The method
includes evaporating material from a source, rotating a central dome-shaped member
about a first axis that passes through the center of the central dome-shaped member and
the source, and rotating an orbital dome-shaped member that is offset from the central
dome-shaped member about the first axis and rotating the orbital dome-shaped member
about a second axis that passes through the center of the orbital dome-shaped member
and the source. The central dome-shaped member has a wafer mounted thereon that is
offset from the first axis and has a surface that is substantially orthogonal to the source.
The orbital dome-shaped member has a wafer mounted thereon that is offset from the
second axis and has a surface that is substantially orthogonal to the source.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] FIGURE 1 is an illustration of a side plan view of one embodiment of the
present invention showing the conical-shaped housing.

[0042] FIGURE 2 is an illustration of a partial top plan view of the embodiment shown
in Fig. 1.

10



Wafer Surface (1112) Collection on Wafer (9% 42 42 30 1484.91 35.45 30
799.47 19.08 WO 2010/ 129180PCT/ US2010/ 031986 [0063] As can be seen from
Tabl e 1, wbeosingise done system has a paltry 19.08 per ceatr/usedioesiosen on
the wafer. This nmeans that 80.92 percent of the evaporant material is
wasted and coll ected on the single done, shields and the walls of the
box- shaped vacuum chanber.

[0043] FIGURE 3 is an illustration of a perspective view of one embodiment of the
present invention showing the support structure for the central and orbital dome-shaped
members.

[0044] FIGURE 4 is an illustration of a top plan view of one embodiment of the
present invention showing the relative positions of the central and orbital dome-shaped
members within the conical-shaped housing.

[0045] FIGURE 5 is an illustration of a top plan view of the domes in a single-dome
prior art device showing the configuration for collecting the maximum amount of material
from the deposition.

[0046] FIGURE 6 is an illustration of a top plan view of the domes in a three-dome
arrangement of the prior art.

[0047] FIGURE 7 is an illustration of a top plan view of the domes in a five-dome

arrangement of the prior art for use without a uniformity mask.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0048] The preferred embodiment of the present invention is illustrated in Figs. 1-4.
Figure 1 illustrates a side plan view of a planetary lift-off deposition apparatus 10 of the
present invention. Electron beam vapor deposition generally occurs in a vacuum. The
apparatus 10 includes a sealed, vacuum, conical-shaped housing 20, an evaporation
source 40, a central dome-shaped member 60, one or more orbital dome-shaped
members 80, a support frame 120 (shown in Fig. 3), and a uniformity mask 100.
Housing 20 includes a domed top 22, a bottom opening 24 and a lateral wall 26. Lateral
wall 26 converges from domed top 22 towards bottom opening 24 defining a vacuum
chamber 12. Evaporation source 40 is positioned adjacent bottom opening 24 and is
aligned with a first axis 200. First axis 200 extends through a centerpoint 21 of domed
top 22 and evaporation source 40.

[0049] Central dome-shaped member 60 has a centerpoint 61 that is aligned with
first axis 200. Central dome-shaped member 60 is positioned with a concave surface
60a facing and above evaporation source 40 adjacent to domed top 22. Central dome-
shaped member 60 is rotatably connected to support frame 120 (not shown) and rotates
about centerpoint 61 and first axis 200.

[0050] One or more orbital dome-shaped members 80 is positioned with a concave
surface 80a facing and above evaporation source 40 adjacent domed top 22 and at a
constant radius from first axis 200 and/or centerpoint 21 of domed top 22. Orbital dome-
shaped member 80 rotates about first axis 200 and also rotates about a second axis 210

11



[ 0064] Exanpl e 2 [ 0065] The system i ncludes a conventional, non-se
single axis lift-off done system however nmade as | arge as possib
col | ect twe 2omxizmsm anmount of material fromthe depositiPam/uUsEdig/o
represents an illustration of such a single donme. This is nodel ed using a
53 inch wi de done. The wafer size was 5.825 inches in dianeter.
process uses 60 wafers with a 390 1/2 angle vapor angle. This si
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(degr ees DshapeSumenzime 8Q hdvkZhe Ehé diete@nand the same concavity. The concavity of

central dome-shaped member 60 and orbital dome-shaped member 80 is substantia
equal to the surface of a sphere having a radius equal to the distance between
evaporation source 40 and centerpoints 60a, 80a of dome-shaped member 60, 80,
respectively.

Iy

[0052] Uniformity mask 100 is positioned between evaporation source 40 and central

dome-shaped member 60. Uniformity mask 100 in this example has a tear-drop shape

as shown in the magnified top view in Fig. 1. The head 101 of uniformity mask 100 i

located at approximately the center of central dome-shaped member 60 and the narr

S

ower

tail 102 located at approximately the peripheral edge of central dome-shaped member

60. The shape may vary according to the material being deposited, the power used
the distance between central dome-shaped member 60 and evaporation source 40,

and

however, the wider portion of uniformity mask 100 is typically always toward the center of

the central dome-shaped member 60 while the narrower end is typically always towa
the peripheral edge. Uniformity mask 100 is operationally engaged for use only with

rd

central dome-shaped member 60 and is not used to mask and does not affect evaporant

material deposition on orbital dome-shaped member 80. Orbital dome-shaped mem

the uniformity masks used with single dome systems and is only required to make th
coating thickness and uniformity of central dome-shaped member 60 match those of
orbital dome-shaped member 80. This provides improve collection efficiency and
throughput.

[0053] Alsoillustrated in Fig. 1 is an isolation or gate valve 300 connected to
deposition vacuum chamber 12 and a pair of source collars 310 for containing
evaporation source 40.

[0054] Turning now to Fig. 2, there is shown a top plan view of the embodiment

ber
80 does not need a uniformity mask. Uniformity mask 100 is relatively small compared to

e

shown in Fig. 1. As can be seen, domed top 22 has circular shape with transverse wall

26 converging towards bottom opening 24 of housing 20.

[0055] Figure 3 is a perspective view of support frame 120. Support frame 120

includes a primary drive shaft 122 that is rotatably connected to a drive component (not

shown) to impart rotation and a frame hub 124. A drive shaft extension 123 is connected

12



on Done (3/0) Wafer Count Wafer Surface (1112) Collection on Wafer (%
53 39 2484.69 42.45 60 1598.94 27.32
WO 2010/129180 PCT/US2010/031986

in operational and rotational alignment on one end with primary drive shaft 122. Drive
shaft extension 123 is fixedly connected to central dome-shaped member 60 at the
centerpoint 60a. A proximal arm end 126a of a plurality of extending arms 126 is
attached to hub 124. Extending arms 126 are equally spaced from each other around
hub 124. A secondary drive shaft 128 is rotatably connected adjacent a distal arm end
126b on one end and fixedly attached to one of the orbital dome-shaped members 80 at
the centerpoint 80a of member 80. As can be seen, each of the central and orbital
domed-shaped members 60, 80, respectively, has a plurality of wafer receiving positions
140. Preferably, each of the plurality of wafer receiving postions 140 are openings for
receiving the wafers therein. In the preferred embodiment, support frame 120 has six
arms 126 supporting six orbital or planetary dome-shaped members 80 using secondary
drive shaft 128 and a central dome-shaped member 60 supported by drive shaft
extension 123. The drive component is operationally connected to primary drive shaft
122 to cause primary drive shaft 122 to rotate as indicated by arrows 136. This causes
orbital dome-shaped members 80 to rotate about first axis 200 of primary drive shaft 122
in a planetary motion as well as to impart rotational motion to central dome-shaped
member 60 connected to drive shaft extension 123. The drive component is also
operationally connected to secondary drive shaft 128 to cause secondary drive shaft 128
to rotate as indicated by arrows 138. This causes orbital dome-shaped members 80 to
rotate about second axis 210 of secondary drive shaft 128. Accordingly, orbital dome-
shaped member 80 is simultaneously rotating about second axis 210 while rotating about
first axis 200.

[0056] Each of central dome-shaped member 60 and orbital dome-shaped member
80 includes one or more wafer receiving positions 140 for receiving a wafer to be coated
with evaporant material. Wafer receiving position 140 is configured to position a wafer
substantially orthogonal to evaporation source 40. Wafer receiving position 140 may be
openings or recesses or mounting platforms for holding a wafer. A releasable retaining
mechanism (not shown) holds a wafer in position during a coating operation, all as is well
known in the art.

[0057] Figure 4 is a top, flattened view of the support frame and dome-shaped
members in the vacuum chamber. For clarity, the illustration is simplified in order to
better understand the structural relationship of the main components of the plurality of
dome holders. In this embodiment, support structure 120 has hub 124 and six extending
arms 126. Drive shaft extension 123 (not shown) supports central dome-shaped member
60 and secondary drive shafts 128 (not shown) adjacent distal ends 126b operationally
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[ 0067] As can be seen from Table 2, the | argest and nost efficient standard
single axis done has a 27.32 percent collection on the wafer. This neans

t hat 72. 68operwcenstsoof the evaporant material is wasted aow/usedlomsivee on t he
non wafer portions of the done, shields and the walls of the box-shaped
vacuum chanber. This is performed with a uniformty mask and shows an

i mprovenent in collection efficiency over the conventional size single done

system [OQ&ﬁie@ém&tﬁe B.Q@féaﬂldﬁhgya.m% 128 aa@sudpbu%.rbaélId@me%ha.@bdprIor art HULA

systemwith 5 ones one suc mis available from
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Done Radi usnask is)usbd hetwegidamy fithe) siMarpital damgiskaped members 80. A uniformity

mask 100 (not shown) that is relatively smaller that the mask used in a single dome

system is used between the coating surface of central dome-shaped member 60 and

evaporation source 40. Uniformity mask 100 required for central dome-shaped member

60 is smaller than that of a typical single dome system not only because the former is

much smaller than the latter, but also because uniformity mask 100 for central dome-

shaped member 60 must only average that dome’s coating thickness to match that of

orbital dome-shaped member 80 at centerpoint 80a and the centerpoints or center lines

of the wafers in the orbital or satellite dome-shaped members 80.

[0058]

all use box-shaped vacuum chambers. Fig. 5 illustrates a single dome system in a box-

For comparison purposes, Figures 5-7 illustrate prior art dome systems, which
shaped vacuum chamber. Fig. 6 illustrates a three dome satellite system in a box-
shaped vacuum chamber. It is important to note that the shaded wafer positions if used
would require several uniformity masks to more evenly create a consistent coating layer
across each dome. Fig. 7 illustrates a five dome satellite system in a box-shaped
vacuum chamber where no uniformity mask is required.

[0059]

illustrates the coating efficiency of a single dome system.

Examples of the coating efficiencies will now be presented. The first example

[0060]
[0061]
available from Ferrotec-Temescal of Livermore, CA, as Model FC4400 using a 42 inch

Example 1

The system includes a conventional, segmented, lift-off dome system

wide, single dome. The wafer size was 5.825 inches in diameter. The coating process

uses 30 wafer segmented TP8 dome with a 30° V2 angle vapor angle.

[0062] Table 1
Dome | Dome Vapor Dome Collection Watfer .
) ) Water Collection on
Radius | Width Angle Surface | on Dome Surface
. . " Count - Wafer (%)
(in) (in) (degrees) (in%) (%) (in%)
42 42 30 1484.91 35.45 30 799.47 19.08
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(degrees) Done Surface (in2) Collection on Donme (3/0) Wafer Count Wafer
Surface (in2) Collection on Wafer (% 42 49 36
WO 2010/129180 PCT/US2010/031986

[0063] As can be seen from Table 1, the single dome system has a paltry 19.08
percent collection on the wafer. This means that 80.92 percent of the evaporant material
is wasted and collected on the single dome, shields and the walls of the box-shaped

vacuum chamber.

[0064] Example 2

[0065] The system includes a conventional, non-segmented, single axis lift-off dome
system however made as large as possible to still collect the maximum amount of
material from the deposition. Fig. 5 represents an illustration of such a single dome.
This is modeled using a 53 inch wide dome. The wafer size was 5.825 inches in
diameter. The coating process uses 60 wafers with a 39° V2 angle vapor angle.  This
size of single axis dome, however, is not practical from an ergonomic manufacturing
standpoint since the dome would typically be composed of multiple sections to facilitate
removal of the wafers from the vacuum chamber. To accomplish this, there would
necessarily be a concurrent reduction in total wafer count from 60 to 50 with a
proportional reduction in the percent collected on the wafer.

[0066] Table 2
Dome Dome Vapor Dome Collection Wafer
) ) Water Collection on
Radius | Width Angle Surface | on Dome Surface
. . " Count - Wafer (%)
(in) (in) (degrees (in%) (%) (in%)
42 53 39 2484.69 42.45 60 1598.94 27.32

[0067] As can be seen from Table 2, the largest and most efficient standard single
axis dome has a 27.32 percent collection on the wafer. This means that 72.68 percent of
the evaporant material is wasted and collected on the non wafer portions of the dome,
shields and the walls of the box-shaped vacuum chamber. This is performed with a
uniformity mask and shows an improvement in collection efficiency over the conventional

size single dome system.

[0068] Example 3

[0069] Fig. 7 is an illustration of a prior art HULA system with 5 domes. An example
of one such system is available from Ferrotec-Temescal as Model No. HUHY-54 using a
49 inch wide dome with 5 orbital dome-shaped members 80. The wafer size was 5.825

15



1398.22 36.72 30 799.47 21.00 [0071]Table 3 indicates a collection on

waf er of 21% and an advantage of the prior art HULA system over the single
dome systwonzhevizegoa 30-wafer count. This means that 79 ppenusen/oofsé he
evaporant material is wasted and collected on the satellite dones, shields
and the walls of the box-shaped vacuum chanber. This represents a 16. 18%

I mprovenent on collection efficiency over the table 1, 30 wafer single axis
donme with amﬁ@ss.h diaf¥etdtotrREl cOAinY bRIcesst UdBs BBGKIcfOST SodRRBNeSReh ¥elt% t 0 12%
in efficienc renovi ng the mask and configuring as above, there is not
only a gai ﬁ”é?v%%/ol' ag9'et he mask | osses but also a contribution of an

addi tional [66%01% [0072] Exanple 4 [0073jfre enbodi ment of a systemof the

present i nyenti-on—{ncludes—a—conventiongllift-pff Hl donmesystem

avai | abl e frfdr PPEC, TEARRcdl 2R WbhierOIRGONH HURDG 54 u\é’laFFg io@ﬁec'n&?@n hi de
donme with SRmuiuistaWidibrre shglipeq Berdver § 0Dand ag;enttrﬁunfd@rm f/\&‘ Sg/Oimmber
60. Fig. 4]i n|I tr exanphe of such al §94ttem The walE¥erdize| was
5.825 inchns%v]ﬂ te &jreqi\égscoaw g JI’OC(ZO S uses 42 We@;sr , 6 orbita
dones pl us| o2 cent ral donméew t|h139832 [/ 23@reyl e| vapor | at9gl4@. |[ 0A4]JoTabl e 4
HULA Radi us—H-a)—HILA-W-dt-h

[0071] Table 3 indicates a collection on wafer of 21% and an advantage of the prior
art HULA system over the single dome system having a 30-wafer count. This means that
79 percent of the evaporant material is wasted and collected on the satellite domes,
shields and the walls of the box-shaped vacuum chamber. This represents a 16.18 %
improvement on collection efficiency over the table 1, 30 water single axis dome with a
mask. As noted earlier, the mask costs approximately 11% to 12% in efficiency. By
removing the mask and configuring as above, there is not only a gain of all of the mask
losses but also a contribution of an additional 3%-4%.

[0072] Example 4

[0073] One embodiment of a system of the present invention includes a conventional
lift-off HULA dome system available from Ferrotec-Temescal as Model No. HUHY-54
using a 54 inch wide dome with 6 orbital dome-shaped members 80 and a central dome-
shaped member 60. Fig. 4 is an illustrative example of such a system. The wafer size
was 5.825 inches in diameter. The coating process uses 42 wafers, 6 orbital domes plus
one central dome with a 36° %2 angle vapor angle.

[0074] Table 4
HULA HULA Vapor HULA Collection Water )
Water Collection on
Radius | Width Angle Surface | on HULA Surface
. . » Count . Water (%)
(in) (in) (degrees (in%) (%) (in%)
42 54 40 1957.51 52.39 42 1119.26 29.95

[0075] As can be seen from Table 4, the present invention system has a 29.95
percent collection on the wafers. This means that only 70.05 percent of the evaporant
material is wasted and collected on the central and satellite domes, shields and the walls
of the conical-shaped vacuum chamber. Also note this collection efficiency is achieved
with a total wafer load of only 42 wafers in comparison to the larger 60 wafer
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(in) Vapor Angle (degrees HULA Surface (in2) Collection on HULA (3/0) Wafer
Count Wafer Surface (in2) Collection on Wafer (%
WO 2010/129180 PCT/US2010/031986

conventional single axis example of Table 2. This is performed without a uniformity mask
for the satellite domes and a relatively small uniformity mask for the central dome. This
indicates a further improvement in collection efficiency over the single dome system and
prior art HULA systems not using a conventional central dome. As a higher percentage
of the gold flux is deposited on the wafers, the duration of each deposition run is
shortened, so throughput is improved. The smaller and uniformly shaped orbital and
central wafer domes act also as natural carriers for clustered wafer loading and
unloading in a fast exchange process. This ergonomic factor speeds the load/unload
cycle taking it off line or making it possible through use of a spare set of carriers to have
domes loaded and unloaded outside the vacuum pump-down step. Furthermore, the
pump-down times are shorter, which also improves throughput. Throughput means the
number of wafers coated per given period of time.

[0076] In addition to the collection efficiency and the associated costs of material,
storage and handling, the reduced volume of the conical housing provides additional
benetits not realized by the prior art systems. These benefits include other advantages.
These advantages are that conic chambers may be fabricated by a hydroform process,
so their overall manufacturing cost would be much less than the cost of manufacturing
thick, heavily reinforced, and welded cubes. Compared with box-shaped chambers,
conic chambers use less material and are lighter and easier to ship. The cost of
cleaning, maintaining, and replacing deposition shields is greatly reduced. The conic
chamber shape makes it possible to integrate the ancillary pumps, pneumatics, and
electronics within a compact cylinder whose diameter is defined by the cone’s upper
diameter. Cryopumps can be mounted facing away from the gun, the source of heat in
the deposition chamber, and upward, so that they are below the chamber's main volume.
This position would benefit high-conductance pumping. Improvements in pumping
efficiency may make it possible to downsize pumps significantly, reducing initial system
cost and the energy required to operate the pumps over time. An additional improvement
in throughput also results from the reduction of the time required to change shields,
which are much smaller in the conic design than in a box-shaped coaters.

[0077] Although the preferred embodiments of the present invention have been
described herein, the above description is merely illustrative. Further modification of the
invention herein disclosed will occur to those skilled in the respective arts and all such
modifications are deemed to be within the scope of the invention as defined by the
appended claims.

17



42 54 40 1957.51 52.39 42 1119.26 29.95 [0075]As can be seen from Tabl e 4,
the present invention systemhas a 29.95 percent collection on the wafers.
Thi s nmearnwotnaii12013by 70. 05 percent of the evaporant mat ecirais2018/09&sé ed and
collected on the central and satellite dones, shields and the walls of the
coni cal - shaped vacuum chanber. Al so note this collection efficiency is
achieved with a total wafer |oad of only 42 wafers in conparison to the

| arger 60 waifls cifipeygnti onal single axis exanple of Table 2. This is
performed without a uniformty nask for the satellite donmes and a
relatively small uniformty mask for the central done. This indicates a
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and prior art X%Sééﬁ?t “ g a conventional central done. As a
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addi tional benefia® rmw oybethochhgpeq Members gpsitigned ghevedinscvappiatien benefits

i ncl ude ot her adV%BﬁnéggéaceThﬁé%oﬁﬁ@M%btaﬁﬁg%%a%Bn?sténh?édudé%'&hpthéBé\ﬂ&%&ﬁt may be
fabricated by a hy r of orm process their overall manufacturing cost

woul d be nuch | es$® t"RERMEH pc"&eﬂe"&her?&ﬁﬁf HetHAMS BRPEREMRRAVRIRL

rei nforced, and V\@bdﬁ(ﬂ’leﬁﬂh@&ls aﬁcmhanre&deawbibltbmoﬂ&t@aﬁ@b @ebapkers, conic
chanbers use | ess na The cost of

h i hi
cl eani ng, maint ai ik a”eOHa'V# g%le I??’i’é gg%)oae;rgla?ng?? gﬁ:eg({sdé'%fjih %E%'E? P(f/'mr educed.
The coni ¢ chanber ofthapeitabdoaws-shappbesinbéiethe@ne ot egreadreital iemasitdpetlar y punps,

peurat i cs, and elehigAn MhlihiiPeGANIndY U6 cMASEHAE! eF 15

defined by the cone's upper dianete yopunps can be unte aci ng away
fromthe gun, thed8HasEaPS MeBRA" i n the deposition chamber, and upward, so

that they are b@hﬂ%lhmﬁmﬁm@lbn&j ma:n\mé Biorali SouR@Sirbiteicanal d benef i t

hi gh- conduct ance pu rove ng efficienc make it
pogm ble to dovvns!ofg'gﬁﬁgﬁf? “g‘? rft H'Hfol' ity ’B%{E.pf@ E?QO”EH'VFP%QgeéﬁfJé% cost and
t he energy requir edlytwih tpereatrel dohe- smammnmleafr; andre. An additional

i nprovenent in SQ. LS f T I tinme
required to chazr)lge’réggwgvvgge?te\?\cﬁﬁvﬁgﬁ%gélﬁe&rsnlfgzcﬁ{ggtvrr@ﬁ\nee%g#ﬁfttb%Q']eg%nr%(]8des| gn than
in a box-shaped co#titerdomer@pa] memheyaghd theecepiraideme staradtyorinbes s of t he

present invention QaysgResfer therein.

2. The apparatus of Claim 1 wherein the one or more wafer receiving positions are
substantially orthogonal to the evaporation source.

3. The apparatus of Claim 1 further comprising a support structure that positions and
rotates the one or more orbital dome-shaped members and the central dome-
shaped member about the first axis.

4. The apparatus of Claim 3 wherein the support structure positions the one or more
orbital dome-shaped members and the central dome-shaped member wherein the
arcs formed by the one or more orbital dome-shaped members and the central
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descri bed herein, the above description is nerely illustrative. Further
nodi fication of the invention herein disclosed wll occur to those skilled
in the respeaotoneisarts and all such nodifications are deemam$2daio/ob®ssv t hi n
the scope of the invention as defined by the appended clains. Wat is
clainmed is: 1. An apparatus for depositing a material on a substrate by
evaporation using a lift-off process, the apparatus conprising: a

coni cal -s hapedddmwma?ed WekBePartl @BREIAdRRith theRVESRIBIABEDI NéphdRchadink @b er al
wal | t hat conver%gs rom:t \Qa/ar s. the bottom opening; an

, m the doned top towards. ,

evaporati on sotf" OB%ft'?t@ﬁ@@”gﬁﬂcét@gﬁﬂh?ﬁ RAPBAYURY aligned with a first
axi s that extends through the centerpoint of the donmed top; a central
dome- shape e i.tioned.abave th vaporation, spurc j.ace t he
doned top Mavi 5 oBaRlsis BB P ARET b S R PR ERSRET I e
central dome- siegesdherendermore tititalgoatscaiapechwemeers @bpubitheir; respeetiver  nor e
orbital done-shapef,ienbers positioned above the evaporation source

adj acent the donmed top and at a constant radius fromthe centerpoint of the
donmed top wherein the one or nore done-shaped nenbers rotate about the

first axiseandrepaiafus@RChirdf kinealin HetRe sNapRb RN e-SHapbd andes| y
rotates about a sgcond. Xi s that ﬁxtends t hrough a centerpoint of the
orbital dome- sHREES X RENELIOMeHAPER D8I Bor e orbital dome- shaped menbers

bei ng substantially equal in dianmeter and concavity to the central

done- shaped ne . i YA i 11 . ne evapor ati on
source andG}t heﬁggﬁ' P %fogglg%légﬁlea&ég %%ﬁ@béﬁsﬁ&ﬁ%%@%ﬁﬁ@y&ﬁ 1Sk
oper ational | y efAyewedafigrsque;only with the central done-shaped nenber; and

one or nore waf 854 @%@Ine MELINRASbIE bRNSn Aedh Bt Wid RbpRa&hRLgh e one or
nore orbital dome-shaped nenbers and the central done-shaped nenber for

recei ving a waf er VM UPA SOYCeThe apparatus of Claim 1 wherein the one or
nore waf er recenvemngl gosd-thapas wafee hslodrsh@mtddad the spatdiagonahertia at he

suppor st ruct ur o ceHaPopLg: BF B prE e e S GErR bF b al
dome- shaped menbergisand t he central done-shaped nmenber about the first
fhe one or mor o orar e bR R By R e ped
menmber wher ei n t h@ffgat#emrtBe frsbifnandHetaiie ahpulm$asort diig Rt RASHRS: shaped
menbers and the cembiighla centerpoint of the orbital dome-shaped wafer holder and the

evaporation source; and

a plurality of wafer positions on the central dome-shaped water holder and the

orbital dome-shaped wafer holder wherein each of the wafer positions are

offset from the first axis and the second axis, each of the plurality of wafer

positions configured to orient a substrate surface of a wafer mounted therein

substantially orthogonal to a radial axis extending from the wafer position to

the evaporation source during rotation about the first axis and the second

axis.

8.  The device of Claim 7 further comprising a conical-shaped housing with a domed
top, a bottom opening and a lateral wall that converges from the domed top towards
the bottom opening, the conical shaped housing enclosing the evaporation source
adjacent the bottom opening and the space frame, the central dome-shaped wafer
holder and the orbital dome-shaped wafer holder adjacent the domed top.
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donme- shaped nenber are coincident with the circunference of a sphere having
its center on the first axis and | ocated at the evaporation source. 5. The
appar at uswof20@/201803 wherei n the support structure incl edeasaoidosiwes syst em
that rotates the one or nore orbital done-shaped nenbers about their
respective second axis. 6. The apparatus of Claim1l wherein the one or nore
orbital donme-shaped nenbers equals six orbital done-shaped nenbers. 7. A

vapor deposi tip @8¥ESECHT V'@hé‘ldﬂ'tf]é s;sa‘cé fl’@h@%ﬁ:ﬁﬁjesE@ﬂvéjﬁl\éleﬁﬁthgtquéss' ng: an
evapor ation s [k“jlr ce, irst axis

T hap O o ¢ G G R e apat Sales Mot i dhe St Hope harseais: AR et o

hol der nount edadont thbérss pas end thaomitmvemel shagedoeditieiomzr aboud thetdaeorwent r al

dome- shaped vva%esr hol der is aligned with the first axis; a orbital

done- shaped waf'ef hol der nounted to the space frane in a position offset
fromthe first axis and rotatable about a second axis that passes through a

cent er poi ntioOf id e, P8 Bl 68in AQNEr=FNAPES ALY HRbUPhaRNb I gnYaPOr at | on

sour ce; a plura posi tions on e centra orre shaped waf er
hol der and theO'B'F%Fj‘?’H? SBQﬂ‘?@ “@I‘P&ﬁ@@e'\/\'ﬁ’@@ CRBI R FaditfetPaliHhe QEROHHIOR he waf er
positions are gfufeet fromthe first axis and the second axis, each of the
plurality of wafer positions configured to orient a substrate surface of a
waf er nounted therein substantially orthogonal to a radial axis extending
from t he wafl er Theodavice ohClaion 7 vbeieinagaoh at the plusalityrad evatbu positgpns staatvafen about t he
first axis and é@ﬁ SGM axis. 8. The device of Caim7 further conprising
a coni cal - shape SI ng with a domed top, a bottom opening and a | ateral
wal | that converges fromthe doned top towards the bottom opening, the

coni cal shapeda bé’d&ﬁb&%sﬁuBﬁb@\ﬁéeﬂEbnb%ufWﬁ&@é&%'cé\’ﬂpn%‘mgr ce adjacent the bottom
opening and the s frame, the central done-shaped wafer hol der and the

ace
orbital done- sh%’bg PRI SIIEder adj acent the domed top. WO

2010/ 129180PCT/ WE2kDMeakIABbpRitiorihg otkesti midre Mfafddd ahénam tNhh@ﬁﬁ'l of &édea o$pace
frame i ncludes a gglve system

horter aed'tre or i i Qi Bt b RioiEe Sihfiop SETF PETREhsL Lot
the orbital dome- $dvapeitionwaf retatdsahelere alyoue wiatees dwoba tirsbadisthatl@ssebhe devi ce

of Claim 7 wherei aped wafer holder and the orbital
b 6€BldpBlatidoBRiGRap
dome- shaped waf err&h der Ea\?e constant radius about the evapor ati on

Sour ce. 11, Theatlepila@asns (r apsiomnGIEe &1 moearaers that ifeotisplrom thegewral waf er
positions is a wah@sans RF BbyidMhgRPREWNBGIN the cerferRBAEN 6l @ROGctdr didrelevi ce usi ng

a lift-off process a?elggtrthesé)lrlg)gal maer:]:lng}/o?%gsrlt?c}nlln%r?s g((])UI(EIStaﬂt from the evaporation
source, the orbital means for positioning rotates the one or more wafers about
a second axis that passes through the evaporation source; and
a means for rotating the central means for positioning and the orbital means for
positioning about the first axis and for rotating the orbital means for
positioning about the second axis.

13. The device of Claim 12 wherein the central means for positioning, the orbital means
for positioning and means for rotating rotate the one or more wafers about the first

axis and the second axis simultaneously.

14. The device of Claim 12 further comprising a conical-shaped housing with a domed
top, a bottom opening and a lateral wall that converges from the domed top towards
the bottom opening, the conical-shaped housing enclosing the evaporation source
adjacent the bottom opening and the central means for positioning, the orbital
means for positioning and the means for rotating adjacent the domed top.
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a central neans for positioning one or nore wafers wherein the center of
each of the one or nore wafers is equidistant fromthe evaporati on source,
t he meanswbaniopsisvi oni ng rotates the one or nore waf er scalisea10m3foBe st axi s
t hat passes through the evaporation source; an orbital neans for
positioning one or nore wafers that is offset fromthe central neans for
positioning and wherein the center of each of the one or nore wafers of the
orbital neans for positioning is equidistant fromthe evaporation source,
the orbital neans for sitionjng rota t he one or nore wafers about a
second axt 45t nite 4566 sLCRR SAHHEERA D B M RO SRR e DIghorRE-SeaERS 1 or
rotating the ceanhbak. means for positioning and the orbital means for
positioning about the first axis and for rotating the orbital neans for
positioning about the second axis. 13. The device of Claim 12 wherein the
central medfs Therdgyssiof Cleim hgwherbie tior dsintrall mervarnzludes orosntrlgleomeg and means
for rotating rg{a?@@mgmgepne or nore wafers about the first axis and the
second axis sinultaneously. 14. The device of Claim12 further conprising a
coni cal - shaped housing with a doned top, a bottom opening and a | ateral

wal | that aenver@erdior efitibhy plaiveidg baR-oliRvaingontdeaibioiieamaiggeni ng, the

coni cal - shaped housi ng encl osing the evaporation source adjacent the bottom
openi ng and t h®"¥&if'Pal means for positioning, the orbital means for

posi ti oni ng andetdperatmpamstefialrfronod sdurcey adj acent the donmed top. 15. The
device of d ai . ret Iy o

done- shaped ne%%aﬁlg&@%gﬁﬂ#Héﬂ%g@%@e%%?g{é%fgg%dg@ﬁ} tﬁla?%&e?&éét%o%#a nmeans

i ncl udes one cent figdt axdd et pAsapedraveihercente7of the pesttiabdpres-shaped mieamel y

producing a lift-qh§ tlfe%biceghé’@elﬁla\"@cfn% shadpB& mERioBOchy Wéf@n‘ Adlint@y apor ati ng
material froma source; rota t?(?a central done- shaglg nber that is

spaced from the sdfe tﬁ‘btcﬁj?“sﬁt P dte Thsdiagis ERd Paagsa faf’ﬁ“@&@h the center of

the central done- sbm@dualwme@onamd thmﬁ)tﬁmlémﬁ the central done-shaped
menber having a her e at i.s fset fromt first axis
and having a suro\f‘\%(@ aPrqu{al Og)m u%@?% P‘f'ﬁh%ﬁﬁ{?&@hoﬂ Irie§e{1%ag%gr88'r ce; and
rotating an orbi tahaQMrrEerwwapla@JtﬂErfbﬁyaxishadldtaingﬂlﬁ@@"bitaﬂ dome-shapedent r al
dome- shaped menber, egﬁ%%b&h‘s sbédn taxi@%ﬂa‘fpﬁs%@sf L@ 'tmag dnfl o ﬁ{hB'oFtﬁ\hl

done- shaped nenber secon axi s es t rough the center of
the orbital dore- sh@pEHaRAsTRRIALaAGd trﬁéoﬁ'@&rtﬁ%o'bltﬁéioﬁ‘letﬁh@%ﬁd YRR shaped

menber having a wab@kg B0 ABUABE IRABNIRALS difseOfdns Bl b dkRangecond axi s

and having a surface that is substantia orth to the source,
wherein the centr Pv'%ﬁéu'%ﬁ@a'wﬁﬁ@?t'a%ét@ﬁe"%?%ﬁﬂ?a?u'aeoef*@egeﬁh Srg——
are coi ncident w tchnitdhdoroé-skapeti ereerbeeacd tha osithiedoeneFsapetgmemb@tees e cent er on

the Tirst axis andohogah el il DSmARIEs: o Mo The IRtiRg b alml?

wherein the rotatin cen done-s

shaped nenber aboutstah@arﬂd lpeatechatitke soveicet he or bital dome- shaped nmenber about
the second axis occurs simultaneously. 19. The nmethod of Caim 17 further
conprising performng the steps of evaporating the material, rotating the

central do sﬂ%?d@%fh%ﬂ‘tfé?'md dvhesrinhergtatingeo! diaganipl desipeshaprchBempinber
w thin a coni calttrbapes dbﬁh@%hétgadvmédibeﬁlad@m fir@Rxisand et wpnapgand-ng and a

wherein the ovAREPERPHET GO ErTar pLs BErrts MUl SRS ent the bottom
opening and the rotating of the central dome-shaped nenber and the orbital
done- shaped g MefREn ethSa ARELA B LAGEMing (o HRRE thelsBRs of evaporating the

material, rotating the central dome-shaped member and rotating the orbital dome-

shaped member within a conical-shaped housing with a domed top, a bottom

opening and a lateral wall that converges from the domed top towards the bottom

opening wherein the evaporating of material is performed adjacent the bottom

opening and the rotating of the central dome-shaped member and the orbital dome-

shaped member is performed adjacent the domed top.
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