Lift-Of Deposition System Featuring a Density Optim zed HULA Substrate
Hol der in a Conical Deposition Chanber This application clains the
benefit oWOUSB1A28180si onal Pat ent Application No. 61/ 214p80Ws201003ads6Apr i |
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
optical coalLidgf DepPasitibs sbaéhmeatmmgmsm ommﬁd KUL A ShistRte HOIdBPYSi cal
vapor deposition onto substrates. Description of the Prior Art

[ 0002] El ectron beam evapor at'T‘S@q"éca!:BPrPRﬁ“ ?’PGE%’B b&ro coat wafers with a
thin metallic layer in a process known as netallization. Generally, in

ohea o' toron B baRekRR TR bEDapdE, S Bl B sSBIBN B T honncy
i nt egrat ed|6¢,12r|¢800 ﬂledgsahlltar?ua?(mc anmgﬂ@_rc(v@mﬁa_ I‘ Dl?a;term?pplmtpin_@&plbl/diﬁ,wﬁ?) I and
numer ous a n e two and simlar electro-optical materials are
now typi cal | BXfatyl lzeg as a substrate. Sonme netals, however, forma
superficial oxide on their surface that is known in the art as the "skin
effect.” '@A@Kéﬁbﬁﬁnbﬁ*ﬁfrﬁi NveRTigequency power is used, this is a
problem This i's critical especi acfrfy for 1C chips used in cellular devices
si nce the dkiFigldatteinventie? eases power consunption. [0003]Gold is often
used as thﬂo@@gdu%é’bre%nt ..%ﬁw@asfésgbﬁ&myttés&ﬁ%@ﬁtora&m@ssn@%we metal

gold wll orma superficial oxi Unf or t unat e of gold
presents oPpial ‘ﬁﬂaﬁ'ﬂﬂser‘?@rt'cq*ﬁ@’ Mﬁ%'”!ﬁﬂ“%r%%sdotphﬁés'%‘t%ﬂrQﬁP§S'U§Wed as a
substrat e ane sop@stcdat her than silicon such as the gallium arsenide

previ ously nmentioned, There are two problens with depositing a gold |ayer
directly upon a GaAs substrate. First, the gold will leach into the
substrate. 2S<§leemr¢bnontdﬁehegmaﬂAw |1 not adequately adhere di rect ly to the
substrate. @@r order t r event !t he ol d tf F{ ng into the
substrate, 2% Flecisan geat pvgpor O'E'éF?’BH‘%Yn“%"r 8|°8f’ii dtes the gold
fromthe GamuncAMr niagnaddsy knaxm ascthetsliizationh. aGereraily, io typaallsmnmmWafehr omumis
deposi t ed St e di ffusion
barrier i n@?gatfoneth ||.§'g£ﬁ§$é%f)§tela ﬁEtCB%ﬂP?%}E}%r?l&{)garcrgggfré'gdhere to the
substrat e. iMggaed Q'Eﬁuﬁl Ber Wdf%ﬁwl"ﬁmfﬂ‘&?é“@"ﬁﬂﬂ@ﬂlumyﬁrﬁedﬁﬁK@a&% iNGByy t hin
yet very ughdghh (nHRRiekte LASRGEHISA HEALO FATAIALRRD Lphcak e gol d

circuit traces, on a icon subst circuit traces cannot be
etched awa)"¥¢ @8 ?1%0@9{%8@ yhlized éﬁ é SP'??"&tet y%”@dpet%'ﬁﬂ}‘?i‘vﬁberdp% 8ss because
t he et chansupwhidial oxign®videit hmaadh@slsmnodwamene amas e Fdkirsdtieot. bardirb@s t hus

freeing the cirnc o 0 sSu s_a clear
undesi r abl ehg'gr{]@d&%ég %‘f"ﬁér 'g}"% th[St géu()%f hs glc?t'c?l BREE koyé ](Eypi cally
made accor dhipgused acelllliaf devises Sings he ekis eff@atincmseszqumrcoskmnmni n the art.

To_use thT o8t BoRs88 o0l Bhdled 8 EofRAOALARTLIISE Aok ove 2

trajectory-as _ rees w 'rate surface as
possi bl e. vmsg/eir@etalaa@w@dottf@ma@ smetrfmg@n@ﬂ ldmtprb@ia&ewenheamjoftg@éi opt i mal

resul tant %%Bu'\t@gthbﬁpr&%rﬁérﬁfb;Sr@blé‘:%s ﬁnse'Wl-Teﬁﬁl‘ﬂJ %ateﬁé?@&éeﬁ%s%rsués?ra@ro step
coverage. A commonly used %PPSI cal, va deposjtion in |ift-off

processes P& %1eé8fhreb‘t'?a'b%'“a‘%9ﬂé9%{b%‘3rt5? gglfam F‘WeﬂF’%EPV'euﬁ'y 'H?JBPP%tT"@F?sarﬁher e
mul ti pl e wadEhisblams tith Gefosiieg sgbm layeadirdiyoypod ashdrglsabstiaty. CFast triélcﬁaldr equires

C o T St L S EniT PR Bl BB BRI U e
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 unitorm.



[ 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 ave01l2ei8pl e donmes nounted in a square or rectROHURZM0/0HE UM
chanber with a planar top wall and a planar bottomwall. The nmultiple
dones 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 uti '(go G2, | ARRIOPSIGERAAASNaTsIEE! Sltkfhe ARG BIER EEAThRE sour ce

conpared t The systemi1s con ured to produce
or t hogonal Pg ielcf‘@ﬂ @W@/dé&”i H@@%StSH'@ﬁE'ta“% 'ﬁé’ typical giehing Efﬁ?‘-’rsérbﬁ?étl‘?e Hgsk.

50006] The @@Méﬂﬂ%@% rOhovefie GRA3GN BlyePand cﬁﬁt&'[oﬂfbhir@r ﬂwb@fré@@hﬁhé ci’ﬂah'itt iple
ones in a

Onfl aIIO to a e rOCGS
sensitive frgcepf% e, PHe ety udRa U PR e o p e W evel
beam posi t cieoujt traces arhe/plchlwenadadmomm e tigteofo proacasnalf arisivel kioaskn thal t hough

bver o of e G EaehB A eess Aou IR mElPlobk B e} fuSIchBE 2 Rlleibih oSl P0Y,
there is stiobé logtegroes welweqspecamthmu@tl’aw SUUacesa.srﬁoa@l@s iljhlh@rrelerfamtq he
target wafgg érth({gggﬂ Zﬂa;%s%ron Bﬁ& g—{étogt a%l NRal iSsutat: céétﬁwg(lsll%@?red lﬁ%.ﬂé gkiole di scl oses

a coat|n nmac hi avl ng rotation sten1 e coat|n
mac hi ne hagoaa'n@ o1 A%fI9 &tap C%\Wéas@d f\ﬁ@eummwydﬁa@ﬂ@m@lpf WV§=C§J|vaPﬁardem§ﬁ'OWa| | and

a planar bafn pheddsses euba@tbe@ﬁﬁevﬁs@hﬁd\g I|$|§Halétféﬁl dpBlidafiéisuetRet hhigsiei n. The

coating source is |locate esi st ance heat ed boat din
o el of Wefels mist P araciebyoued DE R SROE SaucmIns [aunsonplmeans ey by

chanmber wi t;dmoﬁna(sbtupeﬁ fok bgecifipippabeetssaivhatetals dxamglea of thest abipexspi ndl e. A
substrate ﬁslte I’eglsﬁjﬁréd ed by each spindle and is adapted to carry a
substrate T ich nnér that it is adapted to receive coating materi al
fromthe cfRi05)g SBiRasnt Aﬂﬂunaﬂon?upkaammd‘dmj 2003/0 180162 {2003, tUhang et ahill e

assembl | €5 RNRUL LNCARLIIES: A8 flosTigt ARIcRR i, ABLER AN T oW

Addi t i onal Hgmesmwawsed is amqu@reweepqaﬂgwerrwﬂoﬁur&ahaj@zemm a plngrep wpbaidey of the

spi ndl e asﬁﬁﬁi’f'doﬁ&nfvd’aﬁWﬁé‘ﬁuﬁ%ﬁl@ﬁ@ﬁxe@fotdt@ﬁl&iu‘t91@s@ﬁ)@é‘%mﬁ@%% a8 In
addition, neans i s provided 6)ég;)ermt a éust ment of the ang{e of the

spi ndl e wi flpput @agirriseeandiaxis Of EQLIoR i LERIR asUER ARveBF9ARE PN TE 198! angl e of
i nci dence wﬁfetmG\tapmrze@@@gerrmr@hra@am Whtehal begjoetdd fren tH@&oBMbSt rates
carried by the s r% @ndl OOOSbiSI'h dvant a‘%e of, the Bergfelt |ﬂew ceis

that the sft"dt LGRS eur%lsecéi BIFEHRPIRG S ReR e

coat i ng soaff ceatibgawithosit ﬂhecuae eich numfotnmef I'll@kl nch circle. This reduces

t hr oughput up tine
required. m%eiughﬂ'%lﬁ&ggtag P%F%aﬁ%ﬁté‘?% ersS th%ﬁsea&%ﬁd gé]%eﬁg'l ency over
t he si ngl epldouetaryspsfigaration to achievé a precessthatfis ks @nwa\sette pefcessppationnt
materi al Oguc‘ﬁ%fe@s&o?a@mnat ?é\ﬂertlé\)%l tb@érﬁgbsu\(@af BicAne] waet\m%o%hé‘gée%f a

assenblies. [0009]U.S. Paten di scl oses a
thin-film HelRg8itt Nav. A¥pataiitie Chang dﬁ’Q'C%pW&'P%WW IPPRVEMENR y of racks.

Eﬁch of f t h@olreatfdﬁ%fftweﬁc;ao@u éfsﬁh@@ dofitsybras, tﬂwb@us@mh@geatth@ Chaig @ aportion of
the surface ucture I S a nDuntlng
t he racks 8¥‘? ‘?"i’\@ tﬁxg? é?es‘r?'" WﬁSt Lﬁvagorﬁﬁwﬂﬁt? aﬁurfaﬁgs %th?rftg%g‘%' ga\f aleft he racks

| i e gener alkferoon the surface of a comon sphere. A drive nechanismis

i ded f i d h
eapect -t o 09T AU PARICHET ftaa T oy Rl R ERIbE A poA g rRPARE e o
rotation whaving asgsiustablagotatien systeder Thegogiingrroashing hash e cyfintdgal-shapaghpear s t o

be posi ti 00{%%@’%{-%9@&%%%@ a¥ t&%ll%ﬁ&%@%ﬁf%gtt&#ﬂ%ﬁpﬁ% t%ﬁ? tadtidrer from

t he racks I sadvant age of evice Is ocating the
source of AeHresisdIClugpd teraiyr TecralingHuich s Iaa9cHR @ resystance hapRébeatr equires a

much | ar geqrgige iPh 13- hh@h w&élunbramﬂ‘@egpmcﬁa/asssmamasas BGIH&T inIRCohdMber

For 1 ocel VIR KyRsPE ear B eVt GG PSS Ror IR DpHEI T ed on t e

surf aces i oareadiegdedca spiadieiave istduapted towaty atsubgrateiu stdhen manrer tHahieiswaf ers are
not orthogonal to the evaporant source, thus nmaking it unacceptable for
use with a "lift-off" process. [0011] Therefore, what is needed is an

el ectron beam coater capable of the or?hogonal deposi tion necessary for
lift-off applications that is |less sensitive to process variations such as
evaporant material, power |evel, beamposition, and the like. What is also
needed is an el ectron beamcoater that is nore efficient. SUMVARY OF THE
| NVENTI ON



[ 0012] The apparatus and nethod of the present invention deposits a uniform
"l'ift-off" coating on a |large anount of wafers in a short period of tine.

| n conparweanwidisopri or vapor deposition devices and netthUs®10/4031686
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 consistently

deposits aagaHi&y t'e!%tfe%r&bﬁ’tﬂﬁ rdtial ﬁ&n@r%aéo'afigg sc{uQ@lﬁﬂeIH@lsBFo%ﬁ&?or' nvention
provi des the potential for advances in lift [ ocessi Q:?q to be qobtained

by the uni §UIBMESMIANNG seBblies sher i SPéfCPé’@HﬂRSI“B ngdhg spipdiasfopytdeeir
opti m zi ngowheaxead hr%cgatr@nmﬁeftﬁemrebwg aftatad emwmtsbmﬁal Additionally, means

si ngl e- aX|s of -rotati talnth hst operatin eff|C|enC|es
2chtevabl e RS be i adRind Bo e PefinbicT rPsPRae ersiBle AR cen®
mat eri al ) ofrotatibt afgluethesskrse. (I edditon] heabsas bwyne!edeut peechieadjadtragnt okt i pl yi ng

b noi pl es 19 SHink SRR BIF Rsfec? o AE LY Jolh P ST RAK| RO 2BGERY |
substrat e Wéldgege, of Hied apersloabiorily eamevit 6eRPeRitt BleaubBimiesrrise 8y teposi ti on

chanber wi ghn@egone- shaped chanber. Transitioning froma box-shaped

deposition chanber to a conic chanber pron ses vast purrplq'ig}ladvant ages
because of [PQQBlcedhedisacyaatags efdheBerolss idgviee isthg theyspingle s saretliegmust

hyperefficpe Q&JuQQcﬁfEeﬁéhdlﬁ@o@@HQ’@Qtﬁ#bdéMg“so%%&foﬁﬁ& %c!il@él ahe | i Ningh GiRI. C
chanmber cr at es a ugéﬂue set inte Erat ed techni innovations. This

uni que set B‘P redupetinovglpyt gféﬁ(hpngglper WRIG5t HesRLse | Oﬁfﬁ"ieégfi IHonahsat up HBe coni ¢
chanber wi kdquiyad:| Althbinghr toy Bemfltlelite piterpamgnmdet etfieidayy dvpr he sﬁ@l@ut 50% and

that the u he o r u U es

t hr oughput agn%%&%%t Ps%l psr'goggﬁwg fgg)'apﬁf?%h?%g?qonéwlr%ﬁggé% g?’éncy means
t he percentf@g&'getfwmaponfwt@dldmmseem@bsthat is deposited on the wafers. For
s a det er A0OUER' Y% PG SHelseb 1ol i ciios SRy il eBRICAT ' R
di anet er oﬁpnaﬁa;usjhﬂvmg a hreddep aicckd plyradig 10 iacks. dfach wbWe racke bapmsurfage thahe, and
mat ch et WRein BsishaReh 8fa S HRGLARL: & laaferdNd st SRIGEISA fofloTe-

[ 0015] The evaporated material travels fromthe source In a straight |ine
t owar d t he @il FouHing R raghseondihbgidesinesush edednaigh thersifagsagidieant vect or

field or vapes ichmdrdily BOWe\Laiiaceof aReMmN ispigyien Aufvetrh@:hdm@fﬁ iREvididaS |
result in

tai d f tat L t d |
o ext ronel UEgdE Sl Phor et aolBeb e vl atpere PR andie o 't he
done about rdtdting Sfeumade abouttigir dwmexesvbpttjers witthespazt ioahe looldert Aabuoeour in a
i |
c CULT B o B orkd U705 G ed N, b 5 wneverness
of nonuni fb#flﬁﬁﬁfgon?@ﬁﬁa(ﬁs Coati ng t hi ckness is greatest near the source
centerline gy deﬁro‘?s%ﬁﬁ%ta?% | b6 I\.ﬁHhF&e%iE%‘?sthﬁroé ﬁ‘g fs6iired %Emoﬁgprce

centerl i ne T hol eases der to reduce ness o e coafi ng
deposi t ed HEhehan g suiace SHthesahere RIS %@Ucﬁ'a@éﬁ’ii%ﬁé'?%/"q(}w“ﬂor mty mask,

whose wi dt bhé.mersy @ifg éMa'Edér Ué&ﬁ@&ﬁbdﬁwwh@ﬂarﬂ&r arargépamé@ﬁo yeRn the
..source and t he unif bl ocks a

o ey Bolsiie SRk e/t oayng e St Skt HER T IR BaR f oy °f rom the.
cent er | i nedepbsitetl ayLtee sunfaces Mehyedmsdmewasme fi@ coatsigo Futtiadrinoteetie fnafers he

<1 gni 11 canbry o isaBf 8 ekt QRkee HOCRiRhd RnFRB0labe BB 67 3 0 i1

mask is add'éd)fft process. system the unifornmity mask brings the overall
coating “”'[6cfl1m th‘h%ﬂ‘ﬁfom Q;hét%ﬁé&@@*sean'él&%r e&ﬁ%é’aﬁér‘éﬁﬁébﬁéﬁthé he mask
necessarily € average coatin ness owest | evel

achi eved byrtfm@ma@ﬁe@pswpagtrqssamfoa!lftﬁ%épra'e@t@ﬂﬁrﬁ@t is dagg gensitive Fpanreense' s out er

row of waf g&atiodsQQdP O apbias rﬁ&eﬁeﬂ%o%ﬂl@@el Qfefam%b'ﬂ@ﬁ'&n@ﬂlermé kyyh&ig ection
and on-dome collection is essential for overall coI ection eff|C|ency The

key to opt P8P 2eeegd isratt eleqran Seyr £ogler thad I/BPEHCIFE t he dome di aneter at

whi ch on-mask col |l ection begins to overtake on-done collection. The

foll owi ng equation represents this trade-off mathematically. T cos" ocos
[0017]T - "(1) I1t2 [0018]where:; = Coating thickness at point p [0019]T, =
Coating thickness for v =0, 0=0, R =31 [ 0020] v = The em ssion angl e,
that is, the angle between the source



center line and a line drawn fromthe virtual source to the point under
consi deration [0021] 0= The vapor's angle of incidence at the point in
guest i on.wohedo/izs80t he angl e between a |ine drawn per perdi/usdoan/ox1986t he
waf er's underside and the vapor's actual trajectory at that point [0022]R
= Done spherical radius = D stance fromvirtual source to any point on
done's spherical surface [0023]n = A value calcul ated after the val ues of
v, 0, and guwm\bGP'TH@%?EﬂTIW [0024] In physical terms, the three
factors that determ ne coating thickness are the materi al bei ng

evapor at ed [00123 eVapapnaratemancanetherhef tharresatisue Hion depasits & naifopn it

source. Thesging bf sﬁ‘ar@@%&mﬁ of Wé}eﬁsmmsh&f@erwefsﬁmmﬁ cOhpdriagn vk b ng
addi ti onal varlab These variabl es i nclude the el ectron beam gun's

eni ssi on ct{ﬁﬂoéﬁ?pos@?'bg‘?"ﬁeé agg pethogy, dhe @pparagys "’WH MRLROAGY the RieseB bl e | i ner,

the | evel ﬁhﬁ/eﬁtlbﬁuﬁht@@@rréﬁt‘ér p@m@htage bhh@véd’dﬁzédﬂ:lélbrbdl&:lo Hoheqbieataismot si ze,
the position o Surfaﬁéb%b()f t he evapor ant

mtertal  pooTsoeHs Bhoaaed wbrn St S Hkea Bun s A ISR i sat on of
beam svveepccpmtsteaanmdémsltstahmoreanﬁomaandmempmtatncgw By themsel ves, sone of

t hese fact ave a rel t|v ffect nder.. processi.n

cond t1 ons 01 3n; Ehepee ol afder Hisibofeaiof SoanBE B BUEeRERE,
their cynutmtlaobmnm‘dfbedme un‘rmwe)wemlnantamflnmosmtgaia'chmimest[lmmzmdAlI of the
above, in Hrnﬂﬂnﬁﬁeg@%%%e&ﬁmé}ﬁyBhé?cdﬁ@aﬂfo leﬁpfé a?J%ad?‘?ot&IontcBﬁe%/ apor ant

mat eri al . rimar ete m nants of vapor cloud shape
are the evatizié'ﬂémhl@@@b@neéﬁtmaﬁﬁlcﬁh@ese@ﬁ%@td@ PO ¢ aingle upjformlty nask| (F gel y a
function 0§m§|5’@epﬂﬁ}t‘&fm§t@ﬁélj @rdmhbblé mgsk@, Qﬁ‘ﬁfﬂtlﬁl@rhye?é@@r%erféis@%lﬁp@ﬁ%arCh by

the inventors has denonstrated t } uatl on 5r ovi des a
preci se i nHEe %’f'C'W%HPprEY%“Lﬁi“%Waﬁ?QV'"%'Eﬁ)?anlﬂ Qﬂ‘ilﬁl‘gg B%&S&HDHW' SUP ¥4l ues of n

tend to bea@hﬁdﬁddfﬂﬂl.(h@h;]h&mﬁforrﬁ@ Ltitheft A@deumwfsutrstrambmaseﬁd rebtaang&por cl oud
shape becones ﬁ [g]%g ardro sha vent ors' vapor

ol oud 1 esesi AN o R0 Oeliiin REDSS Ftn BAR0E hapk PB4 e pos s on
rate fall sTahsitionowl frqneabbysfme@dénmmom dmnmermasacmt@mamb@mmmeewas!t ual

sour ce. asubifadaRotd\ecBYARAT AL AT LS o R IR D, ShARlng Uides ot andi ng

the vapor ¢ or t bei n osited
optim zati BYPe(ﬂﬁ'GﬂeﬁédW ?r(ﬁ*YﬁQ’?"%WLWEﬁW%hQﬁ%& %%P“&rﬁﬂa’ﬁ?g@’cﬁfqaéesl fisure

coating unidigiedet Mf |ﬁ‘t@@f@’fé’€i té’chfﬂébl' inifR RNk OFkls Gﬁl&ué)e%tt ﬁh%tegrfaté(ﬁé&lh@al The

i nvent ors' Qsi t S res as al so al d themto
ot ermne BRARRPISIRTGE B ha S cHtHE TR e vaRs s Dl SUREESY on. sk
col | ecti onupwwettbatksdss, and waf me ue@bi tee tortacHambeaplyetht adwanedd HaIdA us of
curvature singl i 1l h its maxi mum coll ection
effici encygr%{;rﬁ‘%S tﬁrr%’b@[g’t E‘?p?&é}e \ﬁfg%ergﬁp}gglb@ %03/5? beyond this Iimt as nore
dep05| t i on[004¢r i Gbllentidr efhmelicpsteanﬂhe bercamta@e)mfmvagormmatehdmhat33

| ot eent Al sl il G PR ShBiel il AR pdald ALY Beme! Lhat mat ch
is the finalb factor 1N t |ono ion efticléncy.

[ 0026] The ¢eRiopsffigiencyip aldzwm@ﬁd m e umfcfrmms @ém y3ausP@ hethg ppoceshst r at e

hol der wasdefintiedf e dmneltﬁbésckﬁ.{geael@@&%uﬁsna@@bh ereldoria, &fd mabency
inherent in uniformt systens. . The uniformity

nmasks reun‘?tiéfﬂe'l tﬁ%'ﬂftﬁ%°§Vﬁ%ﬁ%‘”gy|8|°H‘5F"I@th8gph‘?é'8?'réeé6‘ei2% of the evaporat ed

mazﬁrl al . 9 nt Tlh'@)éx/ép&@féfdlrﬁﬂiériﬂl traxfe&, fRANSk $bured mSaesnergai Im@'t(?ﬂ#@ fiey dones

W no cen nme C SySsSt e re UIr orm

Cher ef or o we&rwﬂﬁatse SR 2O e Aol vy Tl ok ey < an

addi t i onal hdvesvef, istnodinitohe. Hltllet‘dmrﬂmslcsntalha; wafersiverevstationbgys sariabiersi t 1 ve

than a singlg, 98659wcﬁchFe§u iB%n%PtYengég&?e%?n X@aﬁih@{ﬂktﬂbﬁtl&ﬂ%nﬂe‘cv@ﬁﬁ vapor cl oud
eri al, eposi e, or

shape (e.qg. Tonr Bam posrt i on). The
HULA pl aneﬁanawsquheednmemwutethamwge choty dine a\fegag@ﬁ@edrauat@ﬂ%thammtarrtrml i ft-off
coatings ogcaf aétggro@Hmrcemfer Rl RS0 'réaueessmeelbﬁds RRNbRsOEonslobiBly. | N

conmpari son wth single-dome deposition s%stem; hat require the use of
| ar ger uni fEdP'th@/thﬁé’QR@ rmf‘@@Z'??"ﬁ’fér Brodetftia) spyeR oOf BW“I“@O“EHY REPSced HULA
concept t hgbatingehitkiiess ig gfdatt@t Bfar the source centerline and decreases as the distance

4



planetary domes surrounding a central dome of the same size. In this
configuration, the HULA systemrequires only a very small nask to make the
central dwoeor/embi ng t hi ckness and uniformty match thos®ESH0/H3I16860Ut er
donmes. The mask required for the central done is smaller than that of a
typi cal single done systemnot only because the fornmer is nmuch smaller
than the latter, but also because the nask for the central donme nust only

average thaj memr%mﬁé sdwcetda,-hféhne%réa@emh ehiet iabaRb tﬁdlﬁrc@r%@é ermb ine of
the wafers in the satellite dones. 5%00 Furt her nor e, conlc

deposi tion Ceﬂ%@ﬁﬂ@i’%“% nearest [adfe SQUr e ll'Wﬁpa plgtiagsy, Q'WO'HU‘W&PSW
conpar ed Width epa*serrtwm Meyedamy f@dwpednmhmherv&ehmeobong:etahe treamsmedmarret er

waf er carri er duc on in down t obvi ous eneflts for
hgor egate SBSPTSOller BF SO DRoBR e A S abiem o B S SR8 O r ecul
from the fobdtenNinenihah hdoes fac frado thieceseding.oA uumhemrmgrrarryenmqrhdseb@cushmm

eaul val ent e V@R SpoSRAHGER 404 P oK) Gk RAlFERRURPAG T equl rerent s
plus the possibilit energ savi n e use of snall punps.
Coni ¢ sect signifieantly al V@O{adg ghapes naﬁw@ﬂapwreém"qumy B3plf 'ﬁ@é@ed Bher e

out gassi ng g YU ABRF mity ma SSRGS ki d‘*‘/erfaﬂ"coa"hn%hglfUnfnlt)P\ﬁrﬂ{m YQbpERe Of the
gaseous materi al t hat nust be evacuated fromthe chanb hi s reductl on

of sur f ace @iteUYPEINgelyniiernask "?%S"Hﬂiem'E?tt@?ja‘@ﬁ%elcﬁﬁtf'@\}@ﬁlﬁﬁﬁs P unpdown
ti mes. The @Bt I6ve Achie®by UitRaskag bepbsEepashé basrnwipedyernt tikfdema'saruced

shi el di ng requf nments because the chanber walls do not present their
surfaces f&f é"é?gﬁf ‘deposition but fall away fromthe flux angle. Savings
are realiz¢oows)d @p;rmn(zbngdlminéderoﬂa‘.\emeentmatrﬁsk@yltelcmrmmrcmtdom co[ld0@9kCx her
advant ages _of e L.aven d i ¢ chanbers
may pe- { abPreaid P ByE RN SR e B Rl B g el BT act ur g
cost woul ddeierrrrme;ﬂneldems dtamtertahwhlcimsm makk eadlactionoeging tegvettakelon-degavi | y
reinforbedg,g n"@hg‘f’cﬁloﬁHpﬁiuaél s%q s'\Wid PaOotr PARBRSIGMANDers, conic

chanbers use l'ess materia ter and easier to 'ship. The cost of

cl eani ng, aining, and repl |_nQ Ldepbsmm on shi el H? is greatly
reduced. T ni ¢ chanber shaperimakes gt possible to'fntegrate the

ancill ary punps, pneumatics, and el ectronics within a conpact cylinder
whose di ampp@rs]i s whieiel ned, by;obth@ thigkRsS atupep di ameter. Cryopunps can be
nount ed faci ng away from t he gun, the source of heat in the deposition
chanmber, af@18ward, so tThatContgpthiakreshlr ow Q, h#e Q;Iﬁw‘a#rber s mai n vol une.
This position would benefit high-conductance % nprovenents in
punpi ng ef (9@Uncy may nake The epissign Bree, t”@fitdf@Wﬁ@i‘Q'@ Bwrﬁ%thes’?f)@fﬁﬁfl cantly,
reducing initial system costegidinkBRd 8NES @¥wh REHIKEH PRI BHR doie PUNpPs
over time. [0030] Furthernore, rovenents in collection efficiency wll
yield significant i rrproverreHP%ergR' S8EtioR speC| fic appl i cations,

particul arl ose invol vrn de QSit] her C net al s.
G rent |y, WRAH0r ¢ he_gdra eniaPor s ol el Hied ueBIGELBLE, <
deposited either on internathesnglkelbdsvasn adlnet:itaprn@ferpeh@cqiﬂ‘rm theesiias- cover ed
substrates. Wen the |iftof h L& Ao 0% of the
gold remai ns deposited on t g&%ﬁﬁfgﬁj&%\s]%}?ﬁe E(]: gﬁ% M(saﬁ F{cji%' and liftoff
resi dues ggogap]gol d recl & IMPofe sphdicayRiiogk Distabaron vatupesoesteage of the
gold's original value as their, fe For yse surf\éxlhose processes require gold
deposition, the expense of 83‘9 %’g&gr'?c?%gﬁéa ?’l Their i nventory of gold can
run to hunga@gﬁ of thousandg vgfueéghma@&a@&rm@me@of ENEER] Ahtve Bekiey goal
of the prese invention is to reduce the anount of metal deposited on any
surface other than that of ﬂh‘éir@l}@strat es. As a hi gher percent age of the

gold flux is deposited on er t he duration of each depo |t|on run
72! Shor t on @020  Trarigins: o8 vk Ghvets asdeleiting Fosian T SvEn Rt 1
t hr oughput masiiarbeirgsavkiporbticdthé beapbrdoictateoandahe tempetatun@ofr teejviftnatd t o change

shi el ds, which i Y] shaped
coater. [Oﬁgff%' mﬁ?ﬁ%%%%gg# §ﬁ¥¢ ﬂ%ggﬁﬁg@egtgﬁ%@%ng%gaﬁyﬁgﬁﬁaﬁﬁgctlves by
provi di ng dheseppaataeaisclidsrthel elpdiginttieag aunis@nussioalcusgntcrgaiiis siraathe usp
evaporation using a lift-off process. In one enbodi mrent of the present

i nvention, the apparatus includes a conical -shaped housi ng, an evaporation
source, one or nore orbital done-shapeé menbers, a central dome-shaped
menber, a uniformty mask, and one or nore wafer receiving
positions/locations. The conical -shaped housi ng has a doned top, a bottom
and a lateral wall that converges fromthe doned top towards the bottom
The evaporation source is positioned adjacent the bottomand aligned with
a flrst axi s that extends through the centerpoint of the doned top. The

i g I DR R T | PN D P [ P e I T N P T P



[0034] In still another enbodi ment of the present invention, the apparatus
i ncl udes a support structure where the support structure positions the one
or nore ovibildiaiizdeee- shaped nmenbers and the central donECEBHE0EN3NSHDer
such that the arcs formed by the one or nore orbital dome-shaped nenbers
and the central dome-shaped nenber are coincident with the circunference
of a sphere having its center on the first axis and located at the

evapor at i ofy RHELH a drQSlren tI@e“!@v‘Dé]@fth@ ghatdne pdol wfm.ﬁ f dAIcRHE e HelMent i on,
t he apparatus includes a ﬁggﬁy structure tE% f Pgr i ncludes a drive
syst em t hatPof SigatiesPastian § SAgh fS1APRATY AN iR PHEach B CYARRREY s about

their respeatetimgosietende axicmusd Sbdainl sweapaindeie aptinediionesibearh hﬁea:ppar at us

is a vapor 0 ion ice usin | i T
depost ¢t orPai0l Bbie iR SirctBl 2By herisbied st Eb e T8 F e ount o
for rotatiemtiedpodgligibleieffatt. dnde FIIMBsupastsuﬁlomhn ehgh thehelae'wazpolnaltl on
SOUrce, ongeQfs Mgﬁu@f@dch%[heﬁ &%%gaﬁ g&ﬁed%?%hﬁ bQQ@Hn&QPVG t he
evapor ati on sourc acent t'he top and at d const radi us from
the fi rst H)G2§]thaft ofeilste alts, i lurougtienehdent enthervepeneloudshaneedt themed top, a
central r I

%(Egat fitifia @”ﬁ%’h%su@al WMnE QH@bﬁrﬁarwéﬂérmlﬁﬂﬁs &%p& clot® sﬁad@aiout he

recei ving e or nore aped nembers rot at
first axisthggraneranewmtesiakangdae %V@H%fﬂ%‘arﬁ@dwﬁ'é'ﬂrﬁé@rggi’ ArilncHATER 1@ BPWEDt at es

about a segonel @th@ eldaai gext eBsts clobs essabrcB be ﬂi@tlmfeﬁ@tdﬂas%mbﬁ@raiwbl t al

done- shape tral dome- a _cent 0|nt

al i gned wi ﬂt@ﬁe”vh?gmwﬁﬁﬂgnﬁﬂamWﬂgsEBHFEEWK%gﬁQagwéﬁﬁﬁsﬁgﬁ%e 'ot at es
about the élwdstbaeed @ lowheluesaifmaend toyershsik andolpaisi As teediubet mperatdse
evaporati n t rationally
engaged for ug(”§ﬁFg QﬂFE%ghéQE%?k aﬁgﬁgﬁEQQ%QMHgﬂRgé%ﬁq%ef 8ﬁ§§e or nore
waf er rec evawpn@ouayeaetarmaa@op@@ateamwrmwm mteélats theodeppsitongate falls nor e

or bi t al do&?mﬁﬂﬁ‘é%f?l? aBBIRRfG &%ﬁ.ﬁg:@mﬁéa :ﬂ%ﬂ?cé Bgﬁ@@ Odwggthﬁé for

receivin her el n. ereis di sc nmet hod of
ef fi ci ent | ¥appigHRItiatfyemaing ﬁ@'lséﬁ“‘f @W?tﬁﬁj"lﬂrfh%"%f @pud 3hapefoe therfprieriahent

Ej he m?}] hod%énsgcaép@gﬁed%wa@@g @:tnhﬂﬁitlﬁﬁéfﬂﬁé Qchfofrﬁ@%@k&&h%ﬁ@creét@& aild @d & cent r al
ome- shape;

u i rst h? ﬁqﬁ F t he center of
Che-centr cits e ferton apameameds ot oad by BASAE 4ot SO SRR bt 1 o
donme- shaypdr cerded depaditions resbaisie bad alsoralioved dent to aktedoinge esbidpadig theenber
about 1 . iRl i B 3L Dl iP5 b ool SRRA dRERGY about @
second axis 1 asses rou e cen 0 bitalr done: shaped
menber andmﬂH@DBdumd@ﬁmmhﬁﬂd@ﬁpf@ﬁwmﬁﬁﬂo@ﬁaﬁéwgﬁéwﬁébmﬁaﬁhﬁaﬂuﬁer mount ed
thereon t hﬁkxshﬁm%fie%%n émaén %hﬁefrﬁg &%m@’ﬂvﬁe?&%a&l@?b@oﬁ&fﬁsﬂiﬁﬁ’t dshddre 1 S

substantial ly orthogonal he source., The orbit done- shaped nenber has

a waf er nnﬂﬁpéﬁmlWé@é@ﬁmim%9ﬂﬁ%”@ﬂ$@@mn¥F@ﬁi?ﬁ%$§§wﬁﬂ%“%&P@mQﬁH°Has a
surface t hadfetsSn selpmanbp@hikation bt thagamah isttite fitzefasiouin et oiP@3di a1 anot her
enbodi nent _of the resent invention, the nethod includes rotating of the
central doffledRasHE i ber and the orbital done shaped menber about the
first axis[0D26]t hEhorOLA gigrdonteatina feof mesdmesy) @moumrytduestmmmbrmi;s

si mul t aneo 0] e [ -.the
o hon T e otighed ORI nBRRRASH SHBRG MO hidbR PLARARL AIKTRALT, the
t he centraWHMSmﬁesmn@e@Kmﬁnﬂéeuamnmﬁb6@$MM§qwﬁéHU&QhSHﬂﬂmhMQC%Maped menber
W thin a copbgab: @ls)atgrom tﬁ&h@@ nwtérm aCtﬂWﬂU[QE’onf@urQ%%%H‘ls%?gf a lateral

wal | that converges towards the bottom The evaporating
of materi afevpel ?Jé'ﬂfﬁwﬁ’ﬁ'ﬂ%ﬂ]‘%’é‘éﬁ*ﬁ””ﬁ'ﬁ@”@oﬁ“&'ﬂrﬁ&hﬁ SYHUNT GAYA MY of the

central dolﬁiﬁfoﬁﬁ@nﬁ&&kmﬂﬁﬂéﬂfre Eé&(ﬂznid’@1@ﬂi%ﬁrﬁﬂ)roﬁ@fﬁ@n plapedo@mdsicy | n::j pe][ f OL med
(6] t he

d d 40] | . embodi Lof th h
reaont i riveenanene e ber LA e ehaG i BB CF kPt e AEIS e PBEuCi ng. a
lift-off cmterrntp aop peocesshariabld that afectsodpormidud deapede gp evaporang matialr i al  from

a source, h t hat
passes ¢ hr SR e of i s BRL e MRADAIRERFL e Sroplek Shodithd

sour ce, an@iwmtna:tr@ ngffosm IlﬁnotiIC@QIIHQ@I@'h@iai@ﬁa'p}éﬁbeﬁéhwefstﬂh@ﬁhqﬂ§f eFffedet from the
central done-shaped nenber about the first axis and rotating the orbital
done- shaped nenber about a second axis_that passes through the center of
the orbital dome-shaped nenber and the®source. The central dore- shaped
menber has a wafer nounted thereon that is offset fromthe first axis and
has a surface that is substantially orthogonal to the source. The orbital
done-shaped nenber has a wafer nounted thereon that is offset fromthe
second axis and has a surface that is substantially orthogonal to the
source. BRI EF DESCRI PTI ON CF THE DRNMVNGS [0041]FIGURE 1 is an

L T R S T P 4 D B [ - i IR P - N L A



present invention show ng the conical -shaped housing. [0042] FIGURE 2 is an
Illustration of a partial top plan view of the enbodi nent shown in Fig. 1.
WO 2010/ 520 280REFBWS2010/ 031986 [0043] FI GURE 3 is an i | poRrUSANG/GIBI a
perspective view of one enbodi nent of the present invention show ng the
support structure for the central and orbital done-shaped nenbers.
[0O044]FIGURE 4 is an illustration of a top plan view of one enbodi nent of

the presentmb n\{e&{nbé?@o@m%.n@e Hblﬁe H@b&éﬁub?«f%yd@&ﬁé ﬂhmofe@ @fihd e Fegdral and
orbi tal done-shaped nmenbers w thin the conical -shaped housi ng.

[ 0045] FI GUREOEMIEMAFKS] | | ustration of a top plan view of the domes in a

si ngl e- donmgogarzA| Or TRE regéw..%mﬁ)h%m&vhmdqmm @HE tn@nma@cﬂesc‘aqmgeﬁtl ng the
maxi mum anmount “of material fromth nggaéh%l on. g 046 IS an

i |1 ustrati BAGRYSOMEH SYroundipy éwefaifa'fi sanesize-¢Ift %an %a%eﬂr BRgenent
of the pri HULarspsterh(B&ﬁmaHn@JREer}f sinall mask lol niskertiad ¢enralafoma 'stcogingl an vi ew of

t he domes one. arr ement .. of art, for t hout a
torm ¢y MhEees B AR ERRRATEE S plek sy e Alastct Bt Bk

Fglo4g]r 'Imheypemdaédmmjns emtatlml ithaanhat@f a tyipealmiggedamd sysiemtnobonly bedausaitber ated i n

Figs. 1-4. thQHéﬁmui'mL«%ﬂé?‘El{aﬁttﬁesla@er%lﬁﬁls%é&ugéﬁWn@gérf’ormead%ﬁEé\rd)ﬂmb'ft of f

deposi ti on ‘appar esent I nvention ectron beam vapor
deposi t i onmyetetyAveR0e el feme’ m%atwtfmbnessmglaamm{atmg caerling Ioh@és a

seal ed, Vvagem in @Al §daged housing 20, an evaporation source 40, a
central done-shaped nenber 60, one or nore orbital donme-shaped nenbers 80,
a support 10Q2% 1D orthesmeranthe WSEPLONIgHePRSHiPN SR HPTHArS (PAHESRS 910,10 Housi ng

20 i ncl udesgs nﬂ@ﬁﬁ%ohﬂﬁlm@g coﬁlpﬁ@ﬂtmmﬁb@lmmldiﬁl RA- Sﬂ?ﬂéd@hblﬂb@éiﬂbldi\h@iﬂe 26.
Lateral wall gaconve 22 towar

Hot heng e et dHBGraoS. T Ageubs Brtapt W Eimes A8 chyats DegRuame S acent
bot t om opeaggrggaldcandt dperagibn (ETEO). \Aﬁdishblal €OOstdumkdrs vlI0@sulFranstheaxi s 200

ext ends & hyQuGhy B GHROIMorRbitles ARSTESY, IR0 1Af LG BROIAIMGD Sour ce

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
ancitlary 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



[ 0049] Central done-shaped nenber 60 has a centerpoint 61 that is aligned
wth first axis 200. Central done-shaped nenber 60 is positioned with a
concave swohewa26@a faci ng and above evaporati on sour cep@USIHiGEERSEs t O
donmed top 22. Central dome-shaped nenber 60 is rotatably connected to
support frame 120 (not shown) and rotates about centerpoint 61 and first
axi s 200. [0050] One or nore orbital done-shaped nenbers 80 is positioned
with a ConggNfiahi, r&8ing Hial ag&e'agc&ﬂshoam@\éﬁersmae.r@ttbege@@teﬁ&ﬁméd% adj acent
dormed top 22 and at a constant radius fromfirst axis 200 and

cent er poi n®v&1iMgf domed top 22. Orbital dome-shaped nmenber 80 rotates

about firsyqo S Z(¢hermse @hﬁ)?ov’é%ﬁt%% AQIBh ol @ﬁ@%lﬂj iagkgnidddh t hat
ext ends th!owoll a cent (e)*fm nt 81 of o? |ta1e gne yl ed @“nber 80 and

evapor at i oWF%%‘{?F@@tM@C BSP?Pﬂf&taPB'f?aEb(f"Soﬁ’%ﬁ'ct“éﬂ”V H\?ﬁ%"w{aﬁ%@em@m@ 80 about
first axi Sg&@@n@awleﬁh@mussrmm@dcam&lyzﬁ&tocmugﬂdwamla)ms.h yoatlng i Ng

ti 0051 I, 1) d. ahl nt h d nmb 60
oE ot o aPoAdes SRkhBal HhEB B SRR feo CERL B M LR T Do
concavity. Slliseratesmwaven trye liftbif penégsad cahgriaie simgpabdutni®ffbeithégoldredaosbi t al
dome- shapeg @%Pd’n tﬁ? Slfb%tr?l%psﬁ'l@@%ﬂaﬁlbey%tﬁmndtlﬂoﬁ E@:dﬁég %@tﬁ?ofaf a sphere

havi ng a ra us equa di stance en evaporati urce 40 and
cent er poi nteglaﬁm%(s vﬂ@etyma!!ﬂ@hﬁég%mam@ﬂmmm @' Qmmak @wlysaastthajidps.

[ 0052] Uni f pp sk vm%pr%@é)ss@ rd?;%é 5419085 sk W@@&f@n\(@ @,Lthgoéhdsour ce 40 and
central done-shaped ne Uniformty mask in thi's exanple has a

t ear - dr op @ﬁawgatee'smwowﬁf Q%C"ﬁ‘d@ﬁﬁh‘{%reﬁéﬁf POusRNES O Eplfrs ger ”1%‘@‘ head 101

gf uni L or mrr&efefﬁﬁa$ b kdPGodl 8f the prfs@sl idknt@pps redmt eeyandiat Grendt&egdsiteéent r al
one- shaped

- menb ner t ai | gcat dat a mat el y
t he peri ph&} &V %’(5‘6%6 %tFergg% t?ﬁ Or?% F?é?jseduls ]1?@@1{ p%raen férl"goa‘%écp 'ﬁ'ﬁy vary
accordi ng saepteitedan mewedferbehmgurdmmaﬂea@tkjepbhmpomrshummd,aamd t he di stance

oet weer cefitd Bhod WThioriaRCA HRIRAL .@Brfggﬂe.ﬁv.ﬁ%r gﬁaquf@oﬁ{?%sﬁ@fr?rg’thehomver

t he wi der pOI‘L@I Bn "ot Pun {‘?orm oward the
center of tedectoant Waltl"@dﬂ@l@ﬁa})@@n%ﬁ%@(ﬁs M)ICW&IH 'éuthﬁéﬂaﬂ%{rlﬂ B\ﬁ@ﬂnlénd is

typically gldavmBar ﬁ\%oq shiedRekdkpheral edge. Uniformty mask 100 is
oper ati onal I(i/:}denga ged for 'use only with central done-shaped nenber 60 and

i s not uselP@]madke arﬁaeluwgntﬁatacfaweééﬂese@a%eﬁharrﬂbmaveérbw @FOVWé}S@;ﬁl tion on
orbi tal dowmadé&%@j a %ten@dﬂ 4 ﬁ]bsﬁ’ét@”ﬁy QMQMOIHW IlfB&f slegssnot need

a uniformty nmask. Uni ative ed to the
uniformty 'ﬁﬁ%ﬁ(‘%’“tﬁ%ﬂe'w{tﬂeé’%ﬁﬁmé’wﬁBw @ﬁéf’%%‘“%w&'luﬁ%s %?H'Vaf%g? ed to
make t he cbalsinggant diapbmesssaarg, om; droviane bipitalfdomeshazdd rakontess hapsatchl menber 60
mat ch t hos R S inprove

col l ecti ons% % qrpgh"%mbgpgﬁ'ﬁroug EFI%%ng%%AT “E‘Ileﬁué;b;élrvg' ed in Fig. 1is
an i sol at i pesitons/ipaations.all kec@dal- Si“@ﬁﬁéb@@tﬂlgﬂ‘lés éép@gtﬂ topombatleouand achlardber 12
and a pair,gf tna%w&g@sofkdrﬁlgé o%ﬂn%dwtoﬁ%& fHeHofish eYﬁé)éUa%Bl'af?Jh SAHRGE 40.

[ 0054] Turnlgsﬁ now t o here '1s s an view of the

enbodi nment PEFORRd aﬁaqspbt%e POH% anchgfigped g'ﬁb@\f'rsb‘?ﬁ'?égatteéﬁ“@mf?&gh E¥er cul ar
shape W t hednt@psintest 8 doaled e mmﬁebgmaga drovndchse-Sieipbe meppenriing 24 of

Sapport r eetensp A Hievaecriuh s Riabort oo R AR R condabf o 2oy
connect ed tagiua filgm the ficbagithetrdxtends thraigb wie) centerpoinp at the dohed icpn Thedhea f r ane
hub 124. A, ARb&0RRahbpSIhERSA O Potaké Fod f PR % GHlile each orbital dome-

shaped member simultaneously rotates about a second axis that extends through a

centerpoint of that orbital dome-shaped member. The central dome-shaped member has

a centerpoint aligned with the first axis and the central dome-shaped member rotates

about the first axis. The uniformity mask is positioned between the evaporation source

and the central dome-shaped member and is operationally engaged for use only with the

central dome-shaped member. The one or more wafer receiving positions are located



in operational and rotational alignment on one end with prinmary drive
shaft 122. Drive shaft extension 123 is fixedly connected to central

done- shapwo 20mmi2ers060 at the centerpoint 60a. A proxi mabCEUS2080r0818826a of a
plurality of extending arns 126 is attached to hub 124. Extending arnms 126
are equal ly spaced from each other around hub 124. A secondary drive shaft
128 is rotatably connected adjacent a distal armend 126b on one end and

fixedly at mﬁ.h%gcﬁ&tﬁ@&mqa‘r ﬂd?@or%ftﬁl'd%ﬁa% sﬂ@;ﬁ%ﬁé}ﬁmﬂaﬁmﬁ@%ﬁra&%n@ the

centerpoint 80a o 80. As can be seen, each of the central and
orbital do egr’i'?ﬁ@?ﬂ’rf?éfﬂﬂ’é&"@g@()“’af%'dher?'éspect| vely, has a plurality of

waf er receigo3yg p%aﬁdtr@aém%&&meﬂr&fr@r@éuem in@Medh, &fe dB@r Rloky warbt y of waf er
recei ving postl ons 140 are o n ei Vi nog?tyhe wafers therein. In

ni
heC oy of o FaavisRpaaTors s ST SRpaggaliS HeianEaton Soee-1 26 supporti ng

si x orbi t aljogg3)p! :ﬂn@mﬂhm &mmﬁ@ﬁde ﬁ@@mnﬁe&@n UHé ag)mgsmdades arive
shaft 128 and a cen ve shaft

ext ensi on f%@?ort'ﬁﬁéaﬁﬁelt% DE%?P&Bﬁ@ﬁfOt?tgs g‘gé)r”‘éﬂ @H@I R)tat(goﬁ'we%la%éto primary
drive shaf inehﬂ;%rstamdctmwtrplrdomryaaded membdradbbuttidPfirttaxisot at e as i ndi cat ed by
arrows 136. j r bi tal -shaped . menhers, 80 to rota about

T rot axi < 19800 r TET R G DerteRlF i Re BRE L TR hTat Bl P s el | as
to inpart lsunmttlsonabremleredhe‘suppoerstrutaurecwosmelshmmw aebeorbit) dowenect ed to
drive shaf i

connect ed {So secon %ﬁ%g&gﬁ% n}@ %B%B(E:@Eésreéug%@%ﬁﬁe as %n\éggghaft 128
to rotate &se Drrmw@axtm WWQQ@m@@eerSFHH we@autgﬁgormﬁhap&ri mmb@r alRaped
menbers 80 chiRcifidk @CtrRRALIMIERRONG Pephsrehhlingits SSRARHMMirslrig@nghaf t 128.
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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.

[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 centrat 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

f[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 2is an illustration of a partial top plan view of the embodiment shown
in Fig. 1.
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Wafer (c/o) 42 42 30 1484.91 35.45 30 799.47 19.08 WO

20101129180PCT/ US2010/ 031986 [0063] As can be seen from Table 1, the single
donme syst@maaugi29i89al try 19. 08 percent coll ection on t hBCWES2NMO0/0B8G neans
t hat 80.92 percent of the evaporant material is wasted and coll ected on
the single donme, shields and the walls of the box-shaped vacuum chanber.
[0064] Exanple 2 [0065] The systemincludes a conventional, non-segmented,

si ngl e axi gob4d]t - HdudERBs SYHiSAHANRRIspRRAE v@wfaﬁ@@m@o%.rn&w dbe to
still collect the maxi num anount of materjal fromthe deposition. Fig.

5
r epr esent s PEFEDYITPEEIAPEIA die Lhedt st %‘“g‘oé”ﬁc?ﬁ’é”a'wgrbit dpaeiadgdusi ng a
53 inch w dentbere. The wafer size was 5.825 inches in dianeter. The

coating pr vvafesvmtha39 1/2 angl e vapor a . This size
of st ng1 oS58 o RISURE ARl 3inets B OF A dnBb s

manuf act ur iprgesttiguediom shbwiy freeelahe mimiutmsxmiuthekdnyahan&blt;nalhbmﬁppaﬁd of

mul tiple s?,nctrﬂbc(g)nS fhln thg% éatl %%Qaﬁgosm of the wafers fromthe vacuum

chanber. To ac 'd necessarily be a concurrent
reduction |{00451t aIFI@WRléS nscmunustrﬁn@mf @Qopt plarb Gewiot the dopeoipardingtsddme educt i on

in the per f)ﬁ&lartc&ucg gﬁo%ﬂngotﬂetcg'nﬁig‘m%&igﬁ for Ecglgamg-[ﬁebrlngxir%um%unt 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 it 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 66 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
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that extends through a centerpoint 81 of orbital dome-shaped member 80 and
evaporation source 40. The rotation of orbital dome-shaped member 80 about first axis
200 and about second axis 210 occurs simultaneously during operation.

[0051] Optionally and preferably, central dome-shaped member 60 and orbital dome-
shaped member 80 have the same diameter and the same concavity. The concavity of
central dome-shaped member 60 and orbital dome-shaped member 80 is substantially
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.

[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 is
jocated at approximately the center of central dome-shaped member 60 and the narrower
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 and
the distance between central dome-shaped member 60 and evaporation source 40,
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 toward
the peripheral edge. Uniformity mask 100 is operationally engaged for use only with
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 member
80 does not need a uniformity mask. Uniformity mask 100 is relatively small compared to
the uniformity masks used with single dome systems and is only required to make the
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
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



(in2) Collection on Wafer (% 42 53 39 2484.69 42.45 60 1598.94 27. 32

[ 0067] As can be seen from Table 2, the |argest and nost efficient standard
si ngl e axwe woneoB@s a 27. 32 percent collection on the pelf/es2010fi3186neans
that 72.68 percent of the evaporant material is wasted and coll ected on

t he non wafer portions of the dome, shields and the walls of the

box- shaped vacuum chanber. This is performed with a uniformty mask and

shows an i FRIEMETRIMnd Bidhhdl SfhhRit & dicCdrANGY pAMEYy dilkesie@neenbhignal si ze

singl e donme system

Exampl e 3 Illustration of a

[ %0,68_] [0069] Fig. 77is an
prior art Shaftextepsion s fikedy cogneded tﬂﬁe@tﬂﬁﬂpgﬁ'ﬂﬁpeemﬁ”&ﬁ&ﬁo g emis

avai l abl e §g
dome with 5

atta%he

orb

c!;r‘ﬁrqoa.t RGrob@nd afaknd@ s2ddns alpluNgity dildkféndidg aigisn@eas 49 i nch wi de
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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]
80 includes one or more wafer receiving positions 140 for receiving a wafer to be coated

Each of central dome-shaped member 60 and orbital dome-shaped member

with evaporant material. Wafer receiving position 140 is configured to position a wafer

substantiaily orthogonal to evaporation source 40. Wafer receiving position 140 may be

openings or recesses or mounting plattorms 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]
members in the vacuum chamber. For clarity, the illustration is simplified in order to

Figure 4 is a top, flattened view of the support frame and dome-shaped

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 distat ends 126b operationally
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WO 2010/ 129180PCT/ US2010/ 031986 i nches in dianmeter. The coating process
uses 30 wafers on 5 orbital donmes with a 36 1/2 angl e vapor angl e.

[ 0070] Tabie 2810000 Radi us (in) Donme Wdth (in) Vapor AnBCEUS¢PHSSS) Dome
Surface (in2) Collection on Donme (%

connects each of the six extending arms 126 and supports orbital dome-shaped
members 80. The described structure is positioned within vacuum chamber 12 below but
adjacent domed top 22 of conical housing 20. Each of central and orbital dome-shaped
members 60, 80 are substantially the same size and positioned so that no uniformity
mask is used between any of the six orbital dome-shaped 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
gvaporation 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 smailer 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 it 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 waler size was 5.825 inches in diameter. The coating process
uses 30 wafer segmented TP8 dome with a 30° Yz angle vapor angle.

[0062] Table 1
Dome | Dome Vapor Dome Collection Wafer ,
Wafer Collection on
Radius | Width Angle Surface | on Dome Surtface
, . - Count - Wafer (%]}
{in) {in) (degrees) (in%) (%) (in%)
42 42 30 1484.91 35.45 30 799.47 19.08
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Waf er Count Wafer Surface (1112) Collection on Wafer (/0) 42 49 36 1398. 22
36.72 30 799.47 21.00 [0071] Table 3 indicates a collection on wafer of
21% and amoadmanrdidge of the prior art HULA system over RECEUSIONGI@ISGONe
system having a 30-wafer count. This nmeans that 79 percent of the
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%

| mprovenen col ' fef L cH f i ngl
x5 dome. {0012 s S bERbeRoREF Y, i Shqiy Hnd BRI s e ot o'y 1196

to 12% i n perEeiceleeion myhe waiswi HYs MRS Hal80RPeEsAkal §ieravARaY maRs@E, ~ t her e

i's not onl ) hsBAiand ebiiedlel ofthd SifyIE@SKe, lsAIBRIS Snd ik WAlSE tihe Sxdhapdt | on of an
addi ti onal 3% 4%
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° 2 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
Wafer 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
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[ 0072] I nvention

i ncl udes a conventi onal

Exanpl e 4 [0073] One enbodi nent of a system of the present
lift-off HULA done system available from
Ferr ot ec-Werrenxiabisas Model No. HUHY-54 using a 54 i nch mMTO@ES2aes19s6t h 6
orbital done-shaped nmenbers 80 and a central done-shaped nenber 60. Fig. 4
Is an illustrative exanple of such a system The wafer size was 5.825

i nches in dianmeter. The coating process uses 42 wafers, 6 orbital dones

pl us one c@phsdh diéﬂmeerwrrh@o@hn;%@é/o@e@nsb@:so'a@r@fs AEdBital lORZALiTADheE 14 HULA

Radi us (hi) HULA Wdth (in) Vapor Angle (degrees HULA Surface (hl2)
Col | ect i on@ngle vapor angle
[0070] Table 3
Dome | Dome Vapor Dome Collection Water )
Wafer Collection on
Radius | Width Angle Surtace on Dome Surface
. , L Count » Wafer (%}
(in} (in) (degrees) {in) (%) (in%)
42 49 36 1398.22 36.72 30 799.47 21.00
[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 wafer single axis dome with a
mask. As noted eariier, 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

fosses but also a contribution of an additional 3%-4%.

[0072]

[0073]
lift-off HULA dome system available from Ferrotec-Temescal as Model No. HUHY-54

Example 4

One embodiment of a system of the present invention includes a conventional

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 Wafer )
| Wafer Collection on
Radius | Width Angle Surface | on HULA Surface
L Count - Waler (%)
(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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54 40 1957.51 52.39 42 1119.26 29.95
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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 uniformiy 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 unioaded 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
benefits 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
glectronics 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.
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[ 0075] As can be seen from Table 4, the present invention systemhas a

29. 95 percent collection on the wafers. This neans that only 70.05 percent
of the evHPROHHIZIMAt erial is wasted and col |l ected on t hBCERIS2H1A03148¢
satellite dones, shields and the walls of the conical -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 wafer
convent i onaWVhaisggimedisi S exanpl e of Table 2. This is perforned w thout a
uniformty mask for the satellite dones and a relatively small uniformty
mask for the central done. This indicates a further inprovenent in
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clustered wafer |oadin adi process. This
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it possible throughat Uﬂéndsfth@ugl'pméeeﬁeﬁpoﬂfonﬁ’éddnﬁé’cﬁo;ﬁ o0 have dones | oaded

and unl oaded ou e vacu Furt hermore, the punp-down
tinmes are shorté?é'ﬂﬁ%mggﬁ 3??881%\%%6%05??%05 ﬁ%bhfe evaﬁ?rr%'ﬂaﬁ%ﬂ? nmeans t he
nunber of wafers @djacwmtt]aeion@d\tma}wglaamltefpmma’mne@ oY Bk Ifirst axislivthérein t o t he
col l ection efficianc ?&eﬁ% storage and
handl i ng, the redﬁdgae n@%qjabr%esg érﬁ%eﬁ?%tgﬁ%é ?)?Jug he%ﬁt@ \9%% addi ti onal
benefits not re@do&rpreorbitasomeishapagmeniess éwlonﬂm@@ée Berrviparatidnncl ude

ot her advant ages. s&h@@é‘dﬁ&\ﬁ@t’ﬁb@gﬁéd @Jb%nb Rgk c&RRNEBNR R S FBRYerBnt
fabricated by a h;éflro orm eir overall manufacturing cost

woul d be nuch |es fﬂ"ﬁgﬂm‘e%@pé@?fe"b'ﬂ"eﬁaﬁe'f'ae&elﬂomg‘*h?mﬁd&em%%mt@

rﬁi %orced, alnd wabasle thedliftesis abo whakntbach bivitliasmeagsd nséamh_ ersThconi ct f
chanbers use | ess ria er .an ier to shi e cost o
s o ARy M S L i
reduce e coni r pOss biheretomitaldosyr saped he

ancil lary punps, 9115@7%'[ i i nder
whose dianeter is i ne déﬁ@ suBﬂQnt%o)ﬁ&c}JaPﬂg%znre df"ﬁ%“"@?‘%? @gkﬁlﬁr@ can be
mount ed faci ng amﬂ?mﬁﬁbﬁﬁeﬂﬁfé?"m?ﬁ the source of heat in the deposition

chanber, and upMaiirmi§omadkdostiBify b@f@eh%@é’\lab&lﬁtudﬁ%ﬂi‘é@%néth%bﬁ‘tra\m' une.
This position would beReflt hlb%h conduct ance pu nprovenents in

punpi ng ef fi ci encyOREF RELEGM bd'%%?'BfPB"'fyd"%\ﬁﬁgnJFgQ‘%] Még%q i9hEs8 cant ly,
reducing initial sygténtheashtraodmeiseamdengybearendi red to operate the punps
over time. An addi ti results fromthe
reduction of th‘g%toltrn@r?%'evaaem %@B(ggnt.o'ng IO%Q[}%S%ﬁﬂﬁgécﬁfﬁheonie ' HICh smal ler
in the conic desi grzbutalwamerahawdmamts&iap@ﬁthe@amt@i domg-gGpEd metmbeifgh t he
preferred enmbodi nepbRingh Jdi& tRi&Rent invention have been described herein,
t he above description is nerely illustrative. Further nodification of the
i nvention herein disclosed will occur to those skilled in the respective

arts and abl S[I"féhipﬁ@diu%bﬁ@lain@m&h@lfeﬁn (A& Giees} rﬁcﬂeb@few'retcb.bzn? bJS%ﬁnog§@Fée (if tA he
al ne () n

i nvention as defined cl.al ns What is c

apparat us for %‘g %‘Ia{l)f%H‘OQO'F?EF&E?QY@BW“Q” W&k rate by evaporation using a
lift-off process, the apparatus conprising: a conical-shaped housing with
a doned top omt he
doed t op tomr@%@ﬁ%u&%f?fg%é ?dgﬂieﬁcdn?ptn&h@h Y}@io'rt s&rn&{]reQMPé%lt PO a[éi fed

adj acent the U@tate@rweawQalmogﬁh@r@t@udpmeahmdsmer@bar%anmm cwabdmze t hr ough t he
cent er poi nt  ofgnhhR) HONBE bR thAis@Rlsr al done- shaped member positioned
above the evaporation source adjacent the domed top having a centerpoint
aligned with the first axis wherein the central done-shaped nenber rotates
about the aentmera@barbtusgnelawsmnér@mqn@sap@brtdmmﬂéb@smds fRopehempRSi ti oned

above the evaporat i on ace t he, doped top .and at ant

o s, £ rom « REBELIPE: SERHE PeRRbRend et e SO Bk Rt nBe B W o

done- shaped nmewseipgngddiydbeorsbmumort hibitalidogie-shapes! naemeberh@rdgheicawah or b| t al
done- shaped nenber sinultaneously rotaﬁﬁz about a second axis that extends
t hrough a centerpoint of the orbital shaped nenber, the one or nore
orbital done-shaped nmenbers being substantially equal in diameter and
concavity to the central done-shaped menber; a uniformty mask positioned
bet ween the evaporation source and the central done-shaped nenber, the
uniformty mask operationally engaged for use only with the central

done- shaped nenber; and one or nore wafer receiving positions |ocated
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2. The apparatus of Caim1l wherein the one or nore wafer receiving
positions are substantially orthogonal to the evaporation source. 3. The
appar at usW8P20W PP 1 further conprising a support strucPGFESIAK31PRSsi ti ons
and rotates the one or nore orbital dome-shaped nenbers and the central
donme- shaped nenber about the first axis. 4. The apparatus of Caim3
wherein the support structure positions the one or nore orbital
donme-shaped neddoershagedimetmbercaza toiatidahdwith thi ajpechierentes! adpeereihavibgies ar cs
formed by the A8 and the central 18
done- shaped ne %%{8@}@@'3&%? %'cat@??ﬁh?ﬁ@é%%%rngﬁ%ﬁ erence of a sphere
having its center on the first axis and |l ocated at the evaporati on source.

5. The appear atthe fhafahRioMCRINBEheldh tﬁ@@uﬁddﬁ@%&u@iﬁc‘b%é‘é@rlderkggtgﬂq ata drive
systemthat rotates the one or nore orbital dome-sha rs a

their respect i PBeSdROME AWMU opitalopeshpracipersoass at@ugihﬁiflesﬂﬁé'%l n the one
or nore orbitaectlimisshaped nenbers equals six orbital donme-shaped
menbers. 7. A vapor deposition device using a lift-off process, the device
conprising: an evaporation source; a space frame nmounted for rotation
about a fi Bst Hwisppahhs opélses whhreoubdhobtda neara pditattdoor-shapydosemisereent r al
done- shaped I ] space frame wherein a centerpoint
of the centr\é\?égélrsrleggso a%le vva#héﬂeiglf@g‘?sl s aligned with the first axis; a
orbital done-shaped wafer holder nmounted to the space frame in a position
of f set fromth@vd‘doféépo%dﬁd@%@ u%ﬂ%;%%%h%r&b%@éﬁheade%%? I%F‘HS that passes
through a centerpoint of the orbital dome-shaped wa Fi)'u and the
evapor ati on sou¥t¥aPYAPEOHICEr al ity of wafer positions on the central
done- shaped Wafzﬁépab@krdmé nedbteti i@ rGtatintBbuttORrer SRR Payik Bfrodydlyster wher ei n
each of the wafer |ons are offset fromthe first axis and the second
axi s, each of the% ?”ﬁ 'S waf er positions configured to orient a
substrat e surf acenotl ch)nwadhapedmamltmhet eusted testtb spaan friamke Iwhe@iit dlogonal to a
radi al axis exten [ Qn, source
during rotation agéoﬁ%p§ ﬁtm'fe?? 1%9%)(?@9%?%%59@&?@%&&@? aﬁ{%gwgﬂh?hémdew ce of
Caim?7 further c®irising a conical -shaped housing with a doned top, a

bot t om openi ng @&Qta'idbr%%ﬁ deakdr nb SRR ;ﬂf&@ﬁ top
towards the botton%o eni n ??de \ﬁ%écron[:a%tarp sha Bg%ssgtﬁgé)ﬁ%%ﬁc omﬁ'b t he

evapor ati on sour c&1§ ]r%fﬂtg?ﬁ“r%tl?é'slﬁ‘&? f%ﬁﬁ@%é?ﬁ%@samdtaﬁ'ét%a@é% rane, the

central done- shapgebuyhheentamomess tagorbiidleonebhimld vitsreorbagadhavaf er hol der
adj acent the doned t WO 2010/ 129180PCT/ U82010/ 031986 9. The devi ce of

Claim7 wherein tﬁ"é’pg%g%%squfcgrr@” ncl udes a drive systemthat rotates
a plurality of wafer positions on the central dome-shaped wafer 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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the central done-shaped wafer holder and the orbital dome-shaped wafer

hol der about the first axis and the orbital donme-shaped wafer hol der about
t he secomdoamiea201%®@. The device of O aim 7 wherein the REHMUS2L0/PaHe- shaped
waf er hol der and the orbital done-shaped wafer hol der have a constant

radi us about the evaporation source. 11. The device of Claim?7 wherein
each of the plurality of wafer positions is a wafer receiving opening. 12.

A vapor deQOSinHleéwQ@Mfi (Qﬁrr“ﬁxivlﬁ@elﬁt d J;Eac@frém@mmm GVERYdLSH Me roddies

evapor ati on sour ce; entral  means itio re wafers
wherei n the cdbf %?‘mélfdo@ffc?ﬂ‘aﬁ}?d valer éb\ﬂgd‘)&%s age(gﬁﬂgg?oiqeént from

t he evapor at i Gbosiahs et axisednmedsitdl dompaebadedavaian holdet Abeithd bezonthe or nore
waf ers about a first axis that passes through the evaporation source; an
orbital means ¥6r positioning one or nore wafers that is offset fromthe
central neans for positioning and wherein the center of each of the one or

more wafer g OfThfe*a%wfz%ﬁﬂéuakbﬁ@ﬁn{}anwceﬂga'doh@@hagedv&f&wc@; Hloans from the

evapor ati on ‘source means ositioning rotates the one or
more wafers alswhital dorsshnped é[ﬁieéh@%thab%%%?t%"hfaawaHb?%@eeﬂya%?té’ﬂ‘l on
source; and a JggeRs for rotating the central nmeans for positioning and the
orbital neans for positioning about the first axis and for rotating the
orbital neans for positioning about the second axis. 13. The devi ce of

d ai m 12 wher eiva debiee 6eTiaimet whaain adtost tipostuitalitp ni wafer dosigoraribatwafer means f or
positioning and neans for rotating rotate the one or nore wafers about the
first axis and®*tHNE"S®EBNE axi s si nul t aneousl y. 14. The device of Caim12
further conprising a conical -shaped housing with a donmed top, a bottom

openi ng ang, gA @'{pE)F aéé)o%l évﬂ:@tusﬁg@Vlﬁrog‘?)?oéegQEq&d?@ngomad top towards the

bot t om openi'n oni ca shaped housing encl osing the evaporation
source adj acental’t%@%’@bqllﬁ@#@pem ng and the central neans for positioning,

the orbital ”Eaéléenft@rmmuérlﬁé&hé}%g’%ﬁé drmﬁ)rérﬁafaﬁsvtr@feuimb@bshtaugof@dtraaent t he

donmed top. 15. The device d%@ the o ans i ncl udes
six orbital dome- §R4Heq” WQF?D‘W%” '51%3'”' 1t§8%tlgeeevgporaoé] %‘?\“Tﬁ 8Fa%h the

central neans i nckdi@estionng retares tiad orgammosdapied aeatizdirst atig thahpassehiod of

efficiently produgin | | ft ng on a wafer, the method

conpri si ng: evapoﬁg‘f%ﬂgherr%vag?rg 4“ “QTO?'%% a source; rotiati ng a central

dome- shaped mendesrbitdl ateansiospestioding poarot heresalars hakib ofiset fomithasgenkigl s t hat
passes through t hgr] ﬁg%fo%ossﬂ onﬁ@%n@ﬁiﬁéréﬂlth@éﬁﬁ%r%h@é&ﬁ@ffﬁ@%ﬁ@fnr A6@ the

source, the centr havi ng a wafer nounted thereon that
is offset fromt héfafeff’r%ftth%%p%a' BRANHIQUPeRdioging Lﬁ%@@t%“ﬁfé‘?m the evapRIgtigNt i al | y

orthogonal to thessa, @R orBitmeisibi haitidning Fdvatbedhe dogrer mbrapatkbrsratidaer t hat
is offset fromthe central .dome-s ﬁ&ﬁ%& rirenbe about the first axis and
rotating the orbi fSPCUGRKISLIALpasse P EPOAIUNOYE A s that passes
t hr ough t he cena aeand fot loeatiog etcahtral oreans toapesitionipgiaed thandoitbthreesdorce, t he
orbi tal dome- shapgg. RiBehoNad i Sis'b: GBI RE o TRARs fopat 1s of fset

fromthe second axXi
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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having a surface that is substantially orthogonal to the source, wherein
the central done-shaped nenber and the orbital dome-shaped nenber are

coi nci dewoO m1pm2u8e circunference of a sphere havi ng a EEE320168M86r on
the first axis and |located at the source. 18. The nethod of C aim 17
wherein the rotating of the central done-shaped nenber and the orbital
done shaped nenber about the first axis and the orbital dome-shaped nenber
about the second axis occurs simultaneously. 19. The nmethod of Caim 17

further conprisi per.form t he steps of evaporating,the material,
ot et ng.tTb. dBROPAFE HsTEG et Dh EERChe s SRLERS 8 Pl Gp R chfeed
dome- shaped nmewdogberan t hi n a coni cal - shaped housing with a doned top, a
bottom opening and a lateral wall that converges fromthe doned top

towards the bottom openi ng wherein the evaporating of material is
perforned Hdj dbendevitdes Gaimt1@mherriininageetral mehis indudesiong ceftrat dnmecent r al

done- shaped fdshdy he orbital dome-shaped menber is performed
adj acent thengg%g top. 21

17. A method of efficiently producing a iift-off coating on a wafer, the method
comprising:

evaporating material from a source;

rotating a central dome-shaped member that is spaced from the source about a
first axis that passes through the center of the central dome-shaped member
and the source, the central dome-shaped member having a wafer mounted
thereon that is offset from the first axis and having a surface that is
substantially orthogonal to 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 orbital dome-shaped member
having a wafer mounted thereon that is offset from the second axis and
having a surface that is substantially orthogonal to the source, wherein the
central dome-shaped member and the orbital dome-shaped member are
coincident with the circumference of a sphere having a sphere center on the
first axis and located at the source.

18. The method of Claim 17 wherein the 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 occurs simultaneously.

19. The method of Claim 17 further comprising 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
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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