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nmet hod that facilitate depositing a nmulti-layer coating on a
substrate. Physi cal vapor deposition ("PVD') is one common

met hod for depositi i | 1] i.ng or a
ceram c coating, %@9@%@@@@? Pﬁz’fﬁﬁﬁéﬁfé Itpﬁ‘ggibﬁtl ng may be
a protective coati NOFOR BEPOSITING MUL PI-RAVERIGOH®R; on. One type of
PVD process utilizes an electron beamgun to nelt and vaporize a

source material contained within a crucible. The vaporized source

mat eri al condenses and gg k. t Al t hough

general ly effective, anggm%@‘@ggsztémg- of -si ght surfaces
rel ati ve to th&hsodisdesumateateato contingeqaipmend bed, mayre nertiduéaryS to a
uniformy coated or oth rmﬁEe @gffiﬁjentlg coat ed. reover., the
equi prent CGYEE PHAGBISGLAMERRA EBLfACHPEFPHEINg s MY dY Oy Co8PR SR &d to
deposit agghdpglee type of coating material, and using nultiple types
of coating materials for a nulti-|layer coating nmay cause N

cross- cont ami n&hyueal appebrrdepesitian (ﬁP\ééé} istope ceoah inatiras foh denwgiting Aent

for differentt YRES of ¢9 tiraq terial. %q UMMQ‘%\% tT AJ&\A@\I’I’IO\I
Cr aaamea l? CO nggracetramlc.c afn _P S €. 1

codatin !
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chanmber for presenting a second, different source material to be
deposi t ed deposith@nteothk sphserete. Although generally effective, angled surfaces and non-

line-of-sight surfaces relative to the source material in the crucible may not be
15  uniformly coated or otherwise sufficiently coated. Moreover, the equipment used to
deposit the coating may be designed or operated to deposit a single type of coating
material, and using multiple types of coating materials for a multi-layer coating may
cause cross-contamination and require a user to reconfigure the equipment for
different types of coating material.
20
SUMMARY OF THE INVENTION
An exemplary vapor deposition apparatus includes first and second
deposition chambers. A first directed vapor deposition crucible is at least partially
within the first chamber for presenting a first source material to be deposited on a
25  work piece. A second directed vapor deposition crucible is at least partially within
the second chamber for presenting a second, different source material to be
deposited on the work piece.
In another aspect, the electron beam vapor deposition apparatus also includes
first and second electron beam sources arranged to emit electron beams within,
30  respectively, the first chamber and the second chamber. At least one gas source is
connected with the first DVD crucible and the second DVD crucible. A transport

moves the work piece between the first and second chambers, and a controller is



I n anot her aspect, the el ectron beam vapor deposition apparatus al so
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The various features and advantages of the disclosed exanples wl |
becone app#iekistat deast prsisalyskithin @ gegond cpatingrehampeyrhattie adiatenbig the first
detail g¢ d@gﬁ&%%& ;. 1he 15drawi ngs that acconpany the detailed
description cafi be briefly described as foll ows. Figure 1
illustrates an exanple el ectron beam vapor deposition apparatus.

Figure 2 illustrates %R%%SSE§8§H),PRMS]‘OFI{JﬁEcBIr{X%&dcgapor deposi tion

apparatus of Figure 1.
The various features and advantages of the disclosed examples will become

apparent to those skilled in the art from the following detailed description. The
15  drawings that accompany the detailed description can be briefly described as
follows.
Figure 1 illustrates an example electron beam vapor deposition apparatus.
Figure 2 illustrates a cross-section of the directed vapor deposition apparatus
of Figure 1.
20 Figure 3 illustrates an example of a directed vapor deposition crucible for use
with the deposition apparatus.
Figure 4 illustrates an example of the operation of the directed vapor
deposition crucible.
Figure 5 illustrates another example directed vapor deposition crucible for

25  use with the deposition apparatus.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Figure 1 illustrates selected portions of an example vapor deposition, such as
an electron beam physical vapor deposition (‘EBPVD”) apparatus 10 for depositing
30  one or more materials, such as a multi-layer coating, on one or more work pieces. As
an example, the work pieces may include turbine engine airfoils, such as gas turbine

blades or vanes or other components. The coating layers may be a metallic, ceramic,



20Figure 3 illustrates an exanple of a directed vapor deposition

crucible for use with the deposition apparatus. Figure 4
illustrates an exanple of the operation of the directed vapor
deposition crucible. Figure 5 illustrates anot her exanple
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first chamber 12a. The first chamber 12a and the second chamber 12b may share a
common wall 14.

15 The first chamber 12a includes a first coating zone 18a and the second
chamber 12b includes a second coating zone 18b. For instance, the first coating zone
18a and the second coating zone 18b include a spatial volume within the respective
chamber 12a or 12b where one or more work pieces may be coated.

One or more devices known in the art are provided for evaporating materials

20  to be deposited on a work piece. For example, a first electron beam source 20a and
a second electron beam source 20b are arranged to emit electron beams within,
respectively, the first chamber 12a and the second chamber 12b. For instance, the
first electron beam source 20a and the second electron beam source 20b may be
mounted using known techniques to the walls of the chambers 12a and 12b.

25 Optionally, the chambers 12a and 12b may include additional electron beam
sources 22a and 22b. The first electron beam sources 20a and 20b and the additional
electron beam sources 22a and 22b are operative to emit electron beams 24 in
directions toward the respective first coating zone 18a and second coating zone 18b
to coat the work piece(s).

30 A first directed vapor deposition (DVD) crucible 30a is adjacent to the first
coating zone 18a for presenting a first source coating material 32a, and a second

directed vapor deposition (DVD) crucible 30b is adjacent to the second coating zone



The EBPVD apparatus 10 includes a first chanber or coating chanber
12a and a second chanber (or coating chanber) 12b | ocated i nmediately
adj acent to the first chanber 12a. The first chanber 12a and the
second chanber 12b may share a common wall 14. 15The first chanber
12a includes a first coating zone 18a and the second chanber 12b
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devices for facilitating the coating process, such as a thermal hood disclosed in co-
pending and commonly owned serial 12/196,368, entitted DEPOSITION
APPARATUS HAVING THERMAL HOOD, which is hereby incorporated by
20 reference.
Optionally, the static outer shaft 44 may be radially spaced apart from the
moveable drive shaft 46 such that there is a gas flow passage 48 there between. The
gas flow passage 48 opens to the interior of the first chamber 12a and may be fluidly
connected with a gas source 50, such as an oxygen gas source. The gas from the gas
25  source 50 may be used for a preheating cycle to oxidize the surfaces of the work
piece(s) in preparation for the coating process.
A gas source 60 is fluidly connected with the first and second DVD crucibles
30a and 30b for providing a carrier gas, as will be described below. A single gas
source 60 may be used to provide carrier gas for both the first and second DVD

30 crucibles 30a and 30b. Alternatively, multiple gas sources 60 may be used such that
each of the first and second DVD crucibles 30a and 30b has a dedicated source.



between the first chanber 12a and the second chanber 12b. The
transport 40 serves to nove the work piece(s) between the first
coating zone 18a and the second coating zone 18b. For exanple, one or
nore work pieces may be nounted to the transport 40 and rmanual ly or
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can be mounted in or moved into a heating zone 83. The gas flow passage 82
20  extends between the inlet 80 and a nozzle portion 84 that emits a coating stream 86
of vaporized source coating material 32a entrained in a carrier gas 88 provided by
the gas source 60. That is, as the electron beams 24 irradiate the heating zone 83 to
vaporize the source coating material 32a. The vaporized coating source material 32a
becomes entrained in the carrier gas 88 flowing through the gas flow passage 82.
25 The coating stream 86 flows from the nozzle portion 84 toward one or more work
pieces 90 within the first coating zone 18b.
In the illustrated example, the nozzle portion 84 includes a funnel 92 having
an outlet orifice 94 fluidly connected with the flow passage 82 for jetting the coating
stream 86 from the first DVD crucible 30a to deposit the source coating material 32a
30  on the work pieces 90. In this regard, the term directed vapor deposition may

generally refer to using a jetted or accelerated gas stream to deposit a material, such

as a coating.



5 seal and thermal partitioning. Another gate valve 64 may be

provi ded near the transport 40, to permt novenent of the transport
40 into and out fromthe first chanber 12a. A controller 68 may
be coupled to and control the EBPVD apparatus 10, such as the first
and second DVD cruci bl es 30a and 30b, gas sources 50 and 60, the 10
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the coating straast@@sport 40 may then move the work pieces into the second coating
25  zone 18b of the second chamber 12b. The second chamber 12b may be evacuated to
a predetermined pressure and heated to a predetermined temperature before the
coating process begins. The second electron beam source 20b is then activated to
melt and vaporize the second source coating material 32b and deposit a second
coating layer on the work piece(s). Thus, the EBPVD apparatus 10 provides the
30  benefit of depositing a multi-layered coating on the work piece(s). Moreover, the

coating layers may be of different compositions, depending on the compositions of



10The exanpl e EBPVD apparatus 10 nay be used to deposit a nulti-|ayer
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durable multi-layer coating that is more resistant to spalling.

The controller 68 is configured with first control parameters that control
deposition of the first material and second control parameters that control deposition
of the second material. At least one control parameter is different between the first

25 control parameters and the second control parameters such that the different material
layers can be deposited. As an example, the deposition temperature, electron beam
focus, filament current, scanning area, electron beam power density, stand-off
distance, carrier gas flow, chamber pressure, or other parameters may have different
values between the first and second control parameters to effect deposition of the

30  different coating materials. For instance, the temperature needed to deposit YSZ is

higher than the temperature needed to deposit GSZ. The first control parameters may



10As an exanple, the coatings nmay be ceram c coatings such as YSZ and
GSZ as descri bed above. YSZ has a nelting tenperature around 28000C
and GSZ has a nelting tenperature of around 23000C. The nelting
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and cause cenoessntaiovet frihnarangementrod - ssomddny Rarucie 86b. thhéhisyspmptad GSZ
may redyce oatj IS, e
TRy 1 0ot SRR s R U TR g s B

desired tocashsevenad arsarformisd ahh at l‘éhlittdne |sayight Eeadidenbuttih akis icasertak e
resistant to s a,ttiln The controller 68 i.s c nflgtfred W t h
first cont i spaehiincevides; Mnpthersyamples.dap efoss festion ! thp Quilst agifice 94

material anpghy Sl’?e%lf‘b@la?%‘&a‘i Odr %E@F??@?&aaﬁ ngéﬁe%%&oin yARBPS hifkr O the

second mat erlal At |’east’ one con par ter s different between
the first 23Gaighidivesisles. savembiselescriptidn,tone of eclondy skalhi bk apavidiverdle s

such that the dif.f erent ial | rs n osited..As an
exanpl 40 ¢ o esapbes tE Sl BBL Shpes &Y e bR ot SIP el D lan
current, seasgi ng area, el ect ron beam power density, stand-off

di stance, carrier gas flow, _chanber pressure, or other paraneters my

have different Vhf %P@énpé"efl%@ﬁlq wucible 39 mshidessioupianae side rils pH} Giet er s
ff
to effect QE 'atrr'aﬂ dafh 4 '[eﬂﬁﬁael%g%‘rde{rﬁ %S@% g?e%?ﬁ;%(%b%tfl{é‘;ﬁrﬁ{ ¥ crufifle 308

i nstance, e terrpe at ur her than th
t enper at ur enayeedédet vdepasiaddiGsal sife Walls sthat et rgnbmpmcaiimtoer mormay

t her ef re ut|I| di fferent b , filament current, scanning
ar oa, i fiuRafepdanin e SRR 5F o8R8 bt  of
par anet er S The Einﬁélr% o? thd AdislepBitRS 83 mBTihdlad: dHe o hfdrd 4165dd VP

cruci ble 30a_but is also representative of the arrangenent of the

second DVD ld? st skiendgbgiwesmthesids \é@lbrﬂﬂp@nd thet ppslepprifiest 9o Fof pxeanpdel has
a rectilingg, e Fla %’ Gife Cstlérg}:'%g wzﬁ{‘;‘i g&fc‘h uy| 5Eh§“éi%{ Sifle ShuA

cross-sectiona Str Ine si ?égbut
in this caswpbasvatioli eithaiugled dolnmes s:rdeesomlbmaminh&ereef(alrrrxhesexamﬂsie

Crose STELLAR ST e Ul e o1 o o8y e cLicul o valy o
E ;d:; | eG VeEpbdiive sHeE fallk 1199, arNGafy bW ae Yplsdat lside ivalt DR &idt thwd | |
outlet orifice 94. The sloped walls 112 may be planar such that the planes are angled
with respect to the planar side walls 110 to form the funnel 92.
The funnel 92 is fluidly connected with the flow passage 82. The reduction
25  in cross-sectional area increases flow rate and thereby “jets” the coating stream 86
from the outlet orifice 94. The jetted coating stream 86 may be aimed at a particular
portion or portions of one or more of the work pieces 90 that are to be coated.
The first DVD crucible 30a may be formed from any suitable type of
material. In one example, the material is a refractory material, such as a ceramic, or
30  an alloy material that resists the temperatures generated during the coating process.

In some examples, the first DVD crucible 30a may be a cooled structure to facilitate

temperature resistance.



10 to recognize cross-sectional shapes of the outlet orifice 94 to
meet their particul ar needs. The exanple first DVD cruci bl e 30a
i ncludes four planar side walls 110 (two shown) arranged in a

paral |l el ogram |In other exanples, the first DVD cruci ble 30a may

i nclude fewer or additional side walls that are geonetrically or non-
15geonetri cal | yF@ureahgiﬁdstraaaescw vedinde abé uamigl the diirstc Dvid) raicitden S04 her eof
The funnel of t z| ortion 84 i ncl ude, one or re‘ | oped
wall s 115 cdiaesoding Wefuaent Do b oonecion of He i gits
orifice 9494Faucie4REP BatingharsviRkI0eorineeds | pBebsval ., 1§L§faces non-
corresponding to each planar side wall 110, a sl oped wall 112 with

curved cor rﬁ’é‘f%ndl‘%}ﬂafb’ @%‘?ﬂﬁqdn@t ﬁhé rﬂ%"h@f@@@n Pf\ thereoating ﬁfm?@l Q@) Fridonam;

respective s ope pans b wal |
110 and t heheomitlleemrlfmm%l et 9t4coanﬂsal B Oje Wall‘hcs cdrfhé}s rmd}' nlag cp:htﬁhﬁé

such that the planes.are an Ied W th respect to the pla Elde wal | s
110 to for M fREOPIHIIONs 2mopp dhe patiices wol §0?tf%.%qewc%§n§eatt owiet h

the flow passagss S&h Hldiehd &AURE 5P géhd%ﬂ[l??ﬁov%?ﬁ;v!/a?&‘ﬁ{e c%ﬁt%%f zone
increases flow rate and thereby "jets" the Coating streams8 romthe

outl et ori flBeeVben thyveating stewamciaimipmges Up@aarﬂGGOﬁaghmlrﬁwre%D oft the

parti cylar r..po ne Qar Wor k CESs 90
Phat ar’t SRR PIeEE o8 R U@ e Bhy 30T uRispRieh Bhsta®al¥ afBEmRy. e
from any Sldbﬂabloﬁ toYpEe Oifne EEight @hrfacb anOnG‘ hexafgne, collR@niedn®hgathe i S a

refractory mat such as a er or,, 30 an IIo mat eri al that
resists th&g E‘r £ GPALRE gshar %g H’le!’ﬁ%noé’c?é% IB’F JoBEStange,

sone eXanpla§drtidn th dctec O RdriA¢ hﬁ&/ %eﬁ&@u{r&}’ecggn @22’%& thek H%EH re

to facilitate tenperature resistance. gure 4 illust ates an
exanpl e of mgidefeat bong idireetioDVI24 cFlusi msteaCBﬁfaIWu/Sf@ﬂedtmgdla& woatd thg t he

wor k pijgce ear Crosss; f the t orifice 94
Foct1 Po8t el Lo Slefid bt 2REn GhARRL ARG Clh Bits a Frols| Blegie oS
non- per pendiagyuhéaeby defldce mdvead taotrdndeerdd P vriehité® sirte8 @fa ﬁchelnfeoatslgm
stream 86) a?d non- 5 line-of-sight surfaces of the work pieces 90.

For i nst ané’ér acenyich pf gewyipe-pt- ﬁéhtssilffé“se g6 af e worki Rigceotl fTne drg DVR et
at corners chlfhd BbgUr&erd) :fac_ﬁhgtesc Ql@l%}ﬁgﬁlglﬂ'lé_ JB%MD QRt {réxggér el cbrireﬁtgﬁiom

collisions anong the particles in oating s ream rom
out | et ori burfae9andswoHinetdtsighheirfaoat i ng stream 86 general |y noves

toward th e coat ITE%Wthnrgea%grgss sr\é\!:]t?q%egfqﬁe ou?]a orxfgces94 a s%nﬁrggdésrg)fia\r/](ggbsle upon

a line si ght
shape of the coating stream 86. For instance, the rectilinear cross-section creates a

cone-shaped flow stream that facilitates accurately directed the coating stream 86 at
the work pieces 90.
The line-of-sight surface 120 being coated may be near a corner or fillet
25 radius, and the randomized deflection may also reduce interference with the
incoming coating stream 86 to facilitate coating the line-of-sight surface 120.

The coating stream 86 may also directly impinge upon and coat transversely
oriented surfaces and non-line-of-sight surfaces. For instance, vaporized source
coating material flowing within the coating stream 86 may flow along a curved path

30  around an edge of the work piece 90 to impinge upon and coat a transversely

oriented surface or non-line-of-sight surface that is adjacent to the edge.



10 work piece 90, the carrier gas and any undeposited source coating

material may deflect off of the line-of-sight surface 120. The random
collisions anong the particles in the coating stream 86 random ze the
direction of deflection. For instance, a portion of the deflected

mat erial nmay deflect in direction 122 and anot her portion nmay defl ect
al ong directi onAd@donallyuthe firstdd Eadneiblabeaysy tefidedad ifaviithadéentiopar d

the 15 first DVD cruci 30a, the undeposjted terial deflects in
| Adom i 1 BEATOAEETRty  Shanie g e Sor g Bt ealeg seitisas ol b
oriented suffigge s@facds.NOBr lihAArcef i BitirgULEReAly FU6ds 38 a columnar

non-|ine-of -sight surface 126 of the work piece 90. The first DVD
cruci bl e 30HCreHBICBIS With @ qolymras 8xig appreximataly pHalld dathenidowpdirection of

transvegsely, c%ﬁtiirg]sttx% 34! bﬁ?ﬁﬁﬁgﬁogpﬁ)%ﬁa%é; ?}_e%fcﬁ%gﬁévﬁ%glﬁﬁﬁsswoﬁ&whe

rectilinear cross-section o ice So provides a
favor abl e dhapprogimdtdie pegrhdingarstor thanhif@éf-skght sunfigteaMehout ke random
rectilinear ¢ross-sect 'hon creates a c.one-shaggd fl ow st reaaT t%
facilitat eSOLisiont yneIg hePrEices it hhLoRBESIFRN S0:rBSMIGRSIICTUA &0

pi eces 90. fJhRd! bihar@fvesdeghlorismbd aGaded Owb@H NEotC BT REbABXURE tHERE @
corner or fillet 25 radius, and the random zed defl ection may al so

reduce i nt érfeespyenighied sutiees. Y hitiegraodm colsisny ivahe e&iting streant Bt at e
coating,t hg, || }tﬂ‘,‘?ﬁeoﬁe‘ﬂ%'ct%ﬁtrna%%{af A58 oke e tr sversemerie fe%tshHchStt 53%&%?6
glylrrplnge dneEoat T it é

may al so dire upon co ransversely "orien
surfaces anfiglao(ed.) ngppafacliing hperpenidicata@s . sublor thansthancdumuapavildede
source coating material flowing within tpe coating stream 86 my fl ow

al ong a curEgxgRf SGe@P%ﬂ%ﬁraﬁoed@e Hriache RRr I@XfﬁlB]@_e 9‘?513?‘51“1_“ i nge
upon and C%Eroﬁrdc{@ﬁ%‘éﬁlhﬁﬁ|n¥atyﬁ)§'dg§§1tagg O%Lé'ilfsaﬁﬁ'ciggqr{éﬁﬂﬁﬂcbc[@ﬁr%ﬂit%ﬂ. ght

surface that is adjacent to ge. ' itionally, the first
DVD cruci bl e 30&herllgwisd coafing strearh 86 imaytbatdesifmadrto aghiavededésiredi coating

ori entgti on.of the coati on the transversely oriented rfac and
non- 1 eot “iPgriotuieleele s fuld R dn g LrfR s et o e
in a col uniBigureilg t@eAdik ¢l 3Y Batik gltaRr Gah AR AR seié SxaafidésO e BpeRt Mtio
parallel to the flow direction of 5 the coating stream 86. On a

line-of si gHy beudesigeed torpravide e dssitad oarfr off the 6pAiiRgSiaRTISE throduce a
appr OX1 et ok ARLRENONIRL B cdaint BRCALAS: ik &Nthe SHETRE 67 sl ot t he
armong t C , the

random col I'i si ons he particles 1 n the coating stream
m cr ost r uctsuleabf thebuthm orifior Ak dr e ahglensitbe sehgrs di 4 berveeh tharsfdes ey

woul d t be perpendicular tg the.transversel.y oriented_surfaces.
Wih thd r BRBERSl i Sitbbed e faihe 3Rray e tamise Wl BORHsSGH T he
deflected mBsMBEtHRHS theButNSH it bR BS URKUSE cYmBinh®IH Wih SeHtloRGR Aera
steeper angle (e.g., approaching perpendicul ar) such that the colums

woul d be appieBRicraseIhasghe pardipd distance betvaen taryaik @iecroP0 andathp fisst
e P Y 8L AL PRI PR O DPL AR e
pressures, gas flows, etc.), and auxiliary jet flows to further direct the coating stream
25 86 or deflected undeposited material, for example.
Figure 5 illustrates another example first DVD crucible 130a that is similar
to the first DVD crucible 30a of the previous example and may be used in the
EBPVD apparatus 10. In this disclosure, like reference numerals designate like
elements where appropriate. A nozzle portion 184 includes a funnel 192 having a
30  top wall 133 that extends between the outlet orifice 94 and the sloped walls 112. For
example, the top wall 113 is planar and is approximately perpendicularly oriented

relative to the planar side walls 110.

10



The fl ow of coating stream 86 nay be designed to achieve a desired
coating 15 effect. For instance, the exanple outlet orifice 94 has
an aspect ratio of length 115a (Figure 3) to wdth 115b that is
greater than one. In sone exanples, the aspect ratio may be desi gnhed
to provide a desired shape of the coating stream 86 to produce a

desi red coat i ngAsf fney tbeoapprexddted)gtherdaeie agasoand  kitkewids eqating ematemdd e r
of straight, line sides of. the outlet orifi.ce 94 or the angles of the
corner o 11O AEN S HEC SoloRsRag $20hanEEE BAUITEOF AT bhic R Pe
coating strenil edizhitBOJutlyt ofifi@ biftb URBEReOfanddie @ERTREN I thee
outlet orifice 94 may be used in conmbination with controlling other
par anet er s PagigleR vain the ceatiagguest 8@l st ance bet ween the work pieces 90
and thesfirst DX'RhSﬁ%mCA Blhintfdn o Pﬁésﬁé‘éﬂm&{ ﬁ;tﬁe 11[?18H£t§d Q{angdlé%, fpr VD
apparatus 10 (e.g., pressures, gas ows, etc.), and auxilrary jet
flows to fulltdiehendineicto Hehenmbietlitogeadize €rrheR&B6 o6 varitess leetbbdishents of
undeposi ted .mterial, for exanple. . Figure illustrates anaqther
exanple {1 HE CiscloPaFyF BihET B0G: § hisen desigied o 87 prpedmeNST
cruci bl e 3Qgis @fsclbfife RAIENI S sEAYRLRIANH o RY fRBirdsSBOwh T dyonEBPHR
apparatus 10. In this disclosure, |ike reference nunerals designate

| i ke el emredtiguresasrall of gisrnopidna sehematierdly shewporthe BigukgMpisey wdestected

or 11 cd%oa Sael AL as ERubfIE ciPbbipp e B GRGRESHFLIRED [

pl anar and ditlser apatipdx embddinyntper pendi cul arly oriented relative to the
pl anar side walls 110. As may be preciated, the carrier gas
and entrai ned c B HEeHipee TsariPHaroys ﬁﬁerﬁlﬁ%g@_ﬁwf BT (g g8 Ageire 2
may i npi ngeyHRRhst MR HofiHRldns ]E&?fhebﬁifsElBé%dee’&'aﬁleﬁ rhdy Qéégmletdisﬁa@ﬁtthtbet

orifice 94 to produce random collisions anong the particles within

t he coati ngheserskdled8s. thsAlrt thatigh ot ceedsianidy idopariofrofre theugseence of thiswn
in the 1i5I I ud?ftcfoatred %éanpl 8Ssf Gogl alg of t.Qem n%?d at.so tger coanbi[geq)Ft o]
real i ze 't h& BEREFT t $M0P Par ol SHBSH WerER &¢ lﬁié%ﬁ §€1 FLUYE ¥n
ot her wor dsieteBmBi¢é be pudgsg gidollaaaptidinng to an enbodi ment of this

di sclosure will not necessarily include all of the features shown in
any one of the Figures or all of the portions schematically shown in
the Figures. Moreover, selected 10 features of one exanpl e enbodi ment
may be conbined with selected features of other exanple enbodi nents.
The preceding description is exenplary rather than limting in
nature. Variations and nodifications to the disclosed exanpl es nmay
beconme apparent to those skilled in the art that do not necessarily
depart fromthe essence of this

11



15di scl osure. The scope of l|legal protection given to this disclosure
can only be determ ned by studying the followng clainms. CLAIMS 1.
A vapor deposition apparatus conprising: first and second chanbers;

a first directed vapor deposition (DVD) crucible at |east partially
within the first chanber for presenting a first source material to be
deposited on a work piece; a second DVD cruci ble at |east
partially within the second chanbeic(f oivresenting a second,

different source material to be deposited on the work piece, wherein
each of the first DVD crucible and the second DVD crucible includes a
gas injet pRR%,mQEB&Q%JQ% Z9R€ £ gsentlng the corresponding first
source naterla or second source terial, a fl ow passage exposed to
t he heatlngﬁEOmdsaumdkhmnuﬁy connected with the inlet port, and a

{1 ow passagbrbpesttiand: ERediba fhudhenbhE it ibtER ﬁﬁé‘“ﬂ&?ﬂa"?%{

f unnel fdr prRegth \Mﬂr@tmoﬁﬂae nftHrablo Héi’def)@sﬁ»t@d 6 b QRS pieaddd
controll er con gured with first control parameters that contro

deposi ti on ®FceERe BYPstruciblgtat dgpshnertigby: sttt diet seepndoaliaaist dorspreseating a
contro t e

cont r ol°“p AL ANofleqirpien 19'8E FRRMCR TR RO Foll VRS A0l e i
and thBVéle(cuwdale::@ndl nod sp@ndnRVBr srusibir siclidehe gt 1hbaspprto|aehe@timg lzmhe for
par anet er %hat s diffe .engqgetme n the. first ontro % @net

the selGAd"28 rﬁ“? 8‘?“??8?%{‘9%5 SPUICE ApALTTaL §T PSS tsﬁ}é“’&r"B of °§Vt P??&age
of el eeigoesti hea® Katis zodd hitiITHOIAIC UbiREkd vithAMRI Bt bRAandeh 80EZ1€Portion
beam power densit stand off di stance and conblnatlons t hereof. 2.
The apH’éﬂf“é.lmgsana@t%b@ﬁlﬁ@dﬂlﬂlﬁlycqoaﬂ%t@ Wil dicellow RESSPESASF JHRE BEAY jtream, the
and segonft JRLE hAldink S BufePRko M which thgnalaaﬂﬁgéw&d@sanaec' ted in
claiml, rther conprising a controller configured h first

control paracettedlsr tofiguodnitio Iﬁrsleqoo‘smlt paoamasérs ttlhee cbntrcﬂtdepomnmmof the ﬁrst
mat eri al .and second can roI r ont sition

second et PR PSP phtam it Bt FonlinL AaEPB ot e SRR M Wherch'&
di f f er ekt bet veeodl bhvamkier $& dcfﬁsﬂérrt WetvphafiBtR§tScoafttl pAiemsesond ekl
parameters. 4. The apparatus as recited in claim1, wherein each of

the fi p@%troéﬁarag)@@&qwhgrﬁlgntb% pkleast one control parameter that i is different between the first
control parameters and the second control parameters is selected from the group consisting of
electron beam focus, filament current, scanning area, electron beam power density, stand off

distance and combinations thereof.

2. The apparatus as recited in claim 1, wherein at least one of first and second materials is a
coating.
3. The apparatus as recited in claim 1, further comprising a controller configured with first

control parameters that control deposition of the first source material and second control
parameters that control deposition of the second source material, and at least one control

parameter is different between the first control parameters and the second control parameters.

4. The apparatus as recited in claim 1, wherein each of the first and second chambers

12



i ncludes a zone for depositing the respective first material and the
second material. 5.The apparatus as recited in claim1, further
conprising first and second el ectron beam sources arranged to em t

el ectron beans within, respectively, the first and second chanbers.

S. The apparatus as recited in claim1, further conprising at |east
one gas source directly connected with the first DVD cruci ble and the
second DVD crucible. 7. The apparatus as recited in claiml, further

conpr i siidd@idas 4 foaB $@@epositDe tHevdpBdivt fiest Watekialling @ sb@hwateritine first
and second chanbers. 8. The apparatus as recited in claiml, further
conprising a gate val ve between the first and second chanbers to

idSO| at e 5t he Thodfpeartsfak edtite® Ctlaiat hfeﬁlrtherQoxﬁlﬁl;gﬂy ﬁihsti ahd %ﬁ@ﬁl}[ electron beam
eposition apparatus conprising: a first c er _having a first

coat i ngSPBHE 2FEeH KRt alF nheWSrV@fhnba%?P?%&asﬁh%ﬁﬁbw sg‘w@% ghambers. 5
second coating chanber adjacent the first coating chanber and having

a secondg coating zone for . depositi second, different coating on
the wor R o oL hphans o e e iteb OB FOBPTRE HASH St SR (IARDbd
to emt cele@td RNh BRIIH DM Brubible288 8 6édoM€DWD drii@blti r st coati ng
chanber and the second coating chanber;

7. The apparatus as recited in claim 1, further comprising a transport for moving the work

piece between the first and second chambers.

8. The apparatus as recited in claim 1, further comprising a gate valve between the first and

second chambers to isolate the chambers from each other.

9. A physical vapor deposition apparatus compxising:

a first chamber having a first coating zone for depositing a first coating on a work piece;

a second coating chamber adjacent the first coating chamber and having a second coating
zone for depositing a second, different coating on the work piece;

first and second electron beam sources arranged to emit electron beams within,
respectively, the first coating chamber and the second coating chamber;

a first directed vapor deposition (DVD) crucible at least partially within the first coating |
chamber for receiving a first source material;

a second DVD crucible at least partially within the second coating chamber for receiving
a second source material, wherein each of the first DVD crucible and the second DVD crucible
includes a gas inlet port, a heating zone for presenting the corresponding first source material or
second source material, a flow passage exposed to the heating zone and fluidly connected with
the inlet port, and a nozzle portion including an outlet orifice fluidly connected with the flow
passage for jetting a gas stream, the nozzle portion including a funnel through which the outlet
orifice extends;

at least one gas source for providing a carrier gas adjacent to the first DVD crucible and
the second DVD crucible;
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a first directed vapor deposition (DVD) crucible at |east partially
within the first coating chanber for receiving a first source

mat eri al ; a second DVD crucible at least partially within the
second coating chanber for receiving a second source nateri al,
wherein each of the first DVD crucible and the second DVD crucible
includes a gas inlet port, a heating zone for presenting the
corresponding first source material or second source material, a flow
passage expos@dndpéit T&%ﬁ%@tb@@o&%&%e %ﬁeérn iHd fley co(a 3131'[118% A E}{é SEGQ»
inlet port, and a nozzle portion including an out orificetlu
connect éﬂa%gtchar’tﬂ?f‘@ I"InFiow passage for jetting a gas stream the nozzl e
portion incl tlet o fIC

Bt 1 cast ope qomeRy LA e AL Ebokerg el Sho oo B B
first D‘VB‘tE’Sli’@d ptcend pehtrohpargragern thaDuidtot depiokitien of the secondicdanﬂg] Sghefeln at
for novi e e the fi oat chanmber d the
second é%g_tt %:rtr;égc \gﬂ‘gﬁgghrﬁ&% g &1%‘%& bet%eeﬁttil%tﬁlt (CORtY ﬁ%iaweéeés Wi‘(fl H‘*efﬁe?@fi
cont r ol cpairod peremetsrst Witreic dretat ddastchep @sitidl @Bragbtet HRt fsi difbdret OafnieBd 3 Hst

second . net.ers th control depositi of the second

coat i ng,%&p( o ?)éﬁaﬁl@% “83‘% SERE %Oélﬁf’iﬁﬂmrﬁet?l h%ieiﬁcteﬂél%ﬁ fhecyr@m copaptinger
the fir skcioonbeol fopay, ditetar sutsht] htimeae) o b&m PAVGRLEHS stand off
wherein gt 1 one con}r ol parameter that is different between

the firSt pa@ ntnf’&’mggtté‘w&t@teg and the second control paraneters is
sel ected from the group consisting of electron beam focus, filanment
current 03 n| ng area, el ectron beam E)lower density, stand off

di st ancé and SOFHBPIARES B AEciieh & elgm 9, fugl ewpawaraazmvaise beswianee ifimst
cl ai m 9¢odhidf thibeEARINAE SebdHdl BatiRlcBaMGtrve between the first coating
chanber and the second coating chanber. 11. A nethod for use with a
physi cal vapor deposition apparatus, the nmethod conprising:

deposi tiing aAﬁﬂeEh%H forls€ it h pRia1 Y4Bk f directed
vapor deposition_(DVD) cr umpgfgl Wg Ikdsgb Oq’l ggélgkqﬁg?etlllnéﬁ%d ORI a
first chambefePositing aibisbspteritigna wuk oivde usiing 4 Srsedirected tvepdralepaition PVD)
wor k pi g@€ibleshA% 213§ QHQH% L Is at least partially
within a second chanbgr t hat lﬁ qgétgiéagn%epfaédthe first chanber,

wher ei ndeAasiting# sqcpred, djffesent W@qumdhcbh'erkan@emhegsemondi DIWDcrﬁctxble ithak & at
i ncl udeg,@ 9&siy Wit one en

con- espo?ltdlpng)3 )?rst éf)ggﬁ:ng C%Foee??hgpggrjageé%%% 2@3?@ é‘ﬁeﬁ‘l each,ofthey,y
passagefisk Pyskerueibletdnd the ast:ongYﬁ)rxarucabid llfldhlﬂed hyga€ ﬁﬂmq;@heﬁl h¥dtih B zbktefor
inlet p portion incl ud ut | et or|f|c fluidly
connect gxg&nnéé: acopr? ﬁ’%“%ﬁagﬁ% jeF %r‘m']teé‘f1 @e"%mﬁa"é‘r‘?t gl ‘Eﬁl@WnE?isfg%
porti onenpnsildutmthg heatfngruoet atih ﬂoﬂg,hcombcﬁéu whe twtdl&tpoﬁr bdd &Q021d BoESn
and fur i oII|n osition of the first material
wth f1 PeReinE AR oRAeC BRh o TR B HoR oo bt st e, the
second m&kblpbﬁﬂonmcldﬂlr%eﬁﬁﬂdﬂ thediigh QlhichakadBb&rTice WRGHGI N at | east one
control para is different between the first control par aneters

ter
and the secdRd BN roMPHsipe rertEr ing Aeosifion ©f dheafirst anpseriabmathchist pettrol

par amet gfrarhdi@t ahd celidoliBizedthodeinerete tOGnd 'nfa%:'ilapgfﬂﬁ s&dond %BQFS‘Féﬂaﬁmfgﬁd
t he second con%rol araneters is selected fromthe group consisting

of el ectPBHBE Fﬁtt"B Gentrof prramelat is differenibetweem theifivg canted pawheters ad the
beam p%&@dnd@@ﬂt%l&ﬂmnﬁe?sﬂ%e?&ﬁ thg'a§ﬁ3§s@81?e &Hgol%%m &?Map{g%lf%ere%% gr%q?{een tﬁ'e :

The nmethod as recited in claim 11, wherein t eposi
first nidesongel p&f’?@"elt%%a@eté@mﬁomﬁi@(@ﬂpb@amﬂmﬂ&di%ledleqbdismtthﬂglobp’ consisting

el ectr o4y RRAHA POYSIER, HYARAN c191%9€ §éahh18£‘ area, electron beam power density, stand off

distance and combinations thereof,
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13. The method as recited in claim1ll, wherein at |east one of the
first and second materials is a coating. 14. The nethod as recited
in claim1l1l, wherein depositing the first coating and depositing the
second coating each includes jetting evaporated source coating
matelial in a carrier gas toward the work piece. 15. The vapor
deposition apparatus as recited in claim1l1l, wherein the outlet
orifice has a rectilinear cross-section. 16. The vapor deposition

appar at ug. asThegiethed at FecBi@inBldd, 1 1VRAERINNLE BEpokBIRE bF IHREREt material and the
cross-sectign has .a cross-sectjonal area formed with four straight
line si deond meterialipcludes denosiing hylertron dpws Phystsal vapyalenesifionas recit ed
inclaim9, wherein the outlet orifice has a rectilinear
cross-sectio 18. . The physical vapor  deposition apparatus as )
recit edei?'n cﬁlg‘f ‘P?Ftﬁe}d a§e ix’ﬁ clapp 1 %é’i?}’cefell‘} #tdeast eneqd dhestirst 4ng seqead materials
cross-secddoaidd area formed with four straight line sides. 19. The
nmethod as recited in claim1l, wherein the outlet orifice has a
rectilinear cross-section. 20. The nethod as recited in claim19,

wher ei nihhe TRehihNRaEcifh dPdaiteal bRy RithE WFRehQRak d&oSifing the
formed with_ four straqu} |1 ne sides.
cludes j

second coating each in etting evaporated source coating material in a carrier gas toward

the work piece.

15.  The vapor deposition apparatus as recited in claim 1, wherein the outlet orifice has a

rectilinear cross-section.

16.  The vapor deposition apparatus as recited in claim 15, wherein the rectilinear cross-

section has a cross-sectional area formed with four straight line sides.

17.  The physical vapor deposition apparatus as recited in claim 9, wherein the outlet orifice

has a rectilinear cross-section.

18.  The physical vapor deposition apparatus as recited in claim 17, wherein the rectilinear

cross-section has a cross-sectional area formed with four straight line sides.

19. The method as recited in claim 11, wherein the outlet orifice has a rectilinear cross-

section.

20.  The method as recited in claim 19, wherein the rectilinear cross-section has a cross-

sectional area formed with four straight line sides.
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