ELECTRON BEAM VAPOR DEPCSI TI ON APPARATUS FOR DEPGCSI TI NG MULTI - LAYER

COATI NG BACKGROUND OF THE I NVENTION 5 This disclosure relates to coating
equi pnent and, nore particularly, to a coating apparatus and nmet hod t hat
facilitate depositing a multi-layer coating on a substrate. Physical vapor
deposition ("PVD') is one comon nethod for depositing a coating, such as

a netallic coatiGEETRONBEAMVASAR PEPQHTION APPARATUSor i nstance, 10
" . 0 . . . .
e coating ey be g GRAROAHANRUPHLAA PERIEOMIANG] Pr ool

adhesi on. One type izes an electron beamgun to nelt and
vaporize a source material contained within a crucible. The vaporized

source material condenses and deBosits onto the substrate. Although

general ly effective, afMeKGROUMLOFRHERNWENIAONf - si ght surfaces

relative 1o {NSALESILEILS], LIS RRUELE! BTG D PuRBudR 4D { Ol Y

coated or otherw se su I ent reove equi p used to

deposi t tchetifpoappafguirayd betisRisthgn edildite alepotigd atrpulticlppgi doaéingiongd e type of
coating material, and using nmultiple types of coating materials for a
nul ti-1 ayBbst@éati ng may cause cross-contanination and require a user to

SOMRRY CF THE P NUENHPE st bioartet U, g PR SL RN B8 R ol s

first andos@eRech Hepsiatlicudath@obet&amp ddatiff, ol 4 @bkeste VIE@AhstaRROSI ti oNn
crucible is at least partially wthin the first chanber for presenting a
fi r stl0souhe eodt@ganabe opBecHEp seAting Pronceting fapprengitegeadhpsiaddpd dir ect ed

vapor denost L1 BOTERUELE Gyl 3, 8 o SA3K 1OAR'AE! Lk LY Vapbhie pesand chanber

for presenting a secon €r ent’ source eri ed on the

wor k pi eGratedidl coR@ilearwiisinectruciblee Tht eapsrded hoake \naReraldRpo&istd od appar at us
also includes first and second el ectron beam sources arranged to emt
el ect r on dspesis e Hiersubstagie.r dlhanghi aeaemplly hective; gngled shiiedes 4ad nohe second

champer . 1ﬁ1¢e~()|f?51ag§1tt safacdAR 10" (6 tht 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.
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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



connected with the first DVD crucible and the second DVD crucible. A
transport noves the work piece between the first and second chanbers, and
a controller is 1 configured with first control paraneters that control
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crucible. Figure 5 illustrates another exanple directed vapor deposition
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apparent to those skilled in the art from the following detailed description. The

1

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,



an el ectron beam physi cal vapor deposition ("EBPVD') apparatus 10 for
depositing 30 one or nore materials, such as a nulti-layer coating, on one
or nore work pieces. As an exanple, the work pieces may include turbine
engine airfoils, such as gas turbine blades or vanes or other conponents.
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within, respestwaleld, the first chanber 12a and the second chanber 12b.
beam d3urce. 208 T sbaMmBUnT o MRS AdwForisharaua8e g 6 HrTL “of the
chamber s IcBamB&d 2b3heludes 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



25 Optionally, the chanbers 12a and 12b may include additional electron
beam sources 22a and 22b. The first el ectron beam sources 20a and 20b and
the additional electron beam sources 22a and 22b are operative to emt
el ectron beans 24 in directions toward the respective first coating zone
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one exanple, the transport 40 includes a static outer shaft 44 and a
novabl e drive ThafansgGt 46 meaygled amgyotype if mechhhiyalvdetvivierfot hmvhtgimiecorout er
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THERM% shaft 4\ghmay besextgrgdeeg Idnl(r:e(‘[)rra ted tete\geen the 2f0 irst Laenrlgenrcﬁa and the
second chamber 12b. The static outer shaft 44 may also be used to support other
devices for facilitating the coating process, such as a thermal hood disclosed in co-
pending and commonly owned serial 12/196,368, entitled 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.



Optionally, the static outer shaft 44 may be radially spaced apart fromthe
noveabl e drive shaft 46 such that there is a gas fl ow passage 48 there

bet ween. The gas flow passage 48 opens to the interior of the first
chanber 12a and may be fluidly connected with a gas source 50, such as an
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or connectc@icibldd180d MELOBhcliflefanuhRt 30 ERINEEb@Sled to the gas source 60. For
instance, the inlet 80 may be a fitting or connector. The inlet 80 is fluidly connected
with a gas flow passage 82 that is exposed to the source coating material 32a, which
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.



with a gas fl ow passage 82 that is exposed to the source coating materi al
32a, which can be nounted in or noved into a heating zone 83. The gas fl ow
passage 82 20 extends between the inlet 80 and a nozzle portion 84 that
emts a coating stream 86 of vaporized source coating material 32a
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nove
may then be activated to melt and vaporize the first source coating material 32a. The

first electron beam source 20a may also be used to heat the work pieces and/or a

water-cooled tray 98 that contains pellets having an identical composition as the

20  source coating material to radiantly heat the work pieces to the desired coating

temperature (or a pre-heat temperature for providing a thermally grown oxide). The

vaporized first coating source material 32a deposits onto the work piece as a first
coating layer.

The transport 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



work piece into the first coating zone 18a of the first chanber 12a. The
first chanber 15 12a may be evacuated to a predeterm ned pressure and
heated to a predeterm ned tenperature before the coating process begins.
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not included within the chamber, amounts of GSZ may remain in the chamber from

prior coating cycles and cause cross-contamination. Cross-contamination of the YSZ
and GSZ may reduce the durability of the multi-layer coating. That is, the inventor

20  has discovered that pure layers of YSZ and GSZ are desired to achieve a more
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



as descri bed above. YSZ has a nelting tenperature around 28000C and GSZ has
a nelting tenperature of around 23000C. The nelting tenperatures are
generally proportional to the evaporation tenperatures. Therefore, if
source materials for YSZ and GSZ are included wthin a single chanber, the
hi gher  t erREERKLLAMNSEithfork kit AS,IRRARKL b VRenMReArakR) paRE: OF bond
coat will nelt and evaporate the GSZ in the chanber and may thereby

cont am natdengityethMSi& used for thd sehOIEdSrZ)ntrE\]/paramEterdwe GSZ is not included within
t he chanber, a of GSZ mm rerral n.th anber, fr r|or coating
cycl es and cau ég‘%f?o%éﬁ‘bsgﬁfeérﬁ rPélftroélno eo@%“ﬁ%ﬁﬂaﬁ’iuﬁ éﬁ ‘R‘ sz and
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i nvent or has di scovere hat pure layers of YSZ and GSZ are desired to
achi evé a thoowlet drifiebP4 hasd tectilivgae crospatatiog. Theais, ile omleeorified $4 basta t o

spal ling. The controller ured wi.th firs ontr neters
that cont 595" Saew&ef’%ﬁeaﬁoraredtwgﬁ 5%8% Gt SR Lo e B R P

par amet er Sfoﬁmltalélﬂ Mne gide SROSthér GAm ﬁ%%r?s‘s‘%@&ﬂ)rﬁ@ft fRE 'o%het Siifidearst one
control paranete erent bet ent rst 25 control paranmeters and
t he secondnayob¢ rcatulprarcazabtceramoﬁmcIpot)rganaltdhepejhﬁ\fleg eny destred nambed afyer s can
be deposit npl e, . the depositi e , electron, beam
focus, fi St T w%hﬁ eﬁalparoeaoneeq@e@mg& ahin G ad villdable
standgf f 1o dbfBEro Acdidihl 0%ed bPYhe SRRTBANCPOFSS Wikt tRir BhlEtlar

paranmeters may have difrerent values between the first and Second control
par anet er sneéah; ef fect deposition of the 30 different coatl ng materials. For

i nstance, the tenperatur ed t, Qsi.t . YSZ | er t t he
tenperature ne &X@@pfre@agﬁke/%@ﬂ&rﬁ@gflm%qesg'%rrtrﬁmara gi@

therefore g ar ea,
and power Htgjglrl]js%?%/&te ﬁ i fd%%%ultseg% or géseg%oh?gﬁgltﬁtfﬁg{ Dggjr gr#gf[BZér’BS’(banFl gure 3
i Il ustrat esaya ipdodd dawef drhedditiomsdl B&’D walﬂmﬂhﬂtea&Ogehmbtrlcall}al &0 non-

represent ative of the arrangerrecgt of the second DV cible 30b. In this
exanplle, 8sompwically pangse; ¢ fwrscdsde wallorcapoinatinay efPbss- section. That is,

the outl et of i fife 9 9391 o RARH O/\lky Aoffe AL TPt LiBpal whitast one

straight line si IS ca r straight Tine B7'dés.” In ot her
exanpl es, ltmehattrm@dslm\ve@nthefmdehealtsut l0edndothe foutiet @difice 94. For example,

there may be one sloped wall 112 corresponding to each planar side wall 110, a

sloped wall 112 with curved corners, or a combination thereof. In the example
20  shown, each sloped wall 112 is connected on two opposed sides to two other
respective sloped walls 112, and spans between the planar side wall 110 and the
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.



may be circular, oval, or another polygonal shape having any desired nunber
of straight line sides. Gven this description, one of ordinary skill in
the art will be able 10 to recogni ze cross-sectional shapes of the outlet
orifice 94 to neet their particular needs. The exanple first DVD crucible

30a includes f%ur@'@'ﬂﬁlstrﬁiegean"‘@idn%plé]& GNP the FRWD VS ARGSE I0R

paral | el ogram |In ot her exanple the first” DVD cruci ble 30a may | ncl ude
fewer or ﬁ@hﬂlutaiemmaﬂmgthdevwnmpﬁ@e19ﬂaThea1reet1lgE@rrBtoss scakiby ob thermomlet driffice
georretri c ly Lj nged, ..a curved Si e wall  or fcorrbl nat i ons t hereof . The
f unnel o RHASZ 240tBY t“iaBﬁveéSE yrra?“?‘ﬁ%‘r udWIasES  §FC moP BTy BT wal | s

112 that %ﬁﬁﬂ&icaﬁﬂwﬁnfea%sthaelo\orahirécu%ﬁcbfatﬁsl cb&ﬁlgomréaﬁr 86) hid ﬁ@n-94 For

exanpl e, “there may be one sl oped 112 corresponding to each planar
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th f. Inth 20 sh | | | i t ed t
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the pl anag, %Arﬂl%m""@élhsl%ﬁ@aﬁegg ttﬁEeparHHEi &l ﬂ{éféd‘ahﬁg s%am-@@iefr&lnoﬁﬁg%uﬂ@ﬂ I's 112

may be planar such that e planes are angle h respect to the planar
si de wal | ®rifitd 94 cuflothat thee:ofamlgls!keaﬁﬂ% ibtmrillynmewemwasd fHeuiodiigg zarnect ed

with the flo assage 82. The reductlon 25 in cr section rea

her eases 1R ONIFR HaE SHAINE FEFER SO mfiages (upan adier Skt %L&%Ifrf é% oF B ¢ he
out | etjgor 'v&drﬁﬁ?le% 90T hRe Jc%fe?%a%ﬁ&'aﬂg Lﬁlfdéﬁ?sﬁk@@o%é’ c@@tu?g mBekrAl nfhy
particul ar rtion or porti e or nore of the work pieces 90 t hat

are to be deﬂememff ofhthef lm@bf—ﬁ)\gﬁl surdiiebl 20. 30k mmdobr—; cbbisioad fmany ey
suitable type. of. _material exarrp t he a refractory
i er ot PAGH 4 O g aitieant 3o Rag S e Gyechiae O fetechnm o Juiet " he
t enper at ur,es, AGNEF &b ednEYEd RAAREnFOUHIBG RUREETH 10 aRORURY ORIAS, Lhe
first DVD crucl ble 30a nay be a coo structure to facilitat t enperat ure
resi st ancenayadeﬁregwlmgﬂ,durédtmstlﬂét Ta]msarns@xdmﬁh]magﬁ def¢atigg thaek fawasd tHOVD

i ece The rectilinear

2; lcj)g!sl?éect Fﬁrﬁ\gp c{rﬁ@%ﬁ aef eo‘r‘q teé g‘le’f‘“\ﬁ%i léFﬁ?Cé& énsraé‘E}%‘F‘P Cﬁbecfl?‘ésn%r sely
oriented syirfaeRdy (defer todbid %Ct?aﬁls%}@ely oriented surface or a non-line-of-sight
surface, such as non-line-of-sight surface 126 of the work piece 90. The first DVD
crucible 30a thereby facilitates depositing the coating on transversely oriented
surfaces and non-line-of-sight surfaces.
20 The rectilinear cross-section of the outlet orifice 94 also provides a favorable
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.



perpendicularly oriented to the flow direction of the coating stream 86)
and non 5 line-of-sight surfaces of the work pieces 90. For instance, the
straight line sides of the outlet orifice 94 neet at corners 114 (Figure
3). The corners 114 may contribute to random collisions anong the
particles in t'A%dﬁ%%ll?&hétf"ré%@W]?)QrﬁJﬂSl@B»bQ%a?r%e‘ &d t@FdliGR f%ﬂni%gfah t hat
the coating stream 86 generally noves toward’the coating zone a. \Wen
the coati dgsistrernagién ofifiengetngipothedrdnsvesay oseghd sefiadeaerd 100 lio¢- t he 10

wor k piece, .90, the.carr and, a undepo ed .source coating materi al
may et SEoiebt ugeana i iETRRs yh Coalify cBDOYS. (SHY rntomLBIH oi ons
anong theml%éﬁ"ﬁ&ﬁ@%ﬂtﬁla%Bﬁlnﬁﬁﬁtakﬁgipﬁfdkﬁﬁﬁbﬁgaa'iﬁ&qj%ﬂl?eeﬂé\b%u@ét[&xcéﬂ on of
defl ection. For instance portion of the deflected material may defl ect

i n diréct itlencobgRg stnchnaBotGer lperofisight surfage,dbé macrostalaurg! ehlvmos ivonld124.
Thus, instead of aI s def ting ba t rd the 1 DVD .cr uci bl e
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non-1ine-of -sight ‘strface, such as non-line-of-sight surface 126 of the
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90. The line-of-sight surface 120 bein oated may be near a er or
fillet 28PPIRUMALCY o RETRINIIGUER d 25%1 Juftcect o FE3MBlEs oPyTR liular

| nt erf er engerdhubNEolylACHEY BE EGRbIdh Al LRARSR: tAndREd bishlig. coating the
| i ne- of - si ght surface e coating stream 86 may al so directly inpinge
upon and coat tTmaﬂbweoﬁejaymg(strea:‘rmtSédnayuba‘dasgxedtmlaw’mwelad\ﬁireﬂceatgtgt
surfaces. For [.nstance, vapori our ating mater.i al wi Wi t hin
the cdati REest F%W%Bc%ﬁl}ﬁ waaw%eapw Ofilige, 94 Bgs ﬁhgwesbraawé#ﬁfgﬁh e of the
work piec r r 0 rface or
non- 1| ne- o Parg R SHu IR MRAG e RRaEh Hannt RS T pples e MR il

may be designed to prov1de a desired shape of the coating stream 86 to produce a

provi 4gs @hdl%r HOhaRkfect&NRRRrial i eﬂ;ﬁg&%ﬂrﬂﬁvﬁgﬁg?ﬁbﬁt@d skidhce AalspRpE the

desired coating effect or coating orientation. Likewise, the number of straight line

sides of the outlet orifice 94 or the angles of the corners 114 between the sides may
20  be designed to influence the coating stream. Additionally, the influence of the

geometry of the outlet orifice 94 may be used in combination with controlling other

parameters, such as the stand-off distance between the work pieces 90 and the first

DVD crucible 30a, the steady state inputs of the EBPVD apparatus 10 (e.g.,

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.
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Additionally, the first DVD crucible 30a nmay be used to facilitate form ng
a desired orientation of the coating on the transversely oriented surfaces
and non-1line- of-sight surfaces. For instance, the coating generally forns
in a columar mcrostructure with a columar axis approxi mtely parall el
to the flow dirgcthi ”b@fap'éréc'i‘a‘%ec?%h' OFri&t g@@'&h@Gentﬁheﬁ !:cbzﬁ%goﬁlaﬁzhght
surface, the mecr ostructura col ums woul be appr oxi mat el endi cul ar
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particles in.th rea the m.crostr colums forned on
P ansver s TEfta P RLR oS P4 HoPRUEe haftite i, dFpie, the
transver sq}aﬁlcq)gslvem{lﬁ%eswaﬁggg%arﬁ/‘gg_h the randomcollisions in the coating
stream 86 10 though, the deflected material inpinges the transversely

orientéd surfaddthmugh agiogdbpEation axf @aéuréelsg;hpwaplp ﬁlmlélnsu‘@e(bexqwmkﬂ, @gt ar) such
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i 11 ustiPat S45Ciibieher xséfﬂﬁ?é’ fPEEtPIRIGEIN §LicHI @ fi‘iﬁoglsﬁ Spre; cans PRty g‘?fr to the

first DVDc&&%ﬁh&h%y%g@yg%ﬁhggﬂﬂﬁﬁﬂéQH§H§Xanp|e and may be used in the
EBPVD apparatus 10 In“this disclosure, |like reference nunerals designate
| i ke elenents where appropriate. A nozzle portion 184 includes a funnel
192 having a
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30 top wall 133 that extends between the outlet orifice 94 and the sl oped
walls 112. For exanple, the top wall 113 is planar and is approximately
perpendicularly oriented relative to the planar side walls 110. 10 As nay
be appreciated, the carrier gas and entrained coating material flow ng

t hrough the flow passage 82 may | mgmaevspon the top wall 113 before
exiting through the outlet orifice 94 to produce random collisions anong
the particles within the coating stream 86. 5 Al though a conbi nation of
features i;s shqwn in the.illustrgted exanpl es, not all of themneed to be

conbi ned 90 re Yg@fﬁﬁgwgg>éwp@glgfowgpﬁg s enbodi nents of this

di scl osure. | nfpithal s¥dhdshadb&y:st em desi gned according to an enbodi nent of
this disclosure will not necessarily include all of the features shown in
any oné of thea fEsigdirestedoyapar Hepstsitiong DI ¢roeiblesaiHessh priiglly yihiothe i n t he

Fi gures. reove elected 10.features of. exanpl e enbodi ment _nmay be
combi ned Wit eEPYPEaTFEng LT Roures Ralerial i APMELATE Rk Pl
precedi ng sgdgscription is exenplary rather than limting in nature.
Variations and nodifications to the disclosed exanpl es nay becone apparent
to those skil laegtcpnd ThEDagrucibleaat teestnpartizlbc @sthir ithey seropdrchambeinfene
essence of this 15 disclosure. The sco f lLegal protection.given to this
i sc osur & SaHgA roBas SRR oS iU BT s AT e SR B a s, LAl v
1. A ygpor deposition apparatus conprising: first and second chanbers; 5 a
first directed vapor deposition (DVD) crucible at |least partially within
the first2. charfherappuntusrassenteil ng cleimily ﬁhematk@amnerqfé‘gstt@dtﬁécw@posi t ed

i and.a second DVD crucible at least partially within the

on a Worké%sec?'.
second ch 11152 OB ent i ng a second, different source material to be
deposited on the work piece. 10

3. The apparatus as recited in claim 1, further comprising a controller
15 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.

20 4. The apparatus as recited in claim 1, wherein each of the first and second
chambers includes a zone for depositing the respective first material and the second

material.

5. The apparatus as recited in claim 1, further comprising first and second
25  electron beam sources arranged to emit electron beams within, respectively, the first

and second chambers.

6. The apparatus as recited in claim 1, further comprising at least one gas

source directly connected with the first DVD crucible and the second DVD crucible.
30

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

moving the work piece between the first and second chambers.

12



2. The apparatus as recited in claim1l, wherein at |east one of first and
second materials is a coating. 3. The apparatus as recited in claim1,
further conprising a controller 15 configured with first control
paranmeters that control deposition of the first source material and second

control paranet/eesppdiadus @9 Ricitel iHlEBRS 1] fueieOéorhhrsines end vabuerieewedmat eri al ,
and at | east one control paraneter is different between the first control

par anet er sheafirdt ardesesesothdmbersttp ddolpa thershambers fipm gachpileerappar at us as
recited in claim1, wherein each of the first and second chanbers includes
a zone for depositing the respective first material and the second

material . 95. THeappahausWs résted aficladd 1i, Wheteth Bach off the tiiier DVON@utidieng fir st
and second 25 electron beam sources arranged to emt el ectron beans

wi thi ny respéwstsecandDVDherueiblesincludesch gasdoletipehantivetisg zene fphpreappigat us as
recited in claim1l .further caonprisi.ng at |east one ga source directly
connect ed 1l FTTRGIIPS R SOBEE T iteStaatiord et Bt Bl TS PErEe 30 7.
The appar 3kpssed o HRChdafiflg ZBnChdl Muidlly Edtnb&ed We@NBE iisleNgord dndansaret for
moving the work piece between the first and second chanbers. 12 8. The
appar at us pasionda¢ludiag jan ogtlefi arifice fruidly kemnegtsdpyithsihadloay passageviar jedinget ween
the first and tsecond chanbers to isolate the chanbers fromeach other. 9.
The appar 4t&485%ecited in claim 1, wherein each of the first DVD crucible
5 andiphe second DVD crucible includes a gas inlet port, a heating zone for
presenting the corresponding first source material or second source

mat eri al , 18. f | dvepappsate asexpisieid daint Rewherin thy nals portion lingleley aconnect ed
with the innle ort, and_.a nozzle. portion including an outlet orifice
fluidly c&'l‘ﬁ@h@%f"é)ﬁ‘f’ﬁc&% M 8€\Prﬂ)%°§se§§eé‘d?'or jetting a gas stream 10 10.

The apparatus as recited in claim9, wherein the nozzle portion includes a

11. A physical vapor deposition apparatus comprising:
15 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
20  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;
25 at least one gas source for providing a carrier gas adjacent to the first DVD
crucible and the second DVD crucible;
a transport for moving the work piece between the first coating chamber and
the second coating chamber; and
a controller configured with first control parameters that control deposition
30  of the first coating and second control parameters that control deposition of the
second coating, wherein at least one control parameter is different between the first

control parameters and the second control parameters.
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funnel through which the outlet orifice extends. 11. A physical vapor
deposi tion apparatus conprising: 15 a first chanber having a first coating
zone for depositing a first coating on a work piece; a second coating
chanber adjacent the first coating chanber and having a second coating
zone for pos f. t first
and secon?el eig%lér %ﬂ)agaégi&ggﬁgegg}sl %ﬁlgg 2%&?%&%&%6%( Qg%tgfg%ﬂ%gggﬁ%%%o Wi t hin,
respect i veikeYirstichetiig ¢lminbeoatd thg sedmdtaeaungrtdmmlber.second coating chanber; a
first directed vapor deposition (DVD) crucible at |east partially Wi t hi n
the first coating chanber for receiving a first source nmaterial; a second
DVD Cruct phe aind efshaRant faiky jith | MRethtaSR 6Pt ARADVI Ehapbehy f or
receiving a second source naterial east one gas source for

provi di ngtha seaundi[8V Dgascibllj incledds 4 gastihlet pont,st hediiby zomaforr Ipkeseatinty thhe second
DVD crucible; a Lrapssgort for .nmoving aﬁ]he woﬁ%éc?l ece between, aﬁ,,he first
coating cFRIFASBYNCHREIITSE FRIrCGEQHIAS MEUETIah g 179N EUTCHERITIAE pHerial g flow
conflgure t I 230 of the
first coa |nggte bgse?ctgg %{)a(rqilng égg@aﬁgltaglrs t %?&%tﬁttPgﬁﬂﬂg%fs?ﬁ? on of the
second coadaziggportitve ineludigg arl @akt odfiee Hadlyr@inn¢acdwith ehie ﬂcswqbasfshgaf font bet ween
the first, control, parame?ers and t he second control paraneters. 13 12. The
appar at usleH¥&ecqating strepny framnthe utlgtorifiser conprising a gate val ve between
the figst coating chanber and the second coating chanber. 13. The apparatus
as recited in 11, wherein each of the first DVD crucible and 5 the second
DVD cruci bd.e iMh¢ uplesatas gasecitad e claom t13, awhbeat thechozeleeportion pickglenti ng t he
correspondl ng first source coating material or second source coating

mat er i al , fuangl thigugh ydueyiBe eHYEHICE §XERds- heat i ng zone and fluidly connected
with the inlet port, and a nozzle portion including an outlet orifice
fluidly connected with the fl ow passage for jetting a coating streamfrom
the outl et5.0ri Al method for use with a physical vapor deposition apparatus, the method

15  comprising:
depositing a first material on a work piece using a first directed vapor
deposition (DVD) crucible that is at least partially within a first chamber; and
depositing a second, different material on the work piece using a second
DVD crucible that is at least partially within a second chamber that is adjacent to the
20  first chamber.

16.  The method as recited in claim 15, wherein the depositing of the first
material and the second material includes depositing by electron beam physical
vapor deposition.

25
17. The method as recited in claim 15, wherein at least one of the first and

second materials is a coating.
18.  The method as recited in claim 15, wherein depositing the first coating and

30  depositing the second coating each includes jetting evaporated source coating

material in a carrier gas toward the work piece.
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10 14. The apparatus as recited in claim 13, wherein the nozzle portion
includes a funnel through which the outlet orifice extends. 15. A nethod
for use with a physical vapor deposition apparatus, the nethod 15
conprising: depositing a first material on a work piece using a first
directed ygpor Thé’%{éﬂfddtds%m(e@\@)cléhhum lﬂhrﬁhe} h.aﬁl hﬁn@?etﬁﬁ%aﬁfe d%péﬂa@hl y wthin
a first chanber; depositing a second eren erial on the work
pi ece usi mgpree @eﬁogmamVBlmﬂhcwmirer g#saﬁromsn@mlﬁea{é'tcepéampazle yunmet. hi n a
second chanber that is adjacent to the 20 first chanber. 16. The nmethod as
recited in claim15, wherein the depositing of the first material and the
second maberi alrhé pekiédes r@&ﬂ:‘aﬁhfcla!‘lﬁ lgyflﬁlkféPEdhﬁﬁrﬁﬁ%%rﬁﬂﬂﬁhg?éé positidROr
deposition. 25 17. The nethod as reci in claiml1l5, wherein at |east one
of theSfi pEtheafmdt n@mmhwnﬂmﬁmt cait®] ipsrametaanndgonttdling depositidnoof the reci t ed
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18, further conprising jetting the evapora%3 source coating material in
t he carri paraga®rs rom an outlet orifice of a nozzl e funnel. 20. The nethod
as recited in claim15, further conprising controlling deposition 5 of the
first material with first control parameters and controlling deposition of
the second material with second control paranmeters, wherein at |east one
control paraneter is different between the first control paraneters and
the second control paraneters 15
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