27 August 2003 COATI NG FOR REDUCI NG OPERATI NG TEMPERATURES OF CHAMBER
COVPONENTS OF A COATI NG APPARATUS FI ELD OF THE I NVENTION This invention ~
relates to coatings for conponents exposed to high tenpergtyw,_,@lgs"tz@ggh as
coati ng chanmber conponents of coating apparatuses. Mre particularly, this
invention is directed to a. reflective coating for a coating chanber
conponent - of a coating apparatus, by which the maxi num tenperature

sust ai ned by the conponent during the coating process is reduced. '
BACKGROUND OF THE | NVENTI ON Physi cal vapor deposition (PVD) is a known film
deposition technique that wentails heating a material in a vacuumto a
tenperature at which the material vaporizes and then condenses on a

rel ativel y’cool er substrate. For various reasons, netallic and ceramc

coatings for i i n n sited by PVD. For
exanpl e, el eﬁgﬁﬁﬁgﬁawmgmﬁ@{fﬁﬁ%@@%s used to
produce a desirable columar grain structure for ceram c topcoat |ayers of

thermal bar OFCHaMBRS (TRPOREN TR ARDAITEThepiSEiAl of ten

preferred is yttria-stabilized zirconia (YS gust 2003 nust
be heated to about 4000K to about 4300K to produce- a YSZ vapor that
subsequent |y condenses on the conponent. Gas turbine engine conponents
typically sustain tenperatures in excess of

FIELD OF THE INVENTION

This invention relates to coatings for components exposed to high
temperatures, such as coating chamber components of coating apparatuses.
More particularly, this invention is directed to a. reflective coating for a
coating chamber component of a coating apparatus, by which the maximum
temperature sustained by the component during the coating process is

reduced.
BACKGROUND OF THE INVENTION

Physical vapor deposition (PVD) is a known film deposition technique that
entails heating a material in a vacuum to a temperature at which the material
vaporizes and then condenses on a relatively cooler substrate. For various
reasons, metallic and ceramic coatings for gas turbine engine components are
often deposited by PVD. For example, electron beam physical vapor
deposition (EBPVD) is used to produce a desirable columnar grain structure
for ceramic topcoat layers of thermal barrier coating (TBC) systems. The
ceramic material often.preferred is yttria-stabilized zirconia (YSZ), which
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1700 F (about 927 C) during coating by PVD. As a result of stringent
requirenents to control tenperature uniformty during the coating cycle, a
"wor ki ng zone" is typically established in the PVD coatingggh@gp§@@03th!n
whi ch sufficient tenperature and coating vapor uniformty can be naintained
to nmeet processing requirenents. Conponents to be coated nust be held and
mani pul ated in the working zone of the coating chanber using conpl ex
tooling and.fixturing. As a result, this tooling and fixturing is exposed
to the sane elevated tenperatures seen by the conmponents receiving the PVD
coating, necessitating that the tooling and fixturing be fabricated from
materials that can survive the high-tenperature coating environnent of a
PVD coati ng chanber. Notabl e exanples are the gears required to rotate

conponent s i n,order deposi %(5:% EBPVD a_ceramc |layer with a col ummar
grain strPHGPE, h‘fﬁ%‘ig‘ﬂ aﬁi%}ﬁ-‘lb & é’gﬁ’%iﬁﬁ@%ﬂpe}?@d&lﬁﬁ au¥8d ‘I&POEéthat t he
tooling a | I : FARY I gh-tenperature exposures an

associ at e%sﬁgpﬁ%ﬁy C?g%ﬁ%ﬁi@ﬁ@ﬁ%ﬁﬁysi cal degradation of these

conponents, which necessitates their replacenent on a routine basis.

Because ofas hrarbiostengins eongicitbntd tpichRy susRiER| t8ideYa@ies li‘ﬁgﬂcéﬁn%r ature
capabi | i ti’m it would be desirable 1t the frequency of replacing P

conponent 59 dbi(@bryrtafd’ f Cktdiniimgy coatingdbpPVBducked a Pesilt Aﬁg;ughgaﬂos BRI EF
SUMVARY COE THE | NVENTI ON The present invention generall rovi des a
conpon entreggfregéeéﬁ 5 4O LRt temperature u.m?orrmty dgurmg the )éogﬁng cycle, a

“working zone” is typically established in the PVD coating chamber within
which sufficient temperature and coating vapor uniformity can be maintained
to meet processing requirements. Components to be coated must be held and
manipulated in the working zone of the coating chamber using complex
tooling and fixturing. As a result, this tooling and fixturing is exposed to the
same elevated temperatures seen by the components receiving the PVD
coating, necessitating that the tooling and fixturing be fabricated from
materials that can survive the high-temperature coating environment of a
PVD coating chamber. Notable examples are the gears required to rotate
components in order to deposit by EBPVD a ceramic layer with a columnar

grain structure,

Though high-temperature materials are used to form the tooling” and
fixturing, repetitive high-temperature exposures and associated thermal
cycling results in physical degradation of these components, which
necessitates their replacement on a routine basis. Because of the costs
associated with their complexity and high temperature capability, it would be
desirable if the frequency of replacing PVD components, tooling and fixturing

could be reduced.




tenperature coating chanber such as that of a PVD apparatus. The invention
Is particularly directed to a thermally-reflective coating for those

coating chanber conponents that nust repeatedly survive th?ﬁﬂbggzmos
tenperatures wthin the working zone of a PVD apparatus. The reflective
coating serves as a barrier to radiant heat transfer to the conponent by
reflecting thernmal radiation within the coating chanber, and particularly
thermal radiation at wavel engths at which radiant heat transfer to the
conponent is greatest from the surroundi ng chanber environnent. In
accordance with this invention, there is provided a coating chanber
conponent of a coating apparatus, the conponent conprising a

thermal ly-reflective coating on a surface thereof, the coating conprising

at |east tWBRaEF SURMWAIY OF Al IRXANTIHGEd of materials that are
sabstantially transparent to ingrared radi ati on at a predeterm ned

wavel ength, an outernost |ayer of each of the pairs of |ayers being. forned
of a material having a higher index of refraction than an innernost |ayer
of the same pair _of layers, the innernost |ayer of at |east one of the

pairs of | aygs ' ke the outernost |ayer of the sanme pair of
| ayers, the | n?gﬁg?nf%t@? g?ﬁ%gisi%cpd’ﬂ&'déﬁ & rempanest for wseyisr 8 highng
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I ncrease thebaverage . _
a barrier to radiant heat transfer to the component by reflecting thermal

radiation within the coating chamber, and particularly therma! radiation at
wavelengths at which radiant heat {ransfer to the component is greatest from

the surrounding chamber environment.

In accordance with this invention, there is provided a coating chamber component of a
coating apparatus, the component comprising a thermaily-reflective coating on a surface
thereof, the coating comprising at least two adjacent pairs of layers formed of materials
that are substantially transparent to infrared radiation at a predeterrﬁin‘ed wavelength, an
outermost layer of each of the pairs of layers being formed of a material having a higher
index of refraction than an innermost layer of the same pair of layers, the innermost layer
of qt least one of the pairs of layers being thicker than the outermost layer of the samé,
pair of layers, the innermost layer of a second of the pairs of layers being thinner than
the outermost fayer of the same pair of layers. |

Each layer is preferably formed of a material that is essentially transparent to
electromagnetic wavelengfhs of between 500 and 3000 nanometers {nm). In addition;

the material of the outermost layer of the pair may have a higher index of refraction than
the material of the second layer of ' the pair.




reflectivity of a PVD coating chanber conponent forned of steel from about
70% to nore than 90% over an el ectromagneti c wavel ength range of about 380
to about 1500 nm which is within the spectrum for thernalgvag@gghgm3(near-
-infrared) emtted by nolten ceramic materials, and therefore tThe cause of
consi derabl e heating -during the deposition of ceramc materials.
Accordingly, the operating tenperature of a coating chanber conponent can
be significantly reduced by the thermally-reflective coating of this
invention. Also reduced are thermal gradients within the conponent, which
particularly 3a 27 August 2003 occur if only a portion of the conponent is
within the working zone of -the <coating chanber. -this. invention also
provi des a coati ng chanber conponent of a coating ‘apparatus, the
conponent, conprising.a thermally-reffective coating on a surface thereof,
the coating conpri SPAHNg f hininveption haye been showm te inareaserthe average i r st

terial al g ' terial to defii
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at a predeter 'nedsﬁﬁvelen th,.the second material having a higher index
of refractiES'n‘ﬂ*@t‘CWéﬁl & whichjg wdthip) the gpectrymdentharmal yadiatipn daesr- of t he

pairs of |a Bhej , the first erj an an, out er nost | ayer
of each of tﬁe %@i %‘g‘ﬂg{d)Pg‘;'g‘P QL e@'ﬁé‘{%‘%“%%ﬁé“?g#ﬁ%&ﬁ £ &394 Rher nost
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| ayers of the pairs of layers, the innernost |ayer of. at |east one 'of the
pairs of I'%%‘guwfﬁbef)ﬂ?ﬁﬁ'@gtﬁmtﬁ@@ﬁﬂ@@mcﬂﬂa}l&rmmgdmnhm_east one

of the pai g Ghnificantly reduced by the thermally-reflective coating of this invention.
- Also reduced are thermal gradients within the component, which particularly
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| ayers to suppress optical harnonics in the coating, the conbined thickness
of the innernost |ayers being greater than the conbined thickness of the

outernost |layers by a factor inversely proportional to thgymubggkﬁﬁg of
refraction This invention further provides a physical vapor deposition
apparatus conprising- a conponent configured to nmanipulate an article being
coated with the apparatus; and a thermally-reflective coating on a surface
of the conmponent, the coating conprising at |east two adjacent pairs of -

| ayers formed of metal oxides that are substantially transparent to

el ectromagneti ¢ wavel engt hs of between 500 and 3000 nanoneters. an
outernost | ayer of -each of the pairs of |ayers having a higher index of
refraction than an i nnernost |ayer of the sane pair of |ayers, the

i nner nost | ¥yelkr Fomdd 2l 583Hn0 f. the pairs qf .l ayers being thicker than
the outernost |ayer gfﬁt hensgggﬁgwpoﬁ#é@&ﬂ@t B Y gré9ne ohfke of a
second of t keatimpehahbeaf | ayers being -thinner than the outernost |ayer of
the sane pair of |ayers, the conbined thickness of the innernost |ayers

bei ng gr eat dhist aentibh ealseOpRiides! a (Bl NGSHef Lhe ouLer npst layers by a
factor inver roportional tO_IhEI? ?%ﬁ}ce§mW%m?1fqéﬁt?@W¥’4 27 August
4 tud t!?eooom ? ;
2003 From the" above, it rean bE ¥EEd & hemalrefietivenatioeen afsutfades i nvent i on
i ncl ude t h&emsfithe woating jcompdsing & hdirkiinf -of Bafers ik twitich! lagedRPRCALS, tooling
and i Xt ur i RtertSReinktS with By&S 8t 4 oG AHRRY MR Soallhg apparat us. As a
resul t, the,ag‘g_;}%tof o g rg{)er i nI?R/t he coatln sﬁ%%%rdg Fadacentegieed. The
reflective coating of t NI SPH ERteridn the fisyilandi sscarshinetedals Ibeg advant ages
whi | e pr esefibstapialinirensnerestds infrhrediradistion hos pRAGRMARRYRivalingh! S the coating
to be appl '_ SoihcD mdleA Rl kil LORGHE? Sndex of refraction than the first material, an
-Innermost layer of each of the pairs of layers being formed of the first material and
an outermost layer of each of the pairs of layers being the second materia the
innermost layers of most of the pairs of fayers being thicker than the outermost
layers of the pairs of layers, the innermost layer of at least one of the pairs of
fayers being thinner than the outermost layer of the at least one of the pairs of
fayers to suppress optical hamonics in the coating, the combined thickness of the
fnnermost layers being greater than the combined thickness of the outermost

layers by a factor inversely proportional to their indices of refraction.

This invention further provides a physical vapar depasition apparatus comprising:
a component configured to manipulate an article being coated with the apparatus;
.and a thermally-reflective coating on a surface of the component, the coating
. comprising at least two adjacent pairs of fayers formed of metat oxides that are
-substgntially transparent to electromagnetic wavelengths of between 500 and
7 3000 nanometers, an outermost layer of each of the pairs of layers having a
higher index of refraction than an innermost layer of the same pair of layers, the
; innermost layer of at least one of the pairs of fayers being thicker than the
{outermost layer of the same pair of layers, the innermost Iéyer of a second of the
- pairs of layers being thinaer than the outermost layer of the same pair of fayers,
_ the combined thickness of the innermost layers being greater than the combined
thickness of the outermost layers by a factor inversely proportional to their indices
of refraction. '




and - fixturing without resulting in any significant dinensional or

tol erance issues. The reflective coating of this invention has al so been
found to be very hard and durable, reducing the concern fgyAgggg,t@@ogue to
handling. Finally, PVD netallic and ceram c coatings do not adhere well to
the reflective coating, so that renoval of any PVD coating that is

I nadvertently deposited on the conponent can be easily renoved. O her'

obj ects and.advantages of this invention will be better appreci at ed from
the foll OWRaGioaibove AR HolebAthalEiRedavaEERL BF W i

Figure 1 shows 1 n cross-section a portion of coat i ng 0?1 er corrponent
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hard and durable, reducing the concernt for damage due to handling. Finally, -

PVD metallic and ceramic coatings do not adhere well to the reflective
. coating, so that removal of any PVD coating that is inadvertently deposited on

the component can be easily removed.

Other’ objects and advantages of this invention will be better
appreciated from the following detailed description.

* BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows in cross-section a portion of a coating chamber component

with a reflective coating in accordance with this invention.

Figure 2 is a graph showing the reflectance versus wavelength plot for a steel

specimen having a reflective coating in-accordance with Figure 1. .
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with reference to a PVD coating apparatus, the invention is generally
applicable to apparatuses in which conponents nust repeatedly survive
exposures to el evated tenperatures. PVD coating apparatuseg7angugﬁgb§
required tooling and fixturing are well known in the art. A suUrface
portion of a conmponent 10, for exanple a gear, tool or fixture, of a PVD
coating apparatus is represented in cross-section in Figure 1. For use

wi thin the working zone of a typical PVD coating chanber, the conmponent 10
is preferably fornmed of a material capable of withstanding tenperatures in
excess of about 1000 F. Suitable materials for this purpose include

ni ckel -based _ alloys, including N -based superalloys such as HASTELLOY
X(r). Coating chanber conponents outside the working zone nmay be forned of
| ower tenperatyre nmateria . ncluding stainless steels and copper and its

S,
al | oys. THESorpSfeBtaRld S’ﬂ@ﬁ’ﬂ%&é g dgfleefapreyessus wavelemgith gdot favang a -
mul tilay i e ifed on a surface of its substrate 27
August 2g'glf%%%tdbé}g?ﬁ%ﬁng%r%é%gh%aﬁﬁéﬁﬁ%teri ng and ion plasnma deposition.

According to this invention, the coating system 14 pronotes the reflection

of i nfrarRgure adisaki @aphnidpreseritihd ke WAEM h ' 6@?}. &@%ﬁ e as

wel | as th%urot her sz(;f’}rla acesfjvm' t hi rgthe cﬁézfnbrbgg?t ﬁéglgfel%ﬂt f n‘%‘gare adi ation
as a reswlepositiontef yitriettabiizedl tiecyrda by PED. sust ai ned during the coating
process. A notable exanple is the nolten pool of zirconia present when
formng a thermal barrier coating of YSZ by EBPVD. The coating system 14
(not shown to any particular scale) is showmn in Figure 1 as conprising
four layers 16, 18, 20 and 22 of ceramic nmaterials, which will be

DETAILED DESCRIPTION OF THE INVENTION

The present invention is generally directed to components, tooling and
fixturing used in high temperature coating chambers, and particularly PVD
coating chambers in which metallic and ceramic coatings are applied to
superalloy articles. While the advantages of this invention will be described
with reference to a PVD coating apparatus, the invention is generally
applicable to apparatuses in which components must repeatedly survive

exposures to elevated temperatures.

PVD coating apparatuses and their required tooling and fixturing are well
known in the art. A surface portion of a component 10, for example a gear,
tool or fixture, of a PVD coating apparatus is represented in cross-section in
Figure 1. For use within the working zone of a typical PVD coating chamber,
the component 10 is preferabiy formed of a material capable of withstanding
temperatures in excess of about 1000 F. Suitable materials for this purpose
include nickel-based _alloys, including Ni-based superalloys such as
HASTELLOY X®. Coating chamber components outside the working zone
may be formed of lower temperature materials, including stainless steels and
copper and its alloys. The component 10 represented in Figure 1 is shown as

having a multilayer coating system 14-deposited on a surface of its substrate
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di scussed bel ow as paired layers 16/ 18 and 20/22. It is within the scope of
this invention that any nunber of paired | ayers could be used. The
significance of using pairs of layers is based on the optigau“ﬁgagmhgction
interference effect of two materials that are transparent to the

wavel engths of interest, but have different indices of refraction to

achi eve phase augnentation of the wavel engths to be reflected by the
conmponent 10. Those skilled in the art will appreciate that phase
augnentation requires each pair of |ayers 16/18 and 20/22 to have
different indices of refraction, with the | ayer nearest the source of

radi ation (e.qg., layer 18 of paired |ayers 16/18 and | ayer 22 of paired

| ayers 20/ 22) having the higher index. In addition, the layers of a given

air pref o] ave,.di fferent  thicknesses based,on the vel ength to be
-Potl oot ol Sl e St g GBA TN PlEPRAISRAN At O AR REIDS oh
ter- SuadA Of = . s the required
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i nterest fadisoooriifted byathd dvatingt dinhbéleedting &fures bk WelPhs thstgRat i ng

| ayer material. The four-layer coating system 14 shown in Figure | has the
advant ageswfacep rwithii He ehamaben tmtbanitdefraped radiationeay a abbwt taf whelr) and
processi n(afaagtd cost consi derat| ogs, thougﬁ the desired optic effect can be
enhanced SEYHCDdIFRPERAEITEs s Hstainedy duEingrihe £oafinge Process t Abmotaklber of

| ayers f oatl | [ ien. the range of about
Y e een El-.rg(a | teylfé ?\}ét El%l%éﬁtp%ﬁ X LEcOgh ﬁf’e%grﬁ Wi fon%ung a" tirermal

barrier coating of YSZ by EBPVD.

The coating system 14 (not shown to any particular scale) is shown in Figure 1
as comprising four layers 16, 18, 20 and 22 of ceramic materials, which will be
discussed below as paired layers 16/18 and 20/22, It is within the scope of
this invention that any number of paired layers could be used. The
significance of using pairs of layers is based on the optical construction
interference effect of two materials that are transparent to the wavelengths of
interest, but have different indices of refraction to achieve phase
augmentation of the wavelengths to be reflected by the component 10. Those
skilled in the art will appreciate that phase augmentation requires each pair of
layers 16/18 and 20/22 to have different indices of refraction, with the layer
ﬁearest the source of radiation (e.g., layer 18 of paired layers 16/18 and layer
22 of paired layers 20/22) having the higher index. In addition, fhe layers of a
given pair preferably have different thicknesses based on the wavelength to
be reflected and their respective indices of refraction according to the quarter-

wave equation:

t= /4n



thirty-two |layers (sixteen pairs) being preferred for performance reasons.
Suitable ceramic materials for the layers 16, 18, 20 and 22 i ncl ude
refractory fluorides and netal oxides such as silica (Siogyﬂuﬁhgqb@
(A1203), titania. (Ti02), tantala (Ta205), zirconia (ZrQ2), oria ?ThCQ)
and ni obi um oxi de (Nb205), though other oxides could be used. These
materials can be categorized for purposes of this invention as either high
or lowindex naterials. For exanple, sputtered refractory fluorides,
silica and alum na have relatively |low indices of refraction, generally in
the range of about 1.25 to about 1.7, while titania, tantala, zirconia.
and ni obi um oxi de have hi gher indices of refraction, generally in the
range of about 2 to about 2.3. Wiile oxides are preferred naterials for

the | ayers, 16, .1%8 20 and gl% ‘%{1 the% coatin system 14 because of their

hi gh t enfBPEEUR the peitired Shickpessof araatipedayerin manametesst eflamibdajoul d be
used if they &‘@ﬁﬁr' ' e st:abi |t t . the maxi mum
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of inter Qﬁécoﬂlﬁdgmyféyirﬂﬁeﬁaﬂi ces of refraction conpatible with the
reflectivity sought for the coating system 14, Based on the quarter-wave

equation _noted above, suitable thicknesses for the 27 August 2003 coating
syst em 14hgi fqurdleyee geatdagisysten He sleawniial Bigised &ad thheadwurhege of | ayers
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wavel engatiditional paired layers. For example, a suitable number of layers for the
coating system 14 is believed to be in the range of about sixteen to fifty, with
thirty-two layers (sixteen pairs) being preferred for performance reasons.
Suitable ceramic materials for the layers 16, 18, 20 and 22 include refractory
fluorides and metal oxides such as silica (SiOz), alumina (ALOs), titania
(TiOy), tantala (Tax0s), zirconia (ZrO.), thoria (ThOz) and niobium oxide
(Nb20s), though other oxides could be used. These materials can be
categorized for purposes of this invention as either high or low index
materials. For example, sputtered refractory fluorides, silica and alumina
have relatively low indices of refraction, generally in the range of about 1.25
to about 1.7, while titania, tantala, zirconia and niobium oxide have higher
indices of refraction, generaﬂy in the range of about 2 to about 2.3, While
oxides are preferred materials for the layers 16, 18, 20 and 22 of the coating
system 14 because of their high temperature capability, it is possible that other
materials could be used if they meet the requirements for thermal stability at
the maximum service temperature of the component 10, transparency to the
wavelengths of interes;, and provide indices of refraction compatible with the

reflectivity sought for the coating system 14.

Based on the quarter-wave equation noted above, suitable thicknesses for the



interest, the lower-index layer (e.g., 16 and 20) is preferably thicker
than its paired higher-index |ayer by a factor inversely proportional to
their indices of refraction. In one exanple, layers 16 and72Qgaste0ds!ica,
while layers 18 and 22 are titania. Based on indices of refraction of
about 1.5 and 2.2 for silica and titania, respectively, if radiation
havi ng a wavel ength of between about 700 and 1300 nmis to be reflected, a
suitabl e thickness for the silica |layers 16 and 20 is about 117 to 217 nm
and a suitable thickness for the titania |layers 18 and 22 is about 80 to
148 nm The total thickness for this coating system 14 would then be in
the range of about 394 to 734 nm More generally, a nmultilayer reflective
coating systemin accordance with this invention is able to achieve the

dvant f the, i {.| i th t ti t hi ck fl th
5000 nmCORRTE SA S HARTY s cRettint Paihe TBien bt 298 s BumSE ef 4000

nm G | _ o 218 064000
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in which -the thermal radjation characteristics of 188 cobal t-base all oy

speci nenghanghe lagears withdbe dvigher instickst olorefractioneteegt 38 iand 23). aMeY® coat i ng
oper 2 on LS %l SLESPLe,ns L 5el oregrel | fadiation spactyum
70t 5 R g RS R ] 1000 JOPRCK SRR WP f ) S
2 m cr omplagres Highlr-thdbk layetby a280@r anverd@§Obidfortional to their indices of

refraction. In one example, layers 16 and 20 are silica, while layers 18 and 22

are titania. Based on indices of refraction of about 1.5 and 2.2 for silica and

titania, respectively, if radiation having a wavelength of between about 700

and 1300 nm is to be reflected, a suitable thickness for the silica layers 16 and

20 is about 117 to 217 nm, and a suitable thickness for the titania layers 18 and

22 is about 80 to 148 nm. The total thickness for this coating system 14 would

then be in the range of about 394 to 734 nm. More generally, a multilayer

reflective coating system in accordance with this invention is able to achieve

the advantages of the invention with a total coating thickness of less than 5000
nm, with a suitable thickness range being about 100 to about 4000 nm.

As a particularly suitable embodiment of this invention,'a' thirty-two layef
coating system was developed with alternating pairs of silica and titania
layers. This coating system was evaluated during an investigation in which
the thermal radiation characteristics of HS188 cobalt-base alloy specimens
were determined under conditions representative of a PVD coating operation.
Figure 4 represents the electromagnetic radiation spectrum typical during the
deposition of YSZ by EBPVD, during which a zirconia ingot is heated to a
temperature of about 4000K to about 4300K. As evident from Figure 4,

radiation is predominantly in the range of between 0.2 and 2 micrometers (200

8




For conparison with the 32-1ayer coating system uncoated polished HS188
speci nens were al so evaluated. According to the data of Figure 3, the
reflectivity of one uncoated specinmen was at a m ni mum at g@y@%&gg&@g
bel ow 500 nm and gradually increased to about 77% at 2000 nm and about
80% at 3000 run, with a conputed average reflectivity of about 70% between
380 and 1500 nm which as evidenced by Figure 4 is the general range over
whi ch a consi derabl e anobunt of bl ack body el ectromagnetic radiati on energy
is emtted during the deposition of YSZ by EBPVD. Because therna

radiation is generally in the infrared range of about 780 to about 1x106 nm
(1 M), the reflectance of the uncoated specinen was relatively | ow for
thermal radiation (780 to about 2000 nn) preval ent during the deposition
of YSZ bx?ggﬁﬁﬁp. he low reflectivity of an uncoated conponent in this
range wou pronote-the amount of radiant heating of the conmponent that
occurs during a PVD coating operation. In practice, the surface of an

HS188 aMBsih Qv iggi ' j Ly | t
40% and Uher o B aSuiL hieF B SPUEPE: cORRlp bhiten TrThoRd BBl BRSSO

the 32-| aperim@ecivee abkat edhlasted: diAgokdingheo tachhRosf Highhd 3, 1tgent i on,
t he odd-nunbered | ayers (e.g., layers 16 and 18, respectively, of Figure 1)
were si| iteHegiivite afhenevmsontadepedmenywas gleagminirayer at 20aveldndbis

eopect b 80 FLOUES AhABRE S o Sl DAATERISE ol ahISiagiar 00

2003 LayegosiNat BB hbd | with & iiputdiverage reflectivity of about 70% between
380 and 1500 nm, which as evidenced by Figure 4 is the general range over
which a considerable amount of black body electromagnetic radiation energy
is emitted during the deposition of YSZ by EBPVD. Because thermal
radiation is generally in the infrared range of about 780 to about 1x106 nm (1
mm), the reflectance of the uncoated specimen was relatively low for thermal
radiation (780 to about 2000 nm) prevalent during the deposition of YSZ by
EBPVD. The low reflectivity of an uncoated component in this range would
promote the amount of radiant heating of the component that occurs during a
PVD coating operation. In practice, the surface of an HS188 component
would be oxidized, resulting in a reflectivity closer to 40% and therefore even

higher operating temperatures for the component.

In the 32-layer specimen coated according to the teachings of this invention,
the odd-numbered layers (e.g., layers 16 and 18, respectively, of Figure 1)
were silica while the even-numbered layers (e.g., layers 20 and 22,
respectively, of Figure 1) were titania. The thicknesses of the individual

layers of this specimen-are indicated in the following table.



1Si 02187. 27 2Ti C2138. 00 3Si 02344. 10 4Ti 02119. 81 5Si 02197. 91 6Ti 02120. 25
7Si 02166. 05 8Ti 0291. 16 9Si 02153. 74 10Ti O273. 03 11Si 0285. 10 12Ti 0271. 10

13Si 02131. 15 14Ti 02121. 40 15Si O2134. 27 16Ti 02184.65 is 27 Qﬁgﬂgast%@8§ _
17Si O226. 22 18Ti O2136. 39 19Si O222. 37 20Ti O279. 27 21Si O2111. 99

Layer No. Material Thickness (nm)
1 S0, 187.27
2 TiO; 138.00
3 5i0; 344.10
4 TiO, 119.81
5 5i0, 197.91
6 TiO2 120.25
7 Si0O. 166.05
8 - TiOs 91.16
9 SiOs 153.74
10 TiO, 73.03
11 SiO» 85.10
12 TiOs 71.10
13 SiOs 131.15
14 TiO2 121.40
15 5i0; 134.27

16 TiO2 184.65

i0




22Ti O268. 03 23Si O247. 77 24Ti O258. 36 25Si O2147. 85 26Ti O2107. 91 27Si O295. 29
28Ti O251. 64 29Si O291. 91 30Ti O239. 22 31Si O2323. 08 32Ti O261. 57 11 27 August
2003 Fromthe above, it can be seen that the thicknesses ob7igusidopsa

| ayers ranged from about 22.37 to about 344.10 nm and had a conbi ned

t hi ckness of about 2266 nm The thicknesses of the titania |ayers ranged
fromabout 39.22 to about 184.65 nm for a conbined thickness of about
1522 nm The total coating thickness was about 3788 nm wth the total.

t hi ckness of the coating attributable to silica and titania being
inversely proportional to their respective indices of refraction. Based on

the quarter-wave equation, it can be understood that the different
| ayers were intended

E{@g‘lect ed, wth tigez

an“its paired titani

t hi cknesses for
wavel engths d

t hi ckness ratio for individual pairs of layers was not limted to
18 TiO2 136.39
19 5i0; 22,37
'20 TiO, 79.27
21 5i0; 111.99
22 TiOs 68.03
23 SiOs 47.77
24 TiO: 58.36
25 SiO; 147.85
26 TiO; 107.91
27 510, 95.29
28 TiOs 51.64
29 5i0s 91.91
30 TiO, 39.22
31 5i0; 323.08
32 TiOs 61.57

i ndi vi dual
ired to be
typically being thicker t

2;i
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to cover the range of
of each pair
silical/titani a

lica | ayer




being the inverse of the indices of refraction of silica and titania
(1.5/2.2). Instead, the thickness ratios can be seen to range from about
0.19 to about 5.25. The reason for this variance was, for 22 cg0%!'283
reflective coating, very thin layers (e.g., layers #17 & 19) were included
to suppress harnonics, resulting in overall enhanced perfornance over a
broad frequency band. The term "conplex" as used here is meant to be in
reference to the different indices of refraction for the coating layers,
the differing material properties of the |ayers, and the denmanding
application intended for the coating. As seen fromFigure 2, the
reflectivity of the HS188 speci nen coated in accordance with this

i nvention was considerably higher at the | ower end of the thernal

radi ati on ed copponent of Figure 3, with
a2t | OMERIRGHLURCOR, AR A B BROREd COTBENSHt, Pl e TGS 5. ¢
hi gh 1ef| fohi ubbyt 237 he 2b0at 9als 5026 RN hAd WUsnbARAMNIAME; PLEBL] | cantly
reduce the anmount of radiant heating that occurs with an _ conponent

during a PR ooutilhy tpckaassen of Bas ditania kiyersatroyed Bom tabout 3912 &7 August

2003 will be u rstood that coating systenms of this invention- would al so
conpensat &Yy Tg‘ﬁég N fPy @ GombEied dhickpessy f ybent 4632 Inmt  Wheetadalgt hs of

of a pr ot orran Mot ihe AR NI B 0BT e e e e
Coati ng and. Subott al e mrer el oo KGR tedly PO PTGy, 71 ©
coating and substrate materials, or by
deposi t i ngspaetivoadices dfapbrestionc Basatl agltlye qtiiter-wave equation, it can be
understood that the different thicknesses for individual layers were intended
to cover the range of wavelengths desired to be reflected, with the silica layer
of each pair typically being thicker than its paired titania layer. The
silica/titania thickness ratio for individual pairs of layers was not limited to
being the inverse of the indices of refraction of silica and titania (1.5/2.2).
Instead, the thickness ratios can be seen to range from about 0.19 to about
5.25. The reason for this variance was, for a complex reflective coating, very
thin layers (e.g. layers #17 & 19) were included to suppress harmonics,
resulting in overall enhanced performance over a broad frequency band. The
term “complex” as used here is meant to be in reference to the different

indices of refraction for the coating layers, the differing material properties of

the layers, and the demanding application intended for the coating.

As seen from Figure 2, the reflectivity of the HS188 specimen coated in
accordance with this invention was considerably higher at the lower end of
the thermal radiation spectrum as compared to the uncoated component of
Figure 3, with a computed average reflectivity between 380 and 1500 nm of
about 90%. The high reflectivity of the coated specimen in this range would
significantly reduce the amount of radiant heating that occurs with an HS188

component during a PVD coating operation. Based on the above results, it

12




scope of the invention is to be l[imted only by the follow ng clainms. 13 27
August 2003 What is clainmed is: 1. A coating chanber conponent of a coating
appar atus, the conponent conprising a thermally-reflective7aggtdt?gosn a
surface thereof, the coating conprising at |east two adjacent pairs of

| ayers fornmed of materials that are substantially transparent to infrared
radi ati on.at a predeterm ned wavel ength, an outernost |ayer of each of the
pairs of layers being fornmed of a material having a higher index of
refraction than an innernost |ayer of the same pair of |ayers, the

i nnernost |ayer of at |east one of the pairs of |ayers being thicker than
the outernost |ayer of the sane pair of layers, the innernost |ayer of a
second of the pairs of |ayers being thinner than the outernost |ayer of

the sane pallr bef uhd¥@kSod 2haf Wﬁ”%g%ﬁ@gf %gpﬁ%%iogervg&ﬁidt %(iisoi n claim

1, wherein the conponent with- the“coating has an averag ectivity of

at | east ed¥pknsatelfertheonagtietly pooaretleetigity of Gtecd 0@ Wraidtns s fquss 1500
nanomatera. 3.. A coating chanber conponent as recited in claiml, wherein

the outer ahoéﬂﬁéﬁogﬂm-t he pair of layers is a naterial selected fromthe
group consisting of titania, tantala, zirconia and ni obi um oxide, and

wh i 4 : . f th iyr. Qf | i | al | d
from the SrilBEERoRHE P& 0ee B trrrmf Ve rebrfaddmbagiBraing, 4. A
coating ch eROMPBENr Rnis@oull§ bel ddptall ;B!l% é"’?ﬁﬂl‘%ﬁr}nt@\‘ae a&?"%?icﬂed

t hi ckness of 'the innernost |[ayers of the "pal ayers 1s gréeater than

the conbiaredy shbstiuting othdrhsuitabler omsting ayel subbtrafee nRaerialspfol ayers by a
factor inversely proportional to their indices of refraction.
utilizing"various methods for depositing the coating layers. Accordingly, the

scope of the invention is to be limited only by the following claims.
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ing chanber conponent as recited in claim1, wherein the coating
EésAéCO?L:CEness of aboHP 100 to about 4000 nanoneters. 6. A coating f
chanber conponent as recited in claim1, wherein the |nnerapam hl 253?
each of the pairs of |ayers has an index of refraction of about > i
about 1.7, and the outernost |ayer of each of the pairs of Iayers7 aZ
I ndex of refraction of about 2.0 to about 2.3. 14 27 August 2003 "I f
coating chamber conponent as recited in claim1, wherein the nater{a S 0
the pairs of layers are substantially transparent to elecpronaﬁnﬁblc
wavel engt Néhabfis clbiategden 500 and 3000 nanoneters. 8. A coating char fr .
conmponent as recited in claim1, wherein the coating conprlsesI Si xtee
fifty alternating layers of two naterials that are substantially

t ranspar eritAt:oatrngrrfl'tamdcrbrﬁﬂtbr@nl @ﬂa é‘éatM@ Q,Jgg}shﬁleq:f 8&, gﬁlle&mrﬁgﬂ and 3000

Ynher ei n
er onen as rec
'? ﬁgogggf |r %g ec%g'ﬁﬁsf feg’gg Ve ‘?oﬁp BN Péyﬁ?%e Heresf, |th%@paimg somatising atdenst tabxt een

ot o1 05t e ol e Comtr e P e e g SubRaN P B etio | 72, e ng
f,.t coatin ei ng
? E;[ grkgits'gﬁfg% r aé‘ plign 7 rf’gpr\ﬁﬂ?tﬁ ifed WaVRIenatBtan eytermast laybeofemat iohtheand

concl udi npgirsi df ﬂayarssbélmg:&rmad efa ﬂﬁlé%%ﬁﬁévuiggs h%%?@[}%g{,f %@%&@gqf_‘ i’téae , (7: oati ng,
30°%5, 33Peghogtfifeftind s bui aHSisss e porment taer abal tessog o
respect i veirg,of laydrstmg RjoRESthan tHel duddthidst Rgd dighd gﬁrﬁéﬁpﬁ? Eﬁﬁ%é’r%i t{qét arting

and
sonol udi g e ORt BN o kP ler thelgers Grmercbeibalnime: tehaoutenbesaL
120. 25, gaye:tefth%&aﬁfé, palrlofldyersl21. 40, 184. 65, 136.39, 79.27, 68.03, 58. 36,
107. 91,

2. A coating chamber component as recited in claim 1, wherein the component with

the coating has an average reflectivity of at least 90% for electromagnetic

wavelengths of about 380 to about 1500 nanometers.

3. A coating chamber component as recited in claim 1, wherein the outermost layer of
the pair of layers is a material selected from the group consisting of titania, tantala,
zirconia and niobium oxide, and wherein the innermost layer of the pair of layers is a

material selected from the group consisting of refractory fluorides, silica and alumina.

4. A coating chamber component as recited in claim 1, wherein the combined
thickness of the innermost layers of the pairs of layers is greater than the combined
thickness of the outermost fayers of the pairs of layers by a factor inversely
proportional to their indices of refraction.

5. A coating chamber component as recited in claim 1 , wherein the coating has a
thickness of about 100 to about 4000 nanometers.

6. A coating chamber component as recited in claim 1 , wherein the innermost layer of
each of the pairs of layers has an index of refraction of about 1.25 to about 1.7, and

the outermost layer of each of the pairs of layers has an index of refraction of about
2.0 to about 2.3.
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51.64, 39.22 and 61.57 nm respectively. 10. A coating chanber conponent as
recited in claim1, wherein the conmponent is configured to manipulate an
article coated in the coating apparatus. 11. A coating chagbg@gﬁﬁggggent as
recited in claim1l, further conprising a physical vapor deposition 4 1
apparatus having a coating chanmber in which the conponent is nounted. .
A coating chanber conponent of a coating apparatus, the conponent ]
conprising .a thermally-reflective coating on a surface thereof%_t ?
coating conprising a plurality of layers in which layers of a firs
material alternate with |ayers of a second material so as to define

' j f the first and second ma_terials,_thefir;t and
Serond raf o pooy st BNEEE ftwdnint o fted Maelar brtherein e malesds catient son at

. " i.gl having a
15 27 Augpajts Qf(m&rspa@C&b@ﬁ%flﬁdﬁﬂ?ﬁﬁbﬁi?ﬁbcﬁ??ﬁg;ﬁ%ﬁ@ ﬁ{groﬁlm st |ayer of
hi gher i nggx.of Séﬁgégﬁ%(gp%n%%ﬁ@. f or med

first material and an
each of the pairs o . of the f . 7
outernost | ayer of each of the pairs of layers being the second nmaterial,

[ f t of the pairs of layers being thicker than the
out er most oy B Shpfer GierSty s 2oBELh o 1, heravose oages catpries| cast
one of t eixtegrlorfiftycitetrmying taybei ofgwd Riststis hBedrelsBstaiidhy WaRLpdatg Of the

St ORE=E AR hoet S e sDURR ot hymavst . oreat o £han
the conbined thickness of the outer ][mst : : g%er i3 bx ghggfgglr Lg\égi sely
Cupoe | Al kol o SRR L SO ssiomteea o o
articl e Isédtern layers efisilva dlteruing miarshitei layers of titania, an innermost layer of
the coating being silica and an outermost fayer of the coating being titania, the layers
of silica having thicknesses of, starting with the innermost layer of the coating and
concluding with a silica layer adjacent the outermost layer of the coating, about
187.27, 344.10, 197.91, 166.05, 153.74, 85.10, 131.15, 134.27, 26.22, 22.37, 111.99,
47.77, 147.85, 95.29, 91.91 and 323.08 nm, respectively, and the fayers of titania
- having thicknesses of, starting with a titania layer adjacent the innermost layer of the
coating and concluding with the outermost layer of the coating, 138.00, 119.81,
120.25, 91.16, 73.03, 71.10, 121.40, 184.65, 136.39, 79.27, 68.03, 58.36, 107.91,
51.64, 39.22 and 61.57 nm, respectively.

10. A coating chamber component as recited in claim 1, wherein the component is

configured to manipulate an article coated in the coating apparatus.

11. A coating chamber component as recited in claim 1, further comprisiﬁg a physical

vapor deposition apparatus having a coating chamber in which the component is
mounted.

12. A coating chamber component of a coating apparatus, the component comprising
a thermally-reflective coating on a surface thereof, the coating comprising a piurality
of layers in which layers of a first material alternate with layers of a second material
so as to define adjacent pairs of layers of the first and second materials, the first and
second materials being substantially transparent to infrared radiation at a

15




' i he conponent, the
and a thernally-reflective coating on a surface of t
coating conprising at |east two adjacent pairs of |layers forned of netal

ides that are substantially transparent to el ectromagnebyq,) 088gt hs
81)‘“ get ween 500 and 3000 nanoneters, an outernost |ayer of eac%ﬁ&;iﬂ ﬁ
pairs of layers having a higher index of refraction than an innernost f

| ayer of the sane pair of |ayers, the innernost |ayer of at | east one of
the pairs of layers being thicker than the outernost |ayer of the same pair
of layers, the innernost |ayer of a second of the pairs of |ayers being

Chi nner { [pasdetérenineet waveRsioth, 1 &¥coRl nidiétidt ARnd @ighef inb@Y B Seally cOTDI ned
t hi ckness i,nn |l ayers be| n(% reater t n‘s d
t hi ckness 4 tbﬁgr aZ?'?[‘T?Eﬁ" INREFRY0st Igyer ot eaeh ofthe paics Qfda)pers peiogdormednal to

t hei r i ndiotthe fipdt matérialahi @R.oufefmodt !Q}Bf%‘f edh ¥ ﬁbaiﬂse&q ae{tr%' ﬁgi“ E}Par atus as

d erein t onent wt
{2? : Eagt i L?‘?géngf’%ﬂe"?'e t‘“'!?ﬁ'ﬂ)é’?*g?yeé PRl iecnais ofMeatmg;thmkef thabout 380

to about thmyesﬁfth&pauéoww&iscﬂie .Hﬁér%sﬁsmrﬁfe BRAIRY LS 25

;gght eSI101) ar?é 8'4'%69‘9'5&%3@6?%% %ggttelﬂ‘qﬁﬁ)’%ﬂ%éf thegb Isastienrosfithe pairagipar at us

as recit eﬂye"s to kappredsSoptichEtizeinBnich f B8 2bhfY, tmﬂnﬁe%ﬁzhﬁzkﬁc%]éss&fftﬁeayer |
ace of the copponent, a sécond Fst |ayer,

Zdjt ﬁ.cregt | @Hgﬁ%& PR %e&gowaaf@a&én th%ﬂ%m%!n?%tivqknemqféhe owterrhestdayiersl | ayer

d fourth
he  fir shy afabtdrivensdipye Srtibeding tHeindsk s réfrddiieR, the second an
Itasers belyng f or med o)?yt Pt ania_ |17. A physical vapor deposition apparatus

as recited in claim13, wherein the coating
13. A physical vapor deposition apparatus comprising:

a component configured to manipulate an article being coated with the apparatus:
and

a thermally-reﬂe&ive coating on a surface of the component, the coating comprising
at least two adjacent pairs of layers formed of metal oxides that are substantially
transparent to electromagnetic wavélengths of between 500 and 3000 nanometers,
an outermost layer of each of the pairs of layers having a higher index of refraction
than an innermost layer of the same pair of layers, the innermost layer of at least one
of the pairs of layers being thicker than the outermost fayer of the same pair of layers,
the innermost layer of a second of the pairs of layers being thinner than the outermost
layer of the same pair of layers, the combined thickness of the innermost layers being
greater than the combined thickness of the outermost layers by a factor inversely
proportional to their indices of refraction. |

14. A physical vapor deposition apparatus as recited in claim 13, wherein the -
. component with the coating has a reflectivity of at least 90% for electromagnetic

wavelengths of about 380 to about 1500 nanometers.

15. A physical vapor deposition apparatus as recited in claim 13, wherein the coating
has a thickness of about 100 to about 4000 nm.
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conprises sixteen to fifty layers of materials that are substantially
transparent to infrared radiation at wavel engths of between 500 and 3000
nanoneters. 18. A physical vapor deposition apparatus as regiaugasti2oog! ai m
13, wherein the coating conprises sixteen layers of silica alternating

wi th sixteen layers of titania, an innernost |ayer of the coating being
silica and an outernost |ayer of the coating being titania, the |ayers of
silica having thicknesses of, starting with the innernost |ayer of the
coating and concluding with a silica |ayer adjacent the outernost |ayer of -
the coat ilRg/\ PHitieAl vapr deposiamamiGirats @s Sited G6cISim 13 Sherein tRSeokfing 131. 15,
134.27, 2 i : : 147,85, 95 .29, 91.91 and 323708 nm
respect i ngn%gnséer?ﬁa? ?ﬁ@ay ay ar%?“*o‘f‘gtsﬁ%%%‘g”%%\‘/‘?’ﬁawewﬁaé?&eg aygionthearting
with a ti f'E%{,adefl- ayfird lauprarethe sebend layateambs forthyayer oh thidWhirg Rajer 18 and

concl udi ngrsphbdtHirdfaveld B&; it he coatin 38.00, 119. 81,
120. 25, 91, 16, i iy 7?.'%?"1‘5??6%!"9%@5%@"%%‘?%‘Fh%&eﬁ?@%fm?ﬂ 58. 36,
107. 91, 5% Wania3g 22 and 61.57 nm respectively. 17 COATING FOR REDUCI NG
OPERATI NG TEMPERATURES OF CHAMBER COVPONENTS OF A COATI NG APPARATUS

ABSTRACT OF THE DI SCLOSURE A conponent (10)- for use in a high-tenperature
envi r onmehf- Aidsicabvapon depesitionrappataiurbas reottecinRIdmapanereiisthe Sosthlg ect i ve

coating (dghpriaB S barrier to radi ant heat
transfer 1o the S%&ﬁgﬁf %?g%)&%@t ‘?@aﬁ%‘?f?%gs"ﬁﬁ‘@&?&v%@aﬁﬁa&?ﬁ'téﬂ. The
coating (#§red ragiptionsatavayelengthstof beteepnisn0 ahd 3000 astdmveelsayer s (16, 18, 20,
22), each layer (16, 18, 20, 22) being formed of a material that is

essenti alwl t ransparent -
- A physical vapor deposition apparatus as recited in claim 13, wherein the coating

comprises sixteen layers of silica alternating with sixteen layers of titania, an
innermost layer of the coating being silica and an outermost layer of the coating being
titania, the layers of silica having thicknesses of, starting with the innermost layer of
the coating and concluding with a silica layer adjacent the outermost layer of the
coating, about 187.27, 344.10, 197.91, 166.05, 153.74, 85.10, 131.15, 134.27, 26.22,
22.37, 111.99, 47.77, 147.85, 95.29, 91.91 and 323.08 nm, respectively, and the
layers of titania having thicknesses of, starting with a titania layer adjacent the
innermost layer of the cbating and concluding with the outermost layer of the: coating,
138.00, 119.81, 120.25, 91.16, 73.03, 71.10, 121.40, 184.65, 136.39, 79.27, 68.03,
58.36, 107.91, 51.64, 39.22 and 61.57 nm, respectively.
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' ters (nn). In
to el ectromagneti c wavel engt hs of between 500 and 3000 nanone _
addi tion, thg material of the outermost |ayer (18, 22) of the pair (16,
18, 20, 22) has a higher index of refraction than the mateniyaugat2gohe

ot her layer (16,20) of the pair (16,18, 20, 22). Fig.1

COATING FOR REDUCING OPERATING TEMPERATURES

OF CHAMBER COMPONENTS OF A COATING APPARATUS

ABSTRACT OF THE DISCLOSURE

A component (10} for use in a high-temperature environment such as
the coating chamber of a PVD apparatus. A reflective coating (14) on
the component (10) serves as a barrier to radiant heat transfer to the
component (10) by reflecting thermal radiation. The coating (14)
comprises at least one pair of reflective layers (16, 18, 20, 22), each layer
(16, 18, 20, 22) being formed of a material that is essentially transparent
to electromagnetic wavelengths of between 500 and 3000 nanometers
(nm). In addition, the material of the outermost layer (18, 22) of the
pair (16, 18, 20, 22) has a higher index of refraction than the material of
 the other layer (16, 20) of the pair (16, 18, 20, 22).

Fig.1
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