MEETHOD AND APPARATUS FOR REDUCI NG THE FIR@%H%R;EhEEJ%ECT
This invention relates to thlnf|In1dep03|t|on and nore specqhugﬂdép?o a
~met hod and apparatus for naintaining consistently high quality deposited
films regardl ess of chanber idle tine. BACK Bocket No. lszl;pbbﬂﬁl | ' m
deposition is essential to the manufacture of solid state electronic
devices. By layering various materials on a wafer in a prescribed pattern
("patterning"), a solid state electronic device is formed. Wthin the -

sem conductor device industry there is an ever present trend for nore
conplex nmulti-layer structures and smaller device dinmensions. As a result,
patterned wafer costs continue to rise, with sone patterned wafers costing
as much as $ 100,000. Because a single poor quality |ayer can destroy the
entire wafer, consistent deposition of high quallt material |ayers is
essenti al . Commer ci MEEHOD ANDAPRA] i ce fabrication takes
place within automated systens having nmultiple chanbers. Frequently these
chanbers idle either beREBUCING THE FIRST"WAFERJERECT! r om one process
configuration to the next, or during equi pnent repair. During equi pnment
repair not only does the

This invention relates to thin film deposition and more specifically to a
method and apparatus for maintaining consistently high quality deposited films

regardless of chamber idle time.

BACKGROUND

Thin film deposition is essential to the manufacture of solid state electronic
devices. By layering various materials on a wafer in a prescribed pattern
(“patterning™), a solid state electronic device is formed. Within the semiconductor
device industry there is an ever present trend for more complex multi-layer
Strucnnes and smaller device dimensions. As a result, patterned wafer costs
continue to rise, with some patterned wafers costing as much as $100,000.
Because a single poor quality layer can destroy the entire wafer, consistent
deposition of high quality material layers is essential.

Commercial scale semiconductor device fabrication takes place within
automated systems having multiple chambers. Frequently these chambers idle
either between shifts, during changeover from one process configuration to thei
next, or during equipment repair. During equipment repair not only does the

malfunctioning chamber idle, but also upstream and downstream chambers in
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mal.f uneti oni ng chanber idle, but also upstream and downstream chanbers in

2 perfect operating condition idle. Unfortunately many of the deposition
materials used in sem conductor device fabrication easily oxidize if they
are in the chanber during these idle p%l ods, even at the | ow oxygen

| evel s present in nost high vacuum dep

deposition chanber (i.e., a chanber equi Iptplagnvahﬂﬂg%;?ﬁﬁ g‘[}lﬁ’gt&a}& for

heating a wafer to about 300 [err]C to 600 [err]C) idles for as brlef a

duration as % rfb& g%@raﬁh? odditior faﬁee 'T?ﬁﬁ&hﬁz{telb'?%ﬁ&%g@lé ddpBBitibn nfheRRN ted on

the first fe l ow ng t | e per esir ny exhibit | ower

refl ectance ni festgti.on of b ad dIStI’ but I.n C ntation
that can reé’ﬁ?‘{r%lsﬁmé yetay deicesaPrication cas yf“él‘4‘ ‘ét}éﬁéhf‘% tﬁFf’ﬁ%@ Aphi c
patterning difficult t han do films deposited during normal production
(i.e., those dudng these idieperiasls] eehatthedow okpgandevalsipresent imomoshihghvi t sheet

resi stance values different from those exhibited by filns deposited during
nor mal pr oduGkt@iin daws&ld@rmaﬁw@orwne% a Kol O¥poditioh Bigankber $il . VibEHRAMbRE f ect .

Thus, following an idle period (i.e., a period sufficient to giverise to
the First Waf r.o, |l d aefsriorate.
Therefore vvafeg{né)gé%%l ﬁeéix%%@%ﬂa#%gﬁ%,@% &%ﬁ%ﬁoa%{)%taﬂgl ﬁs‘txl)ﬁﬂgfg Ef f ect
nmust be di scarded. Al .t hough only certain materials dep05|ted in a

hot dep03|t|dﬂle§f9§r?§é’ﬂefr%19ufa?%@ﬂ 0 tor3 0t inutss; the maggrial layersdchilms’he Fi r st
Wafer Effect poses a costly problem For exanple, sputtered al um num (the
nmost wi dely deposited toarthafirst fsw tvafem foflowirignthé idlerperiod widesirabdy exhibin sol i d

state devices) and aluminumalloys readily result in wafers

lower reflectance (a manifestation of broad distribution in crystal orientation that
can result in early electro-migration failure and/or lithographic patterning
difficulty) than do films deposited during normal production (i.e., those periods
not following an idle period) and/or exhibit sheet resistance values different from
those exhibited by films deposited during normal production. This phenomenon is
known as the First Wafer Effect. Thus, following an idle period (i.e., a period
sufficient to give rise to the First Wafer Effect) film quality and process reliability
deteriorate. Therefore wafers deposited with films that exhibit the First Wafer
Effect must be discarded.

Although only certain materials deposited in a hot deposition chamber may
result in the First Wafer Effect, the First Wafer Effect poses a costly problem. For

example, sputtered aluminum (the most widely used material for forming thin film

interconnects in solid state devices) and aluminum alloys readily result in wafers
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exhi biting the First Wafer Effect. '

3 The problem presented by the First Wafer Effect will be nore
futly . conprehended with reference to the prinmary al um num deposition

net hods enployed in VLSl and ULSI circujts. As discussed previously, a
constant in the sem conductor device field is the qgj.o},[l&tltl&)rl?a{l% ]¢

| ateral dinensions. In order to reduce the IateraIA_ evli ce area of staorage
capacitors, for exanple, high aspect ratio (i.e., high depth to width

ratio) features (ernd probibRResehted By URSFird WaeRABN IR be RRFOMALPT eval ent .
Such features possess large side wall surface areas which allow |ateral

devi ce di nensions.to.shrink whil e i nt ai ni ng_const ant...capagi tor area (and
thus a const antPg 3‘37({]%5")@1'69%&8 i ar‘.‘g“'é‘“f‘% 4%0898? Rgﬁ}ﬂd(jh aspect
ratio feature, naterial tends to deposit near the top surface (i.e. the
surface near estployed in ¥d5d and U3, Sl eirewits. s disoussed previouslyea gonstant iwethe eat ur e
and to prevent subsequently deposited material fromreaching the feature's

| ower surf ac gepidohlugordsvicetfiedd i thédriekefop séducedlaters] Qlimétiionsnds srdened udi ng
voi ds (areas containing no deposition material). Accordingly, in the

deposi tion of ' Ls, t | e | LeCik: .mat i on of

conti nuous con &OEF%‘% ia'eg%gfgﬂgmgf iotrflgﬁ?'d&%r&g .p?atg%’ ?dzgtef(%%géglgﬁra;e%& g™ As

described in "Al uym num Pl anari zati on for Advanced Vi a plications,”

Eur opean Sem(bﬁrng{&thP')h tﬁé‘ﬂ&@éﬁ?")fmes (he- gees éfFF*‘\eéGS F%‘@ﬁ‘ﬁ?)d{i‘éfe f or

achi eving conformal al um num coatings (al um num planarization) is the
become prevalent. Such features possess large side wall surface areas which allow

lateral device dimensions to shrink while maintaining constant capacitor area (and
thus a constant capacitance). When depositing a film over a high aspect ratio
feature, material tends to deposit near the top surface (i.e. the surface nearest the
deposition material source or target) of the feature and to prevent subsequently
deposited material from reaching the feature’s lower surface causing variations in
deposition layer thickness including voids (areas containing no deposition
material). Accordingly, in the deposition of thin films, much attention has been
directed to formation of continuous conformal layers within high aspect ratio
features.

As described in “Aluminum Planarization for Advanced Via
Applications,” European Semiconductor, February 1996, the preferred technique
for achieving conformal aluminum coatings (aluminum planarization) is the
sequential deposition of aluminum at low wafer temperatures (cold deposition)

followed by the deposition of aluminum at high wafer temperatures (hot
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sequenti al deposition of alum numat |ow wafer tenperatures (cold
deposition) followed by the deposition of alum num at hi gh wafer

t enperatures (hot ' 4
deposition). This process is commonly referred to as Col d/ Hot Sequenti-al

Deposition and may take place in either one or .t éﬂ’ %ﬁ
The | ayer deposited at | ow wafer tenperatures (co d posr I'S referred

to as a seed |layer. The seed | ayer enhances the ability of material

deposited at ge bgtaergcvm%rdcem@aahhabﬁﬁ, feRePled 46 ROGHINA® SeQuddtial i Nt 0

surface features cordingly, the seed | ayer nust achieve conti nuous,
conf or mal er to p evg t thickness

f f d
vari ations a 3%8“1*‘8? ﬁ%&ﬁ%ﬁ?la%ﬁ%’rr ‘i&‘ﬁ?é&”%ﬁ%“?ﬁ&tc YepBdition. To

achi eve conti nuous_confornmal coverage of high aspect ratio surface
features a col | i mekhsrlaysr depesited ploscwaleniemperrtwr okl daposited) isrefearsl i mat or
described in US Patent No. 5,527,438 is enployed. The particle screening

devi ce may beocapplsecdayer. The Is@dagaydireﬁumd:emelabﬂ@ﬁommﬁerdepwierdeitn a
sufficient distance exists between the source of deposition material ("the

IR t hat I
;glrj'[ Fgl es ?pavgﬁvyﬁ&% E%gﬁ%r a ?ﬂféﬁg?%a [Htﬁ&{’h \%gr?éecr%s t?)l%ssu?f agg rleach

o i depotBInEs e apedlere™ Tt BaersrioSiiEscoR, CRETEE) VT OF chamber s
that are not configur ed f or long throw deposition). A particle screening
devi ce may besupfaee fedtupestineeder tdpresentthickmess| varietionp antbwdid forimationsler t o
further enhance continuous conformal coverage. Al though |ong throw
deposi ti on r esinoSubdtqREABESHSIHR! TG chicPecdtitfolsioRrdriaPEARERe of

high aspect ratio surface features a collimator or particle screening device such as

the collimator described in US Patent No. 5,527,438 is employed. The particle

screening device may be applied to a “long throw deposition chamber” wherein a

sufficient distance exists between the source of deposition material (“the source’)

and the wafer mounting mechanism (or pedestal) so that only particles traveling

substantially normal to the wafers top surface reach the wafer; thus resulting in

more continuous conformal films as compared to films deposited in standard

throw deposition chambers (i.e., chambers that are not configured for long throw

deposition). A particle screening device may be placed between the source and the

pedestal in order to further enhance continuous conformal coverage. Although

long throw deposition results in enhanced coverage, the long throw distance

results in a slower deposition rate and therefore reduces system throughput. Thus,

the most advantageous configuration for Cold/Hot Sequential Deposition employs

two deposition chambers, a first long throw deposition chamber for cold
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results in a slower deposition rate and therefore reduces system

t hroughput. Thus, the nbst advantageous configuration for Col d/ Hot
Sequenti al Deposition enploys two deposition chanbers, a first long throw
depositi on chanber for cold ' eposition of the seed |layer, and a
second standard throw deposition chanber” for the h ep@si i ~the first
chanmber is configured for |ong throw deposition ggﬂekgg? |%é%%ﬁggﬁ57nuous
conformal coverage of high aspect ratio surface features. The second

chamber is C(ﬁﬁé s%gd‘%’f thOSecd 1A and atsg&ﬁm‘ﬁ SHERART thiRNdddsiios ighﬁﬁlﬁér%f eduction

I n.process ti and thus to I'ncrease throughput as cdnpared to long throw
deposi tion ch ers. .. he quality of the.deposited filmis further
enhanced V\heﬁﬁ‘g@ﬁ(ﬁgp?sé‘af”bnné? f{'ﬁ ‘i}’g'm ’Fﬁs(CBPég‘?rF‘gifﬂrﬁﬁ‘?% WY Serpsttionds | ayer .
Specifically "A um num Pl anari zation for Advanced Via Applications,"

Eur opean Senifewliatectoptipudusizonfoanal coveragh eShighlaspect ratia sindacel fegtures. dbposi t ed
at wafer tenperatures below 100[err]C exhibit a strong (002) crystal '

orientation apebrdtRhmBEMEcOMIBred b sEBRAE thABW RpodtidibR Réilitatéredaéttin

tenperature on (002) titaniumfilnms have a strong (111 ) crystal
orientation. .The 11) orjientation is associated wth 1h rongest
o) i nom 111 TS Bl F e BroARERR o tPiresl (oA 4o " S
therefore preferred. A nore detailed description of the Col d/ Hot
Sequenti al Delspesitiomehamberssr ovi ded in U.S. Patent No. 4,994,162 ("the ' 162
Patent"). The '162 Patent acknow edges the enigma the First Wafer Effect
presents, stating THetquatitydsflihs déposited filn Bfuttherlehiarcod tvwhon deysositedion a
uni nterrupted throughout all three steps, in order to

titanium (or titanium alloy) wetting layer. Specifically “Aluminum Planarization

for Advanced Via Applications,” European Semiconductor, Feb. 1996, teaches
that titanium layers deposited at wafer temperatures below 100° C exhibit a strong
(002) crystal orientation and that aluminum films deposited at a 460° C wafer
temperature on (002) titanium films have a strong (111) crystal orientation. The
(111) orientation is associated with the strongest aluminum film electro-migration
resistance characteristics and is therefore preferred.

A more detailed description of the Cold/Hot Sequential Deposition is
provided in U.S. Patent No. 4,994,162 (“the ‘162 Patent”). The '162 Patent
acknowledges the enigma the First Wafer Effect preseﬂts, stating “[t]he deposition
is optimally continuous and uninterrupted throughout all three steps, in order to
prevent the formation of unwanted oxide layers that would otherwise occur during

discontinuities in the process.” These unwanted oxide layers are believed to cause

the First Wafer Effect.
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prevent. the formati on of unwanted oxide |ayers that woul d ot herw se occur
during discontinuities in the process."” These unwanted oxi de | ayers are
believed to cause the First Wafer Effect. Despite w de
recognition of the First Wafer Effect within the seni conduct or comunity,

a solution consistent with the high productivity uire
comercial fabrication systens does not exist. ﬁMﬁigP kebgeé%‘ﬁfpgﬁmtvhe
present invention the only nmethod for dealing wt h the First Wafer Effect

has been to Tun ideFec I&W%TEEQW é?thg( often as many as
er as |

fifteen) through a ot epos Ion cha Not only does

this reduce the roductivity of the system and f.er costs, it
also fails t&e’&ﬁﬁ?ﬁg‘é"éo’t??é“m itys 2 splutign c‘eft%sttenéyg%ﬁa RR?‘WPUY‘I% destruction

of patterned wafers which idle wthin deposition chanbers. Thus, a
recogni zed neeqliexientssofwommeanciahiabricatioh spstetus tloes roakxistc dhifaot, griozital for a

process that will elimnate the First Wafer Effect. Such a process nust be
cost effectivge areslermwenﬁ@n aRlaaly aetned%vde&hﬂ wRRHOFITR Watet BFe@hb$t | NG
equi prent and naterials. Accor Ingly, it is an object of the

present inve t o prowvide.a net nd a at, that elim e the
Elrot vt or PR A e Ot fork M%fs e AR
fabrication systemto be salvag is a further object of the

i nvention to & hohdepeosition c @nbwmclshashdted Mot pnlyalogs thisweduee thee to t he

First Wafer Effect, and thus to reduce the average
productivity of the system and increase wafer costs, it also fails to address the

substantial cost associated with the destruction of patterned wafers which idle
within deposition chambers. Thtls, a recognized need exists within the
semiconductor fabrication field for a process that will eliminate the First Wafer
Effect. Such a process must be cost effective and must be able to be quickly
performed using existing equipment and materials.

Accordingly, it is an object of the present invention to provide a method
and apparatus that eliminates the First Wafer Effect and that allows patterned
wafers which idle within a fabricatiotl system to be salvaged.

It is a further object of the invention to reduce the number of wafers that

must be discarded due to the First Wafer Effect, and thus to reduce the average

cost per wafer.
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Wafer Effect, to the novel device formed by the process, and to the semiconductor




cost per wafer. SUMVARY OF THE | NVENTI ON The present invention
Is directed to a process that elimnates the First Wfer Effect, to the
novel - device fornmed by the process, and to the sem conductor -
REPLACEMENT SHEET : . fabrication
system that perfornms the inventive process The |l ows a
partially patterned wafer which has idled wthi nggﬁf%%grdfe(t:lg ﬁg%]@?/)s[f‘gm to -
be conpleted with little or no difference in reflectance than that

exhi bited by f&ﬁridiﬁon%f‘d@&ﬁqua? efdtlsBe ﬂﬁéﬁﬁ’s} \g&&iym@ﬁeééﬂ?ﬂ{&aﬁwg t he

films are of conpara |ty) and allo a hot dep05|t|on chanber to

begi n deposit Rro | te eriods. Thus,

the present %g’ﬁ Sﬂa;lé( Mﬁ&?ﬂs é@é“ﬂ'&‘lr} ?..ga'bggglbdp %F%Bh‘& ivity
and reduced cost per wafer. I\/breover the present invention elimnates the
destruction df Opmpﬂmdmthmee@rgmc@ffwdcw rsﬁo;ctaxfc'c than thatfexhibited by films

I n one aspect the present invention contenplates elimnating the First

Vafer Effect dep Esuﬁd)duhn%ﬂeﬁwpmdiﬁuo 1hdﬁbétm§'g the filMeRewif comparableiber, a col.d
dep05|ted filmconprised of a material which may result in the FVE ( a "FWE

material " terial.
A further as43 %dq‘"la 1§%§%\§lg% %}%ﬁﬁgg%b%&ngﬁqﬁ g %$£@éx9%%r58§0d:%1€$| ng
| ayer foll owed col d de 03|t|on of an FWE rraterl al within a cold chanber
fol | oned by lﬂ’é‘}ﬁg@t? Ly sftep rjpds. Thusy thepresenhisventign achic¥eS e | ayer wit hin
a hot deposit.ion

advantages of increased productivity and reduced cost per wafer. Moreover, the

present invention eliminates the destruction of patterned wafers caused by the
First Wafer Effect.

In one aspect the present invention contemplates eliminating the First
Wafer Effect (“FWE”) by depositing, within a hot deposition chamber, a cold
deposited film comprised of a material which may result in the FWE (a “FWE
material”) followed by depositing a hot deposited film of the FWE material. A
further aspect of the invention contemplates deposition of a wetting layer followed
'by cold deposition of an FWE material within a cold chamber followed by
deposition of both a cold and a hot FWE material layer within a hot deposition
chamber.

A further aspect of the invention pertains to a semiconductor device
fabrication system comprising a cold deposition chamber, a hot deposition
chamber and a control means for causing the deposition of a first cold deposited
layer within the cold deposition chamber followed by the deposition of a second

cold deposited layer and a hot deposited layer within the hot deposition chamber.
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chanber-. A further aspect of the invention pertains to a

sem conduct or device fabrication systemconprising a cold deposition
chanber, a hot deposition chanber and a control neans for causing the
deposition of a first cold deposited |gyer within the cold deposition
chamber followed by the deposition of a second ggldAanResi 489,V and a
hot deposited |ayer within the hot deposition chan‘g‘er. .
REPLACEMENT SHEET . : 8 Preferably the
first cold depseiabBtht &yficolddeponRdiliyRe iscﬁéﬁasi’e&ﬂtdn' d\Wettiny Myef othprisidd
titaniumor a titanium all oy. . Anot her aspect of the invention
pertains to the.ngvel .sem conductor device fabricated as a result of the

i nventive pré@‘gg%qg °§6é‘iﬁ'f“ﬁ§§’pf’¥r because cold deposition results in small
grain sizes (i.e., smaller grain size (on average) than  that resulting
from hot deposi ti d¥othesaspssholihninventdon pretainsdo thamqvehsearicensdugtor deyice  of
the present invention wll conprise a first FWE material |ayer having a
second FVE rfalirivated|aslaaysult dfaherdeitherpeodess. a8ysbcHically fdcaidE colt eri al | ayer-
formed on the second FVWE material |ayer, wherein the second FWE nateri al

| ayer hasa%ggg,-- RTANESY ERi T, ter s a |large
grain size (i. .%m%lg{egélgkelrﬁ sﬁ%}l%?%ntss{}g%&. Bﬁﬁggﬁg@)&{eég{ﬁ aﬁﬁggé) rﬂltia%l ul ting
fromcold deppsition)., Further, when an |[dle perjod curs .a FVE materi al
wi Il oxidize tﬁﬁﬁ?%@l%%ommﬁg@ﬁma) th, germicandh yicedgoricated as aresully o i | |
contain a higher oxygen concentration than that contained within the third
FWE mat eri al dfalyeepresent invention will comprise a first FWE material layer having a second

FWE material layer formed thereon, and a third FWE material layer formed on the
second FWE material layer, wherein the second FWE material layer has a small
grain size and the third FWE material layer has a large grain size (i.e., a larger
grain size (on average) than that resulting from cold deposition).. Further, when an
idle period occurs a FWE material will oxidize during the idle period and the
second FWE material layer will contain a higher oxygen concentration than that

contained within the third FWE material layer.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages of the present invention
will become better understood with regard to the following description, appended
claims, and accompanying drawings wherein:

FIG. 1 is a cross sectional view in pertinent part of a semiconductor device
fabrication system having a cold deposition chamber and a hot deposition chamber

for performing the present invention;
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BR| EF BESCRI PTI ON OF THE DRAW NGS ~ These and ot her features,

aspects, and advantages of the present invention wll becone better
understood with regard to the foll ow ng description, appended clains, and
acconpanyi ng draw ngs wherein: F{G 1 is a cross sectional viewin

pertinent part of a sem conductor devi ced fabri Ciyk%oaééf&&%zﬁﬁ%p@%a cold

deposi ti on chanber and a hot deposition chanber or performng the present

i nventi on; :

REPLACEMENT SHEET FIGS. 2A - 2B show a wafer as it progresses through the 8miconductor  FI GS.
2A - 2B show a wafer as it progresses through the seém conductor device

fabrication system.of FlIG and_.is.prqcessed in _accordance wth the
bresent. | nvenbyish lbtication Sysienft B 1 3] ST ppEese oG e "o et er
after deposition within the cold deposition chanber of FIG 1; and

FIG 2B is apsesesiingentionpnal view of the wafer after deposition within the
hot deposition chanber of FIG 1. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS FIGELG s & cicss Sectibdl Viewe6f 4 Kafdr aRbrkpbsitipenithiehe part of a
sem conductor device fabrication system 11 for perform ng the present

I nventi on. Tmal&géfo%ggldﬁmgﬁaﬁgﬁl gbri cation system 11 conprises in

pertinent part, option yer chanber 12, a cold deposition
chanmber 13, a hot depogsition chanber 15 and a controller 17. The optional
wetting |ayer charf36k 2BJs aginss sestienal vigyw ptihe yefer after deposition within the

hot deposition chamber of FIG. 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG. 1 is a cross sectional view in pertinent part of a semiconductor device
fabrication system 11 for performing the present invention. The semiconductor
device fabrication system 11 comprises in pertinent part, an optional wetting layer
chamber 12, a cold deposition chamber 13, a hot deposition chamber 15 and a
controller 17. The optional wetting layer chamber 12 comprises a source 18
which preferably consists of titanium. In one embodiment, the cold deposition
chamber 13 is a cold deposition chamber (i.e., a chamber for depositing films at
wafer temperatures less than about 200°C (cold temperatures)). In one
embodiment, the cold deposition chamber 13 comprises a first source 19, a
particle screening device 25, and a first pedestal 21 for holding a first wafer 23.
The first pedestal 21 and the particle screening device 25 are located a long throw
distance from each other (i.e. a distance equal to or greater than the diameter of the

wafer on which material is to be deposited) and the particle screening device 25 is
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which preferably consists of titanium |n one enbodi nent, the cold
deposition chanber 13 is a cold deposition chanber (i.e., a chanber for
depositing filns at wafer tenperatures |ess than about 200[err]C (cold
tenperatures)). In one enbodinent, the,gold deposition chanber 13

! ) the16 . . .
conprises a first source 19, a particlé screeninp | first
pedestal 21 for holding a first wafer 23. The ffﬂ‘rglétq%ég%gg%g?z@?ggﬁ% t he

particle screening device 25 are located a long throw distance from each

other (i.e. dolic EHFEerOfE Blst 5Oured 19LRPHE HirkthRAesd121diCHIEA&osiiont he  vaf er
on which material is-to be deposited) and the particle screening device 25

REPLACENENT Shiaabers and their methad of oneration arg well kgl inthe 26 A\ §PiSRLoqld, o

pedestal 21. Col d deposition chanbers and their nethod of operation are
wel | known i rdepesitien ehamber thet employs k gartiglessrieningdevisaimdisclesedtn enpl oys a
particle screening device is disclosed in comonly assigned U S. Patent

No. 5,527, 43&omrhditly askBtheBa. N Patent N§. R5U7 438 (“BleS43DPatert”pthe ehtigh i s her eby
i ncorporated by reference. As described in the '438 Patent, through use of

ol i mator) . SOURTOREAE i oty Ridhee Ealitbacbod b e B3P0

conformal material |ayer of substantially uniformthickness. Thus, although
i ncl usi on of Ratgntyrthrough useofapariele aeroening deviss (Sucthes aenlimatoplate 9ton chanber
of the present invention is not essential, it is presently preferred.

The hot depostubé shaped esitiamtct) even ipk asgectmtiy sudagel featutes aterooated ivdth a
deposition chanber 13. The hot chanber 15 is for depositing filnms at hot

vaf er tenpergeirial fatefial laye subSARBIF uHifSn HicialReut TRAOhRKGIghC Of

greater) and contains a

inclusion of a particle screening device within the cold deposition chamber of the
present invention is not essential, it is presently preferred.

The hot deposition chamber 15 is operatively coupled to the cold
deposition chamber 13. The hot chamber 15 is for depositing films at hot wafer
temperatures (i.e., wafer temperatures of about 300° C or greater) and contains a
second source 27 and a second pedestal 29 for holding a second wafer 31. The
second source 27 and the second pedestal 29 are located a standard throw distance
from each other (about 4-5 cm when depositing material on an eight inch (20 cm
diameter) wafer). The second pedestal 29 comprises a heating mechanism 33 for
heating the second wafer 31. While the heating mechanism 33 is shown as a
heater for heating the backside of the second wafer 31, it is understood by those of

-ordinary skill in the art that other heating mechanisms may be employed. Hot
deposition chambers and their method of operation are well known in the art. A

typical hot deposition chamber that employs a backside heater is disclosed in U. S.
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second -source 27 and a second pedestal 29 for holding a second wafer 31.
The second source 27 and the second pedestal 29 are | ocated a standard

t hrow di stance from each other (about 4-5 cm when depositing material on
an eight inch (20 cm dianeter) wafer). The second pedestal 29 conprises a
heati ng mechani sm 33 for heating the sédond wafer 31. While_the heati ng
mechani sm 33 is shown as a heater for heating  AMATRoRket e %%Wf’lll?g“%econd
wafer 31, it is understood by those of ordinary skill in the art that

ot her heating,| nj - eTR! . . . d (tion cha s and
their met hodq)c'?1 @g{&?r g’?%}lggﬁgﬁ%ﬁ?ﬁaﬁ%ﬁe iogov‘}thhcé‘ ‘g%‘.%}%m?i%’ cal hot -

deposi tion chapber that enploys a backside heater is disclosed in U S

11 reference.REP ACEVMENT SHEET Patent No. 4,994,162, the entire
di scl osure of which is hereby incorporated by reference. Duri ng
operation, a waferDwing operitidh, 4 afeppiill entet theiptiond) wedtirgy lagdrahimmberll2 and,
while at a tenperature preferably less than or equal to 200[err]C, wll be

deposited w th4t j ] f ' transferred
to the fir stéﬁg’e‘g}elig{l%: Efflﬁg@rggwﬁ}%@? ?ecfggbagpt?i%gﬁﬁéﬁg%?f R"?gl,%eand a |layer
of FVE material .fromthe first source 19 i s deposited on the wafer while
the waf er | s drRPFiied iy ERIm,fromthe bRl dat vhloris tighy Bimsfesred fa e
transferred to the second pedestal 29 of the second deposition chanber 15
and a | ayer dirstivestalt2rafithe firso depdsisionehamber 1Soand #1433 oSF WEpvatetidd on t he
wafer while the wafer is nmaintained at a cold tenperature. For exanple, if

the heating neshay St shhrdeS] Fis d8pdsibd 6n dRSwarePvRile thetviferds afdnthifedad
tenperature of the gas (if any) applied to the backside of the

a cold temperature. The wafer is then transferred to the second pedestal 29 of the

-

second deposition chamber 15 and a layer of FWE material from the second
source 27 is deposited on the wafer while the wafer is maintained at a cold
temperature. For example, if the heating mechanism 33 is a backside gas heater,
the pressure and temperature of the gas (if any) applied to the backside of the
wafer through the heating mechanism 33 is insufficient to elevate the wafer’s
temperature above 200°C while the layer of cold deposited FWE material is
deposited from the second source 27. After a cold deposited layer of sufficient
thickness is deposited, the deposition may cease while gas of sufficient
temperature and pressure to heat the wafer to a hot temperature is applied to the
backside of the wafer through the heating mechanism 33. When the wafer reaches
the desired hot temperature, deposition resumes. Alternatively, deposition of the
cold and hot deposited FWE material layers from the second source 27 may be
continuous, i.e., may continue while the wafer is- -heated from the cold temperature

to the hot temperature, thus reducing the overall process_time.

_—
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waf er through the heating nechanism33 is insufficient to el evate the
wafer's tenperature above 200[err]C while the layer of cold deposited FWE
material is deposited fromthe second source 27. After a cold deposited

l ayer of sufficient thickness is deposl t he deposition may cease while
gas of sufficient tenperature and pres

tenperature is applied to the backside 01[ ethe) C\g@é?"btgﬁ?g??gﬁﬁtl}ﬁgljﬁ“ggtl ng

mechani sm 33. When the wafer reaches the desired hot tenperature,

deposi tion resunegye %ﬁt%ll’é?tw Vighikh 15‘?&9&&1&&& ff tht Bt de‘%@hﬁo@@ﬁhﬁﬁ&

deposited FVWE material | ayers’ fromthe second source may be continuous,

the hot § erpapiat b et aleeotine BoldeaprbeR bhasthef oapd AREC ™ 07 10

12 The controller 17, which is also connected to the hot
deposi tion cpeefered emBodiment coptrelstthropspasiontafdine erftiraserniganductardevioe
deposi tion chanber 15, and, in the preferred enbodi nent controls the

operation of fifiRaB6Y bystens eI TROEHHNEr IEYIER adf GHEdt6AbI cBArsloPeRiflor bf The

controller 17 allows an operator to control operation of the hot

deposition c # a nt.r ol | bl e

devi ce whi chl?ll?é;ﬁ)ogroé W%e%ag}? k} f’rggeé?ﬁbq %onﬁpggessga%vé)%r%gﬂ‘%gﬁg

sem conduct or, devi ce fabrication system 11 is deposj ted see FIGS. 2A-2B)
with a fi rstdeYleﬁl"‘i?l@éB@éq&T@WPe@ﬁ‘PéiaB?CP\WQfWMOQQ%B osi ti on chanber
13) and is deposited with a second (cold deposited) f| I m 37 and a third
(hot deposi t aemicohdutor3fvicel fabiricativin syshemh 18 épdeposited (s FIGSC2AIZB) with a

Thus, in the preferred enbodi mrent each wafer that enters the

first (cold deposited) film 35 (within the cold deposition chamber 13) and is

deposited with a second (cold deposited) film 37 and a third (hot deposited) film
39 (within the hot deposition chamber 15).

Thus, in the preferred embodiment each wafer that enters the
semiconductor device fabrication system 11 follows the same process steps
regardless of whether the wafer is processed following an idle period or is
processed during normal production. Because each wafer within the
semiconductor device fabrication system 11 receives identical processing, device
reliability is unaffected by idle periods. Thus, the semiconductor device
fabrication system 11 experiences less downtime than prior art systems, and
exhibits substantially lower scrap wafer costs than do prior art fabrication systems.
Further, the semiconductor device fabrication system 11 is more automated and
requires fewer man hours than do prior art fabrication systems and operates the

R
same regardless of idle periods. The present invention increases system
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sem conductor device fabrication system 11 follows the sane process steps
regardl ess of whether the wafer is processed following an idle period or is
processed during nornmal production. Because each wafer within the _
sem conduct or device fabrication syst emll§1 recei ves identical processing,

device reliability is unaffected by idfe peri Odimﬂrﬂé&e A 833 pThaQRduct or
device. fabrication system 11 experiences | ess downtinme than prior art,

systens, and exhibits substantially |ower scrap wafer costs than do prior

art fabrication Systinea - 2BhbRaT walthe) REMHES REMGERct A6 tfabefREuaat i On

system 11 is nore automated and requires fewer nmah hours than do prior art
fabrication stens and operates the. s regardl.ess.of idle perjods. The
resent. 1 nventt a1 Rngrses Brodhe Miiseafidbres akei tste  hES: per
unit processed. = . , ) i 13

FI GS. 2A - 2mredessedan aedordante with\thepresent inyleniaerp G- At is @ cxass petientleat ur e
51 as it progresses through the sem conductor device fabrication system 11

and is proces&eef a waksd9aftandepositibh of e MEqEsldideporieay file3s Hitkin B4 i s a
cross sectional view of a wafer 49 after deposition of the first (cold

d ited) fil k-t hi I 3 i t hi
doposi o), {1 oMbl bt 3 oSSR ERTB e cnipal oe W PV 1
preferably deposited on_ a wetting layer 53. In the preferred eﬁ&gi ment
the first (céﬁaﬂ (aeldslepesigsd) film 33 prefsrably é@@swwﬁww@agayerﬁ%- i ng

| ayer 53 conprise titaniumexhibiting strong (002) crystal orientation.
1-‘r|h(ra; 1(_'af ?E: gl, dasprq:ﬁea‘ad embbdineasihe ifinst dcold depdsitéd))filar 3S¢ahprizes elutmbtumandf t he
the wetting layer 53 comprise titanium exhibiting strong (002) crystal orientation.
Therefore, as previously described, the (111) crystal orientation of the first (cold
deposited) film 35 is enhanced. Deposition of the titanium wetting layer 53 ata
wafer temperature in the range of 200 °C and below, is believed to produce a
titanium wetting layer 53 having a strong (002) crystal orientation. Because the
first (cold deposited) film 35 is deposited at a cold wafer temperature it has a
small grain size (not shown).
FIG. 2B is a cross sectional view of the wafer 49 after deposition within
t'he hot deposition chamber 15. Within the hot deposition chamber 15 the second
(cold deposited) film 37 is deposited from the second source 27 over the first (cold
deposited) film 35. Second (cold deposited) film 35 has a first oxygen
concentration (not shown). Preferably the second (cold deposited) film 37 is

deposited at a wafer temperature in the range of 200°C and below, and is most

preferably deposited at a wafer temperature in the range of 100°C and below.

S
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deposited) film 35 is enhanced. Deposition of the titaniumwetting |ayer 53 -
at a wafer tenperature in the range of 200 [err]C and below, is believed
to produce a titaniumwetting |ayer 53 having a strong (002) crystal
orientation. Because the first (cold de Bosited) film35 is deposited at a
cold wafer tenperature it has a snall 3

ain siz FI G
2B is a cross sectional view of the wafer 49 aftgwggﬁoﬁlgp@m%ﬂ\% tDﬁLw t he
hot _deposition chanber 15. Wthin the hot deposition chanber 15 the second

(col d deposi ted) fBécHﬁd%@;é %&9@%&3?&%0 d&éazhﬁr?%ma itegparcsfd@zfepver the

first (cold deposite deposi fi1'm35 has a
first oxygen_ concentr.ation t sho Pr ef ond old
deposi t ed) fltFmPg?t“F?l%ﬁoﬁ%%s%? inﬁ@% l?oﬁl Bt ge of

200[ err] C and below, and is npbst pref erably deposited at a wafer
tenperature |Sﬁcqnde(c¢1drdgposgﬂed)1fnln[ 387.rththanddhbtedepuosited) film 39 is deposited
14 Because the second (cold deposited) film37 is deposited at

col d wafer tfeiheerdedéBsoutce! TS Thethikd (hof depd3iteéd)ZRm( I9Has 2¥e¥shd. oxfygkh OW Ng
deposition of the second (cold dep03|ted) film37, the third (hot

deposited) fi { Tethlrd (hot
deposited) f |4°m%3ra¥1§s?r%?§ (J():‘grﬁd P(S?g/%lg]’}' gggﬁgfﬁpggﬁp%g ﬁgﬁp 3ghgwn)
Preferably the third (hot deposited) film39 is deposited at a wafer
tenper at ur e i9¢Ppsitedrahageturtermpaatues ijthe g6 0H3¢RTG }@006{’&3 apd isFpaest
preferably deposited at a wafer tenperature in the range of 400 [err]C to

550 [err] C. pieferabdedépositédutadvifrcemperaonte ircthe ririge of 300 PG t6l8§03Ct ed at hot
waf er tenperatures it has a large grain size (not shown).

Because the third (hot deposited) film 39 is deposited at hot wafer temperatures it

has a large grain size (not shown).

It is understood that the second (cold deposited) film 37 and the third (hot
deposited) film 39 are consécutively deposited (that is, a period sufficient to cause
the First Wafer Effect does not occur between deposition of the second (cold
deposited) film 37 and deposition of the third (hot deposited) film 39). Further,
the first (cold deposited) film 37 is deposited from a ﬁst source-.of a FWE
material (e.g., the first source 19 of FIG. 1), and the second (cold deposited) film
37 and the third (hot deposited) film 39 are deposited from a common, second
source of the FWE material (e.g., the second source 27 of FIG. 1). In the preferred
embodiment the first (cold deposited) film 35, the second (cold deposited) film 37
and the third (hot deposited) film 39 each comprise the same FWE material,
preferably aluminum or aluminum alloys.

The thickness of the second (cold deposited) film 37 required in order to

reduce or eliminate the First Wafer Effect will depend on the surface passivation
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I-t i s understood that the second (cold déposi ted) film37 and the third
(hot deposited) film 39 are consecutively deposited (that is, a period
sufficient to cause. the First Wafer Effect does not occur between '
deposition of the second (cold depositqg) film 37 and deposition of the
third (hot deposited) film39). Further,”” the fir (cal d d | film
37 is deposited froma first source of a FVWE még‘ﬁﬁTﬁ’%ﬁgN(b?%mﬁﬁ,rst
source 19 of FI G . 1), and the second (cold deposited) film 37 and the
third (hot d%ﬁ%&:{eﬁ cslofhie ﬁeﬁlﬁgﬂﬁigcﬁs oéifeﬁ.m@xeﬂ soiﬁ@é?ﬁﬁ' source
S FIG 1). In‘the

of the FWE material (e.g., the secon urce 27 o

preferred enbodi t.the.first | d de ositec%ﬁf'l 35, he, segond (cold
Gepost 1 ed) 1 APE: Dipialy fpsmvetE B G o &iobitse dep ARO0AC I B8fr  so t he
same FVWE materi al, referably alum num or alum num all oys. The

t hi ckness of tomn@‘@cﬁlﬁ)df\(fmmt!nedelpto@,iat@d)tlﬁdknmss:f approwimatelyiS@ Avshimld t o
reduce or elimnate the First Wafer Effect will depend on the surface

passivation be deposited. For a specific application the thickness recéuired of th&second (cold
characteristics of the FWE material being deposited. An alunm num source,

f | e, ' LS . i vat b t Surf f 100
n i ordor ERSRIAEER 30 5B BedBl et R Bheret R oRffodigit ©
approxi mately 50 A should be deposited. For, a specjfic application the

t hi ckness r edfitheesgeqsd (cpld @E@%ﬁé&ﬂ@bﬁals deppytedifeliwing amidie paripd thse easi |y

determ ned by those of ordinary skill in the art. |If the second (cold
deposi ted) fidevoriif{cokl déppsiretd) filin B? Mhilbexltibit athighet exyehicofcdneatiorsthanond (col d
deposited) film37 will exhibit a higher oxygen concentration than would a

filmdepositegoddbifig RPbARA RS U6 BrodiitSn. THRIWIERASdsied
following an idle period, the oxygen concentration of the second (cold deposited)
film 37 is higher than the oxygen concentration of the third (hot deposited) film
39.

Test results demonstrate that the combination of the_cold deposited film 37
and the hot deposited film 39 (despite the higher levels of oxygen incorporation in
the cold deposited film 37 of the first wafer) exhibits the same degree of
reflectivity and crystal orientation (preferably narrowly distributed) whether
deposited following an idle period or deposited during normal production. Th'e
present invention has been tested on systems that have idled as long as 12 hours —
and no First Wafer Effect occurred. Accordingly semiconductor wafer fabrication
systems employing the present invention will no longer need to run dummy
wafers after equipment start up, will experience substantial productivity increases

and will achieve reduced cost per unit processed.
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foll owi.ng an idle period, the oxygen concentration of the second (cold
deposited) film 37 is higher than the oxygen concentration.of the'third
(hot deposited) film 39. Test results denobnstrate that the

conbi nation of the cold deposited film3¢ and the hot deposited film 39
(despite the higher levels of oxygen incorporati @jxarhoctelo. qglﬁvgwm t ed
film37 of the first wafer) exhibits the same degree of reflectivity.and
crystal orientation (preferably narrowly distributed) whether deposited

follow ng an idl e Therforegoiap ddspiptibi didcideds onlly therpierred atbsdimenits of ke
present invention has been tested on systens that have idled as l ong as 12

hours - and; ﬁ%nﬁbﬁSMo\éﬁ"ic%’ﬁoﬁ §ﬁﬁé al?o%%&%%edﬁ“e‘ﬁﬂfdddn ﬁf ki QRgpict or

waf er fabrication syste the p Inven no | onger
need to run duy vvafers fter equi n art up, wl I rlen

subst ant i al aw%&wwﬁtﬁ%wsgw Wﬁﬂkaep Wﬂy apsATa to the iﬁbr uni t
processed. _

REPLACENMVENT Shifli€Tart. For example, dltheugiv thegmiting theshanisnt isalepittegldsases only t he -
preferred enbodi nents of the invention. Mdifications of the

above- di scl oSREHERIATE: AR A @ 49 tieltabic bisht of e, bibe: BectRRishls  he

i nvention will be readil'y ‘apparent to those of ordi nary Skl In the art.

For exanple, although the heati nismis d chani sm f or
2opl v ng” not nuARE Besriagior Rl edBat Bt Sre or S0, el Sl e o

waf er heating for exanple radiant heat sources or RF heat 'sources may be
enpl oyed ei t FEpleyedreitheralpne erdnispmbination. Funthendheat maeybe applisddo plases ed to

pl anes other than the back plane of the wafer. Alternative nethods of

deposi ting t hether than the back plane of the wafer. Alternative methods of depositing the

FWE mateﬁal including sputtering, thermal evaporation, electron beam
evaporation and the like may be employed and the deposition material source may
be located at various positions within the deposition chamber. Although the
pfeferred fabrication system employs a programmable controller, apparatuses
employing a simple switch or other manual control mechanism would fall within
the scope of the invention. In short, any method or apparatus which heretofore
has resulted in the First Wafer Effect, and which hereafter employs cold
deposition within a hot deposition chamber in order to avoid the First Wafer
Effect, is within the scope of the preseht invention; the present invention includes
any method or apparatus which employs cold deposition within a hot deposition
chamber for the purpose of reducing the First Wafer Effect. Thus, while the
present invention has been disclosed in connection with the preferred

embodiments thereof; it should be understood that there are other embodiments
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FWE material including sputtering, thermal evaporation, electron beam
evaporation and the |li ke nay be enployed and the deposition material source
may - be |l ocated at various positions within the deposition chanber.

Al though the preferred fabrication systemenploys a pr ogr am*rabl e
controller, apparatuses enploying a sinple switc manual control
mechani smwoul d fall within the scope of the in\/le}ﬁgi 5%4? "‘é‘ﬁy -
nmet hod or apparatus which heretofore has resulted in the First Vafer

Ef fect, and wihatfallneitida thedpitrmdey, SRR,

deposi t| on chanber in or derp to avoi&%leqﬂgellglc}r st V\afer n%%?ﬁ?&lﬂ%%thl n the
scope of the g \Alafn%?nt i nvention; the present invention includes any nethod
or appar at us I ch enpl oys col d deposition within a hot deposition chanber
for the purpose of reducing the First Wafer Effect. Thus, while the

present invention has been disclosed in connection with the preferred
enbodi nents thereof, it should be understood that there are other

enbodi nent s 17
that fall within the spirit and scope of the invention, as defined by the
followi ng clains.
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VWHAT IS CLAIMED | S: 1. A nmethod for depositing film within a
sem conductor device fabrication system conprising: '
depositing a first filmat a first wafer tenperature in a first deposition
chanber; depositing a segond filmat a second wafer

tenperature in a second deposition chanber; and ositing
athirdfilmat a third wafer tenperature int heAhéIéggﬁa‘abéoébgyiPyPg“ﬁp _

chanber ; wherein the second and third filns are

consecut i vel ywwHAIOR Ce¢AIMEDRa common source of an FWE material, and
wherein the fThird tenperature 1s higher than the second tenperature.

2. The nethod qof clagim erein .t.he.first. wafer .tenperature is in the
range of 200[err] % and%w&w&@or éeeposﬁmg ﬁg‘?‘s m%se%?q{@gctgf d?:‘flgﬁ m 1 wherein
the second wafer tenperature is in the range of 200[err]C and bel ow.
4. The nef#hsicabon sysaME@NPYBNGi n t he second wafer tenperature is in the
range of 100[err]C and bel ow.
REPLACEMENT SHEET depositing a first film at a first wafer temperaturelil a first
deposition chamber;
depositing a second film at a second wafer temperature in a second
deposition chamber; and
depositing a third film at a third wafer temperature in the second
deposition chamber;
wherein the second and third films are consecutively deposited

from a common source of an FWE material, and wherein the third temperature is

higher than the second temperature.

2. The method of claim 1 wherein the first wafer temperature is in the

range of 200°C and below.
3. The method of claim 1 wherein the second wafer temperature is in
the range of 200°C and below.
4, The method of claim 3 wherein the second wafer temperature is in
the range of 100°C and below.
|
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5., The nmethod of claim1l wherein the third wafer tenperature is in the

range of 300ferr]T and above. : 6. The nethod of claim5

wherein the third wafer te.r‘r_gf_rature is in the range of 300[err]Cto
““The met hod claim5 wherein the third wafer

600[ err] C. This Sheet Has Beeiﬂl{epl'

tenperature i e of 400[err]JC to 550 ] _
The met hod of Hmmm& t‘m hFfATIsckey No. 1321/PVDILW
9

I n said depositing the rst m conpri ses
depositing the first filmon a wetting |ayer. The net hod of
claiml wherein the first filmconprises the FWE nmaterial . 10.
The met hod of claim9 wherein the FWE material conprises alum num

Lomer at ur 65, and &t i URGRARFOEoed Lmelsi e (R8T Baler Ml LR, o1

period occurs, a third filmof a first wafer deposited followng the idle
peri od exhi biraage:pf 300°C and above.

6. The method of claim 5 wherein the third wafer temperature is in the

range of 300°C to 600°C.

7. The method of claim 5 wherein the third wafer temperature is in the

range of 400°C to 550°C.

8. The method of claim 1 wherein said depositing the first film

comprises depositing the first film on a wetting layer.

9. The method of claim 1 wherein the first film comprises the FWE

material.

10.  The method of claim 9 wherein the FWE material comprises

aluminum.

11.  The method of claim 9 wherein the first, second and third wafer
temperatures and a thickness of the second film are such that when an idle period

occurs, a third film of a first wafer deposited following the idle period exhibits a

028 O AR P
[ | .
* < L M $ *
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first reflectance which is substantially equivalent to a second reflectance
exhibited by a third filmof a subsequent wafer deposited during nornal

producti on. 12. The met hod of claim 11 wherein the thickness of
the second film is at |east 50 A - 13. A solid state electronic
devi ce produced in accordance with the nethod of | 14.

A solid state electronic device produced in accopggﬁémﬁ}??’i l%ﬂéPVDr/r[év{ho,d of
claim1l 1. 15. A sem conduct or device fabrication system
conprising: first reflectance which i8 shbstitialle B@svAleto aRecHdrefltaridte pRBibited'g 2
first filmat a first tenperature; a second deposition

chanber, openat, I i . Lt for
depositing a bgeacﬂéﬁé)fifh?lﬁ}r%aasﬁ gsgh{sz%%gﬁéé rtdé E)seltregt(:ﬁ ﬁfrigé éﬁ%@@?ﬁﬁggé%si ting a
third filmat a third tenperature; and a controller,
operatively coupled to at |east the second deposition chanber, for causing
the second deposition chanber to consecutively deposit the second film and
the third filmfrdaa ciiemehsdof caindll wherin e tidckmdss ofithe sedond film

| REPLACEMENT. SHEET

is at least 50 A.

13. A solid state electronic device produced in accordance with the

method of claim 1.

14, A solid state electronic device produced in accordance with the

method of
This Sheet Has Been Replaced
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15. A semiconductor device fabrication system comprising:

a first deposition chamber for depositing a first film at a first
temperature;

a second deposition chamber, operatively coupled to the first
deposition chamber, for depositing a second film at a second temperature and for
depositing a third film at a third temperature; and

a controller, operatively coupled to at least the second deposition
chamber, for causing the second deposition chamber to consecutively deposit the

second film and the third film from a common source of a FWE material; wherein

[
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21, the first, second and thi rd tenperatures and a thickness of the

second film ar’IﬁmsﬁééﬁJiL an-idle period occurs, a third filmof a
first wafer dep ngtheldle peri od exhibits a first
refl ectance whi

ally equahito a second reflectance exhibited

by a third fil m t wafer deposited ,gifgkeRS. qunéﬁ,rm‘c{yct I on.

16. The system of claim 15 wherein the first dep05| t1on cha
conprises a first source of the FWE naterial. 17. The system of

claim 16 fur tthefirsg Q8dndsnd $hird 1ipkiafes s thickhadsifthosesid fikg)dre coupl ed to
the first deposition chamber for depositing a wetting |ayer prior to

deposi tion of {:t?ﬁxa{ éﬁaﬂid&e{%ﬁl{gd oceurs athilrﬁ film om%%éty\?/um S%Iosﬁéda' m 17

wherein the me a er i SEs

19. The sy mof cl 17vvhre|nthef|rst d sition chanber
long throw déj %hFaPPé@ﬂ exhibits a first refjggtance vﬁlﬁlslwl&%l@ﬁx Fﬁ‘i‘qlrfolg
wherein the second deposition chanber is a standard throw deposition
chanber . a second reflectance exhibited by a third film of a subsequent wafer deposited

during normal production.

16.  The system of claim 15 wherein the first deposition chamber

comprises a first source of the FWE material.

17. The system of claim 16 further compﬁsing a wetting layer
chamber operatively coupled to the first deposition chamber for depositing a

wetting layer prior to deposition of the first film.

18. The system of claim 17 wherein the wetting layer chamber

comprises a titanium source.

19.  The system of claim 17 wherein the first deposition chamber is a

long throw deposition chamber.

20. The system of claim 19 wherein the second deposition chamber is

R l

a standard throw deposition chamber.
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22, . — 2k ——The system of claim20 wherein the first deposition
chanber conprises a particle screening device. 22. The system
of claim 1'ﬁnsvﬂh®|tﬁasrBe¢1ﬁ@P1ﬁ¢eflst filmis deposited at a first pressure, the
second fil Et a second prggsure and the third filmis
deposited a ure. _ 23. TX‘I@A?)&%&I&M@ﬁsﬁ)P@bmv?Z .
mhereln sai er and said second chanber are a single chanber.

The system of cI aim 22 wherein the first tenperature, the second .
terrper ature and tRe. t hiThd sysemer alain 20 avtRrein Hiefiseddpesition ahanilser

25. A solid state electronic dewce conpri si ng a first
FVWE mat eri al &h %rﬂﬁfﬁc?églﬂ cedrain structure; a

C
second FWE mate aﬁ% 1T mon %%ll rsf FWE material film said second FWE
material fil mhavi ng a small grain structure and a first oxygen
concentrati on; athird F\WE material filmon said second FVWE

material film said third FWE material filmhaving a |large grain structure
and a second oxygéd. cdheesydtemtof olajm 15 wherein the first film is deposited at a first

pressure, the second film is deposited at a second pressure and the third film is

deposited at a third pressure.

23.  The system of claim 22 wherein said first chamber and said second

chamber are a single chamber.

24.  The system of claim 22 wherein the first temperature, the second

temperature and the third temperature are a single temperature.

25. A solid state electronic device comprising

a first FWE material film comprising a small grain structure;

a second FWE material film on said first FWE material film, said
second FWE material film having a small grain structure and a first oxygen
concentration;

‘a third FWE material film on said second FWE material film, said

third FWE material film having a large grain structure and a second oxygen

AR

concentration;
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23 . REPLACEMENT SHEET wherein the first oxygen
concentration is higher than 'Eage second oxygen concentration.

26. The devi Buis Yppet e SR20fferein the third FWE material film conprises
a crystal ori entm iﬂ- narrow digtri bution. 27. The
device of claim d first F mat er i i 0 FWE
material, said second FWE material film conpri se@f“%éog\ﬁo'%@?ﬁa ‘ﬁland t he
third FWE material filmconprises the FWE material. _ 28. The
device of cl qinehl tﬁé‘fﬁét?‘dx@g&xhé‘orﬂ\ﬁxﬁﬁh_ 8§ h%x\%‘ e thelsScor@l kFhEHM

29. The device of claim 27 wherein the material 1s an alum num

al | oy. The device of claim28 further conprising a titanium

_ 0.
wetting angI}ceﬂﬁat?oé)rn the first FVE material layer is on said wetting
| ayer. 31. The device of claim?29 further conprising a titanium
wetting |ayer, wherein the first FWE material layer is on said wetting
| ayer.
26. The device of claim 25 wherein the third FWE material film

comprises a crystal orientation having a narrow distribution.

27. The device of claim 26 wherein said first FWE material film
comprises a FWE material, said second FWE material film comprises the FWE

material and the third FWE material film comprises the FWE material.

28.  The device of claim 27 wherein the FWE material layer is

aluminum.

29, The device of claim 27 wherein the FWE material is an aluminum

alloy.

30. The device of claim 28 further comprising a titanium wetting

layer, wherein the first FWE material layer is on said wetting layer.

31. The device of claim 29 further comprising a titanium wetting

layer, wherein the first FWE material layer is on said wetting layer.
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