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PRI MER BACKGROUND OF THE | NVENTI ON 1. Field
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produced had significant physical defects, such as cracking, peeling, etc. it was
impossible with the prior art processes, particularly sputtering, to reliably and
repeatably produce metal oxides with a specific stoichiometry within tolerances
25 required for integrated circuits. Some processes, like CVD, could be dangerous or
toxic. All required high temperatures that were destructive to an integrated circuit,
and provided poor “step coverage” of a substrate to be covered; i.e., the prior art
techniques resulted in a relatively excessive build-up of deposition of the film at the
boundary of any discontinuities on the substrate. In prior art liquid deposition
30 processes, it was impossible to controf thickness with the degree of accuracy that
is required to manufacture integrated circuits. As a resuit, up to now, metal oxides
have not been used in integrated circuits except for one or two specialty, relatively
expensive applications, such as the use of sputtered PZT in ferroelectric integrated
circuits that were expected to have short life times.
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apparatus for producing thin films for integrated circuit applications
has”been descri bed by several of us. See United States Patent No.

5, 456, 945 |swgl,,3@_%ober 10, 1995. Wiile the method eﬁfclr ,gan%perel n
for thin ,vms

proyi des great inprovenent over prior art nethods,
about 1000 Angstrons or |ess, serious problens in step coverage and the
qual ity of the fil nsRecantly.a disteddepositiony methodwof pad appamtusdoc prodacing thin

i nt t ed i . t hod and
Lot e o PPk doratls B oot 50 GhEnd By WG TR S8
such as netal oknited Stdtes PagntiNo. 5,456,845 lisseed Ociahert10a 995 Whitenthetmetddf or

i nt ted ci h

SUMARY oF e DRAsERRT e ProBs biedk irhSiemiahi over, prir art metheds. & thio fims
many pr obIt ens aoﬂadotstamwmmt mst or le8s ssarictisgitobleins |hrmmcﬁgé?ﬁgé %Eiadthd

i ncorporatin ri Ion S ess escri pe In
e Bor ot "R Pt of S Pl 65,7 §BRe tBinet i pemitinore; campact integrated

si nul taneously dirduits,!it\Veoul® B Righly desiftibié forhae @ANEthed and BppdiratliB thatipPdduces

generator is 15  incorporated into the apparatuys The i nvention

provi des a et hB@%ﬂ“Q'%m'Eﬂm%Qf prmﬂdi isueh 28 metaloxides, havinga

conprising the %%ﬁs@fess(tﬁén 000 driisfom3 fbr tdigratBa it ar(cbbthaf %'ﬂhﬂ@n@
l'iquid precursor; (c) pl aC|nﬂ a substrate inside an encl ose

deposi ti on dRanber, (d) ARY-0P THEINVENTEION t he 1iquid pri rrer

(e) flowing the pri E]ﬂe%&n f‘co?& t
| ayer of the pri marnﬁq o‘tnlh{' uqtgg rat stﬂ??@ydr&ﬂpr o%g a %{y@ rsor
m st of the |iqesspcigt ﬂﬁmwn@mmmgmampmsmemssbn steps intarthegh
t he deposition t4 e Qi .
substrate; (h) trea {l}g&f{?ﬁw | qur d %ﬁ%?ﬁt@?’tfﬁégﬁ@%%ﬁgﬁpﬂ{@%ﬁ
forma film of simultasebusly with ¢he deposition ¢fithe pranuirsor. Any ptilmer Misigenetatamis of
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2 through the deposition chamber to form a layer of the precursor liquid on the
substrate; (h) treating the liquid layers deposited on the substrate to form a film of
solid material; and (I) completing the fabrication of the integrated circuit to include

25 at least a portion of the film of solid material in a component of the integrated
circuit. Preferably, the liquid primer comprises a primer solvent selected from the
group: 2-methoxyethanol, xylenes, and n-butyl acetate. A hexamethyl-disilazane
(HMDS) primer has also been found to be useful. Preferably, the precursor
comprises a metal bompound in a precursor solvent, the metal compound selected

30 f{from the group: a metal alkoxide and a metal carboxylate, and a metal
alkoxycarboxylate. Preferably, the precursor solvent is the same as the primer
solvent. Preferably, the step of flowing the primer mist into the deposition chamber
is performed while maintaining the substrate at ambient temperature, and while
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PCT/ US97/ 03046 mai ntai ning a vacuumin the deposition chanber.
Preferably, the steps of flow ng the primer mst into the deposition
chanber and flowi ng the precursor mst into the deposi ti on chanber are
perfornmed si mybanasis! y. Preferably, the vacuumis bet WRETTUS97/03046
approxi mately 100 Torr and 800 Torr. Preferably, the method further 5
includes the step of filtering the primer nmist prior to th

e step of .
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primer m st CONprigfsap) %%@ﬁﬁ%&%&l 'll’ﬁHéHdiﬂ%ﬁaPsthléf‘hwﬂq @bluréu@bmﬂe:ém

priner to formthe priner m st ably, he ste trasoni cal |

vibrating 20 cormmqmsta@amalmmmmcba@bgméom ammeﬁwmm#r%é bg/
controlling one %Ovptgk?.qtﬂ the 'de &ﬁm&%ww 1hb rhélfod! bisbdRAHES the

vibration. Prefer roduci ng 'a precursor m st
conpri ses ul t rasoadditidriay stapl»faapplyylgaulqaunlet radiation:tpone;cf thejprimer mjst apd the

to formthe pr t
conpri ses adj L]§ %&’ﬁ? ﬁ&}yﬁi&%&@ﬁ ??@A@th%éw& ﬁS{tcP{éerISég'Ol;{HrF%ﬁaHyng
one of the 25 f rthq@ep:pf treatirgpomprisgs apblytﬁgeultlaﬂoles mdlatiow tooaeiaf the primer
Preferably, the s reatl
group of drying, %@g‘f g W&H‘%@ﬁ‘%‘b@@éqg&gﬂ p05| %'Pag@b?\ﬂe?ﬁbﬁ%?
substrate. Pref er piolducingleprithémist comprisies mgrasonhan;subraﬁng Iarq;lanhty of theeliquid
liquid prinmer and_the uid precursor_| d
Preferably, the sP¥p® 'b# g?”{ﬂ Hf? BIOMBY N%saﬁéﬁp&r ﬁﬁ)%sgeg %@Dspﬂ?ﬁé@h
pressure 30 20 t bﬂnﬁﬁwadjmﬂmgcmewbﬂble size of the pnmerlnnstahy)edmllmg;metqf thee
i nvention provideg a method of f I C n g | the
met hod conpri si n_gF pRYengy d &“P"?‘-L# ﬁfi{;\? %}rﬁﬁorgc M%ﬂ' IF? %&bﬂ the ‘J(‘%B of
gr oviding a liqui ﬁcauaﬁgamhmbamum@umﬁwmmmmaumyeofm@md
precursor to form the precursor mist, and the step of ultrasonically vibrating
comprises adjusting the particle size of the precursor mist by controlling one of the
25 frequency and amplitude of the ultrasonic vibration. Preferably, the step of treating
includes one or more steps from the group of drying, heating and annealing the
layer deposited on the substrate. Preferably, the step of treating comprises drying
the liquid primer and the liquid precursor layers deposited on the substrate.
Preferably, the step of drying comprises maintaining a sub-atmospheric pressure
30 in the deposition chamber.
in another aspect, the invention provides a method of fabricating an
integrated circuit, the method comprising the steps of: (a) providing a liquid primer;
(b) providing a liquid precursor; {c) placing a substrate inside an enclosed
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PCT/ US97/ 03046 deposition chanber; (d) producing a prinmer m st of the
liquid primer; (f) producing a precursor mst of the liquid precursor;
(e) flowing the msts through the deposition chanber to forma liquid

m xture of thg; 7}3£§i‘ and precursor on the substrate; (h) éﬁﬁ“ sNg t he
liquid m xture eposdlited on the substrate to forma film of sofds terial;
5 and (1) conpleting the fabrication of the integrated circuit to include
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integrate CII‘CU vide
appa?at us for fa m'@'%ﬁmqungﬁﬁmﬁﬁ h%%@'%a@a‘ﬁﬁ%ﬁgos'&
et 07
Wi

liquid prinmer; ' I totam a film 'gdﬁ'ate'?%
nmeans for flogi néhd tnlEo&h?ﬁﬁhg 'Ihé\‘ab?i&dtlérhef tHeCiftogPdted Birelit tdineiude dtheast a
deposi.tion er | ayer on the substrate, the liquid

| ayer conpri si ngp‘?'H@" of the fijm |°Fré9"q 'F‘ﬂ‘%ﬂ"&' 'HW"BMJF% itegratedi dircuibng ( h)
means for treating the dmwr%sWQﬁe inventi&® ?Fb%!de%%@@}pﬁd?ﬁ(u%%ﬁfabﬁ&ﬁm?éhﬁ orm
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hi gh-quality fil r nd
Appar atus. | Ot ner TREpeor 1oWly thE thiher ik Cutd 118 pick Mk T ¢ tip P

gr esent : i nventi oﬂtambér tb éoronra liggpjdblayert orf thensubstrate| the liquld! &ayengouipﬂanggtlg -
escription in cQp - i .

OESoR! BT O O S BfcHic Bt vidpradirsdf tifiChid (n) means for Ateating the.liquid. (Aves
thet ﬂep_osi t ingn cﬂayds&edpnth}%str?teatorh’uﬁaﬁlmofsolﬂemf 'rlalim?ha)sabaﬂr:tachr dut ng
o the inven L Sor LS 9 ameiapaﬁean ex%af
nozzl e asse by of tﬁlgleuse F@W%&G&!’?"s Sy

Ie:InIGar ged pl an \éla«idofﬁlm(ghaltsﬂow bmf Iwrh?etmwtegﬁm]gfd‘abmfs gawngﬂoweﬂt 2;

is a scheymajic side vi a_m ratqr of .a m sted deposition
30 system accor dg% age, cuprent. rﬁ’@ﬁﬁ?’&nq"aﬁy FFEplex jcompoupds. can be
plan view of a bfabﬁﬁtem'ﬁﬂf oraven &&ﬁnm:dtﬁﬁs@tofmﬂhmnest myﬁifhhﬁ?ﬂfnﬁé;
0

accordlngtothelnventl is a flow chart W|ngt e

pr ocess of fabri¥#icey daﬁelfﬁP'é@?'%q é’ﬂtthF“?!uP'i"mses and apparatus. Other objects,
20 advantages and salient features of the present invention will become apparent from

the following detailed description in conjunction with the drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a cutaway side view of the deposition chamber portion of a misted
deposition system according to the invention;
25 FIG. 2 is a plan view of an intake and exhaust nozzle assembly of the
system of FIG. 1;
FIG. 3 is an enlarged plan view of an intake nozzle of the system of FIGS. .
1and 2;
FIG. 4 is a schematic side view of a mist generator of a misted deposition
30 system according to the invention,
FIG. 5 is a schematic plan view of a buffer chamber and associated inlet and
outlet ports according to the invention;
FIG. 6 is a flow chart showing the process of fabricating an integrated circuit
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PCT/ US97/ 03046 according to the invention; FIG 7 is a top

view of the preferred enbodi nent of a m sted deposition system
according to the invention; FIGS. 8 and 9 show a barrier plate
assenbly and syhhaiie N two different 5 positions to ill peireémsde
adj ustabl e rel ati onship between the barrier plate and the substrat e;

FIG 10 is a perspective view showi ng the placenent of the ultraviol et
radi ati on sour ce astdrding to the ieentiont i on chanber according to the invention;

Cireult water fabri cafGh s f e aewpsibs prerty SHbblBRot bf Alnist bbb
i ol ectric 2032322?‘?%'““#”"“?83‘;“? F“X‘E“E?TT‘}CK“SthZf ! Eggﬁ:s;,gfer%@;‘gf iy

' d - e H‘I%E’d?ssﬁ i ifioLent
S?Pﬁglr t gad rrg gﬁT Pokitiohs B iRistrate the\hdjastablerelationship bétveen the barrier plate arai tueg :

drawi ng of an el ec%ron mcrograph of a cross-section of a BST
capaci tor nmade ustR¥@epriner, and FIG 14 is a drawing of an

el ectron mcrograph ofi@ 6 42 Petspective Yew'showing the pldueftant Of tHedlraviolétout
using a prinmner. DESCRI PTI ON OF THE PREFERRED ENBCDI MENT

20 1. Overview radiation sourcgwithipithe Hapesitian chamber apqardieg te theunvertion: of a
process according to ERg 14 ggoﬁ?%&@-@eéﬁﬁnﬁf@ﬂ@vle@vﬁ@mﬁioﬁ”&-ﬁlil?ﬂéqréﬁa of

an integrated circuit nmade . process Is shown'in FIG n step
P1 a substrat 805 dircuipwefer firbricated with-theappanetus and methedsof thetavendion;' i s used

Cayers s of material SICAR If Siptabh cBbalify B 0AT Fickoese 6P 5 BYTREA b, the
in a special sensc_lielédr_iatdnstam pftteBSﬂ'éhinﬁlns iahd ttmriealagelcumpfam_anaeitm made
ThOh e e Hth BT Hf ol S o P o SRR ST o .
a layer of mater iwithoutagramesi t ed using the ~ process and apparatus of
broferably colfrises SR e dEning 8 edon fudorin of g Beshdeckibn 8t g BsT!
initial integrat ezhpacitormadel usirey & pfilér antil26, and 1128 are fabricated to
Lo apm st T2 e ) b g B ko sk b A 45 £33,
is wet grown. Typiapatiter madecwithictiBusiny @rprimer.
> DESCRIPTION OF THE PREFERRED EMBODIMENT
20 1. Overview
A flow chart of the preferred embodiment of a process according to the
invention is shown in FIG. 6 and a portion of an integrated circuit made by the
process is shown in FIG. 11. In step P1 a substrate 5 is provided. In the art, the
term "substrate” is used both in a general sense in which it may be any one or a
25 number of layers 5 of material on which a layer of interest 1130 is depasited, and
in a special sense in which it denotes a silicon wafer 1122 on which an integrated
circuit 1110 is formed. Unless the context indicates otherwise, the word substrate
herein will indicate any object on which a layer of material is deposited using the
process and apparatus of the invention. The substrate referred to as being
30 provided in step P1 preferably comprises a P-type silicon wafer 1122. In step P2,
the initial integrated circuit layers 1124, 1126, and 1128 are fabricated to form a
substrate 5 on which a metal oxide layer 1130 is deposited. First, an approximately
5000 A silicon dioxide insulating fayer 1124 is wet grown. Typically, the Sioz layer
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PCT/ US97/ 03046 I's etched to formthe shape necessary to create a
given integrated circuit device 1112 upon deposition of appropriate

| ayérs of titanium 1126, platinum 1128, dielectric 1130, and plati num
1132. The bot ah@actrode 1127 conprises a thin | ayer
titaniun1neta.832%§§|ted on the silicon dioxide -1124, prefe?%%ﬁ@”
sputtering in situ, and a 2000 A thick el ectrode of platlnun1dep05|ted on

t he titani isratdﬂeﬁaofwneﬂwm riapesqm;toecreagégvem tntsgr&pd drouitdévice | S
meant that both titani umand th atin dW|t ut
br eaki ng vacuum HAlié‘p? tdgﬂpﬂ’ﬁp gaﬂm{eﬁﬁ% Qyiﬂﬂ" 3% Bit
di ffuses into tHeletric 1130, dh@piatibum T 32| Thé bowom electroted 1437 csmpnsdgea thin

pl ati num 1128 i n adherin I OX A lLayer 1130 10 of

h |
a material such!ayer ﬂ?ﬁ?fq‘ %%trftwge'?ié&% %‘SQN'&IS'U‘E‘?’} ‘i"%‘ﬁﬁ b Ppipeabit B and
met hods of txe bﬁ)tfyﬁhb% situs QH& Saedo@@ IAom.ckAéle&hﬂfe 3p€ranm.h BePbsiteden Yhe

pl ati num is depoSited on | ayer 113 I's then

anneal ed, patt eFW@ﬂ-’"‘Mﬂﬁ preferaphphnsemmn "pﬁ@teaﬁ"'" st '%ﬂ@ﬁ@blhébbmhtthﬁ t he
el ectrode | ayer tithhitfh Elg%mé’ﬂwﬁﬁum are s?ect &4 witho hf‘ﬁt"eﬁlfgiﬁg%ﬁurﬁm}:ﬁ h@ﬁiﬂn?es

1112, one of which i1s own I n Cross evi ces

are tested by clawercti2bisoptional. Muno:sedhiédﬁysqs into/theesilicon dioxidet ang! platinuion um

L . e WS 08 S M i, Al 10

In step P6 d0r phematmqlrsuphrasd’zw ar BSE mtmheiapgentqdmtdmngam apphiratussanh

et hoxyet nanoftepgEofdi3hiebborfupds3pl Bafi: Rhig: 20084 i 1132 ot iatinymy o
(HVDS) though its dappsﬁed:bmlma layer 113ﬁleThe wafesf1 1d°n$)thmra}jmealedr patiesmadagitth S,

h f | . f d
S0l vent,  whet nef Brptpmask Brieate. B Gefied town o toRiiorERig ey 1126 o Gigalte,
is the final SObMoﬂﬁtédﬂﬂeﬁrmt deviced 11E12, bre of Which @3 steovin inferdgssection

d t 2. which will bed, bel
Some. o vent'$ ¢ IniG. y&ﬁha@v@ege%%"sp@vmé& roneutend of B et elnues o "
boi I'i ng points, the hmtnnetﬁcmhell@erauz@aﬁeoontactmbthutomaleléctrbae@yar1132

1- pent anol (117 rr] C), 2-pentano ano 157 [err] O,
2-hexanol (136 &'ﬁaﬁnﬁ&aﬁ%ﬁo '8 ?ﬂéﬁqg‘lﬂ Aol (146 [err]C),
2- nmet hoxyet hangl stégd P6 &)pri Pféfiéﬁémaﬁ%e bﬂét‘é{red birﬁbdmfmi this step
2-met hyl - 1- pent anol (148 C' ones,, such as 2-hexan met hyl butyl

ket one) (127[ er FPROPrises. providing 2 q"&O"‘Vrﬁrﬂ singiecsaivant, h§H°h|%so 'ﬂﬂ
(116[err] C) ,203- Qg@ﬁ&”ﬁ%tﬁ '&%ﬁé&e %h&k&dﬂ&ﬁﬁ&ﬁénlaﬁ&ﬁé(HMDS) ﬁ%ofgﬁﬂ?‘nay a?clude ]

cycl ohexanone (1 esters, such as butyl acetate

met hoxyet hl aceth@er wngtmnp@yverahsplm IFUY 88 W9 onpperegfthe M[@?ﬂ?’@
ot hers, 'SUE 25 sovents A1 HRGGHUE bANantShlied 66 a GnglSoeicr ¥ tcitbuof !

(190 [err]O); omatic
solvents is the final solvent of the precursor, that is, the solvent of the precursor

that is applied in step P22, which will be described below. Some solvents that may
25 be used as the primer, together with their boiling points, include: alcohols, such as
1-butanol (117 °C), 1-pentanol (117 °C), 2-pentanol (119 °C), 1-hexanol (157 °C),
2-hexanol (136 °C), 3-hexanol (135 °C), 2-ethyl-1-butanol (146 °C), 2-
methoxyethanol (124 °C), 2-ethoxysthanol {135 °C), and 2-methy!-1-pentanol (148
°C); ketones, such as 2-hexanone {methy! butyl ketone) (127 °C), 4-methyl-2-
30 pentanone {methyl isobuty! ketone) (118 °C), 3-heptanone (butyl ethyl ketone) (123
°C), and cyclohexanone (156 °C); esters, such as butyl acetate (127 °C), 2-
methoxyethl acetate (145 °C), and 2-ethoxyethyl acetate (156 °C); ethers, such as
2-methoxyethyl ether (162 °C) and 2-ethoxyethyl ether {190 °C); and aromatic
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PCT/ US97/ 03046 hydr ocar bons, such as xylenes (138 [err]C - 143 O,
toluene (111[err]C), ethyl benzene (136 [err]C) and

hexanet hyl - di si |l azane (HVDS) (125 [err]C). In step P8 the priner
is applied to yBesupstrate 5. In the preferred enbodi npgi,

descri bed in detai elow, the prinmer is msted, is screened 5 through a

mesh filter 310, and is applied to the substrate 5 in a deposition chanber
2. The term "ni sthydecarbees| sheh a8 xylenes (138 1o d 143 °€), teluene(id 15C)aethylgenzene

ied b Th |, which i
goner al 1y det i ned 96 °G) Saf noiTRryFoazd e LNASE) A2 8P 01 T Ol o
palr ]['i cl est ihn a ggsi _ Tlrg stap' Parm_atpraha;)isit appliedicto ma/amtrl,ate 5. Inathboprefexsed 0
wel | as other nebulized suspensjons of. .precursor.sol utian in. a :
Si nce the above t@@ﬂ&?k%gs?égﬁmwp&ggﬂféémsiﬁe‘?" ?{égd@ﬁeﬁlr 1§ %‘%ggréﬁﬂé
noz ] are eci se,t{\ﬁmgntﬁ hRashaifet myarhﬁruppw&ddo_ 'iﬁﬂmatétd : & Sliey fﬁufmﬁﬁfﬂfﬂamw
aut hors. rein, e term . aerqgsol Is intended to include a .
suspensi ons i ncl udidds; A frpist’ @siusad hetein is de%“%(ﬁ’&ﬂ@é’%‘%‘&%%?& by,n
Parker C. Reist, @4GrRgtenthistintfudeSn actbiol, wiNesis %enera_llﬁ’deﬁheﬂ as acdonbidal

i ncorporated by reference. The term"nmst" as used herein is 15 intended
to be broader thasuspensionefsplicordiguid pagiclesinagas.cEhedergpaist alsadncludas agpor,
not be included ’ ed i f1thé preduldct \SoRkiBh irt i
radi ation ma%]. éagggﬁagﬁeg%t%ﬁg pr.lérr{grpgﬁrﬁlos?g%s i? flows ing'_o éngj&s
t hrough the ddRosPincethe aboveiesms bave arigen fiom-popuiariusage,he definitions are not

substrate 5, as s ' ifferent ga%q [STXATTag
However, in the p%%?’%ﬁﬁ%ehg%%%%ﬁgise st'yeifo)%a1 1 55%3'}3{1 P12ﬁ'a¢1§%'¥n
skipped. aerosok isHatendasbto include alithe suspensiensoincluded inrthe text Aerasol
or phot ogy. and | oRgege.ane,TaAGHEE By FaRel ¢ RéiB, MoorB il iftd, N Yo 1083,
P8. f o Izwhisb dg t?ﬁaﬁygnmrgm%;ﬁmrwei %gﬂcrterp'a!’r;ist" E’S_:E;f _laemQE@ |
5 Pre EL A0 Y 18, Fecdp s ST B S iBed SRR il
St at es Pat ent p .9, N Issue v, , -and
one detail ed exalmlnbtebd ineluded under the termi aemsbiebapng, Eﬁfenglhaviut?r(lMepdiaﬁmh in
step P20 i s usua r epar,ed ,i uanti ty, W AN or ntiJd Lne . Just
bef gr e applicati OWX?S]I‘%G[ ﬁ@p'ﬁgeteﬂpélk?%fm& @'85 3%Ht€°ws ﬂoe?@ﬂgﬁaéggt %?gﬁggit'gn
coPpentration adj dﬁmﬁz,airenle;msa_imibdiﬁtmtfbstrmt {88 shownibycthe dotted lines

opt i mum precur sor r a icatiqn. e sol ve xchange ep i
Gscriben <UD piband B2 Eariil: Bbievel ipHiasElonsl STEAATEAL Yike eng P11
08/ 165, 082. The f'amhzares‘?pyayrsor solution is preferably used as the
sole source for the entire

application of the prithBps bmat?‘g%@ei ‘1‘?@2‘57??(: Sﬁg‘é g{lstl)rot\am thd Je?:%sition of the

7 precursor results in films having better morphology and lower leakage current than
with no use of a primer step P8.

In step P20 a precursor liquid is prepared. The precursor is preferably a

25 metal-alkoxycarboxylate prepared as described in United States Patent Application

Serial No. 5,514,822 issued May 7, 1996, and one detailed example thereof is

given below. The precursor prepared in step P20 is usually prepared in quantity

and stored until needed. Just before application of the precursor, a solvent

exchange step, a concentration adjustment step, or both is performed to provide

30 an optimum precursor for the application. The solvent exchange step is described

in detail in United States Patent Application Serial No. 08/165,082. The final

precursor solution is preferably used as the sole source for the entire deposition

process following the application of the primer. However, the invention also

7
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PCT/ US97/ 03046 contenpl ates using multiple precursor sources in
parallel or series. In particular, ot her sources nmay be used in
parall el for doping or nodifying the final desired conpound.

The precursor, W s used in the present invention are St%%%f
sol.utions. ‘stabilized" nmeans that key-oxygen-neta t he
desired final chem cal conpound are forned in the process of formng

the precursor, zbfitefipiftés BSIAG multiple pPddiiédr 6uRes nrs;sathlta or §Biés. v paitictiar,
aspects. Fi rst t he sol utions do not react or teriorate en stored

over noder at el y SRR FOMEGESIARY besased in paralielioR daring PFnE'EPd'fY'"g the dipak desired g

the precursor regpipgyusd.abl e throughout the deposition process and 10 form
at least a portion of the bonds in the final desjred chem cal  conpound.

That is, the nempm‘}@@r 'WWM@VWEW%PWWW“%QWM‘M
Fﬁzsfitgelwggséi ?Z*(frene?tgl -omg sk % @8 4 Bbﬂd%%fﬁ?é&écsc'or |ng to gﬁ
met hod of the prcemwndmemm mtthe psocsasern!dormm the peecumor,panst alterosuch
liquid is evenl t

t enper at ur e. Fb?’f%{n#]a%ﬁi%l en errpera ure génlg f‘ﬂsg’elpénperaﬁgre ot repgt or
surroundi ngs. Ttdelemate whemstdred mallmddneatelydmgaperioﬂa.rsettmdh&mtbdnds forivied
2ppl i od. the Bt i sroGrsiiakiel ek iFyehat fe SePBlincihmceet tatle:
t han room E) mmewmmataeas't@ portich ohihe bmdymmeghaldasﬁeﬂehmlcagcﬂmdurﬂdmd a
vacuumis elnga ied to tre subst r at

t enperature can Tf ﬂéﬁm g?"i’?l!{hmfac%?ﬁ“’s‘"’ r@%‘mﬂfﬁpg%aﬁhﬁu%mhe

above, in gener aleposifigh Srotess e TRAMIAG MRtalBXygRA bonds of lieé ksl iesiped metdixider 1] C
and 100 [err]C. Preferably anbient tenperature is between about 15

[err] C and 40 [ &PMPEUNGS As wi |l be discussed further below, a key

aspect of the flow ppeseing @ thBahethod of tHaspredent wtv&nﬁéri"&ﬁé's&%&ﬁédinﬁét%fa
substrate 5 via nultiple input ports and exits the area bove the

substrate 5 13 a RFAFYEN lauid Hs evenly flowed gctass and oIp: ] %F‘F@ecﬁﬁrﬁm?@d
in close proxi mtémf:&et@ced n&etﬁ &fBieRe rtbﬁP@l'alerf mbés smlaswnﬁse@atﬁré QfCfaat

a substanti al y even ¥_ |str| but ed m st across substrate

5. 30 Dur iShFound bt %t Roqadditignal hbeats other ihass the cﬂ?a tfrem th
precursor |iqui %uh’éundl (@PwmtmefsgbmatetWh&!wraaetaoﬁssaétn@aﬁﬁreaatmon

t he substrate 5. Inthls C neans any one or a
conbi nation of tteEPeRIUef thy sureyadings wil he-samawhat higherthan 0em temperature,

gadl ation, ex®CldidiiHenH UV Radidfioh i€ Beind aBplidiand™d (iR beity apphiel 5 treat

the subsirate, the ambient temperature can be somewhat less than room

temperature. Based on the above, in general, ambient temperature may be

between about -50 °C and 100 °C. Preferably ambient temperature is between
about 15 °C and 40 °C.

25 As will be discussed further below, a key aspect of the flow process is that
the mist is flowed across the substrate 5 via multiple input ports and exits the area
above the substrate 5 via multiple exhaust ports, with the ports being distributed
in close proximity to and about the periphery of the substrate 5 to create a
substantially evenly distributed fiow of mist across the substrate 5.

30 During, afier, or both during and after deposition, the precursor liquid is
treated to form a thin film of solid material on the substrate 5. In this context,
"treated” means any one or a combination of the foliowing: exposed to vacuum,
ultraviolet radiation, electrical poling, drying, heating, and annealing. In the

8
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PCT/ US97/ 03046 preferred enbodinent UV radiation is applied to the
precursor sol ution during deposition in step P24. The ultraviol et
radiation is preferably also applied after deposition in step P28.

After depositl §o meterial deposited on the substrate 5, ustiiabd | S
liquid in the pre’?erred embodi ment, is also preferably exposegrto vacuum 5
for a period, then is heated, and then anneal ed. The chem stry of the W

cure . broc esg:reféneetenﬂsadirﬁa&wv ﬁsﬁaﬁémmapm"edita the |preoursbrt sohitiohhdurily
assists in sassoci at i ng:the nmet al - OXIde nol e IEP%S & ot her . e| epent s
that conprise the&lepositioninsstepd24 The uitavioletrad I?S'FPBCS%H erap lﬁﬂépgkﬁ‘{/ﬂﬁg
and the organi cs fhodifidah step P28 Aﬁ&%&bﬁn&f tﬁ&ﬁaﬁhamneeeﬁmmm&

An inportant paraneter of many npl ex thin filns, s ferroel ectric

films, is that thejchds Mmhapre;ev%embe@mat inalge, Pf@e [VrexPOsed tovacHIB.
within a 5 aq‘g?agfe Jaﬁﬂman%héaﬁa anéﬁm é’rﬂﬁ%le"dorfﬁb ch‘émétryfbﬂtﬁb UV cure

t hi cknesses can be r achi eved grocess and &vrat us
accordi ng to the processt iSorlTlOt mremvmdeirainod “ ischelieyedothad theetiVt assistadinat e

much thicker filng 6&09@ {rfedm?%?-oxupelmol afieé rBfediﬁérOé\ehé ¥t E%éﬁ& !

the deposition of %I oun S suc
ferroel ectrics, sthwed(fmaﬂnbemml mpmundalfthmSﬂan afic-thecengapics or other

constants, and nvention can be used to deposit
thin fil msg???gfﬂéeﬁ tﬁ%%ﬁ%’%t@”&%*aw ng a general conpositi o‘ﬁ of
ég[q er ]r { : i nc?gdl[ ng | _?n xmef[aﬁl{pnrzr]nztele[ arany Zofnplex] thindilms; $uch ?s ferroelectric
err]Laferr] Zr[grr an r S SRELIMA I
20 earth el errent 'sé%e‘h{')ﬁre Pﬁﬁergﬂw %ﬂ t@@ﬁ ‘Et“ﬁp&%g’@ cfémﬂ'éft
:lhlt gn;!tlan?ssfﬂ derr s, wel fmgssu o ?1(1 t l)ﬂ-mr:\‘eagl‘tn“de]scaﬂnds ds'luy?h
as those descri be%chlwgh e RIoCess aNg apparapus§c§gl§ﬂ%,tg tﬁgmgﬂ‘:%y INvaRtion
3 DEpfSItlon Appdt.‘h'naélstﬁbﬁﬁ?jedto enéﬁatélnmmthiaké?mﬁms Jf désiretie i s ? thin film
eposi tion appgrat us cqrdin exe Qdi nen
i n\F/)ent i on, IOggappar aﬁlgg ineant “dﬁﬂ‘@“?ﬁ“?@" d or the gg%‘?ﬁ}ﬁ&'t&}&f q@"'ﬂg’ﬂ%hﬂ%@ 1
conpri ses a deposidnpRinds sUEh s W%Mr&nducto@%%&fs%ﬂ@%nfbm

barrier plate 6, an input nozzl e assenbly 8, an exhaust nozzle

assembly 10, and %aestants and gaes, eﬁ‘hoﬁ‘mﬂ"éﬁ'%m%@'%"’"ﬂaé tlfé{ﬁ?gtt’id@ﬁoilﬂﬁlﬂber
2 30 includes a ﬁﬁi‘s'bfmfbéléamc ﬁaa’térﬁlslﬂa\)iﬁb S@ehéra?&&ﬂbé&lh&\ eF AB rﬁﬁ) ir%

body 12 to define an encl osed space t he deposition ¢

The chamber is Pbﬁ@erﬁW@P@ (?ba‘-ﬁyﬁfﬁpat W%W@Qee\”ﬁﬁ!e Y/&QRIGFR@%GW:@SG
described bel gy. évg In addlﬁbﬂ %éﬁﬂv%nﬁ&ﬂé&?%l&&'bb%s&@ﬁ: d8pditiRin fins of
using a hinge as |nd|cat
9 barium strontlum tltanate [(Ba Sr)TiOg], strontium titanate (SrTiOg), as well as
other multi-element compounds, such as those described in U.S. Patent No.
5,519,234 issued May 21, 1996.
2. Deposition Apparatus
25 As shown in FIG. 1, there is a thin film deposition apparatus according to
one exemplary embodiment of the invention, the apparatus being generally
designated at 1. Apparatus 1 comprises a deposition chamber 2 containing a
substrate holder 4, a barrier plate 6, an input nozzle assembly 8, an exhaust nozzie
assembly 10, and an ultraviolet radiation source 16. The deposition chamber 2
30 includes a main body 12, a lid 14 which is securable over the main body 12 to
define an enclosed space within the deposition chamber 2. The chamber is
connected to a piurality of external vacuum sources described below. Lid 14 is
pivotally connected to the main body 12 using a hinge as indicated at 18. In

9



WO 97/ 33310

PCT/ US97/ 03046 operation, a mst -and inert carrier gas are fed in

t hrough tube 45, in direction 43, and pass through input nozzle
assenbly 8, mhere the mst is deposited onto substrate 5. Excess m st
and carrier e drawn out of deposition chanber 2 via exhaust
nozzl e 10. loSubstrate hol der 4 is made fromtwo ci rEHUPH04 es 3,
3 of electrlcally conductive material, such as stainless steel, the
top plate 3 bela,shraﬁwaﬁmdaﬁamaneamért%smté&mh.%hghmﬂsi iUReiA 43y an
electrically insulative material 7, suc deirin. In an exenplary

enbodi ment , " ut | ¢MY |Pﬁ§s hrough dnpudinpereie assembiyt Bawbers the m'SS tﬁaggﬁ'@d@d eler 4

i s nominal | y 6 LiMshen Lind t‘ﬁgmp t 20
which is in turn connect torma m)t%gﬁ'eig&g%gt ﬂml er 4 and su str e 5
may be rotated exhaustnez2lepdsiti on process. An insulating shaft 22
electrically tga orted
t her eon from5t he Dc%ut?gt@g?bgﬁgﬁ %H@éﬁ%‘qtﬂ&gq&éﬂggﬂﬁiﬁéc %g%ybody
12 so that a DCcdndustieenmatarial, sucbraestaﬁdesaecteelethettbp platb Stbeirigeinbulatéel frem and
barrier plate ch e i 15 . Sy 1.2 e
utilized, for eﬂl'% %ﬁeiﬁeﬁaﬁﬁsﬂw&“ #ﬁ“@yﬁ%g&&wﬁﬂ?gggﬁaﬁei ng
ggposidt eﬁ ]9 {1 t2 Baelsmbm ralht exéianM:aLnysamwdEl 'tnment$ lrmtiiinazh 5?‘8"” diemeter s?l@stralte sshaf t
and sha in ecgtrica urce i S rative
connect ed acros %%1‘5”8?‘"??@% gﬂ%heaﬁnemﬁﬁgra %{Weggﬁeenfmﬁmg by
| ead 10610anshafi 20 wisiesl i 1h dutfiitoRRedted & & Afdtsr 1B36thabhditer £a8d dibktiafe 5

effect a DC bias 20 between fi el late 3 and barrier plate 6

Barrier plate 6May bfyfrtated dysing 3 Hion| Rroeessy A ingidat %?2 slackrically

stai nl ess st eel insailes meoé.ub%usiel Holdei 4 ahd sUbdfrate 5 SuppbrdditRérdon WBRi MBIDEA! | Y
over the substrate 5 parallel thereto so that a vaporized source or

ni st as inj ect e¥oltage appligdlg éﬂ?‘i’?ﬂ%t""ﬂ&ﬁ%""?ﬁ”&ﬁﬂ' bady A2sotbal Pl bias can ber ced
fl b GIQQ‘BH '%T&E bﬁ{@e Berth
s Tate & Bn I ate | s preferabl 3 b @%ﬂ"‘ i tod

substrate 5. Barrle‘sg the aneter as t
substrate 5.15 t 18R $ @rﬂﬁ&ﬂﬁ“@hb@ Utlllr'@db toxpemple, foﬂﬂd!PO"nQ ofdmneﬁlmeasrf

th f b
from - “the ol PRy dercdnd B ¥iFplNR & bkl oRilb2 [FCploleldy
the barrier plaskaf520 and sbafhaonnb)emngi(ﬁ% iEiegidcal tsowrce: 12 is eaerahvely

substrate 5 norW aa}p, t a@é&ﬁﬁﬁj @Eg
As depicted in : e barrre &ate |°§' pretera conne\{: to

the lid 14 by a106andivia feedthroughs22 o brass Iskeeve 25 iy lead 1@4\/to|elfect a DObiasoved
ey om0 SBae oM U RS PIS  (om  ©
10 Barrier plate 6 is made of an electrically conductive material such as
stainiess steel, and is of sufficiently large size to extend substantially over the
substrate 5 in paraliel thereto so that a vaporized source or mist as injected
through input tube 26 and nozzle assembly 8 is forced to flow between barrier plate
25 6 and the substrate holder 4 over the substrate 5. Barrier plate 6 is preferably the
same diameter as the substrate 5. It has been found that the best results are
obtained if the area of barrier plate 6 in a plane paralle! to the substrate varies from
the area of the substrate 5 by 10% or less. That is, the area of the barrier plate 6
is no more than 10% bigger than the area of substrate 5 nor no less than 10%
30 smalier than the area of substrate 5. As depicted in FIG. 1, the barrier plate 6 is
preferably connected to the lid 14 by a plurality of rods 24 so that the plate 6 will
be moved away from the substrate 5 whenever the lid is opened.
FIGS. B and 9 show barrier plate 6 located at various distances from

10
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PCT/ US97/ 03046 substrate holder 4. Each of the rods 24 is typically a
stainless steel rod attached to deposition chanber lid 14. Each rod 24
i s-bored to accommpdate a bolt 35 (FIG 1) by which the rod 24 is

attached to b dr BEs:B' ate 6. Each rod 24 is tapped to a%@ma set
' set

screw 36 whic ecures bolt 35 to the rod 24. By 1oosening screw
36; repositioning rod 24 relative to bolt 35, and then re-tightening set
screw 36, tsubstriafeciodiderod.| Bavhtdf thef rodla @4 is bebidally aditainlesshéteelpdtattathed

i nch without havj e t ro fr t Each
of the rods 24 i &@m%#@ Q?HPH& g?%%gé bﬁ%%@@ﬂ\%g&lﬁl%ﬂiﬁ

| engt hs LdL , ete) byms mmus Itmmtaemad:fold;@ammopiatestEaamdaqwigappgd?met
correspondi ng spaci ng , etc etween barr,i e n su strate
hol der 4 (and sumaﬁmw '%s&ﬂ?'ééqﬂateéﬁﬁsg i E
etc -For exanpke, séiﬁ\ﬁaﬁofé-d&ﬂﬁhhglrod@%dﬁwétbwtw ahetﬁummmmg)wm in
the - range of 0.10 - 2.00 inches. {) ace, @qﬁnm&mﬁal S0

adj ustabl e as i n@ﬁdﬁ?@@‘edwe ieamb\%eaqmtgd 'sraé'i!@ aple uibb’-?i baying £ cws
36 conprise an agy déngfhe chamb%fillﬂsm' Eﬂcﬁ Mh@?dd's'ﬁls%ﬁlbealﬁe tdhe

spaci ng bet ween su trat arrier plate i's preferably
appr oxi mat el y bealipwsets. d@ﬂm@ﬁ@tdﬁﬁ@ft)'ﬂ!gm%ﬂqés mr&o ke srkstitiited in order to

Praferably the  Cousil plithe LaRotniA] sBAGRTSCS o Uttwoch EERfiET BB G prnd
OL tg;asfl;ﬁtc 2r1§:t smesivatatqld!aM(and substratech) depending oarmemmatamals ﬂﬂimata,s
;i ven poi nt di 18 @"i"}gg?'ﬁﬁ'g %‘Eifﬁg °i‘8ﬁgg{“\ﬁ¥ebr? %‘%J%@Y}d‘? E’édg'g?niﬂqﬁ%e
i 5t ance’ bet ween § be ubstsatp oo °wm§?i'?§f2¢“'a“”m?m2as T,

t he aver ageaé?‘ﬁef iﬁ "B%(%egﬂ&(r#eagiﬁgt ﬁ'@ﬁﬁ@n E@i’ﬂr@r %

is 0.38 inches, adjusﬂngah@bamer platé &ermspﬁ:mgtbatweéri substrawerSandibarrier piates
nches 10 he Rerdof itk bebutei oh e p3 PIIFRR A bilrck.
tﬁl erances descr lidusid ofthariven stmntlumitihﬁalei asptdparéﬁalo\onsﬂgpwttebame?ramyﬂhe

Lol er ance of _sv BRTPLEIEE & A sDeotyses termnet f pd 5% o e fERrR botMesndne

hi gher dep05| ti Obaﬁéfga{d'@an@%tidﬂ%{e 5| FHat ¥s, B dikiAcé BetwabR tSsiibétrate 5 and
t ol er ances. is a top view of t he a arat us. of an exerrpﬂl"ary

enbodi nent of théhe barrier pialg: & &t anx-given, RRInt diffare; from the distance
{ enper at ur eGP SSHaRSS and theftaRR plels 6%t BRP TR Bbint BP SWH Idsa'oF thé Bve

pressure in deposition chanber 2, Its signal controls a downs ream
control valve (néistanasRgtwegn ihe ﬁt‘ﬁﬂﬁt@ r5e€n% the bartier plate 6. For example, if the
11 average distance between the substrate 5 and the barrier plate 6 is 0.38 inches,

no point on the substrate will be more than 0.40 inches from the barrier plate or
less than 0.36 inches from the barrier plate.

25 it has been found that a barrier plate within the tolerances described above,
that is, the barrier plate has an area that is approximately the same as the
substrate and a smoothness tolerance of 5% or less, provides better thickness
uniformity and a higher deposition rate than barrier plates outside the aforesaid
tolerances.

30 FIG. 7 is a top view of the apparatus of an exemplary embodiment of the
invention. As shown in FIG. 7, a 0-1000 Torr temperature compensated
capacitance manometer 710 monitors the pressure in deposition chamber 2, and
its signal controls a downstream controi valve (not shown) to maintain precise
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PCT/ US97/ 03046 pressures in deposition chanber 2. Hi gh vacuum

punp- down of deposition chanber 2 to below 5.0 X 10[err] Torr is
acconpl i shed with val ve 713 opened. Hi gh vacuum punp- down of deposition
chanber 2 i s%gg?‘ ﬁ facilitate adsorption of noi sture fromthe chanber
wal | s as wel | W98 m a substrate 5 | ocated insi-de of the ECTARS 046 prior
to a deposition operation. Deposition chanber 2 is vacuum punped

to a pressure OfbreBEhMRSH depostRel Ev¥r 2.V HiGRO v PP f | @Bodition

deposi tion operation. The ositi chanber exhaust sgtem I ncl udes a

liquidnit rogendmt&r?rtabelm @ ¥ridecTem is accomplighest with valvefilé opened. dighl ve
726. Access to pl Hﬁu&b}?&? ;&Qﬁﬁ ch R'WQ? 2fig %%&%ﬂ%ﬁﬁ&é'a{d%@@?ﬁn%@er

2 is provided through an“air-operated sli Ior of
deposi tion chamluelstuze&mmtbedwmmmm}asﬁmpawbswe(ﬁjmedmside of the

t hrough vi ew 5P0 rsor liquids are provided with
mass fl ow cont r%rh"ﬁe&} B@réﬂg Wsmmgeg'jﬁ@@?% 3 to control the dispersion
rates of precursors Dépasitipin bhdrhizer 2 hamiaeuurhSpdfipeditto algpessure wf mdtwaber 2

b | ati the fl. f ' h f 736
"t mist gener Sanpitdy 18 andTige. PO st alorbafiER srerqudy Th& sebSieg. o
725-4 are connechambdroexiaast system ircluded @- liguidinitfogenruoid trap 709 uehhedted to

chanber 42 via VCR valve,K 72 ol the di sper,si,on.ra of priners
t hr ough buf PrOFessamber i!’a Vﬁﬁ’ﬁclggm %‘rChE"W i’@gﬁh%"ﬁrfﬁ”ﬂ he
flow of an Imerae&”smo?pcnaﬁwd? 2 Froiged tredgls ek Aicopetttdd éIR valvel 70 NThREt Or

46-2. A separate nass flo control ler 758 is used to jntroduce oxygen
from source 738iNiRTigrgHf Qﬁﬂ?éﬂmf'r@ﬂ“bﬁf can be viewed_ during,a dgpasition aperaliont er
chanber 42 via WeRighalid® pbRT18. The input nozzle assenbly 8 and
t he exhaust nozzle assenbly 10 are nore particularly shown wth

reference to FIG 2. Th%ﬁ“’ﬁ@&'ﬂ@%@@%'@m%maﬁﬁ39‘"&@"!9“9'|7ﬂ§l§!'\dt‘(ﬂﬁ 26
whi ch %W Gf'(})?&lf‘r&o d
be: gw rﬁcre;?/gflgano%gé%%éago%nput tube 26 1's connected to grcuate tu ©
28 whi ch hasl%a ﬂz intatepasitioh chamiber A by segubatingthe flowef ap iaert gas Smhcaquang

bl
et e o8 Vo PRATRAB ol 4804 R RRF g W 5L 48 38

center-to-center aI on fnner Clrcu
A pl an vi ew of ualveﬂﬁaﬁ-&lmemwne@eusommehwamra&z.which'mnwesoabwiarew

ol 1 ow scrow  Ehenii B3GR Yehg 2B Sk e bnepih Blgd o el ol

i s preferably fbufferichambén4? into depositiarcchamber2thyxegaiating thiedlow ofran inerigas01
'12 attached Joo Lhg, S8 YR tro Houftle>746 into mist generator 46-2. A separate mass flow
controller 758 is used to introduce oxygen from source 738 and/or other inert or
process-active gases into buffer chamber 42 via VCR valve 725-7.
The input nozzie assembly 8 and the exhaust nozzie assembly 10 are more
particularly shown with reference to FIG. 2. Input nozzle assembly 8 includes an

25 input tube 26 which receives 2 misted solution from buffer chamber 42 as
discussed below in relation to FIG. 5. input tube 26 is connected to arcuate tube
28 which has a plurality of smalt holes or input ports 31 for accepting removable
screws 30 and removable input nozzles 33 spaced 1/4 inch center-to-center along
the inner circumference of the tube 28.

30 A plan view of an input nozzle 33 is shown in FIG. 3. It includes a screw 33
having an eniarged, hollow screw head 301 having a rim 303, and hollow screw
stem 39 (FIG. 2), and a mesh filter 310. Mesh ﬂltei' 310 is preferably friction fit
inside screw head 301 before the head 301 is attached to the stem 39, but also

12
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PCT/ US97/ 03046 may be brazed to the outer surface of rim 303.
Preferably, all portions of nozzle 33, i ncluding mesh filter 310, are
made of stainless steel. Preferably nmesh filter 310 is a stainless

steel, woven er having spaci ngs 315 between the mespes
of apprOX|natg?agg%%h£quare mcron. It has been found that, MAHE ever yt hi ng
else 5 being equal, the use of such a nmesh filter |lowers the deposition

rate somewhat, biay bebréi&d%oﬂ%&ﬂ@duﬁaéb’@ﬂmm lvyefenablyeaﬂ;pugohhefmmmsa of

ports 31 and/ or the size of _th orts d the f e

col | i mates the nilRAiuding mﬁﬂlﬁﬂﬁh@'q Pm%eﬂe 9%831*#%5? &% E"F bly m?h@ﬂ:gﬂqg'si s
more uniform andéﬁiﬁﬁls&é’&b&'ﬁﬁeﬂrﬁéﬁlﬁl@ﬂﬁaﬁ pacings 5 betwBan i Mbsh strands
anonal.ies in the flow appearing, which ano |escn [ ea

non-uni formti es of gpproximatelmnaesvamm q:'gﬂbl“f"?&’e%h'ﬁg elset e
exhaust tube lthf&ea#wamwﬁlﬁmmueﬁoﬁo&myﬁmemﬁtSut31
wi th renovabl e scre 8 structure of the exhaust nozzle assenbly

10 is sulrolsta_nt i glthl; is ¢asilyavarconme bincreesingthe number; of ports 33 Andlor she eizs of the,
o a vacuun exhadersasspevelife ARE IRAEE HES A e flow of T s buef i)
arg rﬁm)vabl e f orsczimba'ami |sgnorérunifgtm ardtjfesézmrwlemtn god tmuszthiere m!laeabhgna of
2 . -
Fespectively - F ncfiigt iR ek rpeRing S hnids thn Exfits Biuldtes.
?f I rsn u Pzt [ gt gemgledg ; 4 Exhaust nozzle assglgnﬁwmro?o;?mlsas pnanduats exhrausttubedSrhavingST
i
29 are noni nal | yIO @ﬂ’ﬁo{ %’?3" Kitons & %auﬂw&%%ubgfﬁéfé&ﬁ%@ﬁtﬁ%ﬂ& ﬁv@@er

as shown in FI GS.stficturglofdne éxhatsttoziia aesembly 10 is substalitdllylﬂhesame agithatiof the
speci fic deposition

rocess the tybes 28 29 _js
typically fabri cdf‘@'ﬁ‘p'?qz&% ggsgmbly 8 except WPE@B“S not iggly R}d%f’ﬂ”jﬂg?hﬁé‘f’a
glgamst er 0; applr Qlibml ?éads% l&@aﬁu%'ﬁkmmiﬂﬁﬁﬁbmgﬁéﬂsha@ﬁ) ;)&ﬂ Hlaﬂdofétébes%
are prefera el ectro- pol i she es es n
r espect Pvel y ég { 3%&"%'[’?&%”#59%9‘93'1'7‘& M%Wbﬁgacé & élé(&ped
to acconmodagdy te ¢elrdsporting aueﬁkﬁttuﬂhez%f%sdﬁwnozzleassemmy 16 FaspieliveRiiCh
structure, and by adjusting the | ocation of nozzles 140%9”2@ sel ectively

i nserting nozzl essuseound osne%'@lmsmmbem Pﬁ'ﬁ'@ﬁ%ﬂe“ strgjeyholder 4.

adjusting the |l ocati on I@@,E,%g %ﬂ]e?él

str ews 38 30 in arcuate taﬁ%@ ﬁé){vtv n\%agﬂfgg%g%bﬁtdlegﬁgymest
over the subst rateergers of ho&emsbemenl tubesm28 end 29 aremomalwgca}eﬂ Lﬁ?%lneheﬁwd
flow rates, ebg. ,aﬁd?fe%BétEéiﬁ hoider 4. r'8 '|ﬁ FRES 08 aAd BDinis 8

substrate 5 erring to 1 and 2, substrate hol 4
barrier plate 6, adigstebletosyitthe specific deposmon process.
13 Each of the tubes 28, 29, is typically fabricated from 1/4" O.D. stainless
steel, with an inner diameter of approximately 3/16". The interior walls of each tube
28, 29 are preferably electro-polished. Holes 31, 31 " in tubes 28 and 29
25 respectively are spaced approximately 1/4" center-to-center, and are tapped to
accommodate 4-40 (1/8") socket head screws.

Through such structure, and by adjusting the location of nozzles 33 by
selectively inserting nozzles 33 in place of screws 30 in arcuate tube 28, and
adjusting the location of open exhaust holes 31 ' by selectively removing screws

30 30 in arcuate tube 29, the flow of a vaporized solution or mist over the substrate 5
can be well controlled for various solutions and flow rates, etc., to achieve a
uniform deposition of a thin fitm on substrate 5.

Referring to FIGS. 1 and 2, substrate holder 4, barrier plate 6, input nozzle

13



WO 97/ 33310 -

PCT/ US97/ 03046 assenbly 8 and exhaust nozzle assenbly 10 col |l ectively
cooperate to define a relatively small, sem -encl osed deposition area
17 surroundi ng an upper/exposed surface of the substrate 5, and within
whi ch the va i solution is substantially cont ai ned_t hr oughout the
deposi tion pﬁgégéggw 5 Al t hough exenplary-enbodinentspgpu§3 ate
hol der 4, barrier plate 6, input nozzl e assenbly 8 and exhaust nozzle

assenbly 10 ar e ggkétnbly B ahdl8siSdusP ABzzIé lassembly I0LstileEthieROcbdparkite Y tibfiid NS

of such structures can be utilized within the scope of . the present
i nvention. For es!awgivamq“hmm%sedimm%ere@x EHroundinganupperexposed
coul d be repl acggaiedl e SUpstrate 50 BRE Withinwitie fHSvapefifedPSolitioh 19 8EEstantially

U-shaped 10 tubes, or slotted tubes, or could sinply be replaced by a
plurality of segentained throughout/the depesitionR(PERSs. exhaust ports.

FIG 5 shows ngfa cr OSSAMB%R%%‘%”M& Qlﬁﬁﬁgm %aﬂ%rﬁfagaﬁﬁqhﬂﬂ

to the prese i nventl on. assenbly 4 s uti'ltzed
supplying a nozzie asseardbly @ and exhausi nuzzlerassemblyo1( areshowpuanddesaribed, it

assenbly 8, and,; ' r | ity of
I nl ets 44 which W@%@@ r@ﬁ%@%%@%%ﬂ&%&%ﬁ&%@ﬁ@;@t@égf rough
res plect ive }/ﬁl Vtﬂ?a ﬁ'ﬁﬁert;1 invgﬁtffeflﬁl:oﬁwnb e, the arwaleﬁmt and/eihaell sltibed 28 de 29
regul ating ow fr t he, buf.fer cha .42 to.the ngzz SS ,
and an exhaust &BH@rH?a'ie\P’?c?gé’!'@‘. tupgs other My ras 81"'83 ﬁ%?‘ﬂ@&ﬁ?%%ﬁ
the inlets 440 f mgBsy Ir\dstietliubds, or2éould siniply B8 Tepladéd bipta plufiitylelssparaeg! €
from20 outlet 49 tordgggsit VZJ vre 725- 1. Buffe? changerﬂXZ P‘sj | ar ge

enough so t hat {fRezles and separate,exhaustpants. o, (he aver age, ~about one to five
mnutes in the chanbp(G. S§bws a crosBisetidriabVview ofl2wanifbid asSidmbirao addtr8ing! Me
frame and the 90 degree anq‘;e bet ween . t he |HI gﬂsj_ 44"an outl et 49
permts any | ar §R e Bresept invention ﬁ?% manifgld assemply 40, s utilized far $ypplying a

nor phol ogy pr obhapsrizéd 61t (1Mist or laefosol) 16 gkt hokAb H#BEehbi'B, APA Yenbrsliy25

m crons. \Wen_nore than one m'st is used at the_ sane tine, "as for exanple,

when bolh £omprises apuffes chamben A2z plurality ofiinlets 44oyich are cannected tov) |
it permts the Ao ' ' - ! 795
i sre I the pr SPaesBrii ikt Hoheldlirs tnbiify dspativ® Veves 12621 1B 796

cylinder of abo®epesiivalvReZ23-), for regulptingflowiframdhe puffenshapmber A2 ig theinazelei on
in FIG 5) and %@Q%@ﬁg%hﬁhﬁn@&%stf@ﬁfv 72580/ % +mr6§tfﬁ1ﬁﬂﬁérﬁilﬁﬁttﬁéste

direction in Fl was made of stal nless stee

one or nore of theinigtsd4dem valves 258, 72%:5cand 725-7 are aba §0segeecangia:from
Chrough 28yt 3830 Hebick feifle 251, BURM hahBeP 42 i1 bfiducfy VTR ths”

14 mists will spend, on the average, about one to five minutes in the chamber, and,
preferably, about 2.5 minutes. This time frame and the 90 degree angle between

the inlets 44 and outlet 49 permits any large droplets in the mist, which can cause

surface morphology problems to settie out, i.e. droplets larger than about two

25 microns. When more than one mist is used at the same time, as for example, when

both a primer and precursor are introduced togsther (see below), it permits the

mists to mix until they form a single, homogeneous mist. in the preferred

embodiment, buffer chamber 42 was preferably a cylinder of about 3 inches in

inside diameter (the vertical direction in FIG. 5) and approximately about four

30 inches long (the horizontal direction in FIG. 5) and was made of stainless steel.
In use, one or more of the mist generators 46-* are utilized to generate one
or more different mists which are then flowed into the buffer chamber 42 through

valves 725-* and inlets 44.
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PCT/ US97/ 03046 The msts as flowed into the buffer chanber 42
are mxed to forma single, uni form m sted solution which is then
flowed into the dep03|tion chanber 2 at an appropriate flow rate

through the vg, c,{%g? 1 and input tube 26. Valve 725-1 can pcrméiinsods

sel ectively close f so that the deposition chanber 2 can be punped down
if° 5 desired, or to clean and purge the mani fold system when necessary.
Simlarly, t he OThé miistoés fidwedintrathetbuffer chanmisss-42 are mixedhtodomm atsingle,

o more ot he. muBoTLBted Spitonswhich s tnge S35 1k P dbipef et Bn”"C

val ve 725-6 and QpgropfiatéQlow rafe thhﬁ:gmhdeélva 235X aradinput tubé)ﬂe Oyaive U254 rvant he
buf fer chanber 42 can be punped down to cI ean andpgmsec@ the m

generat or (s) 46 decelestival(siesad offsqthat thedeppsition H'I"'\‘?P%éﬁﬂ‘ffﬂ'f
(not shown) org Uielfdeds bRidttiddh dnaPaide\the friatifolddyBtent WhGK hecessary S|mllarly, the

St abi I'i zed precursor solutions are_agitated ul trasoni ca%%’ om ze or
nebul i ze the sol mmmwa@ﬂuelseaz 4§ cepneciRd tora,yaquu Rpwn) so
sol ution(s) &&{aggﬂﬁﬁﬂ 'o%cbttheredﬁnﬁéhﬁsl%bﬁe?ﬁ 46,2
FIG 4 illustrat es a 1§ntds%§ﬁes%afﬁdc si-de vi eev of z{n exenpl ar; enhbodi g\%ﬁt ‘of

the m st generat |Vagle§§§drmeSSdOESMQW¥5rﬁ1®Qﬂmm0fﬂﬁ@@ﬁmabﬂ¢smﬁs’tﬁﬂ

generator 46 incl dC %m

equi val ent ul't ras%ﬂ?pze ?r a%@@gﬁg}weé%mﬁt y g vacaum Se&farclidpurge

into the botttn dheﬂ»gmmaadamemmndchbmw“maucwmvjagb?mhd

t he frequen 54 is a nodifie

M1 i pore 20 var SPgCHEARTBt {sihd Gial toohidte Bl GBE BRUIRL >, 2% 002 0p)

wi t hout the internal Stabilized pmu:ser Bolbtlgns aﬁ\agdatedmlrmntdallgae dtoroizeasr

I ndi cated by arro 420 1 S osite t be us

nor mal operation r\tlﬁufﬁ%“ﬁ F{’)@ﬁ ﬁg‘g‘l‘ﬁee?'@ “"%C"h'r%ﬁré ‘&"?ﬂ' ?ﬁ&é%ﬂ?sed

_holle ijn bottom s?séfo@hggmgﬁmﬂeeﬁ lmt@lthdaepwﬁén chambert 2rFIG. 4 ilidétrates @

i ncludes an iplet por and ap outl et por assin arrier gas

25t hr ough t hS el Ssview g SxegRark sboriment £1486 s by =prais

{nﬁanfs i e. fd*amaw?aﬁﬁhm:oﬂu\gigtaaaemd cbmmwuést ez:«tlauseuensbritaino:c!»-uat7 .
e frequency o ran.s cer n n_appli conj rol rrean

i .e. anplitude co‘hﬂ?a"aﬁ m“‘“ﬁﬁﬂf"&ﬁ‘?ﬁ‘ﬁ""ﬁ g?h‘f'ﬂ'g&%l Sogled

anplitude of the mmutbdafbnimhs%uﬁﬁinéi@ Biid a powsérdoimde Mféﬁwn‘chmuemy

and anplitude of the transducer, the artlcle S|ze of é{] 30 m. st can be

control | ed Adj ustffeRyenge aﬁﬁrﬂmlmtl@esm henvanjeds Cantainer 34, 3medjied Millipere
nor phol ogy, S(@P WaKRGE4te T-Bind gas fhfter &mp(ta{a?é@ efwsmosbaomhan tHiK PREPal

Bef ore operation, a predeterm ned amount of precursor |iquid

i ntroduced into Jitat cartidge.sthe difpction,ofgas fiaw %mdeqamﬁzq § opposnte to
electrically that which would be used in normal operation of the filtet. Transducer 56 is

mounted in a recessed hole in bottom section of mist generator 46. Mist generator

46 also includes an inlet port 60 and an outlet port 62 for passing a carrier gas

25 through the container 54. Power source 72 includes a frequency control means, i.e.

frequency control dial 73, which can be turned to adjust the frequency of the

transducer 56, and an amplitude control means 75, i.e. amplitude control dial 75,

which can be turned to adjust the amplitude of the output of transducer 56. By

adjusting the frequency and amplitude of the transducer, the particle size of the

30 mist can be controlled. Adjusting the particle size enables one to adjust the surface
morphology, step coverage, and deposition rate of the deposition process.

Before operation, a predetermined amount of precursor liquid 64 is

introduced into container 54. During operation, transducer 55 is electrically
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PCT/ US97/ 03046 activated to generate a mst 66 of the precursor
liquid, and an inert carrier gas is passed into the m st 66 via port
60 where it becones wet or saturated with the m st, and t he wet

carrier gas iwobfiggrassed fromthe outlet port 62 into th

assenbly 40. The carrier gas is normally an inert gas such as argon,
helium or 5 nitrogen, but may conprise a reactive gas in appropr| ate
situations. activated tonjmeﬁ'mta ®isn 86 of the ptécursanliquid) ahd @n irert sarrier gas is

particularly advanta €0 It creates a vaporized, s |on
whi ch can be ef %F‘lﬁigg @M@Omﬂsﬁm Hé{ oP “'(?g% ﬁ?*ﬁ?
chanber 2 wit hOl#ndQﬁBWet cairiep gas i¢/ Henjsasté® RonBe outlet port 62 intbltke m&ﬁyfua a
per spective view show ng the I acenment of an ultraviolet 10 radi %t i on

source 16 wit hi r?sPﬂBb'M odhe |°3FT'QSr@ﬁﬁ%m@a"ﬁﬁﬁt‘ﬁe@ﬂﬁ%ﬁ’é%ﬂg?ﬂ bgium, or
present process rifogeh! BRRAEY Wﬁlé%ﬁ %ag,uldpbﬂwﬂg}@muahb@t during and

after the dep05|’t|on process radiation is believed to

stiml ate the di sassmm-‘ctoﬁnefabf‘@ﬁh@mm&@ ‘hﬁ@amcgbﬁvedvmwabecause

precursor, therghyg a2 06 Fﬁw he
use of UV radi at | on pri (k)lr toeta%d"g@ngﬁ‘wghr?%er%f{:égsls g facilrtates t'ﬂg
renoval (desor ptdeppsition chm@er&wmmmmnpnsmmnm as wel | as

from substrate 5. Thewd 0684l 4 oQleplliiveryibf!sHwlrigblte, FBUbiENt'G 9h Liialicidt®

dep05|t|on chanper’ i S no ecause-o
ul travi ol et tQdiradiation seuncefi6awithin the depaositibn chamber 2 tRiiatd-esbancesent ofthes of

exhaust nozsl o HseRtbitbPsd BrERBADybIRRD UM Ciravioe IR wBRE Bf afielfe. .,
% o;/ :]gleué 25 Z?omgm%%mmmbuﬁ?mnmmetﬁ stir:nuiate the fisassddiéztm? (r) cr:e
applying an ultr gvﬁ‘%‘f qﬁgp h‘?‘gr&ﬁ‘é‘f'ﬁ D ?béé?& ﬁ@gﬁ@gsthwﬁrxing
Coce, e oy B e o
tcﬁzeai SSOCi aij of edegwéﬁﬁgg"femﬁﬁm m&e m@@"‘?&fgégﬁn
the organics or ﬁmmﬁmwﬁew&u&mmmm&ugmtmmamhm @épositioht ed

by an exci nmer ? is spectrall tuned” to _corres t he energy

needed to di sso ferdgs net oritiealk S‘Eﬂ?@ﬂ?f%MWW&QP@E[ﬁ%P"'smﬂe cted

chem cal conpoung desiairieds SteeiRls' of d8poREdHRNDES 2ihtd the BPacybeiwésiFthe
f ormed during the degoleon process hol di n? t he desired cogggund in a

gi ven precur sor 'BEP‘ nozgle anAIQ’@FH%&“Q?@HﬂO-@SW 38 ntQ sybstrate 3, whereihe (or
plurality of szarFB&EtnoﬁEﬁ'Fgrowdethano élbﬁ&ﬁﬂ@ﬁlérif@ Reerintebe Ny ”9 one

(or a set of) the er one of (or set of) UV |anps
whi ch have a nore de&MSﬁb‘l’@ 16 ingjudercat legst ore UM lamp located in deppgitign chamber

flgr roel ectric thy Rof dppifing alk GitdRiclt PadibliéiFodth HBréinY Sp&tital S8urces which could
be used include ultraviolet lamps and excimer lasers. In either case, the radiation
bath applied by UV source 16 is tuned to optimize the dissociation of the desired
25 chemical compound from the solvent and the organics or other fragments. In the
first case, radiation emitted by an excimer laser is spectrally "tuned" to correspond
to the energy needed to dissociate or crack the solvent bonds, the precursor
chemical compound bonds and/or any intermediate organic complex bonds formed
during the deposition process holding the desired compound in a given precursor
30 liquid. Alternatively, if UV source 16 is a UV lamp (or plurality of lamps), then
“tuning" is accomplished by exchanging one (or a set of) the UV lamps with another

one of (or set of) UV lamps which have a more desirable frequency spectrum.
if a ferroelectric thin film is being deposited from a vaporized
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PCT/ US97/ 03046 al koxycar boxyl ate source, as for exanple when
depositing a precursor to form barium strontiumtitanate (BST) as
described below, it is preferable to use a Dani el son Phot otron PSM 275
WV radi ati on spgosssaid Which emits UV radiation rays havpgguseresods
wavel engt h of approximately 180-260 nanoneters. UV radiation in 5 this
wavel ength range is particularly effective in resonating and di ssoci ating

t he bonds holatiioxgcdrbexyité sourds) as fomexammpie wheRdepositing aypracyrsok o fofml

MOD, or ot her l.i quid chem.cal . s e, . sho in
FIG 1 includes OPBY F’E%‘F"%é‘f?é‘ai%%@ra%ﬂﬁmbﬁa %aloﬁpﬂﬁzeﬁféarg%}en@ ﬁ%b a
deposi ti on chanbganielgorn Phototrod RSM-275 WiV radiationisourcer Gewhich emits 11V radiation
102 includes DC input 104 and putput, 106..The ntia |ed e

bet ween i nput sl é@(ﬁahwshﬂM@%GQ&QGHPM%WWMM‘E‘W%?@WV
]§_5P - vol E % t Emfv@l)eténgm mxb'eley tﬁsnia%_hﬂp l@ffétﬂivgiih !nesdnaltid'ngeahetle dtssed:iath’:g the
ilmadding to the film_ yality. ol e orderjn on ys

c-axi s (the naj oPopds B?'F"Bﬂt“l‘ﬁ)asﬁiﬂ @; vg@f&eﬂa*wcafba&?afﬁa%ﬂqﬂ?fmtwﬁef
resul ting orderi ng jfiéhficaldbafcacat i on density which can be 15 responsible

for fatigue and retention problens. A DC bias of either greater than or
| ess than 350 volts céoparaissdshewnindkiG. J insipdes elgetdcalmeanso\A2 foeapplying a n

addi tion, ; . ositi i i i L reudi
radi ati on and DC dl:g)sége rrg'yﬁlle a%'e‘ﬁ?ﬁ‘?ﬁebgkm thi C%ﬁ%ﬁuﬁ&%o@ﬁaﬂ&éﬁ. ?%S@t%‘er
or sequenti al 1§, meahs 892 inckades DC input 104 and @uitput #96t The G potantisk applied

h hot pl : )
Fiim o a precur smesd iyt SN 2T 3a depBtitol Shimbat Mah b 106 IEA o
substrate, the baloltadheDC biasachisves poling in-situaf thefernpeleotrigdilrn adding to the filam

i thi n the deposi ey, ARERbrye g ikl Uie EIRER 0P e BRER Polfthbn ush W ol T

and P[ e][r] cdeslri]i'hae, andthe remﬂtmd i IdMgﬁTgsrqnwésledtdldcpt' ipr dnsityesthich can t;e
oxygen furnac Hi ener 5 enspty ultravi o radi at i.on rom
a di ffused exi? marPg‘?%Efe @%ﬁ%@‘ée Fgﬂg#eé\ﬁon pmb?ﬂ"%lﬁgbgrwg%ggrﬁéﬁ%ﬂ%%g} thidn of
anneal i ng. Jessthan B56 soltsicoultialser beagses to effectuate the aboviaesilise dnadditiohe

and fbri cat i ng_ MBleAREpih & erIThd, coRnalis labat respion aaing bR e ©
follows. In Tabl epd appliediwithivilcidmisst 2f ithetitogeiier o sequemtiag; and hepestadiht | n
BererT 1S [rtt]Ti Of err A SuPplemental heating means, such a5 ot plate, (not shown) may be
20 used to bake and/or annseal a film of a precursor liquid which has previously been
deposited on a substrate, the baking and annealing being preferably conducted in
an auxiliary chamber, although the baking/annealing process could be performed
within the deposition chamber 12, as discussed in relation to steps P44 and P12
of FIG. 6. The annealing is preferably performed in an oxygen fumace. High energy
25 density ultraviolet radiation, such as from a diffused excimer laser source is aiso
a preferred method of annealing.
3. Examples of the Process
_ A detailed example of the process of preparing barium strontium titanate
(BST) precursors and fabricating a capacitor utilizing BST as the capacitor
30 dielectric foliows. In Table |, "FW" indicates formula weight, “grams” the weight in
grams,

TABLE ]
Bag 7810, 31103
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Conpond FW gr ams nmol e Eqi v. Bari um

137. 327 9. 4255 68. 635 0. 69986 2- et hyl hexanoic 144.21 19. 831
137:51 1.4022 acid 5 Strontium 87.62 2.5790 29. 434

0. 30014 wo Sialphexanoic 144,21 8. 5005 58. 945 1A% 046

aci d Ti tani um b 284. 26 27.878 98. 072 1. OOOO'Q:

i sopropoxi de 10 __ "ol es” indicates mllinoles, and "Eguiv. " indicates

t he equi val ent bf materials
as indicated i 6). The
bari um was pl ad ; to react.
The first measyF6=e , =3 e G SR H xture and
stirred. The st mﬁym i ) . ' 1_40@\ce [t was

fini shed reactilfgeidt he second anoi c ac d was
added to the m'ture_ The T X neatéa T m tenpef at ure of
115C andSst] B h .rﬂ fhs Bl owed to
cool. The titanj d i ch was
then diluted to % tﬁoxyet 1gtndgﬁ67 B nixture
was heated to affex of—1++GE t-reeh ‘

i sopropanol and PM000 sfep P20. In
step P21, the S oDORItR PO0O mM wifh :
addi ti onal Xyerna e Sur | T X ' ‘ : !
concentrati on, V\/nerei nthe ratio of Ba to Sr = 0. 69986 0.30014. 25

The cheni cal re¥omplest indicates millimaleshand SEquiv.!’ m@esmmmm i on
composed of ' bar i Pl a6 3 Bt BF niiEhdls S AL B TBble M ere

titani um oxye oxl de ar escri
Exanpl e 1, Bar| meaﬁumdn;d beginnstap P20 (FIG. 6). The¢ lhanumnwaelplac)adﬂn 100 ml of

o S soe o et it 484 B3R i 2 Pt i
Exanpl e |1, 18 r was added’toithe mure and skéired. The strontium was then added to the mixture.
18 Once it was finished reacting, the second measure of the 2-ethylhexanoic acid was
added to the mixture. The mixiure was heated to a maximum temperature of 115°C
and stirred to distill out all water. The mixture was allowed to cool. The fitanium
isopropoxide was added to the mixture, which was then diluted to 220 mi with

20 additional 2-methoxyethanol. The mixture was heated to a maximum temperature
of 116°C and stirred. All isopropanol and water were then distilled out to complete
step P20. In step P21, the mixture was then diluted out to exactly 200 ml with
additional 2-methoxyethanol. The resultant mixture had a 0.490 M concentration,
wherein the ratio of Ba to Sr = 0.69986 : 0.30014. .

25 The chemical reactions involved in the formation of the precursor solution
composed of barium 2-ethylhexanoate, strontium 2-ethylhexanoate, and titanium
2-methoxyethoxide are described below: |

Example |, Barium 2-ethylhexanoate
(barium metal) + (2-ethylhexanoic acid) —
30 (barium 2-ethylhexanoate) + (hydrogen gas).
Ba +2 HO,CgH4g — Ba(0O,CgH4s5)p + Ho

Example Il, Strontium 2-athylhexanoate

18
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PCT/ US97/ 03046 (strontiumnetal) + (2-ethyl hexanoi c acid)
(strontium 2- et hyl hexanoat e) + (hydrogen gas): Sr + 2
HJerr]err]Herr] - Sr(gerr]Cerr]Herr])[err] + Herr] 5

Exanple 11, Wdevnssig 2- met hoxyet hoxi de (titani unpcrnsRizeRPXi de)
+ (2- et hoxyet hanol) [err] (titanium 2- “nmet hoxyet hoxi de) +
(i'sopropyl al cohol): Ti(OCH(CH err])[err])4 +

4HOPCH] er r ] CH[ er r ] OCHsteontium metal)i+ (22athythexan@i¢ acid) -asirentium 2-sthyjhexanoate)
HOCH( CH[err])[err]( The use of 2-nethoxyethanol as a sol vent
all ows renoval of I}m@ro%qﬁs) present by distillation, as _

2- met hoxyet hanol ' s higrhe2 jGdHyg POISKO5C4H I, #HA 0 remai n behi nd

whi | e. H20 boil s away. Thus, he resulting precursor is essentially
anhydrous. Barium and strontium 2-et hyl hexanoate are used because thin
films 15 formed utilizing nmediExampleill TitangiR-metHosyethetide | i ke these in

t he precursors do _not crack, bljster el.on baking as o the fhin
films formed utilizi ri§tanig e SAPRRROY 43 tarb&&?@?’@?& orei SHIBIMN bdr i um

2- met hoxyet hoxi dg@iuxyéthb%idd)de (ISopropyi Aicdhol): excessively air- and
wat er-sensitive. Titanium 2- me% hoxyet hoxi de ,_g ves better filns t han

the air-insensitive tT(Qﬂﬂ(ﬁHﬁgﬁ Hyl"HQP GHa -while titani um2- 20

met hoxyet hoxi de {Ro@H. -c!ﬂi@mﬂ & 4 Hot1(a air-sensitive than titani um
| sopr opoxi de. Tﬂ 2 eé)éST precu(r ﬁéforrred as descri bed above was

used in the M8t hod of the invention shown in FIG 6, with the

apparatus of the i “Vﬁ‘ﬂlﬁ:é B8 2f DF 2ietrdxydthinol asasélvéwt%ﬂ@whéﬁovél&:ffa?p"ﬁ&gfe a

capacitor as shown i precursor as

above was pl ac edpmemmmnmms z»mamm'etnmol'gbuwahuﬁmmmm@mt tamemaimd a
2- met hoxyet hanol pgal ¥ e ‘2’?’%(5”&% évpa Oﬂrn.%r hié r@éultnr]gge rpré’&{rﬁﬂ s Qggﬁ'{tﬁﬁg?r

46-2. Initially, "a QUbSt T I'i'con
silicon di oxi de anbydrous. |Bamndelpn>siromwnma-athylheemqatearmuad bacansealmerﬁlms

mnutos. - Yo, S it b Atia Adn RGN ARINEndihIhd bisclilord o
s_ubst rat e hol der nét cratieblidfer od ppelan baking@saotiise thinfiime fonped utilizimg lnngér-d\aTmr r
R oUah, DU Ll BRSoppu SRS icheifhtrdbCuntl om. BUOTLRHC.
16 was then tur neﬂoesanvél9 aitegred Watbiasensitive t‘[hmumﬂ-:hbthoxyethoﬂhmgwes betterditragber
ig wel | as any nB"la?\t L“’lee glp-lr%sgte'ls ug SI‘ tra%u%l Z-I_-e&yflj'l Onsola e, But while titanium 2-
20 methoxyethoxide is air-sensitive, it is less air-sensitive than titanium isopropoxide.
The BST precursor formed as described above was used in the method of
the invention shown in FIG. 6, with the apparatus of the invention shown in FIGS.
1-5 and 7-10, to fabricate a capacitor as shown in FIG. 11.
A BST precursor as described above was placed in container 54 of mist
25 generator 46-1 (FIG. 7), and a 2-methoxyethanol solvent was placs in container 54
of mist generator 46-2. initially, a substrate comprising a silicon wafer with layers
of silicon dioxide and platinum deposited on it was pre-baked in an oven at
atmospheric pressure (@ Colorado Springs, Colorado) at 180 °C for 10 minutes.
The substrate was placed in the deposition chamber on the substrate holder 4. The
30 deposition chamber was pumped down to 0.4 Torr via a rough pump (not shown)
connected to valve 726. Next, substrate rotation motor 18 was tumed on to rotate
substrate holder 4. UV source 16 was then tumed on to desorb the moisture in the
deposition chamber as well as any moisture on the substrate. The deposition
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PCT/ US97/ 03046 chanber was slowy back filled via valves 727 and 707
with an inert gas source 704 such as argon or nitrogen to a pressure of
approximately 595 Torr. Next, the process vacuumline 702 was opened to

stabilize thgwpﬁg%%t I on chanber pressure at appr oxi mat %&orr

Val ve 725-6 was closed and injection valve 725-F% and 5 depo
725-4 and 725-5 were then opened to start the flow of argon from source

736 through ul teﬁamréro”%s' ﬂbw@eumf I &lledvﬂ&aﬁleefﬁml nluggmhulmahuﬁeiwhmdrﬁ

one mnute to c e thin | roxi mat e a 1 of LMer to
be | deposi t ofP4RUCH AR AP PEADA (f & PSR cr appE RISy 465 Tare Ne, the

725-1 was then procesglvaetin hﬁ@?M@Meﬂ@&s&ﬁﬁﬁ@@%&s@&@oﬁMéﬂmer

56 associated with m st 10 ggenerat or 46-2 was turned off, to vent buffer

chamber 42 t hr oekf@RPIRXitRately595karT. Vaive 7r$55§ was glosad gnd injectionyaved@5-hend nt
t enper at ur e. sBuééﬁsnt%W&%sfl@a ?gsns Wman oﬁehsewbaamné ﬂ&%fbeq Rmnw ng

argon gas from source 736 hen val ves 725-4 and -5 were osed
Deposit val ve 7W§e\Z§§tﬁ‘f999@Hﬁ@5§ﬂf§ wa|ga@9raxes4%2a~mcwss then turmgdran far so

opened to flow aﬁé?thJté ?mﬁ fl@n Qirdékél aiﬁﬁ@n?s?bvfu& oﬂ?ﬁﬁéﬁ‘{ooﬁe 15

46-1 whi ch was then tur es to ause
appr oxi mat el y o6deposited auagmnemmwawee demlzbsttatﬁ, Depbsitvaiva EZﬁ}&masuhm on

both the. pri mer OFfesh valy§ 7283 s eR oBEGEF o i Ririllot e ostbodfRuiiths
2 S ot et e e ot
:3bstrate r ot gt ﬁ%ﬁgﬁﬁ%ﬁpﬁé’??ﬁ%@&%@ﬂém %F(/g" Ryrged
ohtil misr mm?‘é???%“‘??ﬂ”?%g“g%ﬂ?}m ??mqgfﬁ?'“?#‘gg}m er
42 d WBLS Fipeesk PRl | P {348 @%r?%
V\lhl L\Awgst Egr \?\Sf er were alsoaﬁgneado flow érgon %mmmﬁdgnrultraéﬁum@mermf
Nent vl ve i, ST wirieriess e aaor for TomiusH b GAuER a 15 o dpRioYEVSIYe00

at mospheri c preAﬁ%mk foms' 6 b fdepouid bt @hbient remﬁavadrd‘ loAMHeh Sulsktides: | Then
a

chanber and post ed at 4OOC for two m nutes. The wafer was then

anneal ed i n an HORASHIANPIRSSHHIAd-AGeN CANieraaE t9 fiow Bethdbe RAimMeE Mist and theBRT

vafer was then pgleeli@er mist H\br IR subsinate’s, W@suﬂ&bﬁiarﬁ&ﬁﬂ'&ﬁé@sfﬁrd&%b'ce
30 a plurality of electronic devices 1112. A sanple nade by this process

is referred was depnsitecon hessubsirate fo produce a thin filmy the mis generater 464, and
e e P o FERF e WinR o 0Bt v e £ 68 Bt

20 valve 725-6 was opene to vent buffer chamber 42 through vent 705 until mist

generator 46-1 reached ambient temperature. Buffer chamber 42 was purged

through vent 705 by applying argon gas from source 736. While the wafer

remained in the deposition chamber, the chamber was slowly pumped down to 0.4

25 Torr. The UV source 16 was then turned off. Next, valve 713 was closed and the

deposition chamber was vented to atmospheric pressure. The wafer was then

removed from the deposition chamber and post-baked at 400 °C for two minutes.

The wafer was then anneaied in an oxygen atmosphere at 800 °C for 80 minutes.

The wafer was then etched using well-known photo-resist techniques to produce

30 a plurality of electronic devices 1112. A sample made by this process is referred

to below as sample A.
The above process was repeated for another sample, referred to as sample

B, except that step P8 was skipped. That is, for sample B, no primer was appilied,
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PCT/ US97/ 03046 and the BST precursor was applied directly to the
substrate 5. Both the A and B devices were nmade with half of the
water conprising flat capacitors as shown in FIG 11, and the other
hal f of the rising a series of steps up and dp¥pubdleseEgn t Wo
di fferent Ie\\llvg‘lilé?wg%{qjl lustrated in FIGS. 13 and -5 14. The

t hirckness of the BST thin film 1130, the dielectric constant of the BST
thin film 1130, and théBSTerEagsOrovEs applied directiytodibe substratec5.BST thin film
1130, were measured for, capacjtor sanplesg A.and B.ihat e formed in
the flat capacitor hah’g‘ theA%}?‘%H&Vﬁ?w@@a?%m$&#8&h°mﬁfﬁ°%$"?%ﬁ%
processes. |n eacaphciors as SHOWRIIEFKS. 18, aft thé iofef hélp bf thb walertdomprisinga series

current was neasured was 500 kil ovolts per _centjneter., he .ts are
shown in FIG 12 %istepsupand downhetwaen twgdifferentiquels ag @u#gﬁ,teJ%F{GeSS.qlsanda

| eakage curreng dgpsity is on the right in the figure, and is given in

anperes per square centineter. The scale for.the dielectric constant
i's given on the left iThefhigkness of thefBFEthinfiln 1139, the Fislecttigcopsiant ofdae BST
stonificant |y M dfififich 253, 3Rd Rént gkross'the BETHHRFilMAS 30 PRkleR
| nprovi ng by over , I.e. athrrd”™ The | eakage current density was

2.2 x 10-8 anps/ dngasurad forcapacitp samples Aanddhthehwere forreed iRdbe fipbeanagitor nalf as
conpared to 6 x - ' k R,

regﬁl ts indicat ;‘?H%%’eé%%b%%?‘ g?%“r)\‘?fft&gah?\lﬁ y I%rh.g@ggé?%ggéﬁggteﬁb‘?gﬁe
characteristit@ tfielt forwhich thetleakabe cumentwasgnesasubdovascafiOtkijpvoltsoperaentimetzn.
The surface nor 0 C LSk v,

for each of thepca ea%éf‘gggr%g@% %vlg‘ga ﬁﬁ@%%@%{jﬁ%@%&é@ﬁﬁgﬁh g}%ﬁfefff)gpe
surfarc]e. . dTBGeakadeaamerftdbiﬁtyﬁauﬂtbeﬁg?}ﬁr%%ﬂ?ummm{ﬁigm ‘wmnf pesesipeas
snmoot h an ad but . Sin S nhol e defect. ,The surface, was
casily oot h endiRyAre erimest i 3Fale fol e Bfekec vt 4 Whedt b Riie S ther
surL alce Sffthe sanm#d a'meidlelebi'it‘.boﬁe\ﬁl\thaﬁﬁna_ v sosi'gmﬁeamn]sch_iglmefbrlmd_smphlmwmmmd TL
i nhol e def ec many areas .in which the m was sconnect ed. e
Ul T ace ves 145 (PG ATETAoda et HRcSvios BY quer 109, b B 1. Th feiags citent

i ntegrated circuidensity was 2.2 x 10-8 ap&iem2Xer heGamplefor which \the pmef wak applied)

m crographs of a portion of the

t ual devi of Pl A
respectively, tak@hComPareg t%ﬁé‘a"(b?fqtggéléﬁﬁpﬁ S&C@@a‘ eé%%e?iwssq%gac?hgg

That is, FIG 13 @Bané ipdicalec Wdtolsd! of OsHrAé siinifcaftly inipréVed) the eledtrical
capacitor fabricated usi n%st he prinmer before deposition of a BST

diel ectric, whil echaractersties thal aegeriticabior integratediAircHibBYEIMaRPe.a cut t hr ough
a capacitor fepricat eqheisuiasd morpholddy drd stdifcoverdfe’ chaficRirBtics Werd bbstivéed 2
BST dielectric. In both instances, thé device
21 for each of the capacitors A and B. A micrograph was taken of each flat surface.
The surface of the sample A in which the primer was used was smooth and had but
a single small pinhole defect. The surface was easily smooth enough for
manufacture of integrate circuit devices. The surface of the sample B in which no
25 primer was used had a multitude of pinhole defects and many areas in which the
film was disconnected. The surface was far from suitable for the manufacture of
reliable integrated circuits.
FIGS. 13 and 14 are drawings of electron micrographs of a portion of the
actual device of sampies A and B, respectively, taken in the area of a step in the
30 capacitor structure. That is, FIG. 13 shows an electron micrograph of a cut through
a capacitor fabricated using the primer before deposition of a BST dielectric, while
FIG. 14 shows an electromicrograph of a cut through a capacitor fabricated without

using the primer before deposition of a BST dielectric. in both instances, the device
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PCT/ US97/ 03046 was as described in reference to FIG 11, except for
the step structure, i.e. it included a silicon wafer 1122, a |ayer 1124
of SiJerr], a bottom el ectrode 1127, a | ayer 1130 of BST, and an upper

el ectrode 11 lati num The bottom el ectrode IS sh | | ngl e

| ayer rat her%]g'fﬁaﬁ%ﬁe separate |layer of titanium and plati %’65@3&03 nce
after annealing they diffuse into one another at their interface and in the
el ectron m crogwaBhad Bescrited xﬁ?&ﬁ?ério%'!bYFlGTdiﬁbkmu'fdrhhbls@ep structure ie. itln
each FIG, a step 1310, 1410 was fgzrre%i §124 oyer which th

bot t om el ect r odinciuded g silican water1d VPB@B{/S 2 8 Poftomelectiade

Conpar i ng %&1%&@ Eh&néﬁperfekmwa $‘i<3m?léﬁhuﬁwh‘rh5§3ﬁé %&80 s

much nmore unifo I'n the gher" portion 1314 the step 1310, the
t hi ckness was nﬁeﬁ!’mdn asingle |3Y°f’ raﬂaarrtmmS@paramWer qfttitanium andiplatinuover -

portion 1314 g 4 éﬁée%m% oM

a difference of nm %ﬂg‘gﬁg‘gﬁ, s dlfoISﬁ IH—’]P ,t In m&% ib?néért i on

1414 t he t hi cknetestransmicnographdbey arebesssntialwndiﬁiﬂgyishqble t he I ower

portion 1416 the thi d 15

om0 F G 15, the BTG SBAINE %@r“%%fgéa‘s"ﬁz LA it B,

di fference 1127 wassdepogitsd, follggad n&yemaﬂrnf(ﬂai'sthmpanhglisw

and 1418 1n F1 ¥ I13 with ERR, 14 IGkrRF of e ERISRE AS0UF filch ek Bofbefy,

]Ic:I G é3 TEelo;] eMtlfeeshlgll‘mebmn 130409615)/319)13“81(?] thetﬂokhe'lswahz:edsﬁeddbbbc
ormed wt te |mar er.of. JFor icker, i t 20, el ative

di f ferences bec ?metﬁﬁw e%@e 'Pﬁbﬁgw P%"ﬁ'g i1$‘{1.4 &E@e | iwbaﬂhﬁ

\r/\ﬁl iability of thieknesswas measured tu k2 nﬁulhrwafdrﬁrmlofgman}cbinpansdm ireAtGnced
en a pri er od that the s ce  tensiaon .

di ff erence bet n'"t‘f?@l]!' erpBP'BEe“é‘gg'\iP? ﬂ" SHMVER JiRasy %P%g ""l'f'a‘i‘ﬁ""Pe n

general Iy expl aits foler ﬁéﬁ1ﬁ@ﬁéﬂﬁ&ﬁbsswasméﬂﬁﬁdto b'éﬁa m, a differéiteeri2y i s
observed in conparin 12 and FIGS., 13 an flat area of

Cheharar "1t T 1B, 5. 1eBST ollous the Pariout e ths steBibefier, wilh dhe Hillerarices
in the stepped %Sﬁeéﬁ‘ mbhﬁmneét%nttﬂm@nal tﬂéiﬂlbl(ésﬂ-éé’lﬁt i@rawng%bﬁwérame

priner is t hi cker IS IS not entirel h it _can be

expl ai ned as f olSmalgr th am"&erf&ﬁerenoe%amﬁ@ 1&13&%&41% |1é‘kﬁt!?§,'vaas
measur ed UsiNg gRe iayer 1986 is MrélPM|ﬁh6rh?Fﬁ9 1@%9%@5%&&@\!

was neasured by nmeasurenents taken fromt el ectron m crog ra These

two forns of nedinsdne dielestric fﬂfﬂ‘egdﬂﬁ@?weﬂsmmeﬁ%@”’ﬂ%f $#@ be
that, for !N PigeRvs W%Wﬂeﬁmp&ﬁ&uﬁﬁd“%u?h still BREC 18 hality

flat and steppe rea I's essentl e sane, or al |east
22 reliability of the process for thncker films is also significantly enhanced when a
primer is used. It is understood that the surface tension difference between the

process with and without the primer can generally explain the differences that

resulit.

25 An anomaly is observed in comparing FIG. 12 and FIGS. 13 and 14. In the
flat area of the wafer, the dielectric 1130 formed using the primer is thicker, while
in the stepped area of the wafer, the dielectric 1130 formed without the primer is
thicker. This is not entirely understood, though it can be explained as follows: In the
case of the fiat area, the thickness was measured using an isoscope, while in the

30 stepped areas the thickness was measured by measurements taken from the
electron micrograph. These two forms of measurement are not completely
consistent, and it may be that, for the process using the primer, the actual
thickness in the flat and stepped area is essentially the same, or at least a lot
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PCT/ US97/ 03046 closer than indicated in FIG 12 and FIG 13. If at the
sanme tinme, the precursor tended to gather in the |low areas nore in the
case of the unprinmed process, then the differences between FIG 12 and
FIGS. 13 and L{o¥emeisdp b€ accounted for. ‘An i nport gekmkemiseise L O
notice in the above exanples, is that high quality 5 BST thin filnms of
about 50 nanoneters thick suitable for use in an integrated circuit

wer e produced by dldmerphammﬁ&ata‘d NG 12 and iFI@. 13udf gt thersame: time.dbe precursor

gﬂgtlvlnt;h:;d suchﬁ'ﬂ%ﬁﬁé@%&' LA%Pﬁ&gsf%sqﬁ?T%&ggggpos ,0nq&}r§€%§gé A

BST fil ms gener althg diffetences thetwezn FIG. t)zand FIG$S.g18 énd 44 wouldtbe adcounted for.
di el ectrics suitable for |nte8‘r ted pyit, use were to elO Hcgﬁessfg’lly
e in g

made. O her processes ATRAP bave.Sxamaies fuali

if integrated gi mhummmkbtawusseﬁmmﬁ«mname foruse in anAﬁtht‘Ktéd circuit
deposition process was erforrred hat was Jidentic toth e(%gocess

described in the W8 e@f@‘iﬁ?ﬁq%'m’%"’ﬂr HPF"’%%B sisknownrthehed
si mul t aneously Wﬁé%she&deﬁmgw&%eﬂ'smﬁlhﬁi%%t%brﬂﬂéh qiimf ah&suétﬂH‘hrtBs%t

15 generators 46-1 and 46 were turned on and val ves 72-1
725-4 and 7JB-psiofertaisted depesition proressesBST ﬂlmsamnqrﬂb/ wrecm@tﬁd tarhe

Geposi 1 on chanbay O gcerf sk ir el Sitdphe RiShysprated it B84 e o'l

generators 4610 Svgcessiully made. Olergracasses, such aeSputtennnzsqelre\msemﬁmkmfmm

both m st generat.p %eac?r&gitét%ﬁyfﬁéﬁe%ﬁ% to 20 atnosphere until they
|

cool ed to ambi ent eratur rocess al so produced better
nmor phol ogy and better Meagepasﬁbnemesmmmm“smmnw tpthenprocess

porormed - Csctebaphin et ol ehCHA i it 865 BB, s Bfqprien

the deposition prsimaitaneously mithatinet presunser giepositionii stép tRP22s Thatcies doth tmishy

depositing colpl SEPRP T Apdap2uep il 'SR itk 6% 2P 1285 7ok

super - conduct or s, antEl255 wee alﬁdpbnbhuiﬂademlsﬁnhnd@e:mmﬂmt and primer mistSwere

o b o O e 38 8 B MR B e PR 12

preferred embodi nEaNe7251 tvaecbseacs]emmisn @hériatis 4611 and#a-ﬁwmédencbdtmt
e ene Socr 588 e S 8 R isowrbes i et 4id, b sGolnd o "
enbodi ments ape, theesters antil tieydoled to atﬁﬁiéﬁt téﬁfpeelatm% This ﬁé&%ﬁfa‘is@ﬁroduoed

illustrative and not restrictive. The sco i nvention is
i ndi cat ed by the REljgEae@helogy @pd rb&f‘ﬂe!eal‘?%c‘ﬂrfﬁ!‘tt‘%?’eglﬁ PrgCeRB-With peinsimer,
23 though not as good as the results with the results with steps P8 and P22 performed

separately. It is believed that when more experience with the deposition process
parameters is gained with this process, it may become the preferred process.

25 The invention is advantageous in depositing complex, thin films of materials
such as ferroelectrics, super-conductors, materials with high dielectric constants,
gems, etc., but is not fimited to depasiting such complex thin films.

Although there has been described what is at present considered to be the
preferred embodiments of the present invention, it will be understood that the

30 invention can be embodied in other specific forms without departing from the spirit
or essential characteristics thereof. The present embodiments are, therefore, to be
considered in all aspects as illustrative and not restrictive. The scope of the
invention is indicated by the appended claims rather than the foregoing description.
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is clained is: 1. A nethod of fabricating an integrateedtcitcuit =
(1310), said method conprising the steps of: (a) providing a |iquid

precursor (6 placing a 5 substrate (5) inside an en e
dep05| tion cﬁ%&@"("z (c) producing a precurser m stg‘gﬁéﬁﬁm‘“‘%ai d
| i quid precursor, (d) f1 owi ng said precursor m st through said
deposition chanber to forma | ayer of sal(Fbgmcursor liquid on said

y

substrate; (e) treating said liquid [ayers deposited on the substrate
to forma film (WhaUs cleimedis:d material; and (f) conpleting the

abrcat Lon of (5o A0 dhinad & biindr Ghabri o (1) balCginct

integrated ci rcmmprsu\gdtheestewa oh4akproyiding-a Higuid peecirsqss(6d);: (b) gjacing a

Bna (1) 71 oui R hstte (&) Hdlin pfciecl GRUicAInEntP o) o) S itk

to forma | ayer mist @G)mfpsaldnhqmulmacm'smm (d)flawing saidsprecunsoit mist Wropgh said o

d st f flo

Fabricat ng an | PRGNSR cHalbBEH Bh 2 bl of & precursps fauid o Seig Shelmte: (o),
steps of: (a) prinesting said iiquikidayets deposited on tiiés0bstraty tofoms afigm §1130) of solid
substrat e(5)i nsi detFan'G%?’cl ed éil%fms t'&ﬁpcﬂa”bﬁrséi@ét Ec! :ﬁr'OdL{C(I‘IWO)ato
precur sor
cha(r]I act er i zedobyintilde étttlﬁnf a(p‘omdéﬁ:‘f said film &f'solid miatepiakin la wm;iénaﬁﬂ (T$12) éff%hld

roducing a priner nist  of sai | rime W ng _sai .
Br ecur sogJ ang primegrated circuit; saidmg gﬂ&ﬁa%e@ﬂsgﬁ' Pﬂﬁ?ﬂﬁ%ﬁg ?9 g liquid 5
liquid mxture ?nrﬁéﬂ @h) Prodii n@ﬂ%nﬁ@%ﬂiﬂﬂﬁhxd@hrﬁé‘ Qné(l?ﬂéﬁﬁh%ald(;ﬁl}nérmﬁ I ng

sai d l'iquid mxture deposited on the substrate to form a

of solid materi ghroughgaid dep‘(ﬁ'ﬁ)"‘bm (210 form 3 layer et8aid primer BQH'Q:IO"‘ sald
i ntegrated circuibskdidyB) pﬁ&tb%ﬁid‘ﬁép%fﬂdvﬂﬁé&an& recursd?@hist. on of said f' I'm

of solid materl al in_a conponent (1112) of said |nt egrated circuit.

3. Apparatus1P1) for 2f frnethed of 'Wt@g%t'%ﬂ@tﬁ‘& wrevit 111109), saigi method

t h
PP (%) 1 ocar SmirlsHel e Gibps2of T8 E?&"s% gnﬁdcﬂfg;?brée@s?r(c@‘) X0 Png '
for produci ng a YvPstrate(S) insidesn enclosed dgpasitionshambep, smda'pmaprecursor

orimer, (o) meanmiet (96 EaaRy 'é@éff&%{%“?%%?ﬁow " 0 oot bEUE
30 said precu r stamwﬁingt a tllnumgmrngm(w peadusing |aommqramé rOf (said bquid primer; (f)
Iplr ?lrjr{e(rj : ?éﬁlr an s %ﬁh:})ec urso rél'{depr‘r@r m@@éﬁi‘o ngﬂ H%'ﬁ )deﬁéﬁﬁoﬁ %&?&QW' |
treating said |ialiquid Irmybre otpaid prlmr@ndprﬂcumgmsaidasubstratq; dg)tomating siid m
(3130) of solld jipidihidire BBpcited of Y e fo¥brm a film (11230) of solid material; and
(h) completing the fabrication of said integrated circuit (1110) to include at least a
portion of said film of solid material in a component (1112) of said integrated circuit.

25 3. Apparatus (1) for fabricating an integrated circuit (1110), said apparatus
comprising: (a) a deposition chamber (2); (b) a substrate holder (4) located within
said deposition chamber; (c) means (46-1) for producing a mist of a liquid
precursor; said apparatus characterized by. (d) means (456-2) for producing a mist
of a liquid primer; (e) means (8, 10, 736, 725, etc.) for flowing said primer mist and

30 said precursor mist through said deposition chamber (2) to form a liquid layer on
said substrate (5), said liquid layer comprising said primer liquid and said precursor
liquid; and (f) means (16) for treating said liquid layer deposited on the substrate
to form a film (1130) of solid material on said substrate (5).
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%?6&83?&046 4. The nmethod of claim1 or clai lljlmll‘ “u“ ““L“I'I “ |“l

apparatus of claim2, wherein said liquid primer conprises @ gri e

sol vent . 5. The nethod or apparatus of claim4 wherein sai d

prinmer sol venty, ﬁ,rrprl ses a solvent selected fromthe gr OBQEUS9703046

2- met hoxyet han ene n-butyl 5 acetate and hexanethyl -disilazane.

6. The net hod or apparat us of claimb5, wherein said precursor C(r)rggi ses.

a metal conpound in a4prmmmd sfadiaient or slaimi2nertthe appanatumef claimeetwhereinom
t he gr oup: t al  al koxi de and_a net boxyl ate, and a netal

al koxycar boxyl at (—?a[m'q”'d primer w?‘pr'fﬁﬁar%'m%g%’gﬁgppar atus of claimb5 wherein

sai d precursor sol vens, iThet methdd ea@pamtmoﬂ claim v wheseinesaid primer solvent 8.
The nmethod of claim1 or claim2 whe aldm ) | -s'
deposi tion chanb@%'ls?%aﬁﬁ‘vﬁ?taﬁq‘ﬁ%ﬁég %ﬁﬁ’é‘f’r%ﬁ@t@xgg%%gﬁgy lFR%%é"r'

9. The net hod gf éaepdtghﬁd“gﬁnﬁtﬁylsdmﬁzm§ts are flowed into sai d dep05| t | on
chanber sinul taneously. 15 od_of, cl.aim

10. th
wherein said nists ar& mmhqdrﬂr@@am!us ofcl claipp, yhereip Bﬁ?ﬁaﬁ%ﬁ?'r'e"'ses
mai ntai ni ng a vaciglal Sordgtiufld S BreclitseR sllentsdid metal com Tpound s&[bcte‘&hﬁ:d?ﬁehOd

of clains 1 or claim2, i1 ncluding the addi ti onal step o

plurality of di f faroupita lpptahe*ome@ad ametalrarbexylale,and apetal P'W‘@W@wt 0

forma primer ni W ipatlis SVSaim S\lerbnSeite pratLifdoP Bolvet s tHe
20 12. The met ?\’gd aim 1 or claim2, including the additional
step of 30 p| sameyasisaid primer selvenidi ati on to one of said prinmer mist and

> |
sai d precursor m st 3.“‘%% mﬁg@ﬁg}a}Fhﬁnbvm&aasaiaﬁ&m@%wéan%@awn

chamber . aim1 or claim?2, wherein said
step of treating depositiooichambeswhileongintaining said\substeate Ab ameien temReraives. of

T B et oot oy o8 e b RS Wty 8 G wepbie
bi as between sai dehempbesisimdianedussiher (2) and said substrate ( 5)
25 15 10. The method of claim 1 or claim 2, wherein said mists are flowed into said
deposition chamber while maintaining a vacuum in said deposition chamber.
11. The method of claims 1 or claim 2, including the additional step of mixing
a plurality of different primer mists external of said deposition chamber to form a
primer mist mixture to be flowed into the deposition chamber.

20 12. The method of claim 1 or claim 2, including the additional step of
applying ultraviolet radiation to one of said primer mist and said precursor mist
while said mist is flowing through the deposition chamber.

13. The method of claim 1 or claim 2, wherein said step of treating
comprises applying ultraviolet radiation to one of said primer layer and said

25 precursor layer deposited on said substrate. |

14. The method of claim 1 or claim 2, including the step of applying a DC
bias between said deposition chamber (2) and said substrate (5).
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