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As is well-known in the art, the electrical components in integrated circuits .
10 are made up of layers of thin films which are connected by wiring layers and

separated by insulating layers. While some of the simple materials and
compounds, such as silicon glass, have been formed using a liquid deposition
process, thin films complex compounds, that is, compounds containing more than
two elements, in the prior art have always been formed using processes such as
16 vacuum sputtering, (i.e., E—bearh, D.C., RF., ion-beam, etc.); laser ablation,
reactive chemical vapor deposition, including metalorganic chemical vapor
deposition (MOCVD); and liquid application methods using sol-gels (alkoxides) or
carboxylates. However, none of these known methods have been able to produce
metal oxides with properties good enough for use in integrated circuits. In all of the
20 prior art processes, excépt sputtering, the films produced had signiﬁcant' physical
defects, such as cracking, peeling, etc. It was impossible with the prior art
processes, particulaﬂy sputtering, to reliably and repeatably produce metal oxides
with a specific stoichiometry within tolerances required for integrated circuits. Some
processes, like CVD, could be dangerous or toxic. Most required high témperatures
25 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 processes, it was impossible to
control thickness with the degree of accuracy that is required to manufacture
30 integrated circuits. As a result, up to now, metal oxides and other complex
materials have not been used in integrated circuits except for one or two speciality,
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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enough for use in integrated circuits. 20 United States Patent No.
5,456, 945 discl oses a net hod and appar at us for formng thin filnms of

E chenf cal conpounds utilize uits. In this nethod and
~apparatus, a mist of a preguid§rSik L?i‘l" a chemi cal conpound (e.g. BST
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SUMVARY OF ThiadubibhiWdrkyT prodessewhichpphan Cisd iused for easilypandeatormmitalijat i on

describe a m sted
producing thin films, from a few angstroms to microns in thickness, of various

complex materials, particularly metal oxides.
The parent applications describe a method and apparatus in which a liquid
10 precursor is misted, then flowed through a deposition chamber between the
substrate on which the liquid is to be deposited and a barrier plate. It discloses an
injection assembly for injecting the mists into said deposition chamber in close
proximity to and around the periphery of one side of said substrate and an exhaust
assembly for exhausting the mists from the deposition chamber at a region in close
15 proximity to and around the periphery of an opposite side of the substrate to create
a substantially evenly distributed flow of the mist across the substrate. The
substrate, barrier plate, injection nozzle assembly, and exhaust assembly
collectively define a semi-enclosed area within said deposition chamber.
The present invention provides a misted deposition apparatus and method
20 with an improved mist and an improved flow of the mist over the substrate.
The present invention improves on the misted deposition apparatus
* described above by making the barrier plate of substantially the same area as the
substrate. Here, substantially the same area means that the area of the barrier
plate in the plane of the substrate differs from the area of the substrate by only 10%
25 or less. The barrier plate has a smoothness tolerance of 5% of the average
distance between said barrier plate and said substrate. The deposited film shows
better thickness uniformity than with barrier plates in which the area and tolerances
are not within these parameters.
The present invention also improves‘ on the apparatué and method
30 described above by providing a filter through which the mist is filtered and
collimated before deposition. Preferably, the filter is a steel mesh having filter
openings of up to oné micron. The filter is incorporated into the injection assembly.
The deposited film shows better step coverage than with no filter.
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deposition process and apparatus that overcones the nmany probl ens and

di sadvant ages associ ated with known processes for depositing thin filnms of
5 compl ex ‘chem cal conpounds to fulfill a great need in the art by

provi ding a production-worthy process -which can be used for easily and
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The invention provides apparatus for fabricating an integrated circuit

10 comprising. a deposition chamber; a substrate located within the deposition

chamber, the substrate defining a substrate plane; means for producing a mist of

a liquid precursor; and means for ﬂdwing the mist through the deposition chamber

substantially evenly across the substrate in a direction substantially parallel to the

substrate plane to form a film of the liquid precursor on the substrate, wherein the

15 means for flowing includes a barrier plate disposed in spaced relation above the

substrate and substantially paraliel thereto, the area of the barrier plate in a plane

parallel to the substrate being substantially equal to the area of the substrate in the

substrate plane. Preferably, the barrier plate has a smoothness tolerance of 5% of

the average distance between the barrier plate and the substrate. Preferably, the

20 apparatus further includes means for maintaining the deposition chamber under

vacuum, means for applying a DC bias between the barrier plate and the substrate,

and means for adjusting the barrier plate to vary the distance between the barrier

plate and the substrate. Preferably, the apparatus includes an injection nozzle

assembly for injecting the mist into the deposition chamber disposed in close

25 proximity to and around the periphery of one side of the substrate, an exhaust

. assembly disposed in close proximity to and around the periphery of an opposite

side of the substrate from the injection nozzle assembly, and the substrate, the

barrier plate, the injection nozzle assembly, and the ei(haust assembly collectively

define a semi-enclosed area within the deposition chamber. Preferably, the

30 apparatus includes means for rotating the substrate in a plane parailel to the

substrate plane while the mist is being deposited on the substrate and means for

applying ultraviolet radiation to the mist while the mist is flowing through the

deposition chamber. Preferably, the deposition chamber is maintained at
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The present invention inproves
above by making the barrier pla
substTate. Here, substantially
barrier plate in the plane of tRhe—stb
substrate by only 10% 25 or |less. The barrier plate has a snoot hness

tol erance ofW88%W3 ¢ he aver age di stance between said barri (!’F;Tﬂlsa‘t@!&nﬂ
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steel mesh hipcates Withinctheajeposition ahiambier | thesUbsiateH8finThg '2éubdtrald bRik]
into the injection assenbly. The

mMerr]. The filter_is incorporate .

deposi t edf | magﬁaagp@@{fmgp 3 mist %aﬁa%ermwwm mgans for Sewing the miet

97/ 33013 through the deposition chamber substantially evenly &&ross 8% sQbstrate in a
direction substantially parallel to the substrate plane to form a film of the liquid

precursor on the substrate, wherein the means for flowing includes a barrier plate
disposed in spaced relation above the substrate and substantially parallel thereto,

10 the barrier plate having a smoothness tolerance of 5% of the average distance
between the barrier plate and the substrate.

In a further aspect, the invention provides apparatus for fabricating an
integrated circuit, the apparatus comprising: a deposition chamber: a substrate
located within the deposition chamber, the substrate defining a substrate p]ane;

15  means for producing a mist of a liquid precursor; filter means for filtering the mist;
and means for flowing the mist through the deposition chamber to form a layer of

the precursor liquid on the substrate. Preferably, the filter means comprises a
stainless steel mesh. Preferably, the mesh includes openings having an area of up

to one micron. Preferably, the means for flowing comprises: an injection nozzle

20 assembly for injecting the mist into the deposition chamber disposed in close
proximity to and around the periphery of one side of the substrate; an exhaust

’ asseknbly disposed in close proximity to and around the periphery of an opposite
side of the substrate from the injection nozzle assembly; and the filter means forms

part of the injection nozzle assembly. Preferably, the injection nozzle assembly and

25 the exhaust assembly each includes a plurality of nozzle ports distributed about the
periphery of the substrate, and the filter means comprises a filter located in at least

one of the nozzle ports. Preferably, the apparatus further includes adjusting means

for adjusting the flow of the mist through the nc -le ports, the adjusting means
comprising threads formed in the ports formed in the injection nozzle assembly and

30 holiow, threaded bolts which screw into the threaded ports, at least one of the
threaded bolts having the filter located in the hollow head of the bolt. Preferably,

the substrate is circular, the injection nozzle assembly comprises a conduit forming

an arc of a circle about one periphery of the substrate, the exhaust assembly
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The present invention also inproves on the nisted deposition apparatus and
met hod descri bed above by providing a buffe bafyber t hrough which the m st
fl ows” bet ween the m st generat et e, deREN flon chamber. The buffer
chanmber is sufficiently largels .-:partl ¢l es that m ght- cause
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chanber. The W&’géi” Rhanber al ¥&=assists in niXxi ng the mst if nore j'E”?uan

one ni st genegs Hsé§at&ﬁﬂwt'f$rﬁuhglbh@rc©h§lﬁmre abRit anaspposite pefiphery ofithe h
the filmcan be posited w thout creating surface nnrgqrdyotgyf,&jo{bal ms The
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chanber, the rat | nrng a su strate ane, neans uci n
m st of a |iqthel spbstraresand sabskanball;spamller thsmtngandwhnrem the mbgmabh&e

d t hanb b

subst ant | af y DGR 08 Misdonpgp hee RN, Bhg IF eRtiniaRblmby el "
ErecursorI 0{1 Hgﬁnglabgédmpémlomd@amln&?etﬁﬁdebﬁmm dmamtlijérovm ng includes a
arrier ate di sposed in spaced relation_a t he trat

subst ant Pal ly par gl'rhél"'“{qu"8ﬂ§° Rrewd %?iMNO?fzaW'ﬁ&P%ﬂ;tgggﬂgﬂcﬁqm ihe

parallel to they ﬁua%bmtﬁgwane &wugf’g& lﬁﬂ‘tﬁ%récﬂréd?eplébﬁg aﬁéusdwe

substrate in the subs era arrier plate has a
snoot hness t olinside@e erfclcﬁmb:leposntlon chamber producing a mist of the liquid precursor;

10 filtering the mist; fiowing the filtered mist through the deposition chamber to form

a layer of the precursor liquid on the substrate; treating the liquid layer deposited
on the substrate to form a film of solid material; and completing the fabrication of
the integrated circuit to include at least a portion of the film of solid material in a
component of the integrated circuit. Preferably, the precursor comprises a metal
15 compound in a precursor solvent, the metal compound selected from the group: a
metal alkoxide and a metal carboxylate, and a metal alkoxycarboxylafe. Preferably,
the step of flowing is perfor_med while maintaining the substrate at ambient
temperature and while maintaining a vacuum of between approximately 100 Torr
and 800 Torr in the deposition chamber. Preferably, the step of filtering comprises
20 passing the mist through openings having an area of up to one micron. Preferably,_
the step of flowing comprises injecting the precursor mist into the deposition
chamber in close proximity to ahd around the periphéry of one side of the substrate
and exhausting the precursor mist from the deposition chamber at a region in close
proximity to and around the periphery of an opposite side of the substrate to create
25 a substantially evenly distributed fiow of the precursor mist across the substrate.
Preferably, a surface of the substrate defines a substrate plane and the mist is
flowed between the substrate and a barrier plate located within the deposition
chamber in a spaced relation to the substrate and parallel to the substrate plane.
Preferably, the method further includes the step of passing the mist through a
30 buffer chamber prior to the step of flowing. Preferably, the step of passing the mist
through a buffer chamber is performed prior to the step of filtering. Preferably, the
method includes the additional step of applying ultraviolet radiation to the mist
while the mist is flowing through the deposition chamber. Preferably, the step of
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t he average di stance between the barrier plate and the substrate.
Preferably, the 20 apparatus further includes nmeans for naintaining the
deposi ti on chanber under v lying a DC bias between the
barrier plate and the substlr atrs siaeer pRasEdN| adj usting the barrier plate
to vary the di bet wegin t he RE@LACED pl at ¢ and the substrate.
Preferably, fta#é&Z%ﬁlgratus iFreter =rmeeti=dn nozzl e assenBiGUS3H03I93

i nj ecting therddting édthpriédica | LireNidORARRAtSH &P 5P thye? fledd
proximty to and groungrthe g@?impahery of one sfde o?%tahé) su‘?#rgatee_, na%he
exhaust asse®HbP§trelesposed in close proxinmity to and around the periphery of

. 4 ' y : 5 q
the oot rate - tnih shlfBndifer asBb ke ifiveiion Protided BoRérfuicR Tertiia i,
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it - . t 3 n es neans for
orati ng. Bhe ey Wi Ehqainan Shampet Ihe sibtitate g 8 P RIENG ( he
m st is bei ngheiredor producing aimistefasliquid pr@&ﬁboﬁ%@énéﬁfﬂambxhe%i&!th@#hol et

radiation to,the mst while the mst is flow ng through the deposit
chanber. Preth® ,'“@r&*‘aﬂ&bsq form.a layenefdhe precyesos liguisken the substrate; and

a buffer chamber through which the mist passes, the buffer chamber located
between the means for producing the mist and the means for flowing the mist.

10  Preferably, the buffer chamber comprises a container that is sufficiently large that
mist particles which can cause surface morphology problems settle out in the buffer
- chamber. Preferably, the means for flowing includes filter means for filtering the
mist and the filter means includes openings having an area of up to one micron.
The use of the improved barrier plate, filter, and buffer chamber results in
15 Dbetter thin films even with accelerated deposition rates, thus improving the
economy of the misted deposition process. Other objects, 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
20 FiG. 1 is a cutaway side view of the deposition chamber portion of a misted
deposition system according to the invention;
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.
25 1and2; .
FIG. 4 is a schematic side view of a mist generator of a misted deposition
system according to the invention; _ _
FIG. 5§ is a schematic plah view of a buffer chamber and associated inlet and
outlet ports according to the invention; ' ,
30 FIG. 6 is a flow chart showing the process of fabricating an integrated circuit
according to the invention; |
FIG. 7 is a top view of the preferred embodiment of a misted deposition

system according to the invention; . — R
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substantially anbient tenperature while the mst is flowed into it. In
anot her aspect the invention provides apparatus for fabricating an
integrated circuit, the apparatus conprising; a deposition chanber; a
substrate located within the deposition chanber, the substrate defining a

substrate pl aggorssersreans for producing a mst of a |liquid preegrissfesasand
means for flow ng the m st through the deposition chanber substantially

evenly across the FGSs8rand® showaa diarvienplate assentbiy and isubsipate:in two differente

substrate plane.to-forma film qQf L 1,Quli d r.sSor S ,

wherei n 1 h. ranione 57 Wb Eate tof prlbstable ik oteR g baigr i Mnde,
rel ation abovgdsetgsubstrate and substantially parallel thereto, 10 the
barrier plate having a snoot hness tol erance of 5% of the average distance

between the barri éfiGpl 1 & arRerspectieview showing therriacenaentaohiiia ultiaviolet
| nvent i on pr QU HRRnARAEAMISIn{tAS &%ﬁfg@nﬁfgpaﬁbéﬂab&rﬁﬁfg’ﬂ\bﬂﬂe‘?v'\\féh‘tibhﬁ the

apparatus conprising: a deposition chan .a substrate |ocated W thin the
deposi ti on chanberFlQ Hel shows acrosasectional side view chadpqstion®f ansintegraied  or

brodieLng o By e e AU He b B ind IMEFRA S
a layer of the prefiG: 42is & graphcofdeakage carbnt derisity dndadielestric/coristant fversusr
eans . conpri Sceaspa%itor sample for the samples A, B, C. and D described in the specification.
10 | DESCRIPTION OF THE PREFERRED EMBODIMENT

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

15 term "substrate" is used both in a general sense in which it may be any one or a
number of layers 5 of material on which a layer of interest 1130 is deposited, 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

20 process and apparatus of the invention. The substrate referred to as being
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 layer 1124 is wet grown. Typically, the SiO, layer

25 is etched to form the shape necessary to create a given integrated circuit device
1112 upon deposition of appropriate layers of titanium 1126, platinum 1128,
dielectric 1130, and platinum 1132. A thin layer 1126 of titanium metal is deposited
on the silicon dioxide 1124, préferably by sputtering in situ, and a 2000 A' thick
electrode of platinum is deposited on the titanium 1126, preferably by sputtering

30 in situ. By "in situ" is meant that both the titanium and the platinum are sputtered
without breaking vacuum. The titanium layer 1126 is optional. When used, it
diffuses into the silicon dioxide and platinum and assists the platinum 1128 in

adhering to the silicon dioxide 1124. A layer 1130 of a material such as PZT or
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stainl ess steel nesh. Preferably, the nesh includes openings having an area
of up to one square mcron or 10[err]nferr]. Preferably, the neans for
flow ng conprises: an 20 injection nozzle assenbly for injecting the mst
into the deposition chanber disposed in close proximty to and around the

periphery ofypdmasisde of the substrate; an exhaust. assenbl W&@q@%i n
e o e
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assenbl y and! ?%ﬁ%t%ﬁmx%ﬁ' MS‘IF 8@3@*@“‘& 'ﬁ%ﬁ'fﬂm laver port s
di stri but ed1480.Urhe wafep #11Pizahen ahnddied, patéinediwith & pRotdmabik pfdtiesSPanth
conprises a filter located in at |east one of the nozzle ports. Preferably,

the appar at 8tchedrdonm 19 the electoda;laveri 11g8rfeAradycs capaaiter intggneted rireut of
the m St st NEGUEES § 12, BAGL MRAI IS Snodddth GH44184dBA ITRRSS £, WHEN AeViBed Bt adS
e n y4 e ol | ow,

ports forned I e dss

formed int the 1 njection noz
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in step P6 a primer is prepared. In the preferred embodiment, this step

comprises providing a quantity of a single solvent, such as 2-methoxyethanol, -

xylenes or n-butyl acetate, though it may include the step of combining several
solvents, such as the three foregoing solvents. The preferred solvent, whether it
be a singie soivent or a combination of solvents, is the final solvent of the
precursor, that is, the solvent of the precursor that is applied in étep P22, which will
be described below. Some solvents that may 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-ethyi-1-butanol (146 °C), 2_-methoxye‘thanol (124 °C), 2-ethoxyethanol (135
°C), and 2-methyl-1-pentanol (148 °C); ketones, such as 2-hexanone (methyi buty!
ketone) (127 °C), 4-methyl-2-pentanone (methyl isobutyl 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

25

30

acetate (156 °C); ethers, such as 2-methoxyethyl ether (162 °C) and 2-ethoxyethyl
ether (190 °C); and aromatic hydrocarbons, such as xylenes (138 °C - 143 °C),
toluene (111 °C) and ethylbenzene (136 °C).

In step P8 the primer is applied to the substrate 5. In the preferred
embodiment, to be described in detail below, the primer is misted, is screened
through a mesh filter 33, and is applied to the substrate 5 in a deposition chamber

2. The term "mist” as used herein is defined as fine drops of a liquid carried by a - |

gas. The term "mist" includes an aerosol, which is generally defined as a coliocidal
suspension of solid or liquid particles in a gas. The term mist also includes a vapor,
a fog, as well as other nebulized suspensions of the precursor solution in a gas.
Since the above terms have arisen from popular usage, the definitions are not

8



peri phery of the substrate, the exhaust assenbly conprises a conduit
formng an arc of a circle about an opposite periphery of the substrate,
~and the ports are forned along the .arc of the conduits. Preferably, the
~means for flowing further includes a barrier plate di'sposed in spaced
rel ati on abovg, t bstrate and 5 substantially parallel thgkgg
“wherein the sﬁ%gﬁﬁgﬁg, the barrier plate, the injection nozzle as%gﬁg?i,
and the exhaupfecitesovérap, ant neibe/ased différently by differentautharseHeesin Aheitetm

an' i nt 607 at ccmeiaRal % IHteRdeqhi? HOAD AU NG BPRIoEE aflind Wi tenf dgrisd "0

|1 qui d precur 8eencglahel Tithro 'SE’Y ParkelC. Reéist, McGraweHT hiee N6\ York,! 1983,
chanber; producing a m-st of e li ﬂ:yl d precursor; filtering the mst;
flowi ng the fwhich islhafeby innepogated

on' 1 he subSt  Biabllp 88 trdSn SR RG Ry G0 Bt Wl s epoRiBhe iRy o

eferencei othe e dnist’ AS ysed hereigds of

fabricati on ohot be includend ander ther tearntaerosolnvapete onfod. ditravialat (UV) cadiation he

o ool S B et 43, B BRACHL e EEES G B Edpbotin
sol vent, the gRAmbet 2P &fter tas apphet fo e substrate>5pas shown by the dotted lines
P11 and P12, respectively. However, in the preferred embodiment, these steps P11

10 and P12 are skipped.

It has been found that the use of a primer prior to the deposition of the
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

15 metal-alkoxycarboxylafe prepared as described in United States Patent Application
Serial No. 08/132,744, which is hereby incorporated by reference, 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 siep, a concentration adjustment step, or both is

20 performed to provide an optimum precursor for the application. The solvent
exchange step is described in detail in United States Patent Application Serial No.
08/165,082, which is hereby incorporated by reference. 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 aiso contemplates using muitiple

25 precursor sources in parallel or series. In particular, other sources may be used in
parallel for doping or modifying the final desired compound.

The precursor liquids used in the present invention are stabilized solutions.
Here, "stabilized" means that key oxygen-metal bonds of the desired final chemical
compound are formed in the process of forming the precursor, and after such

30 formation are stable. This has fwo aspects. First, the solutions do not react or
deteriorate when stored over moderately long periods. Second, the bonds formed
when forming the precursor remain stable throughout the deposition process and
form at least a portion of the bonds in the final desired chemical compound. That

9



met al al koxi de and a netal carboxylate, and a netal al koxycarboxyl ate.
Preferably, the step of flowing is perfornmed while naintaining the
substrate at anbient tenperature and whil e naintaining a vacuum of between
approximately 100 Torr 20 or 1.333 x 10[err] Newtons/neter[err]
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L et Tor pedegseenlinsife By S8 i Bhdhonh et e smpersir,

10 and when no UV radiation is being applied and a vacuum is being applied to treat
the substrate, 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. ' .

15 As will be discussed further below, a key aspect of the flow process is that
the mist is flowed across the substrate 5 via muitiple 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 flow of mist across the substrate 5.

20 During, after, 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 following: exposed to vacuum,
ultraviolet radiation, electrical poling, drying, heating, and annealing. In the
preferred embodiment UV radiation is applied to the precursor solution during

25 deposition in step P24. The ultraviolet radiation is preferably also applied after
deposition in step P28. After deposition, the material deposited on the substrate 5,
which is liquid in the preferred embodiment, is also preferably exposed to vacuum
for a period, then is heated, and then annealed. The chemistry of the UV cure
process is not entirely understood. It is believed that the UV assists in

30 disassociating the metal-oxide molecules, or other elements that comprise the

" desired final chemical compound, from the solvent and the organics or other
fragments of the precursor compounds.

An important parameter of many complex thin films, such as ferroelectric

10



nmet hod includes the additional step of applying ultraviolet radiation to
the mst while the mst is flpwRg through the deposition chanber.
Preferably, the step of trea es—applying ultraviolet radiation
to the |layer deposited on thg | anot her aspect, the

I nvention pr%dﬁgoﬁppar at us Q- ng an/5 integrat ewcguswenida t he
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producing a pr ugh
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substrate; aaghisvediby the proeedscand wpargtusvddcordmg]m thesinventiore sThe invehtidr er
chanber | ocated t he ans er duc m st and the means
for flow ng Pﬁ@ﬁjﬁ%'?e V\gf‘égﬁﬁ? W@hmffﬂf hgg?r{‘grrpri ses a contai ner
that is syfficientihg ihaeator Meilﬂsﬁi&ed)ﬁfrtthébﬁpombf high R%ttﬁ#ﬁrﬁ@éf

nor phol ogy problenms settle out in the buffer chanber. Pre t he nmeans

for flow ng CRBIPQUBAS $yGhas, emrs“PPT‘F@?‘i’Wrﬁh@aFﬁrﬁ'swﬁﬂ W%dﬁ'
means incl udegoopgal Ql%g&ﬁ&' &8 #dr ak&PpR tHPinVEnttiiEcatbe used o dgbﬁépfﬁn? r

10[err]nferr].

films of ferroelectric materials having a general composition of ABO,, including
PbTiO,, PberyTiO3, PbeaerzTioa, and YMn03, where Y represents any rare-

10 earth element. In addition, the invention can also be used to deposit thin films of
barium strontium titanate [(Ba,Sr)TiOg}, strontium titanate (SrTi0 9, as well as
other multi-element compounds, such as those described in U.S. Patent application
Serial No. 965,190, filed on October 23, 1992, titled “"Layered Superlattice
Materiéks for Ferroelectric, High Dielectric Constant, and Integrated Circuit

15 Fabrication", which is hereby incorporated by reference.
2. Deposition Apparatus |

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

20 substrate holder 4, a barrier plate 6, an input nozzle assembly 8, an exhaust nozzle
assembly 10, and an ultraviolet radiation source 16. The deposition chamber 2
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 plurality of extemal vacuum sources described below. Lid 14 is

25 pivotally connected to the main body 12 using a hinge as indicated at 18. In
operation, a mist and inert carrier gas are fed in through tube 45, in direction 43,
and pass through input nozzle assembly 8, where the mist is deposited onto
substrate 5. Excess mist and carrier gas are drawn out of deposition chamber 2 via
exhaust nozzle 10. _ '

30 Substrate holder 4 is made from two circular plates 3, 3 ' of electrically
conductive material, such as stainless steel, the top plate 3'being insulated from
the bottom plate (field plate) 3 ' by an electrically insulative material 7, such as

delrin. In an exemplary embodiment, utilizing a § inch diameter substrate 5,

e ——————

11 heet Has Been Replaced

\\Illl\\ RGN



The use of the inproved barrier plpgtes==Htter—and buffer chamber results
in better .thin filns even with accl'ﬁma'@{EEd'Q-mgiﬁﬁ ,Qn})rates, t hus i nprovi ng

t he econony of the m sted dep05|t| bn prmmmc@ j ects, advantages and

sal i ent features of the present | NETTET oW gg! apparent fromthe
foll ow ng de description in COI‘]]UI‘]CtIOI‘l with the dg Rl EF
DESCRI PTI ON T %’%RAW NGS FIG 1 is a cutaway side view of ‘?ﬁ\gb%ﬁ%fl tion
chanber port subvstrafte holdes4 ésindminaliyt6 imchey it dismetercard] sypportedion a mtaﬁiﬂlezag
FIG 2is a w, of .ap intake a exhast no t he
system of FI %ﬁﬂzdwﬁ@ I ird rﬂr?"@ﬁ?ﬁtpégﬂ r\}fs Z@Pgﬁﬁaﬁﬁ?béﬁé ngitZ?t@ Df
the system Omalyl @ro&tﬁ]dluﬁngl:d Gepdsntr@n @r@@%@nlhllﬁs@bﬁﬁ’g !h@!!"ZQfeléctﬁlﬁI?y

gener at or of a m sted deposition system according to the invention

FIG 5 is a €snigtasithe sy #ratpéwmr "aaﬁﬁﬁﬂbﬂf%mm theeaoni fram the BICt
and out| ef p&;@ aa@@ﬁédw@\ t&d&%ﬁloh%?ﬁdﬂé??naaﬁ' gﬁzls%@.aié%pﬁaf&n%bow ng

the process lcating an 1 ntegrate i rcui ccording to
i nvention; created between the substrate holder 4 and barrier plate 6 (via chamber main body

12). Such a DC bias may be utilized, for example, for field-poling of thin films as

they are being deposited on the substrate 5. Insulating shaft 22 is connected to

shaft 20 and shaft 20 by couplings 21. Electrical source 102 is operatively

10 connected across main body 12 of deposition chamber 2 at connection 108 by lead

106 and via feedthrough 23 to brass sleeve 25 by lead 104 to effect a DC bias
between field plate 3 " and barrier plate 6.

_ Barrier plate 6 is made of an electrically conductive material such as

stainless steel, and is of sufficiently large size to extend substantially over the

15 substrate 5 in parallel 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

. 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 piate 6 in a plane parallel to the substrate varies from

20 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%

- smaller 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.

25 FIGS. 8 and 9 show barrier plate 6 located at various dlstanoes from
substrate holder 4. Each of the rods 24 is typically a stainless steel rod attached
to deposition chamber lid 14. Each rod 24 is bored to accommodate a bolt 35 (FIG.
1) by which the rod 24 is attached to barrier piate 6. Each rod 24 is tapped to
accommodate a set screw 36 which secures bolt 35 to the rod 24. By loosening set

30 screw 36, re-positioning rod 24 reiative to bolt 35, and then re-tightening set screw
36, the effective length of each rod is adjustable up to 1/2 inch without having to
remove the rod 24 from the chamber lid 14. Each of the rods 24 is removable to
allow sets of rods 24 of different lengths L, L' ', etc. to be substituted in order to
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6 FIG 7 is a top view of the preferred .enbodi nent of a m sted
deposition system according . to the _invention: Wo-07/ 33013

PCT/ US97/ 03393 FIGS. 8 and 9 show Bl d Stz TOHAS BEESIS 010 y and substrate in
two different positions to illustrfte thggpdpaggbabl e flel ati onshi p between
the barrier pwologssesl t he substrat &=H-65—38— pefrspect i vePUITUS9785399 Ng

t he placenent of the ultraviolet 5 radiat.i (;v Surce within the deposjtion
chanmber accoresassely adiupidhe CoEREPIFING-FRACING % %)W?t%l hetween ?@Hﬁﬂﬂi&ﬁ é?ﬂ‘g

view of a por}i | r ' | i n
apparatus an dr?% oc1).§c§k("?ﬁ'-| {@aiﬁgﬁ?@oﬂ?&fﬁé‘wﬁ@n g’%biéés&gbgﬁgﬁégf ﬂ?\géﬁtaege
current densieétg. &odenample; the rodlengthek maybe adjusted to provide a spacing S in the

range of 0.10 - 2.00 inches. Once in place, rods 24 are also adjustable as indicated

5 above. Thus, rods 24, bolts 35, and set screws 36 comprise an adjusting means for

adjusting the barrier plate 6. The spacing between substrate 5 and barrier plate 6

is preferably approximately between 0.35 inches and 0.4 inches when a precursor

liquid of barium strontium titanate, as prepared below, is deposited. Preferably the
barrier plate 6 has a smoothness tolerance of up to 5% of the distance between the -

10 barrier piate 6 and substrate 5. That is, the distance between the substrate 5 and

the barrier plate 6 at any given point differs from the distance between the

>

A

substrate 5 and the barrier plate 6 at any other poirit by 5% or less of the average
distance between the substrate 5 and the barrier plate 6. For example, if the
average distance betwéen the substrate 5 and the barrier plate 6 is 0.38 inches,

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

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

20 uniformity and a higher deposition rate than barrier plates outside the aforesaid
tolerances.

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 compénsated
capacitance manometer 710 monitors the pressure in deposition chamber 2, and

25 its signal controls a downstream controi valve (not shown) to maintain precise
pressures in deposition chamber 2. High vacuum pump-down of deposition
chamber 2 to below 5.0 X 10 Torr is accomplished with valve 713 opened. High
vacuum pump-down of deposition chamber 2 is used to facilitate adsorption of
moisture from the chamber walls as well as from a substrate 5 located inside of the _

30 chamber, prior to a deposition operation.

Deposition chamber 2 is vacuum pumped to a pressure of between
approximately 100 and 800 Torr during a deposition operation. The deposition
chamber exhaust system includes a liquid nitrogen cold trap 709 connected to

13
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capaci tor sanple for the sanples A, B, C, and D described in the

specification. 10 - DES RRED EMBCODI MENT 1.
Overview A flow chart of the prefeljrgdisesHEEi AR BESH
the invention is showmn in FIG 6 amd a pﬂfZPl—bhEBf ntegrated circuit

made by the QiEARSH3I S shown in FI ep Pla substr aicenisoirisaea
provided. In the art, the 15 term' substrate I's used both in a general

sense in whi plocess d!a}nmmvalnemﬁ Acaessriean extenal chembeo {notshemwn) froom

whi ch 1t dorgeRestion Ehiitbert ¢ 38 rSvilal icBl: o Bif rtbeBiedPHR vAive 737 T 1
is formed. Uniterdor dhdepasition thambec 2tcan bé hviswed eluringea depdsitioh Bperation

herein will |nd|g§}€te a 9iéect on which a layer of material is deposited
usi ng t he 20threy %Fﬁ&l paratus of the invention. The substrate

referred 50 as beypg H&Védi‘%guldé é’b%ﬁ&e@%%ﬂﬂoﬁ%ﬁ%m@ nd VeR

silicon wafer 1122. n ste

process according to

the'initiral 1ntegrated circuit layers 1124,

1126, and 11@vaﬁ@sf?ammmm dispersisrrales of peacursors thraugh buffenchambesi de

e ooy, 14 158 08hen Sriter 25y PRI Alo PR b B30 90
et ched to fofrom seursk 3|36 mmmisaggnaratopMSa‘t eAdditjonalrmass figwadontrolier 748
gf\é't Icﬁurlnlﬁzu ve adnedovasl{ré '7%%—4) are Bonnacte {o mlseiygeernseré)t];r ttlb—f whuucrlrw] ololn2n69cts to

10 buffer chamber 42 via VCR valve 725-5 to control the dispersion rates of primers
through buffer chamber 42 into deposition chamber 2 by regulating the flow of an
inert gas such as argon from source 736 into mist generator 46-2. A separate mass
flow controller 758 is used to intfroduce oxygen from source 738 and/or other inert
or process-active gases into buffer chamber 42 via VCR valve 725-7.

15 The input nozzle assembly 8 and the ekhaust nozzle assembly 10 are more
particularly shown with reference to FIG. 2. Input noizle' assembly 8 includes an
input tube 26 which receives a 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 small holes .o,r input ports 31 for accepting removable

20 screws 30 and removable input nozzles 33 spaced 1/4 inch center-to-center along
the inner circumference of the tube 28. .

A plan view of an input nozzle 33 is shown in FIG. 3. It includes a screw 33
having an enlarged, hollow screw head 301 having a rim 303, and hollow screw
stem 39 (FIG. 2), and a mesh filter 310. Mesh filter 310 is preferably friction fit

25 inside screw head 301 before the head 301 is attached to the stem 39, but also
rﬁay be brazed to the outer surface of rim 303. Preferably, all portions of nozzle 33,
including mesh filter 310, are made of stainless steel. Preferably mesh filter 310 is
a stainless steel, woven mesh filter having spacings 315 between the mesh stra.nds
of approximately one square micron. It has been found that, with everything else

30 being equél, the use of such a mesh filter lowers the deposition rate somewhat, but
this is easily overcome by increasing the number of ports 31 and/or the size of the
ports. The filter collimates the mist so that the flow of the mist over the substrate

is more uniform and less turbulent, and thus there is less chance of anomalies in
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dielectric 1130, and platinum 1132. A thin |ayer 1126 of titaniumnetal is

deposited.-on the silicon dio erably by sputtering in situ,

~and a 2000 A thick el ectrode [pfrHid &, _
- preferably by sputtering 30 {in Sihléii VAGIBEES fu” is neant that both the

titani um and wOe7/pHoRt | nuM ar e=SPattere t hout b][ ](caaki ng vacwcﬁmsﬂ?_s%.
~titaniumlayer 1126 is ogptional. \Wen used, TT=diffuses into the silicon
- di oxi de and #& ?Wmaﬁaﬁas‘yﬁﬂsl'@wlﬁﬁgﬁnﬁmtgm#mfogaﬁ@sf ng to the

Srihgong Ot do t Edfaudtro28Tasidriblyfo o' artliflh el 2b v
then deposi t acplucality of smallrholes osexhaust-partsidt hovth temavable sorews 30 The

ey 50 A A AN oMk g BRI R B B
- process, &ndinpuinazzisassarnblyt8; except thatlit doey et inthRid inpat nozxies 83@aRdid Or
n A oo, R B EeRin ) Sotion (Eet sy Eng caes 3¢ o Rbosc
device to thangl2g aryrenvovable fotcléaning. Arcuate tube 28 of input nozzle assembly 8
and the corresponding arcuate tube 29 of exhaust nozzle assembly 10 respectively
surround oppositely disposed peripheral portions 4-1, 4-2 of substrate holder 4.

10 In an exemplary embodiment wherein a BST film is to be deposited, the
centers of holes 31, 31 "in tubes 28 and 29 are nominally located .375 inches
above substrate holder 4. However, as shown in FIGS. 8 and 9, this distancs is
adjustable to suit the specific deposition process.

Each of the tubes 28, 29, is typically fabricated from 1/4" O.D. stainless

15 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
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

20 selectively inserting noziles 33'in place of screws 30 in arcuate tube 28, and
adjusting the location of open exhaust holes 31 ' by- selectively removing screws

. 30 in arcuate tube 29, the flow of a vapbrized soiution or mist over the substrate 5
-can be well controlled for various solutions and ﬂb\)v rates, etc., to achieve a
uniform deposition of a thin film on substrate 5.

25 Referring to FIGS. 1 and 2, substrate holder 4, barrier plate 6, input nozzle
assembly 8 and exhaust nozzle assembly 10 collectively cooperate to define a
relatively small, semi-enclosed deposition area 17 surrounding an upper/exposed
surface of the substrate 5, and within which the vaporized solution is substantially
contained throughout the deposition process.

30 Although exemplary embodiments of substrate holder 4, barrier plate 6, input
nozzle assembly 8 and exhaust nozzle assembly 10 are shown and described, it
is understood that variations of such structures can be utilized within the scope of
the present invention. For example, the arcuate input and exhaust tubes 28 and 29

15
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1128 and contacting the other electrode |layer 1132 with a fine probe
connected.to the other |ead of the test devic step P6 a priner is
prepared. In the preferred enbodi conprises providing a
quantity of a single solvent, chhﬂa§ %Bxyeth nol, xylenes or n-buty

acet at e, thowgvyssergay i ncl ude t\he stﬁz_hf Mng sever al yé—p/vg%@g such

as the three foregoing solvents! referred solvent, whether it be a
singl e sol veﬁ@ubrb%lr chwith dubes obethee structures such &s Mashapsd enbt-siapetie

St
Bpseurser e Br 4fod MK ox Yo SRS Y Sl by PR SeBhSD
t he priner, hogsesandwsepharadtbexhabstipartsgy poi nts, include: al cohols, such as
1- but | (117 t I 117 nt | (119 10,
1-butanol (11771 SHA S snduR 5 ARF ok bt A s B3 A b
2- et hyl - 1sbuicnird fés%ﬁt ﬁlWéﬂtiSh; 'l?!er?ﬁhﬁiwweéaﬁ%ﬁiﬁly @b2is tﬁﬁifz@h%r supplying a
2- et hoxyet hanol f [err C?mﬁand 2- et hyl - 1- pent anol ?ones

(14
such as’ 2- heXﬁWr\%e‘{ Aelubipn (mistyer wOSRQttenevut(qqzzlq éﬁP?'D?'Y 8 ind generally

4- et hyl - PERpRS #6@@@& r?ﬁ%\‘,-'&‘l a bﬁjra Jof Ak 48 vg@g% [aré 84eg19°

(butyl ethyl and’cyc hexanone , esters,
such as but ytomespending mtst qeﬂer@to)'s through respeetive vahresa?ﬁé-z 9425-53725-@ a and

2 e noxy et oo F455, 15 Mot A5k oo bl BB R 45 50 B noLl
hydr ocar honsasssifibly & angd! amema(u“b?%hﬁiaﬂw}ﬂzs-'aﬂ ib @& fehtdre of the invention that
the inlets 44 from valves 725-2, 725-5, and 725-7 are at a 90 degree angle from
outlet 49 to deposit valve 725-1. Buffer chamber 42 is large enough so that the
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
15 the inlets'44 and outlet 49 permits any large droplets ih the mist, which can cause
surface morphology problems to settle out, i.e. droplets larger than about two
microns. When more than one mist is used at the same time, as for example, when
both a primer and precursbr are introduced together (see below), it permits the
mists to mix until they form a single, homogeneous mist. In the preferred
20 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
. 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
25 valves 725-* and inlets 44.

The mists as flowed into the buffer chamber 42 are mixed to form a single,
uniform misted solution which is then flowed into the deposition chamber 2 at an
appropriate flow rate through the valve 725-1 and input tube 26. Valve 725-1 éan
be selectively closed off so that the deposition chambér 2 can be pumped down if

30 desired, or to clean and purge the manifold system when necessary. Similarly, the
outlet of the exhaust valve 725-6 is connected to a vacuum source (not shown) so
that, when necessary to exhaust/purge one or more of the mist generators 46,
valve 725-1 can be closed off, valve 725-6 and one or more of the valves 725-* can

16
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25 toluene (111 [err]C) and ethyl benzene (136 [err]C). In step P8 the
priner is applied to the substrate 5. In the preferred enbodi nent, to be
described in detail below, the priner is msted, is screened through a nesh
filter 33, and is applied to the substrate 5 in a deposition chanber 2. The
term"m st" swoesBo3herein is defined as fi ne drops of a |igRCWVUSEZINd by

a 30 gas. The term'"m s _an ros . Which.is en ral |y, defined
as a col | oi d®®e QR%’I%’n?Paﬁh%k’”é &zprgpeq [ym cgg %55' '%/th urggr m
m st al so ing g%n&n%ﬁﬂ(s ) 48 driddhe aaﬁéﬁiﬂamb%rah ava&:muw pEMmPNS

of the precursor solution i'n a gas. Since the above erns have ari sen rom

popul ar usagdnot showrfar psingoytandard negative draw\typerexisyist
erhors tarorn’” Subized 1600 SORTRY 8 dilod VSRR @ ibeaa
suspensi or§ ineblulide the rsolutiens etatpr@dmmal mist ok thee stabilizédopneclrsgy solution{s)k er
€St N e iragb 8 o sl o2 Pl § A 57
schematic side view of an exemplary embodiment of the mist generating apparatus
used in the present invention. Mist generator 46 inciudes a closed container 54, a
TDK TU-26B or equivalent ultrasonic transducer 56 fluid-tightly and vacuum sealed
10 into the bottom of the container 54, and a power source 72 for which both the
frequency and amplitude may be varied. Container 54 is a modified Millipore
Waferguard T-Line gas filter unit (catalog no. YY50 005 00) without the internal
filter cartridge. The direction of gas flow as indicated by arrows 420 is opposite to
that which would be used in.normal operation of the filter. Transducer 56 is
15 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
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 contro!l means 75, i.e. amplitude control dial 75,
20 which can be turned to edjust the amplitude of the output of transducer 56. By
adjusting the frequency and amplitude of the transducer, the particle size of the
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
25 introduced into container 54. During -operation, transduber 56 is elecftrically
activated to generate a mist 66 of the brscursor liquid, and an inert carrier gas is
passed into the mist 66 via port 60 where it becomes wet or saturated with the mist,
and the wet carrier gas is then passed from the outlet port 62 into the manifold
assembly 40. The carrier gas is normally an inert gas such as argon, helium, or
30 nitrogen, but may comprise a reactive gas in appropriate situations.
The mist generator 46 shown in FIG. 4 is particularly advantageous because
it creates a vaporized solution which can be effectively flowed or injected into the

deposition chamber 2 without complications such as freezing.
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5 intended to be broader than the term aerosol, and includes suspensions
that may _not be included under the term aerosol, vapor, or fog. Utraviol et
(W) radiation may be applied to the priner mst as it flows into and

t hrough the deposition chanber 2, or after it is applied to the substrate

5, as shownybwsegs dotted |ines P11l and P12, respectively. pd@wRyfgsses N t he
preferred enbodi nent, these steps P11 10 and P12 are skipped. It has been

found that the uB¥3.010d5p3 iperspestive view showing: the placement of an pitcaviolebr

| ' i 1. i h
W ih no usedsyidlo Bired REwhD B dRBBHREK cBfholr 2T PhoBadincaiiont Bf tie" ™"
prepar ed. Tprespnigrocess isi effecterf by phovwdiag UV (uiteavidlet) lighk daand and latteethe

d d i bed in Uni St at Pat ent | |, [ Serial No,
D6/ 10 744 deprion Feooptso WOy radation i beilkver s sliblatehe Gisassadision:
exanpl e & heseqbiyeht WriPBrdRlia roR the PRGBS tRoRRY BSbsiéraling RB2dying

usual ly prepared in qua'n_tlti/ and stored until needéd. Just before
appl i cat i onPrexceshelnpadditionothe sise Rf\dW: radiationngfiorsta-the depesitiom tpracessn

adj ust nment q.%.)a ' | : | sor
f oJr t he app%@%tle%ﬁe evggﬁdégﬂ?%gél%ﬁggﬂs@é@ n?g‘bggss'g% g@%ﬁ'%%@ all in
Uni t ed St at asfromtsebstrated. Thetlocatio®ef uliravibiat Jigat siifcd) 38 within tHe depdsitiomby

| ncor por at e&\a%r% Aot cHtical J@ceau];ie of kheIO fact thet the Sl?rla\%o.\eq Tadiation is reflected
10 off of the stainless steel walls of deposition chamber 2 into the space between the
ihput nozzle 8 and exhaust nozzle 10, as well as onto substrate 5, where the
radiation can provide the above-described photo-enhancement effect.
UV source 16 includes at least one UV lamp located in deposition chamber
2, for applying an ultraviolet radiation bath therein. Spectral sources which could
15 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
chemical compound from the solvent and the organics or other fragments. in the
first case, radiation emitted by an excimer laser is spectrally "tuned" t_b correspond
‘to the energy needed to dissociate or crack the solvent bonds, the precursor
20 chemical compound bonds and/or any intermediate organic complex bonds formed
during the deposition process h’o(ding the desired compound in a given precursor
- 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 (or set) of UV lamps which have a more desirable frequency spectrum.
25 If a ferroelectric thin film is being deposited from a vaporized
alkoxycarboxylate source, as for example when depositing a precursor to form
. barium strontium titanate (BST) .as described below, it is preferable to use a
Danielson Phototron PSM-275 UV radiation source 16 which emits UV radiation
rays having a wavelength of approximately 180-260 nanometers. UV radiation in
30 this wavelength range is particularly effective in resonating and dissociating the
bonds holding the BST in the vaporized alkbxycarboxylate, sol-gel, MOD, or other
liquid chemical source.
Apparatus 1 shown in FIG. 1 includes electrical means 102 for applying a
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Is preferably used as the sole source for the entire deposition process
~follow ng the application of the primer. However, the invention also
contenplates-using nmultiple 25 precursor sources in parallel or series. In
particul ar, other sources may be used in parallel for doping or nodifying
the final desybegssesrpound. The precursor Ii'qui ds used in tha’cnaswmss

I nvention are stabilized solutions. Here, "stabiljzed' neans

oxygen- net al B6nbi@sdn thacdepesitiasichamper 2rHyANG.? deRPSEioRLCRA™a '?rbrﬁéﬂ%ﬁcﬁ t he
process of fo@@aﬂg ‘fd?,gﬂ:?tfcféér Bev mﬁdloﬁf éﬁé 6. Try 0o pgfé,ﬁgpagéﬁga e.

This has two ects t he utions do not react or -deteriorate when
stored over nbelwemehpuﬂ slagve 25i anth deprsition chambenaain bPGY feds krricalyoidg n

| cast 5 por 1 Bieon e R AR AchieY Sy Aa n:glt ot B Brfaeiiiue A adumpd N

WD 97/ 33018 quality. Dipole ordering along the crystal c-axis (the major puaizaﬂemmtsa; fs30ften

msomrt on' b Seneaosnt, ot Forliad oo ichn A Lo R il B e "°

met al - oxi de  rggponsible for fatigue and retentlon problems. A DC bias of either greater than or
Jess than 350 volts could also be used to effectuate the above results. In addition,
while deposition is occurring, combinations of ultraviolet radiation and DC bias may

10 be applied within chamber 2 either together or sequentially, and repeated.

A supplemental heating means, such as a hot plate, (not shown) may be
used to bake and/or anneal a film of a precursor liquid which has previously been
deposited on a substrate, the baking and annealing being preferably conduicted in
an auxiliary chamber, aithough the bakinglan_ne,aling process could be performed

15 within the deposition chamber 12, as discussed in relation to steps Pqq1andP4o
of FIG. 6. The annealing is preferably performed in an oxygen fumace. High energy
density ultraviolet radiation, such as from a diffused excimer laser source is also
a preferred method of annealing.

3. Examples of the Process

20 A detailed eXampie of the process of preparing barium strontium titanate

| (BST) precursors and fabricating a capacitor utilizing BST as the capacitor
dielectric follows. In Table |, "FW" indicates formula weight, "grams" the weight in

grams,
TABLE |
25 Bag 7810 3103
Compound FW rams mmole Equiv.
Barium | 137.327 9.4255 68.635 0.69986
2-ethylhexanoic | 14421 | 19.831 | 137.51 | 1.4022
acid
30 | Strontium 87.62 2.5790 29.434 | 0.30014
2-ethylhexancic | 14421 | 85005 | 58.945 | 0.60107
acid
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conpound. According to the nethod of the present invention, the screened
mst of a5 precursor liquidis evenly flowed across and onto a substrate
5 at -anbi ent tenperature. Herein, anbient tenperature neans the tenperature
of the surroundings. That is, no additional heat, other than the heat from
the surroundings; is applied to the substrate. Wien UV radi ation is being
appl i ed, theovOaHE®IRt ure of the surroundings will be sonewhZETHSEHEB%: han
room t enper gtr-e—t06 ' ; ot ToTT 1 reg and a
vacuum i s be ’ per at ure can
be sonewhat [ general,

anbi ent t enpictSAPIAPOXIGR,, polbotuegn hbout . SOL LecclC dod 10 QLo Ir]C

Preferably anbient tenperature is between about 15 [err]C and 40 [érr]C. 15

As will be djscussed [ . ! .39 r |

that the mi sfMPeep| 8@#@%%@@‘%‘%{ %rﬁ%gqlﬁ?eeﬁﬁ%tggnthp%%%'ﬂp%%réé and

exits L hes artgéle%bp\t;%oldibnsm qasntitiesv of. matetials| 33 dgﬂi&atsﬂhimﬂ'able M wret Pe

ports being distributed in c|]os raxim.ty.t o .and about e _perjphery

Phe subst r aurbeasyisd: i beoi, e B2 (IG1 ) The s 38 pladeaf 00 57 er s

across the splaiickyéthanoléhd allqwdto!%éét.rrﬂ'ie first Mbaswe of QLdihyihéiandicasld Wdser
iquidis

deposition, the préecursor |
added to the mixture and stirred. The strontium was then added to the mixture.

Once it was finished reacting, the second measure of the 2-ethythexanoic acid was

10 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 titanium
isopropoxide was added to the mixture, which was then dilbted to 220 ml with
additional 2-methoxyethanol. The mixture was heated to a maximum temperature
of 116°C and stirred. All isopropano! and water were t_hen distilied out to complete

15 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. )

The chemical reactions involved in the formation of the precursor solution
composed of barium 2-ethylhexanoate, strontium 2-ethylhexanoate, and titanium

20 2-methoxyethoxide are described below: '

Example 1, Barium 2—ethylhexanoate
(barium metal) + (2-ethylhexanoic acid) —
25 (barium 2-ethylhexanoate) + (hydrogen gas):
Example ll, Strontium 2-ethylhexanoate
30 (strontium metal) + (2-sthylhexanoic acid) — (strontium 2-ethylhexanoate)
+ (hydrogen gas):

Sr+2HO,CgHy5 -~ Sr{0,CgH45)2 +Hy
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treated to forma thin filmof solid material on the substrate 5. In this

context, "treated" nmeans any one or a conbination of the follow ng: exposed
to vacuuny ultraviolet radiation, |

el ectri ng, drying, heating, and

annealing. In the preferred eTmé)T h& Bt \onis applied to the
d SR

precur sor SO'Ws%sﬂgri ng 25

radiation is preféra

thon in sten BHPIRR.,

ly al so

deposition, the material deExampisiipTitahiting 2haéthakyethoxigdi ch is liquid in

the preferred enbodinent, js al so

exposed to vacuum for a

. preferabl .
period, then is he‘é!f%‘ﬂ',‘man'éwm?xﬁgheal &d. @roethrxyethanphor—t HEtaniumy 2
process is n%emé@,bxidé?dq;w| aldonhbf: bel i eved that the UV assists in
| - oxi de

30 disassociating the neta

nol ecul es, or other el enments that

conprise the desir '@CMQHMWCQHOE&WQQGH@mthe sol vent and the

or gani cs V'3
par anet er of

that they are generally required to be quite thin (for exanple,

range

10

15

20

ds. An i t ant
e 4 BRI R T e o6l cct ric 16 111 ms,

within a
. The use of 2-methoxyethanol as a solvent allows removal of any water
present by distillation, as 2-methoxyethanol's higher boiling point allows it to remain
behind while H,0 boils away. Thus, the resulting precursor is essentially
anhydrous. Barium and strontium 2-ethylhexanoate are used because thin films
formed utilizing medium chain length carboxylates like these in the precursors do
not crack, blister or peel on baking as do the thin films formed utilizing longer-chain
carboxylates. Strontium and barium 2-methoxyethoxides were tried, but proved-
excessively air- and water-sensitive. Titanium 2-methoxyethoxide gives better films
than the air-insensitive fitanium 2-ethylhexanocate, but while titanium 2-
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.
1-6 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
'generator 46-1 (FIG.7),and a 2-meth6xyethanol solvent was placed in container

* 54 of mist generator 46-2. Initially, a substrate comprising a silicon wafer with

25

30

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
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 turned on to rotate
substrate holder 4. UV source 16 was then turned on to desorb the moisture ih the
deposition chamber as well as any moisture on the substrate. The deposition
chamber was slowly 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 vacuum line 702 was opened to stabilize the deposition chamber pressure
at approximately 585 Torr. Valve 725-6 was closed and injection valve 725-1 and

21 This Sheet Has Been Replaced
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of 200 angstrons - 5000 angstroms). Such filmthicknesses can be readily
achi eved by the process and appa at us according to the invention. The

i nvention 'can al so be used to :-. Foeh=thicker filnms. if desired. 5
The invention is well-suited foy t T613041AS BrEQf|/hi gh quality thin filns
-of conpounds_such _as ferroel ectlkigs. 3 r%@nduct{rrs materials wth high

dielectric cHRY i1 and gens, etc. For he i nvent Fﬁﬁ’" HP3- used
to deposit th?ﬁoéutbé‘ﬁeé)frzéﬁf?ﬁébﬁsldp genadia st ':imrfemf errtfom

conposition of ABJ err I ncl udin T| err Pb[er
Pb[ er r] La[ er 8¢Ugect3g thr@pgh u]trasmu: st geperator 462 whi theartumedgn for

th 1 t
doposi 1 t i nofe (DB, coush &b br anifpldiialy 180, 5@%@%"3???1“%?90
st r(r)]nt iumti dqvwd ted(al!)S'aﬁlbﬁmteri'lbergaf‘e\T ﬂheasubstrtbtv DegdsiwathoeeTGﬁlgg 5v¢a§mgp|nds,
such as thos cribe at en cation Ser
i Ted on Bt gn8s.oave 5258 was thel Sretd A tatansdiuBet 56 paptsiatedduiy st
Ferroel ectri genétaitr 45-2! Wéé fume@@ﬁs tevént mrlmea@%ﬁdng&m 705 until
Fabrication", which 15 I s hereby incorporated % ref erence. 2. Deposition

Appar at us AsMist 9RReratorE-R reached @mbient tgmperature. | §hambep ﬂ%ﬁiawseg
di t t
General |y deryoSHPETT0B) SIEAARLE6n Bos rdfh coleR o Thod YalEZ8 i Bng ! 10

cont ai ni ng a725-5 were closed. Deposit valve 725-1 was reopened and valves 725-3 and 725-2
10 were also opened to flow argon from source 736 through ultrasonic mist generator

46-1 which was then turned on for 30 minutes to cause a film of approximately
1500 angstroms to be deposited at ambient temperature on the substrate. The
deposition process used argon carrier gas to flow both the primer mist and the BST
precursor mist over the substrate 5. After a sufficient amount of the BST precursor
15 was deposited on the substrate to produce a thin film, the mist generator 46-1, and
the substrate rotation motor were turned off. Deposit valve 725-1 was closed and
valve 725-6 was opened 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 argdn gas from source 736. While the wafer
20 remained in the deposition chamber, the chamber was slowly pumped down to 0.4
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 annealed in an oxygen atmosphere at 800 ° C for 80 minutes.
25 The wafer was then etched using well-known photo-resist techniques to produce
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 the UV radiation was applied only in step P24. That is, for sample
30 B the UV radiation was applied to the mist while it was being deposited, but not
otherwise applied to the precursor. A third process to fabricate a sample C was
also performed in which the UV radiation was applied in step P28, but not applied
in step P24. A fourth process to fabricate a sample D was performed in which no
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20 substrate holder 4, a barrier plate 6, an input nozzle assenbly 8, an

exhaust nozzle assenbly 10, and an ultraviolet radiation source 16. The

deposition chanber 2 includes a main body 12, a lid 14 which is securable

over the main body 12 to define an encl osed space within the deposition

chanmber 2. The c is connected to a plurality of externaj,
~sour ces descrmgﬁ%&%ow Lid 14 is 25 pivotally connected to ﬂ‘:e mal n b

nozzle 10. 30 ol'der 4 made omtwo circular plates
3 of el ectri pabtessesntibe resuitsnanecshawn insblG. 12 astanfunclion ofitbe|sampie. The

B oL o 8 R A BB g U el o1 X pr

enbodi ment, utcehiiraétegfon each otthesamples. The scaliefortherieakidgs curtrentdenkity is on

the left in the figure, and is given in amperes per square centimeter. The scale for

the dielectric constant is given on the right in the figure. The dielectric constant

remained essentially the same for each samf:le. However, the leakage current

10 density is less than 1077 ampslcm2 for the sample in which UV was applied both

to the mist and the thin film after deposition, is less than 10'7 ampslt:m2 for the

sample in which the UV radiation is applied to the mist but not to the film after

deposition, declines slightly more for the sample for which the UV radiation was

applied to the film but not to the mist, and is close fo 106 ampslc:m2 for the sample

15  to which no UV radiation was applied. The results for the second and third samples

are close enough that experimental error could account for the difference, though

repeating the processes with new sémples suggested that the difference was real.

These results indicate that use of UV in both the mist deposition process and to the

thin film during the bake process improves the leakage current density by a factor

20 of ten. Since a capacitor with a leakage current density of about 10 ampsh:m2

to 10‘6 ampslcm2 is marginal for use in an integrated circuit, while a capacitor with

a leakage current density of less than 107 amps/cm2 is excellent for an integrated
circuit, this difference is significant.

Ancther deposition process was performed that was identical to the process

25 described in the example above except that the primer step P8 was performed

simultaneously with the precursor deposition step P22. That is, both mist

generators 46-1 and 46-2 were turned on and valves 725-1, 725-2, 725-3, 725-4

and 725-5 were all open simultaneously, and the precursor and primer mists were

mixed in the buffer chamber 42 before entering the deposition chamber 12. Then

30 valve 725-1 was closed, the mist generators 46-1 and 46-2 were turned off, valve

725-6 was opened and both mist generators 46-1 and 46-2 were vented to

atmosphere until they cooled to ambient temperature. This process also produced

better morphology and better leakage current than the process with no primer,

23
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gas are fed in through tube 45, in djrection 43, and pass throup nput
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substrate holder 4 is nomnally 6 |nches or 15.24 cmin diameter and
supported on a rotatabl e sgiT—=26=whig In turn connected to a notor 18
so that holder 4 and subst ed during a deposition
process. An insul ating shat i nsul ates the substrate hol der
4 and substrate 5 supported the - he DC voltage applied to the
deposi tion W% n body 12 so that a DC bias can be cr X&TABIHEBKeen

t he substrattﬁonﬂl, Such
a DC bias may be ﬁ?{ﬁi&i&&i‘# ‘é%g#glk‘@‘%ft%g ?P%n&%ﬁéﬁ&%é& g%d%aéﬁ%
they are beilf @B&Miflaémn m@ro experienca with the depositiom pratess pafdmeters is
connect ed t 21. Electrical source 102
is 10 oper gﬁg&'%gnnyf’égggacrogggégﬁﬁgﬂb '%??T%q %ﬁ&&tlon chanber 2 at
connecti on 108 byThealaﬂeﬂﬁb?n is advaritagdotsdh Hép&ﬁhg?&)rﬁﬂebrtﬁﬁ'ﬁf lﬁiseéf‘fﬁat%ﬁaﬂy

| ead 104 to effect Las between field plate 3 and barrier plate 6

Barrier pfat gs sfe'rTﬁﬁl? Jos, RURSrRQNAUCtars., materigls-with bigh:dielectic canstants,
stainl ess stqehs, él@dbhﬁtsq{otfiiH'f‘f‘eH(tbQ%Pbﬁtlh rsﬁ@h%bﬁ'ﬁ]é)@ hipfiigiad substantial ly

over the 15 subst r at e I n paral thefeto so a vaporized source or
m st as injected NWQQH‘S"Q}BE@ beebdeaenlzedjwhatzusla&pmmysuaened tbdvecthe t o

5. “Barrior  prarerredentbotiiofs ot inb Fe3NTHISArY of WiLod nBdBraeed sl e 1 ©
has been f oumvertiontcanibe émbndledamtdﬂher specifielforhs *ithblit departing from the spirit
10 or essential characteristics thereof. The preseht 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.

i
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the area of barrier pl }s‘ghﬁgﬂ{d@B&nmeﬂmd parallel to the substrate varies

fromthe area 20 of t by 10% or |less. That is, ‘the area of
the barrier plate 6 isrrE““ m“m |§R0% | ™, t he area of substrate 5
nor no | ess than 10% s it earggig_s §EB"§tHate 5. As depicted in
FIG 1, theywakihsispl ate 6 i s preferabl yHAfhected|to the |pctnishrioysen
plurality of rods 24 so that the plate 6 wIT bé noved away fromthe
substrate 5 whenever the lid is openedCLAMS FIGS. 8 and 9 show
barrier pl at%%tisoﬁgﬁfgd { various distances from substrate holder 4. Each
of the rods yprcalTy a stainless steel rod attached to deposition
chanber |id 14. EhdAppacatugfl)ifer fabricdting andntegrated circuait HH 10)3%aid RpEaratyis by
which the rod 24.i.s attached to barrier plate 6. Each rod 24 is tapped to
accomodat e SPRRHS8YY ew 36 which secures bolt 35 to the rod 24. By

| ooseni nggset 30 (ayqagpéﬁﬁoriiehmbétmpi ng rod 24 relative to bolt 35, and
then re-tighteni n&}’set screw 36, the effective Ier]g"gh of each rod is

adj ust abl e up to (D)2 sebstraie (3) Iopated withinsaid depesition ehamher, saidsubsyate 4

fromthe chzﬁ%- ' {gaﬂ f the rods 24 is renovable to all ow sets of
rods 24 of di é?%h%ui’éﬁg thE?' L', etc. to be substituted 12

(c) means (46-1) for producing a mist (66) of a liquid precursor (64);
(d) means (8, 10) for flowing said mist through said deposition chamber to

10 form a layer of the precursor liquid on said substrate; and
(e) means (33, 40) for reducing the particle size in said mist prior to flowing
it through said deposition chamber. '
2. Apparatus as in claim 1 wherein said means for reducing the particle size
in said mist comprises a buffer chamber (42) through which said mist passes, said
15 buffer chamber located between said means (46-1) for producing said mist and
said means (8, 10) for flowing said mist. |
3. Apparatus as in claim 1 wheréin said means for reducing the particle size
of said mist comprises a filter (33) for filtering said mist. '
4. A method of fabricating an integrated circuit (1110), said method
20 comprising the steps of:
(a) providing a liquid precursor (64);
(b) placing a substrate (5) inside an enclosed deposition chamber (2);
(c) producing a mist {66) of said liquid precursor;
(d) reducing the particle size of said mist;
25 (e) flowing said reduced particle size mist through said deposition chamber
toform a Iayér of the precursor liquid on said substrate;
(f) treating the liquid layer deposited on the substrate to form a film (1130)
of solid material; and | '
(g) completing the fabrication of said integrated circuit (1110) to include at
30 least a portion of said film (1130) of solid material in a component (1112) of said
integrated circuit. '
5. Amethod as in claim 6 wherein said step of reducing the particle size of
said mist comprises flowing said mist through a buffer chamber (42).

25
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In order to coarsely adjust “the co correspondl ng spaC| ng S, S, etc. between
barrier plate 6 and subsﬂna‘il@etlhleﬂ ) te 5) dependi ng on the
source neterials, flow rat ! amulSEBEa\h rod length L may be

ro

adJ usted to provide a spa -ang® of 0'.,10 - 2.00 inches or .254
- 5. | ace S 24- are 5 alst—adjustabl e as indicated
above Thus%ﬁg’&'gmﬁ boI ts 35, and set screws 36 conprise arr4oydeHg

means for adjusti amm&wég infdlaift 6'whePein Safd §e§%frisdbah pﬁﬂflﬁé &&b%

and barrier plate 6 is preferably approxi mately between I nches an
i nches, or .8%d mist eeraprisesifitering s@idmist. precursor 1i quid of bari um

ol te 6 has a 10 LAGPYALEPE; B clifh Yor p %Qﬁﬁa%tﬁdfﬂaﬁéfv@‘%%%gmr n
the barrier cﬂiazhbeﬁomnﬂnsed)atcoam& th'a'hstsdfﬁcletttfyelaﬂbesmmsmmm witiieh
substrate.5 and the bacrier an ven, poi r1t d| romthe

di st ance ﬁetmﬁa‘ﬁee ‘é’fﬂ%ﬁ'i"&?@% #W%ﬁ%'?é’rm& *her point
by 5% or |ess of ahﬂpmtmasmﬁhﬁﬁ@orbsmﬁﬁdfabqn%lﬁlﬁi Smrélrﬁ@éidtﬁlﬂfer
barrier plate 6. For t he average di stance between 15 the

substrate 5 W?Wés%ﬂﬁn&“yﬂ?é%ﬂ'@t partiglessof size,geeater thepiwemicransysatiie on

t he substr at g h!daidBuffé ¢h %,ﬁ.ﬁ@} 0.40 inches or 1.016 cmfromthe barrier
plate or less than 0.36 inches or .9144 cmfromthe barrier plate.

9. The apparatus of claim 3 or the method of claim 6 wherein said filter
10 comprises a stainless steel mesh (310).
10. The apparatus of claim 3 or the method of claim 6 wherein said mesh
includes openings (315) having an area of up to one micron.
141. The apparatus of claim 1 or the method of claim 6 wherein said
apparatus includes a means (102, 104, 108) for applying a DC bias between an
15 element (6) within said deposition chamber (2) and said substrate (5), or said
method includes ihe step of applying a DC bias between an element within said
deposition chamber and said substrate during said step of flowing.
12. Apparatus (1) for fabricating an integrated circuit (1110), said apparatus
comprising:
20 (a) a deposmon chamber (2);
(b) a substrate (5) located within said deposition chamber, said substrate
defining a substrate plane; ' |
(c) means (46-1) for producing a mist (66) of a liquid precursor (64); and
(d) means (8, 10) for flowing said mist through said deposition chamber
25 substantially evenly across said substrate in a direction substantially parallel to
said substrate plane to form a film of the liquid precursor on said substrate, wherein
said means for flowing includes 'a barrier plate (6) disposed in spaced relation
above said substrate and substantially parallel thereto, the area of said barrier
plate in a piane parallel to said substrate being sqbstantially equal to said area of
30 said substrate in said substrate plane. '
13. Apparatus (2) for fabricating an integrated circuit (1110), said apparatus
comprising:
(a) a deposition chamber (2);

26
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It has been found that a b a th| n the tol erances descri bed
above, that is, the barr area that is approximtely the
sane’ as the substrate 20. H ce of 5% or |ess,

provi des better thickness aShBWr deposition rate t han
barrier platgz, Sihsisde the aforesal d tol eraihces |G 7 is opdipiisovifws Of

t he apparatus of an exenpl ary enbodinent of the-trnvention. As shown in FIG
7, a 0-1000 Torr db) &éubk&%ta(ﬂ)ﬂ{)@teqj Mmrr[smd]depesmenahambeccaﬁﬂaslsbatmﬂe
capacitance onet er %} |tors the pressure in deposition 25 chanber
2, and its si9fHRINGRRubHa %/nstream control valve (not.shown) to

mai nt ai n preci se REFAfeEne461)demSddu RI(B8) of a Iduidh prettirson (64)ang own
of deposition chaﬁb):r 2 tg bel)ow 5. cm?o Torr or 6“65 4 10[err(] m%n rr]

i s acconpl i shed vvr(ﬂh neans (& 19) J%ﬂ@ulﬂgﬁﬁﬂt W%tdh[ﬂﬂgbtﬁﬁjd G’QRHS’BP" G’BBG@PE i on

hatb 2
\Svaﬁl seas v§e| I lgln? @9%%!& st rat e ?g?aegﬁedgm?’%st%:sl{)fs%@gﬁgﬁ
prior to a desrautsubsh‘atamanmtaformalﬂp@ﬁmmmm@mrm s::d\sabamatepwhpmhto a

New ons mat oLy ProqrR Ty BPMTR Bickiaps G 8afet Blesd 167 e shptt Febon

deposi ti on opdioveisaid substatdapdsubstantiaivpialic thbrsis [ saiy darrier blate having a
smoothness tolerance of 5% of the average distance between said barrier plate

10 and said substrate.

14. The apparatus of claims 1, 12, or 13 and further including means (726,
709, etc.) for maintaining said deposition chamber under vacuum.

15. The apparatus of claims 12 or 13 and further including means (102, 104,
106) for applying a DC bias between said barrier plate and said substrate.

15 16. The apparatus of claim 12 or 13 wherein said means for flowing further
includes means (24, 35, 36) for adjusting said barrier plate to vary the distance
between the barrier plate and said substrate.

17. An apparatus as in claim 12 or 13 wherein said means for flowing further
includes: i

20 an injection nozzle assembly (8) for injecting said mist into said deposition
chamber disposed in close proximity to and around the periphery of one side of
said substrate;

an exhaust assembly (10) disposed in close proximity to and around the
periphery of an opposite side of said substrate from said injection nozzle assembly;

25 and wherein

said substrate (5) , said barrier plate (6) , said injection nozzle assembly (8),
and said exhaust assembly (10) collectively define a semi-enclosed area within
said deposition chamber (2). | "

18. The apparatus of claim 1, 12, or 13 inclering means (18) for rotating said

3G substrate in a plane parallel to said substrate plane while said mist is being
deposited on the substrate. '

18. The apparatus of claims 1, 12, or 13 including means (16) for applying
ultraviolet radiation to said mist while the mist is flowing through the deposition

* [ L M H *
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includes a liquid nitrogen cold trap 709 connected to process chanber 2 via
val ve 726. Access to an external chanber (not shown) from deposition

chanber 2 is provided through an_aif.- it valve 703. The interior
of deposition chanber 2 can mg@@@g@mﬁ\s BgEM fleposi tion operation through
view port 7489783013 The pflecursggplhgabds arg provi ded Vdhushassed | ow

controller 708 and VCR val vellZ25-3—te—comFor—tnhe di spersion rates of
precursors chambeh buffer chanber 42 into deposition chanber 2 by

regulating the f f an_inert S Su r fr ource 736.into m st
generator 46-1. bi\é\‘&ﬁ? PSR&FQH%?EQ@'B@'32@?6?@%‘7&%&%@@8’3%59'3?(%“ 725-4
ar e connect saididepositibn chaeber ismaifitainedatsubstantiztiy anbsie tefrperdtire whiterber

42 via VCR val ve, 723-5 tg, opntrol the dispersion rates of priners through
buf fer chan$Rifl mist is fti on chanmber 2 by regul ating the flow of an

inert gag such. 2¢ Thdapphrsi 6PcaRE 132 idH1B Qﬁéfnr&%?%élh&ihg‘lﬁeé’ns A6,
separate mass flow controller 758 is used to introduce oxygen from source

738 and/ or BR&d109) fartreatingmaid iquiddayendepgsited onithe substrate tefermafilmaf vi a

VCR val ve 725: . . LRyt nozzle assenbly 8 and t he exhaust
nozzl e asse%@f@mfgééaljgnrrsoar'ae-g'g%ért@%ul arly shown wwth reference to FIG 2.

| nput nozzl e ass22bTlhe appardtusietclaim 21 wherein said means for treating comprises
one or more of the following: a source (16) of ultraviolet radiation for applying UV

= =y

10 radiation to said liquid layer on said substrate; means for drying said liquid layer
deposited on said substrate; means (726, 709) for maintaining a sub-atmospheric
pressure in said deposition chamber.

23. The apparatus of claims 1, 12, or 13 or the method of claim 4, wherein
said precursor (64) comprises a metal compound in a precursor solvent, said metal

15 compound selected from the group: a rrie't_a! alkoxide, a metal carboxylate, and a
metal alkoxycarboxylate.

i
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i nput tube 26 which receives a msted solution frombuffer chanber 42 as

di scussed belowin relation to FIG 5. Input tube 26 is connected to
arcudte tube 28 which has a plurality of small holes.or input ports 31 for-
accepting renovable 20 screws 30 and renovabl e i nput nozzles 33 spaced 1/4
inch or .063 ter-to- center along the inner circunfer e
tube 28. A p%@m\lls?gl\?v of an input nozzle fz\z s shown in FIG %’.Dﬁﬁ?q{oﬁ’%?udes
a screw 33 having an enl arged, hollow sc head 301 having a rim 303, and
- hol l ow screw stem 39 (FIG 2), and a nesh filter 310. Mesh filter 310 is
preferably frictiga+~25 inside screw head 301 before the head 301 is
attached to th byt al so may be bfazed to ghe outer surface of rim
- 303. Preferably, ,a por tl ons of nozzle 33, including nesh filter 310, are
made of st ai erably mesh fiiltegy 310}i & a stainless steel,.

- woven mesh f gi_hay ngs 315 between the mz%y' strands of

~ appr oxi mat elfy} one Squ .ot has belen found at, with everything
. else 30 bei\p equal, f<such aﬂmash"filtér | @vers the deposition
“rate sonewhat\ but thig ijs easi overcgne bl incrleas&hg the nunber of

- ports 31 and/ thd ports. l ter imtes the mst so
~that the fl ow of i overp h& substratel i s re uniformand | exs=
~ turbul ent, An.% eraui s I&;Jchancemmf i ;321 14 .
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the fl ow appearing, which anonmalies can create non-uniformties. Exhaust
nozzl e assenbly 10 conpri ses an arcuate exhaust tube 29 having a plurality
of small holes or exhaust ports 31 with renovable screws 30. The structure
of the exhaust nozzle assenbly 10 is substantially the sanme as that of the
5 input nozz ly 8. except that it does not include | | es
33 and a tubekgﬁﬁégggg to a vacuum exhaust source (not shomn?&ﬂﬁﬁﬁagéés 32
of tubes 28 and 29 are renpvable for clea@hg. Arcuate tube 28 of input
nozzl e assenbly 8 and the correspondi ng arcuate tube 29 of exhaust nozzle
assenbly 10 respectively surround oppositely disposed peripheral porti-ons
4-1, 4-2 of sub3§ e hol der 4. 10 In an exenpl ary enbodi nent wherein
a BST filmis t . I et 1l in tubes 28 and
29 are normnally |ocated . 375 j 4tbstrate hol der 4.
However, as shown in FIGS. 8 a s{justable to suit the
speci fic deposition process N typiagal Iy
fabricated fromy/ 4" O D. . i amet er of
approxi mately 3/I6

303

33

AN
y

v

\ ) 301

-310
315

FIG. 3



28,29 are preferably el ectro-polished. Holes 31, 31 in tubes 28 and 29
respectively are spaced approxi mately 1/4" center-to-center, and are tapped
to accommodate 4-40 (1/8") socket head screws. Through such structure, and
by adjusting the | ocation of nozzles 33 by 20 selectively inserting
nozzl es 33 i nwploassoi®f screws 30 in arcuate tube 28, and adj getiuShsis

| ocation of open exhaust holes 31 by selg ¥vely renmovi ng screws 30 In
arcuate tube 29, the flow of a vaporlzed ution or m st over the
substrate 5 can be well controlled for various solutions and flow rates,
etc., to achieve a uniformdeposition of a thin filmon substrate 5. 25

Referring to FIGS. 1 ang substrate holder 4, barrier plgpe. 6, input
nozzl e assenbly 8 and exhayst nozzle assenbly 10 collectively/cooperate to
define a rel ativety—st efi - encl osed deposition are j Nng an

uppér/ exposed su and wi t hi n whf cp—+he—vapet? zed
solution is substantiall 5i [ i on process. 30

Al t hough exenpl ary enigpdrneqt ¢ ORr M ate 6,
i nput nozzle assenbly |B and Le haust nozzl %senbly IO *sho and
described, it is underatbod that var;gf%@ﬁ$~afﬁﬁygh'structpres can be
utilized within the sqH , the
arcuate input and exhs +obes—Z8and=8 — . — T — = T
] T — e e— e — - — 54
46 _———— — — — — — — —
4 ;3 75
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15 could be replaced with tubes of other structures such as V-shaped or
U-shaped tubes, or slotted tubes, or could sinply be replaced by a
plurality of separate nozzl es and separate exhaust ports. FIG 5 shows a
cross-sectional view of a manifold assenbly 40 according to 5 the present
invention. Theowhsdpi! d assenbly 40 is utilized for supplyingcin%?ﬂﬁgkzed
solution (m st or aerosol) to input nozzle, assenbly 8, and generally
conprises a buffer chanmber 42, a pIuraIiﬂy'Zf inlets 44 which are connected
to corresponding m st generators through respective valves 725-2, 725-5,
725-7, a deposit valve 725-1, for regulating flow fromthe buffer chanber
42 to the nozzle assenbly 8, and an 10 exhaust vent valve 725-6. It is a
feature of the igq@g;iz; that the inlets 44 fromvalves 725-2, 725-5, and
725-7 are at a 9 €gree angle fromoutlet 49 to deposit valve 725-1.

Buf fer chanber 42 is |arge enough sp that the m st phl spend, on thg
average, about one to five minutes |n th8R er,} and, preferably, /§ﬂ
2.5 mnutes. This time frame and the 9OSURSIRAEE angl e bet ween—theinlels 44
and outl et P20 PREPARE
v PRIMER
PREPARE FABRICATE INTIAL | P2
PRECURSOR IC LAYERS
! |
SOLVENT EXCHANGE / - APPLY
ADJUST APPLY PRIMER -
CONCENTRATION +—r -] U/RADIATION
§ g P11 |
P21 P8 € — —— — e e |
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15 49 permts any large droplets in the mst, which can cause surface

mor phol ogy problens to settle out, i.e. droplets |arger than about two

m crons. \Wen nore than one mst is used at the same tine, as for exanple,
when both a prinmer and precursor are introduced together (see below), it
permts the Rowssd® M x until they forma single, honbgenepggmuldfidazesl N t he
preferred enbodi nent, buffer chanber 42#%?2 20 preferably a cylinder of
about 3 inches or 7.62 cmin inside dia r (the vertical direction in
FIG 5) and approxi mately about four inches or 10.16 cmlong (the

hori zontal direction in FI 5) and was na@g80f788aiﬁﬂﬁbs7 eel. In use,
one or nore of _the m st generators_46-* areutilivzed A o-generate aqne or
nore different msts which are then fl owed @y, han2§€142
through 25 véalves 725-* and inlets : it 67t e buffer

chanber 42 aré& m xg26
then flowed i pto the
t hrough t he vplve T2
cl osed off so;that t
desired, or tB ctear
Sinmilarly, thé
source (not show

gl uf ijon whi gh is
i at flowrgte

e sele tively
wn if 30
ssary. | ~705

0 afgécuum
Qngr' nor e of
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725-1 can be closed off, valve 725-6 and one or nore of the valves 725-%*
can 16 WD 97/ 33013 _

PCT/ US97/ 03393 be opened, and the buffer chanber 42 can be punped down to
cl ean and purge the m st generator(s) 46 and the buffer chanber 42 by

appl yi ng a vagpuassohs punp (not shown) or using standard negedtusyrdsmyy type
exhaust. Stabilized precursor solutions Up-agitated ultrasonically .to
atom ze or 5 nebulize the solutions to S ofluce a mist of the stabilized
precursor solution(s) before they are introduced into the deposition

- chanber 2. FIG 4 i an exenphary

enbodi ment of the i st generating apparatus used in resen |nvent|on
M st generator 46 ifncludes a cl osefj[ contal ner 54
equi val ent ul trasoni c trignsducer 5@||f | ui d-ti ghtl jfjjan eal ed 10
into the bottom of {the cfptai ner 5 nd a powerf|glour ce
the frequency and anplitUge may be I ed. Cont afjjper 54 is
M1 1ipore Wafergu - Lijjpe gas fil uni t (cataWog no. YY58& 00
wi t hout the internal _
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filter cartridge. The direction of gas flow as indicated by arrows 420 is
opposite,to that which would be used in normal operation of the filter.
Transducer 56 is 15 nounted in a recessed hole in bottom section of m st
generator 46. M st generator 46 also includes an inlet port 60 and an
outl et port ®wibdmsepassing a carrier gas through the contai rerTnisszoizgm\er

source 72 includes a frequency control neans, i.e. frequency control dial
73, which can be turned to adjust the fﬁéfaency of the transducer 56, and
an anplitude control neans 75, i.e. anplliitdde control dial 75, 20 which

can be turned to adjust the anplitude of the output of transducer 56. By
adj usting the frequency and anplitude of the transducer, the particle size
of the m st can be controlled. Adjusting the particle size enables one to
adj ust the surface norphol ogy, step coverage, and deposition rate of the
deposition process. Before operation, a predeterm ned anount of precursor
liquid 64 is 25 introduced into container 54. During operation, transducer
56 is electrically activated to generate a mist 66 of the precursor |iquid,
and an inert carrier gas is passed into the mst 66 via port {60 where it
becomes wet or saturatgd with the mist, and the wet carrier ¢das is %hen
passed fromthe outlet{port 62 into the manifold assenbly 407330he rrier
gas is normally an ineft gas such as argon, heliu or 30 nitroge@% but

may conprise a reactivg gasain_appr 1200 ©
O
- &
o~
[
g 4100
-~ rij
< o
=
[72]
=
&
— 6 |
= 10
[« =4
3 107
;; 1071
2 -8
g 100

SAMPLE

FIG. 12



The, ni st, generatpor 46 shown.i.n_ELG 4.is_particul arly, advantageous Hecauss..s., ,
it createsagpg/apgrczed sol ution which can be effectively flowed or injected

into the deposition chanber 2 w thout conplications such as freezing. 17
WD 97/ 33013 PCT/ US97/ 03393 FI G

10 is a perspectiv ' PR o) Vj ehthfPE tion
source 16 within tﬁ%@ €posi t‘)gﬁ(:)&(i d%:%%;% ng%ﬁﬁ%ﬁﬁbf éesent
process is effected by providing a I 'FJ I ng and after
the deposition process, which gNCk@Rkatnn ¢ Thet iigvefitionst i mul ate the

di sassociation 5 of solvent and organics fromthe precursor, thereby

accel erati ng thdiddyafthepmezrdion. In addition, the use of UV radiation prior
ocess facilitates the noval _(desorption). of npisture

to the depgsition r ! on)
%Si on chafifefMVEON kgigtes Jtoy Feﬁ?@i%tf?étf@r&af Hethim s ofl spmplex

from depos

[traviolet i RIS '?tajpg . L : ' LI LLLC
gecau\sﬂa of t hgaméoct t %étﬁa%f%{aw [t rgv%igﬁgggir agl %?‘?é()}ﬁgp}g@%rﬁg%{ g'gé% éb’f’ rﬁ%;re
the stai nl ess parimllaty|dppacitud dpokirming scbohie fiRsifinin mibkediALe phetureors.

t he .
2. Description of the Related Art

As is well-known in the art, the electrical components in infsgrated circuits
10 are made up of fayers of thin films which are connected by wiring layers and
separated by irisulating layers. While some of the simple maierials and compounds,
such as silicon glass, have teen formed using a liquid deposition process, thun fiims
complex compeunds, that is, compounds containing more than two slements, in the
prior art have always been formed using processes such as vacuum sputtering,
15 (i.e., E-beam, D.C., R.F., ion-beam, etc.); laser ablation, reactive chemical vapor
deposition, including metalorganic chemical vapor deposition (MOCVD}; and liquid
application methods using sol-gels (alkcxides) or carboxylates. However, none of
these known methods have been able t0 produce metal oxides with properties good
enough for use in integrated circuits.

20 United States Patent No. 5,456, 945discloses a method and apparatus for
| forming thin films of chemical compounds utilized In integrated circuits. [n this
method and apparatus, a mist of 2 precursor liquid for a chemical compound (e.g.
BST of PZT) in a solvent is flowed into the deposition chamber and deposited on
a substrate at ambient temperature. The liquid on the substrate is then dried o
25 form a thin film of a solid material on the substrate. This system produces metat
oxides with prcperties suitable for use in integrated circuits. [t also provides a
reiativ-ely. fast depostion rate that makes it econmicaliy feasibie. However, as
integrated circuits increase in density, the size of individual features in the circuit
decrease, and step coverage becomes more difficult for a system such as that
disciosed in above patent. Thus, wouid be highly desiréble to improve this systemn

to provide the step coverage that is required for high density integrated circuits.
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isaput.. nozzl-e. 8.and -exhaust-nozzte-10,"as well as ont'o'$tbstrat €'B, “wWhéfgt->in
t he radi a€FER ‘@ provi de the above-described photo-enhancenent effect. W
source 16 includes at |east one W |lanp |located in deposition chanber 2,

for applying an ultraviolet radiation bath therein. Spectral sources which
could 15 be used include ultra@SUBIBARYAQS THEdNENTEINI asers. I n either
case, the radiati 03_ bat h %%pl | ed lg}/ UV source 16 is tuned to optim ze the
di'ssoci ation of thd§SRFEY BReIAAINS tontheinrresepharrication, 8gscihr) & Haisted

organi cs or oggég,gifﬁgﬁg .s"%ﬁ‘dt arafudt tﬁ&sgwe@gﬂie%t oD HThY iﬁ%g@&%nﬁ'ﬁ

“excimer |aser | pectrally une to correspon 0 the enérgy
di ssoci at e ordigagvkntdyess absasiatedondth, ktbenpprecasssy 130 debesiting! thae ey Ner

bonds and/or any internedi ate organic conpl ex bonds formed during the
deposi ti on® pre¥BREh P el (GREnRAUNGS: tp éd"ﬁlbajﬁeeatm%adgwéme @eBYrayeviding a

[ anps) . ¢ hen MESHERGkwotn rages Rty Sad off R roraaBly 4id, abpRamicaty
WV | anps wi t hpiedeichey tenefiltw, figrh) a fewlingsirdas WBi Slicrbay eora 00 neekes i(habire
frequency spectrum 25 If a ferroelectric thin film is being
deposi ted fr dhickaesapdfvarioys0qmaniss araterglsaperticularyenetal okigiesexanpl e when
bel ow, 1t is pr of eapPareS Aelalins HRstbb] Smsthad o peRpEs WP A0TUR
source 16gmigrBcarsor Sis Mistéd] &#lérPflowed through a deposition chamber between the
substrate on which the liquid is to be depcesited and a barrier plate. 1t discloses an
injection assembly for injecting the mists into said deposition chamber in close
proximity to and around the periphery of ane side of szid substrate and an exhaust
assembly for exhau_sﬁhg the mists from the deposition chamber at a region in close
15 proximity to and around the periphery of an opposite side of the substraie te create
a substantially evenly distributed flow of the mist across the substrate. The
substrate, barrier plate, injection nozzle assembly, and exhaust assembly
collectively define a semi-enclosed area within said deposition chamber.
The present invention provides a misted deposition apparatus and method
20 with an improved' mist and an impreved flow of the mist over the substrate.

The present invention improves on the. misted depcsition apparatus
described above by making the barrier plate of substanﬁélly the same area as the
substrate. Here, substantially the same area means that the area of the barrier
plate in the plane of the substrate differs from the area of the substrate by only 10%

25 or less. The barrier plate has a smoothness tolerance of 3% of the average
distance bstween said barrier plate and said substrate. The deposited film shows
better thickness uniformity than with barrier plates in which the area and tolerances
are not within these parameters.

The present invention also improves on the apparatus and method described

30 above by providing a fitter through which the mist is filtered and collimated before
deposition. Preferably, the fitter is a steel mesh having filter openings of up to one
square micron or 107 m?. The.ﬁiter is incorporated into the injection assembly. The

deposited film shows better step coverage than with no fiiter.
2
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rays* havi qg‘ E#fmgth of ' appt’éxi mat' e’y "180- 260 nandet er's. UV''t &diatoni-» »
in 30 thisVY gth range is particularly effective in resonating and

di ssoci ati ng the bonds hoI ding the BST in the vaporized al koxycarboxyl at e,

sol --gel, MOD, or other uid chem cal source. Apparatus 1 shown in FIG 1

i ncl udes el ecsub@f@htla‘é)anm (3928 tﬁmﬂvﬁpw’?wtgfedheamst iVil>9ed 88013

operation. lectr hianlnt $59ef $ie ne8nfe Hinvices cabedtae B i fbrisgtingnan
DC potential faphiRed RabuR e @ﬁ%rg%%%%ﬁ\p%éu@;da @658§méhcahaﬁ#@é?b%rsds§t te

body 12 is typically 350 vol t's bi as I eves poling in-situ of
f erroel ectri clociakex aim;mﬁ”ta depdeition laraberu e Elybstfatﬁcﬁaf mgjaraubgtrata)ptanehe

crystal c-axis oIarl tio aX|s) is often desirabl and. t he
resul ting ®r d@ﬁgﬁ@ F')réﬁ §I’8§gt‘31‘ @2 IGHIG B @GMIRAR: (?rﬁ‘dc‘é.’ﬁaﬁﬁ? gi thednishy

fatigue and reten lH HeFHéHHs‘ﬁFE? cAa.PGeP ‘.‘Hnt%'llw%}en%%afc%rs i3 :%tfétgsiﬁ a

than 350 volts could al sO be used to effectuate e ove resul
addi ti on, d:rectnon substantiaily parallel {0 the substrate plane to form a film of the liquid

precursor on the substrate, wherein the means fcr flowing includes a barrier plate

disposed in spaced relation above the substrate and substantially parallel thereto,

10 the bamier piate having a smoothness tolerance of 5% of the average distance
between the barrier plate and the substrate.

in a further aspect, the invention provides apparatus for fabricating an

integrated circuit, the apparatus comprising: a deposition chameber; a substrate

located within the deposition chamber, the substrate defining a substrate plane;

f 5 means for producing a mist of a liquid precursor; filter means for filtering the mist;

and means for fiowing the mist through the deposition chamber to form a layer of

the precursor iiquid on the substrate. Pref-érab!y, the filter means comptrises a

stainless steel mesh. Preferably, the mesh includes openings having an area of up

to one square micron or 10"?m? . Preferably, the means for flowing comprises: an

20 injection nozzle ‘assembly for injecting the mist into the deposition chamber

disposed in close proximity to and around the periphery of one side of the

substrate; an exhaust assembly disposed in close proximity to and around the

periphery of an cpposite side of the substrate from the injection nozzle assembly;

and the filter means forms part of the injection nozzle assembly. Preferably, the

25 injection nozzle assembly and the exhaust assembi y each includes a plurality of

nozzle ports distributed about the periphery cf the substrate, and the filier means

comprises a filter located in at least one of the nozzle ports. Preferably, the

apparatus further includes adjusting means for adjusting the fiow of the mist

through the nozzle ports, the adjusting means comprising threads formed in the

30 ports formed in the injection nozzle assembly and hollow, threaded bolts which

screw into the threaded ports, at least one of the threaded bolts having the filter

located in the hollow head of the bolt. Preferably, the substrate is circular, the

injection nozzle assembly comprises a conduit forming an arc of a circle about one
4 “
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whi'l & depesitisul4.8 occurring,” conbi nations of ultraviolet radiation an’d’ '
bias may 10 be applied within chanber 2 either together or sequentially,
and repeated. A supplenental heating means, such as a hot plate, (not

shown) may be jd§8He: R | rsar Liguid.which
has previ ousl 5%@@%%3@5%”%3%% g%;Jggtétf'%éesl,’éetr;%@;lggl?%gsce%n%géﬂ%‘égfqrﬂﬁng an
bei ng pref er abry of endindeeabdut am oppwsits PeyiphbaNBethe 3ubBYE) drftethe sorts are

baki ng/ anneal tonrg’ rocess could be perforned 15 w thin the deposition

chanber 12, a¥ alonaythenaicePatheoRopeUits. dp@iemabiv, thameapse fer flowing fartiter
densi Ty ul tr ach e poBA siEte BlskBEel bRty gl Bebien e PuBSFe anee

|s also a preselstadtiant packiRl PORLE!drikD whtrelX 81588 shtel RRe BARRF DIAR. the

A detail ed exanpl e of ‘the process of preparing barfumstrontiumtitanate
(BST) pr ecur sibfestigndazats Besgmaly. anddbecexhaust essemibhgcBitine!vt defirompassmior

\?vie?lgﬁft Ir inch g%ag%%%%‘%%ﬁ lhe &&V&Ysﬁorp]d&(‘:aar% gr'f ormul a wei ght, "grans" the

Egl[“e\r/.r.] Srlerr] Ti 0 ehé ineAtDPRRS provides a Méthod of fa8fiédfhg an ifl8&=8d circuit, the

method comprising the steps of: providing a liquid precursor; placing a substrate

10 inside an enclosed deposition chamber; producing a mist of the liquid precursor:

filtering the mist; flewing the filtered mist through the deposition chamber to form

a layer of the precursor liquid on the substrate; treating the liquid layer deposited

on the substrate to form a film of solid material: and completing the fabrication of

the integrated circuit to include at least a portion of the film of solid material in a

15 component of the integrated circuit. Preferably, the pracursor comprises a metal

compound in a precursor solvent, the metal compound selected from the group: a

metal alkoxide and a metal carboxylate, and a meta! alkoxycarboxylate. Preferably,

the step of flowing is performed while maintaining the substrate at ambient

temperature and while maintaining a vacuum of between apgroximately 100 Torr

- 20 or1.333x 10¢° Newtonsimeter"' (N/m?) and 800 Torr or 1.066 x 10° N/m?, in the

depositicn chamber. Preferably, the step of filtering comprises passing the mist

. through cpenings having an area of up to one square micron or 10°“m? Preferably,

the step of flowing comprises injecting fhe_ nrecursor mist into the deposition

chamber ir: close proximity to and around the periphery of one side of the substrate

25 and exhausting the precursor mist from the deposition chamber at a region in close
oroximity to and around the periphery of an opposite side of the substrats to create |

| a subsfantially evenly distributed flow of the precursor mist across the substrate.

Preferably, a surface of the substrate defines a substrate plane and the mist is

flowed between the substrate and a bamier plate located within the deposition

30 chamber in a spaced relation to the substrate and parallel to the substrate plane.

Preferably, the method further includes the step of passing the mist through a buffer

chamber prior to the step of flowing. Preferably, the step of passing the mist

through a cuffer chamber is performed prior to the step of filtering. Preferably, the
5
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Barium’’ 299 oy l3d . 327 . 4255 68.635 0. 69986' 2~ et hyl hexandi cssr ¢«

’86‘1""" 137.51 1.4022 acid 30 Strontium 87.62

144. 21
58. 945

2.5790 129.434 0. 30014 2-et hyl hexanoic 144.21 8. 5005

0.60107 acid 19 W0 97/33013 ' _
PCT/ UsS97/ 03398 ethed indifes the addgionabstep opappiyig ultrogolet sadiatioroabe mist while
Cat es

caur val ent - nullEeriis SoMHGBIS s dsBBsiR e mpr el e e e phieatno
indicated in de sés\e?bgmr@aﬁﬂawlett@d@@nﬂo&hémaf’e’ffbép%b@ed%h thé%b?,f’r%té’m
was placed in 10 met hoxyet hanol and allow to react. The fi

measure of 2-ethyl h‘eﬁalhan@tf@cla@oaats thel inventiontgrovidestapparaing fot fa':rrmnn'gﬁma

strontium 5@ Sm‘tt—:hgergléaod gxrvw ,(}hghaepprgragus comprising: a deposition chamber; a substrate
located within the deposition chamber, the substrate defining a substrate plane;
means for producing a mist of a liquid precursor; means for flowing the mist through
the deposition chamber to form a layer of the precursor liquid on the substrate; and
a buffer chamber through which the mist passes, the buffer chamber located
10 between the means for producing the mist and the means for flowing the mist.
Preferably, the buffer chamber comprises a container that is sufficiently large that
mist particles which can cause surface morphology problems settle out in the buffer
chamber. Preferably, the means for flowing includes filter means for filtering the
mist and the filter means includes openings having an area of up to one square

15  micron or 1072m2. | ' |
| The use of the improved bairier plate, filter, and buffer chamber results in
better thin fiims even with accelerated deposition rates, thus improving the
economy of the misted deposition process. Other objects, édvantages and salient
- features of the present invention will become apparent from the following detailed

20 description in conjunction with the drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cutaway side view cf the deposition chamber pertion of a misted

-deposition system accerding 10 the invention;
FIG. 2 is a pian view of an intake and exhaust nozzle assembly of the

25 system of FIG. 1;
-IG 3isan enlarged plan view of an intake nozzle of the system of FIGS.

1 and 2
FIG. 4 is a schematic side view of a mist generator of a misted degosition

system according to the invention;
30 FIG. 5 is a schematic p(én 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

according to the invention;

AMENDED SHEET



CﬁtéﬁW‘Vkﬁhf)ﬁ”§b@d reactimfg, - the secont neasure(ﬁ”Thé"Z'éthyPHéxahe#w"a "y
acid was 10 added to the m xture. The m xture was heated to a maxi num

t enper at ure of 115[err]C and stirred to distill out all water. The m xture
was allowed to coOlm T ig§niun1i3ﬁ@;o oxi de was added to the mixture,
o ch v then GoP G T P nfet; 9fths jerefersre iembodinienk pé shaimed dEpesition
m Xture was hgggﬁdrb@c@rdmg(tm f98R4 ?ﬁture of 116[err]C and stirred. All

i sopropanol and water were then distill'ed out to conplete 15 step P20. In
step P21, the mxture was then diluted out to exactly 200 mMl wth
additional 2- met hoxyet hanol . The resultant m xture had a 0.490 M
concentration, wherein the ratio of Ba to Sr = 0.69986: 0.30014. The

chemi cal reactions involved in the formation of the precursor solution
conposed of barium 2-ethyl hexanoate, strontium 2-ethyl hexanoate, and
titani um 20 2-net hoxyet hoxi de are described bel ow. Exanple I, Barium

2- et hyl hexanoate (bariumnetal) + (2-ethyl hexanoi‘c acid) - 25 (barium

2- et hyl hexanoate) + (hydrogen gas): Ba + 2 HJerr]Cferr]Herr] [err]
Ba(Oerr]Cerr]Herr])[err] + Herr] Exanple |11, Strontium 2-ethyl hexanoat e
30 (strontiumnetal) + (2-ethyl hexanoic acid) [err] (strontium

2- et hyl hexanoat e)

ba
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+ 2 HJérr C['e'rr]H[é’r_r] [err]
Sr(qerr]errTHert])[err] +H[err] Exanpple 111, Titanium
2- met hoxyet hoxi de (tlt ani um |sopropOX| de) 4+ (2-net hoxyet hanol ) -

~(titanium 2- qet hox. Ih%m de) + gar’];é%@ %/? al coholt ;
Ti (OCH(CH er r 1§ § & DY\ APERARE tSCPE guftp tingfor example, within a range
Ti (CCH err] CH g Qb%lﬁ clr)lfser r#(fﬁb gt glfuﬁé% rtbchHSbgeQ‘se ?B be readily

2- met hoxyet hanol as a vent ows fenova presen
distillation, achi @%bWMMGs@th apipgkauslmjdoirdigg ROt irdieintion. I“thet Pvention

. remain behlnd mhlle boi |l s away. Thus, the resultlng precursor is
~essentially arff@fd? sé ‘?f'ldoto SENSEIR hsW%iﬁrﬂmsz depV@thexanoate are used

- because thig films 'fr?é nﬁbh':&%&giﬂfﬁlster%a%ébégﬁekﬁ% gfﬁ%rﬁ%wngttﬂ e of

- these in the precursors do not crac
thin films forooetbauridsi sichgd fengetectiics, super—bondﬁcﬁbgﬁ ma‘@érsxgtmm@mﬂxbﬁdﬁﬂn

2- met hoxyet hoxi des were tried, but_ proved exceSS|ver air-
constants, and gems, etc. For example, the invention can be used 1o deposit thin

hyd y "
+(yrogcf g@,§)ﬁrpr

films of ferroelectric materials having a general ccmpositicn of ABO,, including

. PbTIO,, PbZr, TIO,, Pb,La Zr,TiO,, and YMnO,, where Y represents any rare-earth
1C  element. In addition, the invention can also be used to deposit thiri films of barium
strontium titanate [(Ba,Sr)TiQ,], strontium titanate (S:Ti0,), as weil as other multi-
element comgounds, such as those described in U.S. Patent application Serial No.
965,190, filed ocn October 23, 1992, iitled "Layered Superiattice Materdals for
Ferroelectric, High Dielectric Constant, and Integrated Circuit Fabrication”, which

15  is hereby incorporated by refarence. ' |

2. Depos'ition Apparatus

As shown in FiG. 1, there is a thin film deposition apparatus according fo

one exempiary embodiment of the Invention, the apparatus being generally
designated at 1. Apparatus 1 comprises a deposition éhamber 2 containing a

20 substrate holder 4, a barrier plate 6, an input nozzle assembly 8, an exhaust nozzle
assembly 10, and an ultraviolet radiation source 1. The deposition chamber 2
inciudes 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 plurality of extemnal vacuum sources described below. Lid 14 is

25 pivotally connected tc the main body 12 using a hinge as indicated at 18. In
operation a mist and inert camier gas are fed in threugh tube 45, in direction 43,
and pass through input nozzle assembly 8, where the mist is deposited onto
substrate 5. Excess mist and carrier gas are drawn cut of depositicn chamber 2 via
exhaust nozzle 10.

30 Substrate helder 4 is made from iwo circular plates 3. 3 * of electrically
conductive material, such as stainiess steel, the top plate 3 being insulated from the
hottom plate (field plate) 3 by an electrically insulative material 7, such as delnin.
'n an exemplary embodiment, utilizing a 5 inch or 12, 7 cm diameter substrate 5,

1
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aﬂd -wat er L%%I&SJZJJ/E Ti t anrum2-fret hoxyet hoxi de gi vés better fil I ms than the
air- 15 I nsensitive titanium 2-ethyl hexanoate, but while titanium
2-met hoxyethoxide is air- sensitive, it is less air- sensitive t han titani um

et hod of ¢ he SURSERE G R iminal B Yadtieg 6% 28 CHpPAP AT B i ipported on
I nventi on shownctatableGEhaftl2® which & ihQurr Sodrfdtiég & 8 rﬁoi‘é@ﬁ@(‘éot@xrat ﬁélc@?@"@nan
FIG 11. 20 A BST precursor as described above was pl aced

cont ai ner 54 &ubgirate genry dedptated WYringx d8position prozeast ﬁoxyswlaam@|sn=ft 22

Soberrat o conpReEald IREkees B sukbuitie Rbfier S5 SibRhale’s Siuppdiies asap fom
pl ati num dgpogid p& mragé AHRFePtEt é.ﬁbr%h MEEr rﬁéwaém H’Q%EZJSﬁaPé%lH&

(@ Col orado Springs, Colorado) at 18 err]C or 10 m nutes
substrate wascah deectented hebﬂc@moﬁ;net $ubstizhe roéferehand éastidrsplate € (Wial G:tEaméc:r

The d t h d to 0.4 T 53.
fough pum ﬁ&a&ﬁ%ﬁ’oﬁr 21, 5%kB A B was vanvife vblzechi e s teristlagi hinin
ot or 18 s fined G Srd BERE SBPBSHIA'S B deattaid ¥ SAMIBEd S0 25RY
turned on to ESOI' StU eposition ch

nmoi sture on tdenreadied Itcama ma&@ slolafp 29 tby)nonma-@gemm&aa@dxw%ub@eﬁhoz ls
filled via valves 727 and 707 with an inert ggs source 704 such as argon or

ni trogen & LRsraliwly sorpedissrerasdnainboslyst Zrgt depgsition chamber 2 at connection
108 by lead 106 and via feedthrough 23 to brass sleeve 25 by lead 104 to effect a

DC Ltias between field piate 3 ~ and barrier plate 6.
Barrier plate 6 is made of an electrically conductive material such as
" stainless stesl, and is of sufficiently large size to extend substantially over the
substrate 5 in parallel thereto so that a vaporized source or mist as injected through
input tube 26 and nczzle assembly 8 is forced fo flow between barrier plate 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

-
o

the area of bamrier plate 6 in a plane paralle] to the substrate varies from the area

20 of the substrate 5 by 10% or less. Thai is, the area of the barrier plate 6 is no more
than 10% blgger than the area of substrate 5 rior no less than 10% smalier than the
area of substrate 5. As depicted in FIG. 1, the barrier plate & 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.

25 FIGS. 8 and 9 show barrier plate 6 located at various distances from
substrate holder 4. Each of the rods 24 is typically a stainless steel red attached to
deposit'ion'chamber'!id 14, Each rod 24 is boreg to accommeaodate a bolt 35 (FIG.
1) by which the rod 24 is attached to barrier plate 6. Each rod 24 is tapped to
accommodate a set screw 36 which secures boit 35 to the rod 24. By loosening set

30 screw 36, re-positioning rod 24 relative to bolt 35, and then re-tightening set screw
36, the effective length of each rod is adjustable up to 1/2 inch or 1.27 cm without
having to remove the rod 24 from the chamber lid 14. Each of the rods 24 is

removable to allow sets of rods 24 of different lengths L, L, etc. to be substituted
12
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7.93.x 10[err}. Nenferr]. Next, -the process: vacuum | mei @2 nas OpEnéd <peietos:miz
stabilize tBesATFXLCti on chanber pressure at approxi mately 595 Torr or 7.93

x 10[err] Nnferr]. Valve 21 725-6 was cl osed and injection valve 725-1

and deposit valves 725-4 and 725-5 were then opened to start the fl ow of

argon from soufgrdatGotddapsdy adjust 856 BLAreBbohdiAg Rpaaing’ S 48- ZetvhbetveRspd igP
turned on for one mnute to cause a thin filmof approxi mately 100

angstroms of ppiated ans dsHevidend andwrdrate Epdepending endhre sourcaenaterials,
substrate. Depgsit valye - en closed, valve 725-6 was t.hen opeped
and the transdﬂé‘gr"“g% “X%s%‘%'?%’fja&% H‘% g?”%@ﬂ'_e%y&e i‘%ﬂﬁfe@ég p{%‘ﬁa%& ing
to vent buf fer sGRanbRandeot BM1OUTNOBAAnSSr Wl J 5 08 Um OREE i BlachSrolis 24 gro

reached anbi ent tenperature. er chanmber 42 was purged through vent

by appl yi ngSar giso adjsstabieras ondicaterBgbovihehhum|irods 242 bolts 88 ar@dSssd sesews 36

vere al 5o openERTPES RBRCKSIH B BEaNLSTHG B bHBELAEE 6 Dissacing Setween

S s ot oy s S35 RS 30l 203D B BRI ks
0.4 inches, or .889 cm and 1.016 cm, when a precursor liquid of barium strontium
titanate, as prepared below, is deposited. Preferably the barrier plate 6 has a

10 smoothnass tolerance of up o 5% of fhe distance between the barrier plate 6 and
substrate 5. That is, the distance between the substrate 5 and the barrier plate 6
at any given point differs from the distance befween the substrate 5 and the barrier
plate 6 at any other pcint by 5% or less of the average distance between the
substrate 5 and the barrier piate 6. For example, if the average distance between

15 the substrate 5 and the carrier plate & is 0.38 inches or .965 cm, no point on the
substrate will be more than 0.40 inches or 1.018 cm from the barrier plate or less
than 0.36 inches or .9144 cm from the barrier plate. .

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

20 and a smoothness tolerance of 5% or less, provides better thickness uniformity and
2 higher depoéition rate than barrier plates cutside the aforesaid tolerances.

FIG. 7 is a top view of the apparatus of an exemptary embodiment of the
invention. As shown in FIG. 7, a'0-1000 Torr or 0-1.333 x 10°> N/m? tfemperature
compensated capacitance manometer 710 monitors the pressure in deposition

25 chamber 2, and its signal controls a downstream control valve (not shown) to
maintain precise pressures in deposition chamber 2. High vacuum purmnp-down of
depositicn chamber 2 to below 5.0 X 10° Torr or 6.665 x 10 N/m? is accomplished
with valve 713 opened. High vacuum pump-down of depasition chamber 2 is used
to facilitats adsorption of moisture from the chamber walls as weli as from a

30 substrate 5 located inside of the chamber, prior to a deposition operation.

Degositicn chamber 2 is vacuum pumped to a pressure of between
approximately 100 and 800 Torr or 1.333 x 10* Newtons/meter? (N/m?) and 1.066
x 10° N/m? during a deposition operation. The deposition chamber exhaust system

13

w—
CL!‘

r“.", :\.‘1. [
AMENCZE =1



ambi ent t-enperature-on the substrate. The deposition process used' afgorfvrttesisi:

carrier gés"")t"éwfl’-'f)w both the primer m st and the BST precursor m st over
the substrate 5. 15 After a sufficient anount of the BST precursor was

deposited on the substrate to produce a_thin film the mst generator 46-1,
and the subst riagiecespadiguishnitrogen cald kap Ji0Peprutectedippricessahacntrr 2 tiawadve

| d d | 725- ff hapb 42 th h .
e ot 1o o2, s B BRI Hal SniRer 00! SR BT desabiftel thamitnen is
42 was pur ged grbyiged hrsebh aAtir-Bpe el Si\ivs 908, 3e iH@?ﬁonpaéﬁé&m&ﬁcrl?éﬁ er

Wiile the wafer remained in the deposition chanber, the chanmber was slowy
punped down t @ @BMbFyiewed dgang aiepesiti¢n opreation thooughe vissy pag Af8en t ur ned

ff. Next, ovalve 7 losed and_the deposj t | hamb d t
at mosphor | & pr essurB® BREOTRT SRURR e Ik yeh TesniionEaninlel ¢ PBgnd VCR

hanb d ¢ SerSion r9fast ko8l A
chanmber and poskabaied (dEodi the %'.’esrlﬂeeréafton é%%es %{%%&sthrdﬂb% B\@ﬁe‘?rrch‘éﬁibeé. hen

25 anneal ed in an oxygen at nosph or 80 ™m nut es.
vaf erwas t henindd depdsition chamiier Adomeguldtingthediovs of areatent gaesuttoapemghrciom

plurality of electrgnic, deyices 1112. sanple made by this process iIs
referred to bﬁPW\ﬁer% '&Fﬁ)ﬁ@tﬂ.e”?ﬁ%"éﬁ@ée- 2l mAss ganteeler dASavalvaand

o'y in step FB1° Tpor RRETERrect ey Fenqrafn Mo ALA MRHRRERR 0difer

the mist whil gharmbers2 biz VgRelvs 7266 tdtdntrgithe dispersion rates of primers through
buffer chamber 42 into depositicn chamber 2 by regulating the flow of an inert gas
such. as argon from source 736 into mist generator 46-2. A separate mass flow
controller 758 is used to introduce cxygen from source 738 and/or other inert or
process-active gases into buffer chamber 42 via VCR valve 725-7.

15 The input nozzle assernbly 8 and the exhaust nozzle assembly 10 are more
particularly shown with reference to FIG: 2, Input noézle assembly 8 includes an
input tube 26 which }eceives a misted solution from buffer chamber 42 as
discussed below in relation ‘o FIG. 5. input tube 26 is connected to arcuate tube 28
which has a plurality of small holes or input ports 31 for accepting removable

20 screws 30 and removable input nozzles 33 spaced 1/4 inch or .0635 cm center-to-
center along the inner circumference of the tube 28.

, - A plan view of an input nozzle 33 is shown in FIG. 3. It includes a screw 33
having an enlarged, hollow screw head 301 having a rim 303, and holiow screw
stem 39 (FIG. 2), and a mesh filter 310. Mesh filter 310 is preferably friction fit

25 inside screw head 301 before the head 301 is attached to the stem 38, but also
may be brazed to the cuter surface of rim 303. Preferably, all portions of nozzle 33,
incl udir;g mesh filter 310, are made of stainless steel. Preferably mesh filter 310 is
a stainless steel, woven mesh fiiter having spacings 315 between the mesh strands
of approximately one square micron. It has been found that, with everything else

30 being equal, the use of such a mesh filter lowers the deposition rate scmewhat, but
this is easily overcome by increasing the number of ports 31 and/or the size of the
ports. The fiiter collimates the mist so that the flow of the mist over the substrate

is more uniform and less turbulent, and thus there is less chance of anomaiies in
14 ' '
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ot herw: se -
was al so<pE

gpl 4@d to the precursor. A-third processto-fabri cat e a-sanphent . .

In which the UV radiation was applied in step P28, but

not applied in step P24, A fourth process to fabricate a sanple D was
perfornmed in which no 22 WO 97/ 33013 _
PCT/ US97/ 033¢® nwrappegringn wiich appmalies aen am@ateinm—timﬁdmétiax ocess. The

{he capaci tor sanproeik HENCRSaibl (0 GoGutE e Breisis axbaent e 2R aune

t he capacitor sanp':lxe
Thepluesity of sandll BbRWNol BxRAGEt gat@s1a ﬂ?;ﬂﬂ?émeva&é H@w

The 5 | eakage current density was neasured for an electric field

processes.

St

kilovolts pestredtuts eitheexheusinazioessdmbiyafs ssosiEhtialhchbsaie as Hetlot dhege

and is given in anperes per

d h f
Cauar e cont s REULISARESEmbE S, sCenilial i AGES nolhclHS it Parigs S prisha tie

square cent i
right in the3.{ '&H%% aMRuthPb et 3

for each sanple. However, the
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10[err] anpsirempencvabierort d:ieamagplfercuate/\mué'QSJMf it aa@ﬂeem&sbmdny 8 and the

10

snd
o

20

25

30

correspohding arcuate tute 29 of exhaust nozzle assembly 10 respectively
surround oppositely Cisposed pér:'pherai portions 4-1, 4-2 of substrate holder 4.

In an exemplary embodiment wherein a BST film is to be deposited, the

centers of holes 21, 31 " in tubes 28 and 29 are nominally located .375 inches or
.952 cm above substrate holder 4. However, as shown in FIGS. 8 and 9, this
distance is adjustable to suit the specific deposition process.

Each of the tubes 28, 29, is typicaily fabricated from 1/4" O.D. stainless
steel, with an innef 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 respectively
are spaced approximately 1/4" center-tecenter, and are tapped to accommodate
4-40 (1/8™) socket head screws. '

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

“in arcuate tube 29, the flow of a vaporized soiution or mist over the substrate 5 can

be well centroiled for varicus solutions and flow rates, etc., to achieve a uniform
deposition of a thin film on substrate 5,

Referring to FIGS. 1 and 2, substrate holder 4, bamier plate 6, inbut nozzle
assem!gly 8 and exhaust nozzle assembly 10 coﬂect'ivé!y cooperate to define a
reiatively small, semi-enclosed deposition area 17 surrounding an uppet/exposed
surfzce of the substrate 5, and within which the vapcrized solution is substantially
contained throughout the deposition process.

Although exemplary embodiments of substrate holder 4, barrier piate 6, input
nozzle assembly 8 and exhaust nozzl2 assembly 10 are éhown and described, it
is understocd that variations of such structures can be utilized within the scope of

the present invention. For example, the arcuate input and exhaust tubes 28 and 29
15
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to the mxjggpdsphe thin filmafter deposition, is less than 10[err] SR
anps/cnferr] for the sanple in which the U/ radiation is applied to the

m st but not to the filmafter deposition, declines slightly nore for the
sanpl e for ' the.d I, Ak ' > i hut t _to the

nist, and i\é\hécqq'gdsgé}% %‘{%ﬁlﬁﬁé%gﬁ? gﬁ%g o?tb&stege“éﬁn‘s%@ %é“p?‘g i Eshapsd

WV radi ati on tubss,appliotet tubbe, aresuld sinfody bé heplaeedbd agingralilyi ofdeparsté A5 AELS

cl ose enough that experinental error could account for the difference,

t hough r epeatdnsyseparals SOt h new sanpl es suggested that the’
difference was re L.adl cat.e t hat f ' t he m,st
dlaposi tion pr oces?@n§%ﬁ%€éﬁ#ﬁs€?ﬂ$@%§m@%{ ’Héﬁ@%'aésg%@égeﬂﬁﬁﬁﬁ% to
the | eakage ené pesHent RR@htioN. ThermbAREIarasdBmbl 40 A utiSka %6 SuppRIR aivabolkéd
a | eakage current density of about 10[err] anps/cnierr] to [erT]

anps/ cnf er r] seiticar ghisher ercspikta mpsh noatlegassesnbiy i, andt gendralle comprises a
err

capacitor withe.a |eakage,current. densi f lLess than 10[err] anps/c J
i s excel |l ent g‘ﬁr 8??’?@?%%?-&%8’%‘?%‘8331“{3?; ?‘ﬁl‘@' ?W@te[dsmsq]"&ﬁgg%%' s
Anot her depogihi a% { K| {4 : rp6e9S
25 descri be blhEFét}ﬁgsr exg Igpsibég@eégége%tff gtv\tg gg?ﬁéggﬁégs’ﬁgg"’m%s%%
perfornmed si far regudingl fowiftom the bpffec chaobed doki theomozdle pstRAblyT8atind san
both m st _generators 46-,1 agg 46-2 \Ingre t urned on and vbaLves 725-1, 725-2,
725-3, 738-4S%hRpsiyEnE Rl 2% MipR et BRduRNtpn taidhe iRlets At Temaralver
primer m StSz¥EIF 725.5 and 725-7 are at a 90 degree angle from outlet 49 10 deposit valve

725-1. Buffer chamber 42 is large enough so that the mists will spend, on the

average, about one to five minutes in the chamber, and, preferably, about 2.5
minutes. This tme frame and the $0 degree angle between the inleis 44 and outlet
15 49 permits any large droplets in the mist, which can cause surface morphology
problems to settle out, i.2. droplets larger than about two microns. When more than
one mist is used at the same time, as for example, when both a primer and precursor
are intrcduced together (see below), it permits the mists to mix until they form a
single, homogenecus mist. In the preferred embodiment, buffer chamber 42 was
20 preferably a cylinder of about 3 inches or 7.62 cm in inside diameter (the vertical
direction in FiG. 5) and approximately about four inches or 10.16 cm iong (the
- horizontal direction in FIG. 5) and was made of sfainless 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 buifer chamber 42 through
25 wvalves 725-" and inlets 44, -

The mists as flowed into the buffer chamber 42 are mixed to form a single,
uniforr;t misted solution which is then flowed into the deposition chamber 2 at an
appropriate flow rate through the valve 725-1 and input tube 26. Valve 725-1 can be
selectively closed off so that the deposition chamber 2 can be pumped down if

30 desired, or to clean and purge the manifold system when necessary. Similarly, the
outlet of the exhaust valve 725-6 is connected to a vacuum source (not shown) so
that, when necessary o exhaust/purge one or more of the mist generators 46, valve

725-1 can be closed off, valve 725-8 and cne or more of the valves 725-" ¢an
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m xed in thas,butfFer chanber 42 before entering the deposition charber 12, "
Then 30 valve 725-1 was cl osed, the m st generators 46-1 and 46-2 were

turned off, valve 725-6 was opened and both m st generators 46-1 and 46-2

were vented to atnosphere ungidmbRey Qﬂghﬁ%g%émﬁ?@ﬂ"‘?&%@)erat ure. This

process al so produced better norphology and better Ieakage current than the
process wth no prtitamiyne3isoprogmadd) not+as (@otkthsxydthaneiulls (idnumt eps
P8 and P22 perforned,.se ra,tlel%é/. It is gel\_i eved t hat when nore experience
with the depd8f M%‘P&@g‘@s"ﬁ IpRYLaleohQligai ned with this process, it may
becone the preferrgehPLRerss4 MaHWERLERNSy advant ageous in depositing
conplex, thin fil ms&?)f Lﬁ'ﬂt é’rszi als 5 sggﬁtggogﬁr oel ectrics.

super - con@uctTofGCHpaHe® Cid, & W tHIORIGEHL).el ectri c constants, gens, -etc., but
is not limted to depositing such conplex thin filnms. Al though there has

been described what is at present considered to be the preferred
“vention can be SiBbaved Nz enahr e 4 st e T8aE” bt sl werrs
are, present by distillation, as 2-methoxyethanol's higher boiling peint aliows # to remain
behind while H,0 boils away. Thus, the resulting precursor is essentially anhydrous.
1C¢  Bariurn and strontium 2-ethylhexanoate are used because thin films formed utilizing
medium chain length carboxylates_ iixe these in the precursors do not crack, blister
or peel on baking as do the thin films formed utilizing longer-chain carboxylates.
Strontium and barium 2-methoxyethoxides were tried, but proved excessively air-
and water-sensitive. Titanium 2-methoxyethaxide gives better films than the air-
15 insensitive titanium 2-ethylhexancate, but while titanium 2-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. €, with the apparatus of the invention shown in FIGS.
1-5 ana 7-10, to fabricate a capacitor as shown in FiG. 11. _
20 A BST precursor as cescribed above was placed in container 54 of mist
generator 46-1 (FIG. 7}, and a 2-methoxyethanol solvent was placed in confainer
. 54 of mist generator 46-2. Initiaily, 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 (@ Coiorado Springs, Colorado) at 180 ° C for 10 minutes.
25 The substrate was piaced in the deposition chamber on the substrate holder 4. The
deposition chamber was pumped down to 0.4 Torr or 53.32 N/? via a rough pump
(not shbwh) connected to vaive 726. Next, substrate rotation motor 18 was tumed
on ic rotate substrate holder 4. UV source 16 was then turmed on to desorb the
mcisture in the deposition chamber as well as any moisture on the substrate. The
30 deposition chamber was slowiy back fliled via valves 727 and 707 with an inert gas
source 704 such as argon or nitregen to 2 pressure of approximately 5982 Tomor
7.93 x 10* N/m?. Next, the process vacuum line 702 was opened to stabilize the

deposition chamber pressure at approximately 595 Torr or 7.93 x 10* N/m?. Valve

21
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10 there’fore‘to be con5|dered in all aspects as illustrative and not

restrictive. The scope of the invention is indicated by the appended
cl ai_ned

cl g h h
Fs2' 17 hopar d2sb pae igreh S BRR] VA 72811 Ad deosturvee iAn Y arch 7 a5 5
appar at us CORrk $héWopBned to start the flow SHaREsH ?foﬁ{ls&méa‘ws thédu L?Drm(tmraé‘omc mist

substrate (5) located within said deposition chanber, said s
defini ng a sgeseraice 4t2mdich C\aasrﬁéamﬁd(’m o foooner milutertg Gausesa tHie@imobT a

AL S} .

t hr ough sai d

tenosi t | on_ o RRABAMEY 600 BB aiRr 0he SRRASIESR STERHEGTPSTaRtS on

depositi on cfR

sy gtst L ?It 5 ?gcgf %._gavﬁtfr{méme;sé’s% y vatPa 7&% w%Q‘%ﬁéﬁ‘SJofsEQ VAL 725% Washbh opdndd
and the transducpr 56 associated with mist generator 46-2 was turned off, to vent

buffer chamber 42 tarough vent 705 until mist generator 46-2 reached ambient

temperature. Buffer chamber 42 was purged through vent 705 by applying argon

gas from source 736. Then vaives 725-4 and 725-5 were closed. Deposit vaive

10 725-1 was recpened and valves 725-3 and 725-2 were also opened to flow argon

from scurce 736 through ultrasonic mist generator 46-1 which was then tumed on

for 30 minutes to cause a film of approximately 1500 angstroms to be deposited at
ambient temperature on the substrate. The deposition process used argon carrier
gas to flow both the primer mist and the BST precursor mist over the substrate 5.

5 After a sufficient amount of the BST precursor was deposited on the substrate to
produce a thin film, the mist generator 46-1, and the substrate rotation motor were
turned cff. Deposit valve 725-1 was closed and valve 725-6 was opensd to vent
buffer chamber 42 through vent 705 until mist generator 46-1 reached ambient
ternperature. Buffer chamber 42 was purged through vent 705 by applying argon

20 gas from scurce 736. While the wafer remained in the deposition chamber, the
chamber was siowly pumped down to 0.4 Tomr or 53.2 N/m?. The UV source 16 was

then turned off. Next, valve 713 wes closed and the deposition chamber was

" vented fo atmospheric pressure. The water was then removed from the deposition

chamber and post-baked at 400 ¢ C. for two minutes. The wafer was then

25 annealed in an cxygen atmosphere at 800 ° C for 80 minutes. The wafer was then
etched using well-known photo-resist techniques to produce a plurality of electronic
device$ 1112. A sample made by this process is referred to below as sample A.

The abcve precess was rapeated for another sample, referred to as sample
B, except that the UV radiation was applied only in step P24. That is, for sample B
- 30 the UV radiation was applied to the mist while it was being deposited, dut not
otherwise applied to the precursor. A third process to fabricate a sample C was also
performed in which the UV radiation was applied in step P28, but not applied in
tep P24. A fourth process to fabricate a sample D was performed in which no
22
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it through084&1ZPReeposition chanber. 2. Apparatus as in claim 1l wherein said
means for reducing the particle size in said mst conprises a buffer
chanber (42) through which said m st passes, said 15 buffer chanber

|'ocat ed bet wisughanot aegosd &4 6rd yedulls withostepisrRE aat PP Sericmtkd sésharagspsit
(8, 10) for flowng said mst. 3. Apparatus as in claiml wherein said
means for relfuReliRyediBapywnendnerespxrensmcsvith esdereniion peress Parametqrs iy

Cor eIl Leri ng.sai s o b A rathod.al fahelcating an merRBeis s
(1110,  sai aORBRRaAM B sfocdsRoiah pLol B Ao BAF D . T Cui
precur sor_(64); ' (themhwgitiop is aguantaysbes (bdepdbiireapRRctne fnsioDmatdri

chamber (2); (c) producing a m st (GGCL’FPf said liquid precursor; (d)
reduci ng ¥ hesygft a8 dewogleglicss spedcRactorss matarials withehigh|digleatjicseanstants,

reduced partjc jze. m. h i osition chanber, forma | ayer
of the pr ecué%%g' %icqﬁ"?%‘ ’%hoi‘ ‘F‘g‘ggg%z’?Fngf‘B(%cnnpé‘é@FﬁrE}%{‘rﬁéﬁ“gi quid I ayer
deposited on the ApRsidinirRré ak bedhaidschibed Whil)s &f preekhtlcdmdigsded to tthel( 9)
conpleting the fabrication of said integrated circuit (1110) to include at
preferred emSodiments of the present invention, it will be understood that the
invention can be embodied in other specific forms. The present embodiments are,
10 thersfore, to be considered in all aspects as illustrative and not restrictive. The
scope of the inventicn is indicated by the appended ciaims rather than the

foregoing description.
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30 | east‘u%i’i'ﬁ‘dPt'i‘On_ of said film(1130) of solid material in a conponent
(1112) of said integrated circuit. 5. A nethod as in claim®6 wherein said
step of reducing the particle size of said m st conprises flow ng said m st
t hrough a buffer chanber (42). 25 6. AAM%od as in claim6 wherein said

step of redugi 1 he. .1.cle size of said mst conprises filtering said
mst. 7. App%ﬂa?lﬁbsg'%&%t% aim2 or a nethod as in claim5 wherein said

buf fer chanmber compapsg@tes COFbRidbRIcatinglan ibteithidecdifnit (o 1H9E,95%id Bkaraius
particles of size greater 5 than two square mcrons (2 x 10[err]
met er s[ err] )C&BELOFIBJout in said buffer chanber. 8. The apparatus of claim3

or the hod of gclajm, Lej aid.filter conprises a stainless steel
mesh (310). 9. Th@)a‘%g‘a?ggﬁgno@%ﬁ% rSF_?é or the nmethod of claim6 wherein
sai d mesh includ ‘4‘5}Oér;ggggg;a‘te((%l)%céiéa'm&iﬁ@a?& 88pNitiohh chamPRr, SAYRUBsiaEL On

(10[err] square 1
defining a substrate plane;

{¢) means (46-1) for producing a mist (66) of & liquid precurser (64);
(d) means (8, 10) for flowing said mist through said depositiocn chamber to

10 form a layer of the precursor liquid on said substrate; and
(e) means (32, 40) for reducing the particle size in said mist pricr to flowing
it through said deposition chamber.
2. Apparatus as in ciaim 1 wherein said means for reducing the particle size
in said mist comprises a buffer chamber (42) through which said mist passes, said
15 buffer chamber located tetwsen said means (46-1) for producing said mist and
said means {8, 10) for flowing said mist.
3. Apparatus as in claim 1 wherein said means for reducing the particle size
of said mist comprises a filter {33) for ﬁ!tering said mist.
| 4. A method of fabricating an integrated circuit (1110), said method
20 comprising the steps cf: _
(a) proviging a liquid precursor (64);
b) placing a substrzate (5) inside an enclosed deposition chamber (2);
{¢) producing a mist (63} of éaid- liquid precurser;
(d) reducing the particle size of said mist;
25 (e) flowing said reduced particle size mist throﬁgh said deposition chamber
to form a layer of the precursor liquid on said substrate; '
(f) weating the liquid laver depcsited on the substrate to form a film (1130)
of solid materiai; and | '
(g) compieting the fabrication of said integrated circuit (1%10) to include at
30 least a portion of said film (1130) of sclid material in a component (1112) of said
integrated circuit. _
5. A method as in claim 6 wherein said step of reducing the particle size of
said mist comprises flowing said mist through a tuffer chamber (42).
25
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10. The appmygpsscof claim 1l or the nmethod of claim6 wherein said
apparateas includes a nmeans (102, 104, 106) for applying a DC bias between

an elenment (6) within said deposition chanber (2) and said substrate (5),
or said nethod incé%i an_el ene

1 fl | | b b A . | f
within said 15 depos%tgé%&%%g?ng'g%g\gHsgé"s%gﬁioé.ﬁgpaclf%%aﬁ?e‘}]ﬁgggﬁa&‘%?ébzqr)]éf
flow ng. 26 said mist comprises filtering said mist.

7. Apparatus as in claim 2 or @ method as in claim 5 wherein said buffer
chamber comprises a container that is sufficiently large that particles of size greater

. 5 than twc square microns {2 x 102 meters?) settle out in said buffer chamber.
f §. The apparatus of claim 3 or the method of claim 6 wherein said filter

™

comprises a stainless stee! mesh (310).
9. The apparatus of claim 3 or the method of claim & wherein said mesh

includes openings (315) having an area of up to one square micron {1012 square
10 meters). '
10. The apparztus of claim 1 or the method of claim & wherein said
. apparatus includes a means (102, 104, 1086} for applying & DC bias between an
element (6) within said deposition chamber {2) and said substrate (5), or said
method includes the step of applying a DC bias between an element within said

15 deposition chamber and said substrate during said step of flowing.
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(57) Abstract

A substrate (5) is located within a
deposition chamber (2), the substrate defin-
ing a substrate plane. A barrier plate (6)
is disposed in spaced relation above the
substrate and substantially parallel thereto,
the area of said barrier plate in a plane

parallel to said substrate being substan-

tially equal to said area of said substrate

in said substrate plane, i.e. within 10 % of
said substrate area. The barrier plate has
a smoothness tolerance of S % of the av-
erage distance between said barmrier plate

and said substrate. A mist (66) is gener-
ated, allowed to settle in a buffer chamber
(42), filtered through a 1 micron filter (33),
and flowed into the deposition chamber be-
tween the substrate and barmier plate to de-
posit a liquid layer on the substrate. The
liquid is dricd to form a thin film (1130)
of solid material on the substrate, which is
then incorporated into an electrical compo-
nent (1112) of an integrated circuit (1110).




