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1 A * SC01 143A A Method for Formng a Material Layer in a
Serm conduct or Device Using Liquid Phase Deposition 5
Field of the Invention This invention relates in general to a nethod for
fabricating a sem conductor device, and nore particularly to a nethod for
formng a material |ayer using a liquid phase deposition process. 1 0
Background of the Invention The sem conductdr industry is chaSGOtt43Ad by
atrend 1 5 toward fabricating |arger and nore conpl ex functions on a
sem conductor chip. The larger and nore conpl ex functions are achieved by
reduci ng devi cA bfeztbgdafm Epgwing aaMateyial deayarip ensSemigenduatarebevios
regions formed in the sem conqQ¥gihg’ LRjNGIPRaSe D&ositiahl ow junctions are
extrenely sensitive to high 20 tenperature processing and therefore
manuf act urers have sought to develop | ow tenperature processes to avoid
di ffusing dopants in the junction regions. One najor area of high

t enperaturge processing in a semc cLorkahnti ,on process is thin film
deposi ti on§ Typically thin filns ggbceiaf éfr%gé ﬁ‘!‘}égﬁmrgh tenperature 25 in
chem cal vapor deposition (CVD) systens where tenperatures can reach in

excess of 900[ err] Thi® jAvBhtioRX PeIaLES iAf gRABTAICREIUS ietiSY | foft FatRddti§S

havi ng shal |l ow juncti ons {o such hlgh t effperat ure ever al Iow tepperature

deposi ti on matah§§§mﬁ808u° or device, and more particularly to a method for
forming a material layer using a liquid phase deposition process.

10
Background of the Invention "

The semiconductor indusiry is characterized by a trend

15 toward fabricating larger and more complex functions on a
semiconductor chip. The larger and more complex functions are
achieved by reducing device sizes and spacing and by reducing the
junction depth of regions formed in the semiconductor substrate.
The shallow junctions are extremely sensitive to high

20 temperature processing and therefore manufacturers have sought
to develop low temperature processes to avoid diffusing dopants
in the junction regions. One major area of high temperature
processing in a semiconductor fabrication process is thin film
deposition. Typically thin films are formed at a high temperature

25 in chemical vapor deposition (CVD) systems where temperatures
can reach in excess of 900°C. To avoid exposure of semiconductor
device substrates having shallow junctions to such high
temperatures several low temperature deposition methods have
been developed.

30 Progress in CVD technology has brought about low
temperature metal-organic CVD (LTMOCVD) as one approach to
fulfilling the needs for deposition of materials such as Cu, Ti and
W. This method can be used to deposit a metal film in the
temperature range of about 100 to 350°C. To be successful, this

35 method requires that the organic precursors have a vapor pressure
sufficient to allow reliable delivery into a reaction chamber and



been deével oped. 30 Progress in CVD technol ogy has brought about | ow
temperature netal -organic CVD (LTMOCVD) as one approach to fulfilling the
needs for deposition of materials such as Cu, Ti and W This nmethod can be
used to deposit a netal filmin the tenperature range of about 100 to
350[err]. To be successful, this 35 nethod requires that the organic
precursors have a vapor pressure sufficient2to allow reliable delivery into
a reaction chanber and 2 not condense to a solid or liquid in the

delivery system The selection of precursors having acceptably high vapor
pressures has NAagondense de @n§?% Qif ighid i tRG HAelery S¥stelhi cl@ecursors

having the re%lééﬁoﬁhaslmébuﬁg&sehhvm abtieptalbly eﬁ?h:wdor resBureiscul t
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necessary to d¥bdfedalq @ eXiepsive gifornipcer &%z&mq{gg Kb IRFREUEROSo0om
t enperat ure. FPreanngsﬂTe rdquu’edalpdnyscdal dprapertieem tEhipeisaespecially
surfaces of 1 e dnge st S E“‘%%'%Qeﬁgpﬂ%?’méﬁ FORRERZERET " he
difficult syntqlr@ns:aéfra_anMVanc@(saassortg H@@osn nat tint filninan  of
different prequiOGVRYayselthealesolas: atrsomf teipefdturd.NePrecursors
| which are solids at room temperature are undesirable because of
their tendency, once vaporized, to condense on the surfaces of
10 delivery system before reaching the reaction chamber. The
difficult synthesis of LTMOCVD precursors has limited the number
of different precursors available for use; and of course, the
limited range of available precursors has been accompanied by a
concomitant reduction in the range of film types which can be
15 realized by this technique.
Recognizing the limitations inherent in LTMOCVD, liquid
- phase deposition (LPD) techniques have been developed as an
alternative method for low temperature film deposition. One
existing LPD method used for dielectric film formation employs
20 sol-gel technology. Using sol-gel technology, a precursor,
typically an alkoxide, is dissolved in the parent alcohol and then
hydrolyzed under controlled conditions to produce a gel containing
the hydrated metal oxide. The gel is then spun onto the substrate
surface and dryed leaving a glassy dielectric material on the
25 substrate surface. A fundamental requirement of this technique
is the precursor must be highly chemically reactive with water in
order to form the gel.
The requirement that the prchrsor readily undergo
hydrolysis is also characteristic of existing precipitation
30 methods. In one precipitation method, hydrofluorosilicic acid is
reacted with water to form a supersaturated solution in which
silica particles are dissolved. Boric acid is continuously added to
maintain a supersaturated solution and SiO2 is precipitated out of
solution at about room temperature. This technique requires that
35 two compounds of silicon be used to form the SiO2 layer.
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Accordingly, the development of an LPD technique which places

10 few chemical reactivity requirements upon the precursors and
which is capable of reliably forming of a large variety of film
types is necessary to meet semiconductor manufacturing needs.

15 Brief Summary of the Invention

In practicing the present invention there is provided a liquid

phase deposition method for forming a material layer in a
semiconductor device. The material layer is formed by the liquid-

20 phase thermal decomposition of a metal-organic precursor
dissolved in an anhydrous organic solvent. The thermal
decomposition of the precursor breaks the chemical bonds within
the precursor and releases the associated metal atom, or the
associated metal oxide molecule, and forms a material layer on a

25 semiconductor substrate immersed in the solution. In one
embodiment of the invention, the precursor contains an associated
metal selected from the group consisting of a transition metal, a
group llI-A metal, a group IV-A semiconductor metal or a group
lI-A metal. A semiconductor substrate is immersed in the liquid

30 mixture and the precursor is thermally decomposed in the liquid
phase at a temperature below the normal boiling poiht of the
solvent to form the material layer on the substrate.

35 , Brief Description of the Drawing
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t echni ques, such as sol-gel technol ogy and precipitation nethods, are
limted to the formation of a relatively narrow group of filmtypes. The
limted filmformation ability of existing LPD techniques relates, in part,
to the requirement that the precursors haveda specific chenical reactivity,
and therefore, does not 10 overconme the primary limtation of LTMOCVD.
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Accordi ngly, t#?%&%@éﬁt%gﬁgl &H’ejp’\i ‘des a nethod for formng a materi al
| ayer conprising an electrically conductive |layer, a 20 superconductive

layer, or @ dielectric layer on a sem conductor substrate conprising the

steps of: dissolving a netal -organic precursor in an anhydrous organic
solvent to forma |iquid nBataled Rescaptionhefthal Invegdiane precursor is
selected fromthe group of netal-organic precursors

In the present invention a material layer is deposited on a

semiconductor substrate during the fabrication of a

10 semiconductor device. The material layer can be an electrically
conductive layer such as a metal layer, a semiconductor layer, a
super conductor layer, or alternatively, a non-conductive
dielectric layer. The material layer is deposited by the liquid-
phase thermal decomposition of a precursor dissolved in an

15 anhydrous organic solvent. The precursor is a complex metal-
organic compound comprising a transition metal, a group IV-A
semiconductor metal, a group IlI-A metal or a group lI-A metal
coordinated by a number of organic ligands. The precursors are
selected. to have a high degree of steric hindrance present within

20 the compound such that they will readily decompose upon being
heated to a temperature not in excess of the normal boiling point
of the organic solvent. A particular organic solvent is selected to
have a molecular polarity similar to that of the chosen precursor
in order to insure continuous dissolution of the precursor prior to

25 delivery of the precursor to the deposition surface. The solution
is heated to a temperature below the boiling point of the solvent
and at a temperature sufficient to thermally decompose the
precursor. Liquid phase deposition of the material layer is then
carried out on the substrate surface by immersing one or more

30 substrates in the solution.

As used herein, the term "substrate" refers to a
semiconductor body upon which various electrically conductive
and dielectric layers can be deposited, and upon which electronic
components can be fabricated. Examples of electronic components

35 include IC devices such as MOS and bipolar semiconductor devices



25 havi ng a deconposition tenperature |ower than the boiling point of the
anhydrous sol vent; subjecting a sem conductor substrate to the liquid

m xture; and heating said liquid m xture to a tenperature greater than the
30 deconposition tenperature of the netal -organi c precursor and | ower
than the boiling point of the solvent to thermally deconpose the

met al -organi ¢ precursor in the liquid phaséand hence to fromthe naterial .
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alternatively, a non-tonductive,
precursor may potentially be used in the broad practice of the
invention. In accordance with the invention, precursors are
selected which can be solids or liquids at room temperature and
standard atmospheric pressure, and which thermally decompose
10 below the normal boiling point of one of a number of common
organic solvents. A wide variety of known organic solvents can be
used, representative examples include tetradecane (b.p. 254 °C),
triethyleneglycol (b.p 278 °C), triethylenetetramine (bp. 266 °C)
and the like. The selected precursors can be used to deposit a
15 wide variety of material layers depending on the particular metal
or metal oxide complex coordinated by the ligands and the size and
electronegativity of the substituents making up the ligands.
Given a certain degree of branching and electronegativity of
a substituent, the bonding of the substituent to specific carbon
20 atom in the complex molecule will influence the bond strength
between the specified carbon atom and the chemical bonds
adjacent to the specified carbon atom. If for example, the
substituent is electrophillic, bonding electrons will be drawn
away from the chemical bonds adjacent to the substituent bonding
25 site thus weakening those bonds. Similarly, a highly branched
substituent sterically hinders the molecule and places strain on
the chemical bonds by forcing the bond angles away from a
preferred low energy configuration. The steric hindrance
introduced by the substituent weakens the bonds within the
30 complex molecule. Upon exposure to an elevated temperature, the
complex molecule absorbs sufficient energy to break the chemical
bonds between the metal atom and the associated ligands. A
number of metal-organic complex molecules are known having
ligands comprised of substituent groups which are sterically
35 hindered and thus render the chemical bonds between the metal
and carbon atoms relatively weak. In the case where the metal
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devices 410 The chemical structure and reactivity of b-diketonate complexes
is described in, for example, "The Early Transition Metals", D.L.
Kepert, Academic Press, New York, 1972. The acetylacetonate
anion can have hydrocarbon and halogenated hydrocarbon
substituents with the formula

lic/.(:\c/l&
| |
N

where R1 and R2 are alkyl, aryl, and trihaloalkyl and X is the
coordination number. In the case where R1 is a branched
hydrocarbon substituent and R2 is a fluorinated substituent, the
combination of a branched hydrocarbon substituent and a highly

20 electronegative fluorinated substituent both strains and weakens
the bonds in the central ring portion of the molecule. Because a
high degree of steric hindrance exists in these cyclic structures,
the M-O bonds are rendered relatively week. When heated to a
temperature of below the normal boiling point of one of the

25 previously described organic solvents, but, above the
decomposition temperature of the metal-organic precursor, the
thermally induced rupturing of the metal bonds results in a source
of free metal atoms in the solution. A substrate, when placed in
the heated solution provides a site for the association of the free

15
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| ayers therein. The art of precursor synthesis for use in thin film
deposition is well developed with respect to the commercial 5 availability
of a wide variety of precursor materials and any such precursor nay
potentially be used in the broad practice of the invention. In accordance
with the invention, precursors are selected/7which can be solids or liquids
at roomtenperature and standard atnospheric pressure, and which thernally
deconpose 1 0 below the Ggﬁnal ?oiling poi nt of ope, of a nunber, of common
& vdyeh

organi ¢ sol verffgtal atgr gitfusex Harguah Jhei solianedpsthasulstiatey,

{epr ?ﬁelnt ati Y%L@f&iﬂ(@é' €©gi7zécﬂhedmétﬁl [cﬁ;#t:éﬁﬁ@ (51?[91?82&'_4 thér%ﬂlﬁfac%, the ) q
ri et hyl enegl yco err ri ethyl enetetr ne .( bp.. r an

the |1 ke, The fagtalcaiding  lftaivbs. brovite acASipinafiod site sud pafithe

vari ety of matreactionl epatinudspdsposijingh suvecgssive dayars roft aletai aternad oxi de

conpl ex cogrdi ibig : he. sz el ectronegativity of

t he subst??uerﬁ@rﬁngﬂwggl}gmbpe@ﬁméﬁgg&eﬂ@%h gaf:ée}(r'jt ai n degree of branching

and el ectronegat i vilthe &hetal Jayer ideragited o Hop suhptate: ik agepEdancRnt to

speci f iﬁ gar bQﬂtRQﬂeaimdtPﬁ fe;%rp%gplaﬁy gnitabld @rrulé\idllelbmérlnehaeiéidﬁe bond
Strength betve o bpriate “compatibity with and adhesion °fo The?subShdte and
previously formed layers thereon. lllustrative metals include
10 transition metals such as Pt, Ti, W, Pd, Co, Mo, Cr, Ta, Ni, Cu, Au
and group Ili-A metals such as Al and Ga, group IV-A
semiconductors metals such as Si and Ge and group [I-A metals
such as Ba. Under steady state conditions the decomposition rate
of the precursor is constant; therefore, the final thickness of the
15 metal layer is preferably determined by subjecting the substrate
to the solution for a predetermined amount of time. It will be
appreciated that the thickness of the metal layer may be varied
widely to provide a metal layer most appropriately dimensioned
for the intended application. By selection of two or more
20 precursors containing different metal atoms, a metal alloy layer
can be formed. For example, heterocyclic precursors of Ti and W
can be jointly dissolved in solution and a Ti/W alloy layer
deposited from the liquid phase.
It is important to note that the present invention is not
25 limited to homogeneous and alloy metal film deposition and other
materials, such as dielectric materials and superconducting
materials, can be formed using the heterocyclic compounds
described above. For example, dielectric layers such as barium
titanate (BaTiO3) can be formed using the metal substituted
30 acetylacetonates described above. Furthermore, a superconductor
material such as yttrium barium copper oxide (YBa2Cu3O7-x),
where x is less than 1, can be deposited from a solution
containing predetermined concentrations of yttrium, barium and
copper hexafluoroacetylacetonate.
35 In another embodiment of the invention, complex molecules
such as metal alkyloxides are used as precursors to form
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sem conduct or below about 300°C include [M(OBul)x ] and [M(OPr)x] where But is
tertbutyl, Pr is propyl and M is a transition metal. For example,

10 titanium iso-propoxide Ti(OPr)4 can be used to deposit a TiO2
film at about 180 to 240°C . For a description of the chemical
activity of alkoxides precursors, see for example, "Metal
Alkoxides as Precursors for Electronic and Ceramic Materials”,
D.C. Bradley, Chem. Rev. (89) 6, p 1317, 1989.

15 In a further embodiment of the invention, a group IV-A
semiconductor material such as Si or Ge can be deposited by the
liquid-phase thermal decomposition of a cyclic compound
containing silicon. For example, a silicon layer can be formed
using a precursor such as sila-5-spiro [4-4] nona-2, 7-diene

20 having the formula

R4 R3

| st |
R3 R4

where R3 and R4 are hydrogen, alkyl and aryl. For a description of
the chemical reactivity of silicon bi-cyclic dienes, see for
example, "Mass-spectrometeric Investigation of the Thermal-
25 Decomposition of Various Organosilicon Compounds in SiXC1-X(H)
Chemical Vapor-Deposition", J.P.Gerault, J. Anal. Appl. Pyrolysis
(4), p- 59, 1982.
The liquid phase decomposition technique of the present
invention offers a number of advantages over conventional CVD
30 film deposition and other liquid and colloidal film deposition
methods such as precipitation, flash-evaporation, spin-on gels
and the like. In the case of CVD, the precursors have to be
selected such that the vapor pressures of the individual species
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CVD system. In the case of a solid precursor, the solid must first
10 be melted then vaporized which requires the delivery system to be
maintained at a temperature high enough to prevent condensation
and solidification of the precursor. These and other precursor
requirements for CVD deposition limit the scope of the possible
molecular precursors which can be used. "In contrast, the LPD
15 method of the present invention can employ a wide variety of
precursors which are not limited by vapor pressure
considerations. Moreover, certain precursor physical properties
such as: existing as a solid at room temperature; having a high
boiling point; and having a high molecular weight present a
20 problem when using conventional CVD and LTMOCVD deposition
methods. In contrast, these same physical properties are
desirable characteristics in the precursors of the present
invention. _
In the prior art, dielectric layers have been formed by a sol-
25 gel process in which an alkoxide is hydrolyzed to form gel. The
gel is dispensed onto the surface of a substrate and the solvent
and excess water in the gel is evaporated away. The requirement
that the alkoxide undergo a hydrolization reaction limits the
composition and structure of the alkoxides precursors to those
30 which will readily hydrolyze to form the sol-gel. In contrast,
when using a metal alkyloxide precursor to form a dielectric layer
in accordance with the present invention, hydrolyzation of the
precursor is not necessary; in fact, hydrolization is purposely
avoided by using an anhydrous solvent.
35 Shown in the FIG. 1 is an exemplary apparatus for performing
the liquid-phase deposition process of the present invention. A
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| ayer. The netal |ayer deposited on the sudddrate in accordance with the

i nvention can be any suitable nmetal el enent having appropriate
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one embodiment in which the precursor is a solid at room
temperature, the solid precursor is distributed over a dissolution

10 bed within mixing unit 22 and the solvent is circulated through
the bed until a solution having a predetermined molar
concentration is obtained. Substrates 12 remain in the solution
for a period of time sufficient to deposit a material layer of
desired thickness on the surface of substrates 12.

15 It is important to note that the process of the present
invention can be carried out using a variety of substrate materials
and that substrates 12 can have numerous structures defined
thereon. For example, as is conventional in a semiconductor
fabrication procedure, a dielectric layer and patterned conductive

20 layers overlying the dielectric layer can be formed on substrates
12 during prior processing steps. The substrates can then be
placed in bath 10 and a material layer deposited thereon, the
material layer being a conductive, superconductive or insulating
layer. The deposition process will proceed irrespective of the

25 particular material or structural configuration present on the
surface of substrates 12.

By now it should be apparent that the present invention
enables the use of a wide variety of precursors for the formation
of an equally wide variety of material layers. One of skill in the

30 art will recognize that given the need to form a material layer
having specific physical characteristics, such as electrical
conductivity and adhesion to a surface region on the
semiconductor device, a number of precursor compounds having
the desired elements and possessing a certain chemical polarity

35 and decomposition temperature can be selected. An organic
solvent solvent is then chosen having a chemical polarity



20 precursors containing different netal atons, a netal alloy |layer can be
formed. For exanple, heterocyclic precursors of Ti and Wcan be jointly

di ssolved in solution and a Ti/Walloy |ayer deposited fromthe liquid
phase. It is inportant to note that the present invention is not 25

limted to honbgeneous and alloy netal filmdeposition and other materials,
such as dielectric materials and superconddcting materials, can be formed
usi ng the heterocyclic conpounds descri bed above. For exanple, dielectric

| ayers such as bariumtitanate [err] can be fornmed using the netal
substitut ed 3@oreasranding: thibesselestad racumayeanduhayiBgnsr aormmal

super conduct ool péint SABEVEStHE (ddcompasition esRperatere def [ther beledigde X
is less than 1, can be dﬁf S|teﬂH{ronk§ ol ytion,containin ?redetern1ned
concent r at i on®EFULRAN | (WIThoYt fHRther 669@' 190k 5 (S, 'Qc‘,’@%yllé%te%t e. 35
I Inkalnot _hgr enghilledrin the tavt d:aw,emtsﬁmgl%theowéesdimgl eesceiptionc hutilizerethel
al kyl oxi ak s or ctr e . ayers,
i ncl udi nge"fnst é’ﬁv%ﬁ(ﬁ?@%a@ I[eﬁsgc r”?’%|E r’r%%{eéﬂtal rsﬁ-g%c%@svﬁhga@r#ger{ nlgjff)nééﬁficconi um
titanate (PLZEmbedimentsngre, therafore, txikr constiedigsoshner@lyon a substrate
surface in  jystrative, and not limitative of the remainder of the disclosure

in any way whatsoever.

10 Example |

A layer of silicon is deposited using the apparatus shown in

the FIGURE. A one molar solution comprising a sila-5-spiro [4-4]
nona-2, 7-diene as previously described dissolved in tetradecane

15 (b.p. 254°C) is circulated through the bath while maintaining the
bath temperature in the range of 150 to 240°C. Because a
considerable amount of steric hindrance exists in this cyclic
structure, the Si-C bonds are relatively week. Upon thermal
decomposition of the sila-5-spiro [4-4] nona-2, 7-diene, a silicon

20 layer 32 is deposited on gate oxide 32 having a thickness of about
50 to 500 nanometers.

Example |l

25 A mixed oxide material layer having the formula YBa2Cu307-
x, where X is less than one, is deposited using the apparatus
shown in the FIGURE. The solution contains 0.5 mole of yttrium
hexafluoroacetylacetonate (YCgH100O2F3) , 2 moles of barium
hexafluoroacetylacetonate (BaCgH1002F3) and 3 moles of copper

30 hexafluoroacetylacetonate (CuCgH{0O2F3) dissolved in
tetradecane (bp. 254 °C). The forgoing metal oxide compounds are
commercially available and marketed by Strem Chemicals of
Newburyport, Mass. The solution is circulated through the
apparatus and the bath temperature is maintained in the range of

35 220 to 245°C. Upon thermal decomposition of the
hexafluoroacetylacetonates, a layer of YBa2Cu30O7-x is deposited



a liquid phase using a netal al koxides precursor such as those 5 having the
general formula MOR)x, where Mis a netal having the valence x and Ris an
al kyl or an aryl group substituent. Representative exanples having a
deconposition tenperature bel ow about 300[err] include [MOBut)x ] and
[MOPr)x] where But is tertbutyl, Pr is propyl and Mis a transition netal.
For exanple, 1 O titaniumiso-propoxide Ti (1@&r)4 can be used to deposit a

Tio2 filmat about 180 to 240[err] . For a description of the chem cal
activity of al koxi des precursors, .see for exanplg, "Mt Al kgxi des as
Precursors foPr&Peﬁ‘t"P%ﬁ?t?saﬂé E‘J@WHTQ @ IUB'PEF’?ﬁFs@f,eaB."g? @%JPe&éOChem Rev.
(89) 6, p l1l3lhanciieters In a further enbodi nent of the invention, a

group | V-A sem conductor nmaterial such as Si or Ge can be deposited by the
| i qui d- phase thermal deconposition of a cyclic conmpound containing silicon.
For exanple, a silicon layer can be fornkExamplegllh precursor such as
sila-5-spigo [4-4] nona-2, 7-diene 20 having the fornula [err] where R3
and R4 are hydrogen, al kyl and ary]. For a description of the chem cal
reactivity of silifolaYRL &f Garpeli isndepositedien a sfstate using the

" Mass- spect r orgipirhfud RHewWn dAtthen FIGURE. Thekitle- o bis-PEaonmsig-i on of
Var i ous Organ%m | i.con ralpou% i S %(C‘)Lll )g@ Chem,cal |Vaé)or- I5ep05| tion",
3P Gerault, JeXaflijoro4-pepidngdionats];coppersds digsolved 'in
triethyleneglycol (b.p 278 °C). The solution is circulated through
10 the apparatus and the bath temperature is maintained in the range
of about 255 to 265 °C. Upon thermal decomposition of the bis-
(1,1,1,5,5,5-hexafluoro-2,4-pentanedionate) copper in the bath, a
layer of copper having a thickness of about 100 to 1000
nanometers is deposited.
15

Example IV

A BaTiO3 dielectric layer is deposited using the apparatus
.20 shown in the FIGURE. Equal one molar solutions of barium
hexafluoroacetylacetonate and titanium '
hexafluoroacetylacetonate are prepared using either tetradecane,
or triethyleneglycol as a solvent. The solution is circulated
through the apparatus and the bath temperature is maintained in
25 the range of about 230 to 245°C. A layer of BaTiO3 is formed on
the substrates having a thickness of about 10 to 100 nanometers.

Thus it is apparent that there has been provided, in
accordance with the invention, a method for forming a material
30 layer in a semiconductor device using liquid phase deposition
which fully meets the advantages set forth above. Although the
invention has been described and illustrated with reference to
specific illustrative embodiments thereof, it is not intended that
the invention be limited to those illustrative embodiments. Those
35 skilled in the art will recognize that variations and modifications
can be made without departing from the spirit of the invention.



The liquid phase deconposition technique of the present invention offers a
nuirber of advantages over conventional CVD 30 film deposition and ot her
liquid and colloidal filmdeposition nethods such as precipitation,

fl ash-evaporation, spin-on gels and the like. In the case of CVD, the
precursors have to be selected such that the vapor pressures of the

i ndividual species 9 are approxi mately ddqdii valent. To neet this
requirenent, the particular nolecules are often synthesized using conplex
processes to insure a precise, nol ecul ar obt ai ned. An additiona

D bl em i t 1 (% GEARENE: BhIGH DFRRSLS, Wik fen P Sl ko dlevale B8 as or

l'i qui ]g_s at [) odoilingpwmperaturé noft selviasteaatl thus qardy poelc the odeposition! i qui d
must first be o} i pe at

condensati on (¥nfle ﬁ@wﬁ' EoBRRehP 5 uthuf o HHGEOF Y BRRSRIGL Tatect on
chanmber wit h| Furthermvore; y the mornponests af ethsf |@md>|plma$e adepasitiont he solid
must first %&Pﬁtam% e b@eﬁrréﬁagﬂ ﬁ\eﬁ &ﬁfﬁr@n{ et %ﬁah%&\ﬁh' VoY system

to be maintain terrpera ure enou prevent con densation and

sol i di ficati oeX@&mplee thead rd emgenaaapafms EABchaver ar sdbstaatigllys for -
CVD deposi ti orifferarit tdamf@naﬁoﬁf théxe 0 Sillabeated eapparatscands gy Wi ch
can be used. l.n caontra %
include mu lple components such as several baths arranged in
series and addition precursor introduction units. It is therefore
10 intended to include within the invention all such variations and
modifications as fall within the scope of the appended claims and

equivalents thereof.



1 5 method of the present invention can enploy a wide variety of
precursors which are not limted by vapor pressure considerations.

Mor eover, certain pregursor physi properties such asthisShest HasBrereRephced
solid at room tenper aT'ﬂfﬁ@Hgg%\!ﬁ%a i gh boiling point; Hm ghl
nol ecul ar wei ght present 5 “~pr obl em when usi ng conven _

LTMOCVD deposition Mﬂ“ﬂmImMLast t Heke sane physical properties are
desirabl e characterrgﬁ cursors of the present invention. In
the prior art, dielectric |ayers have b(egfn,forrred by aWs
in which an al koxide is hydrolyzed to f&®I@S . The gel is dispense

the surface of a substrate and the sol vent and excess Wﬁl ,H '
evapor at ed away., . The requirenment that the al koxi de unde ”m ﬂm an
reaction lim sca}@'corrposition and structure of the al koxi Gest precur S
to those 30 which will readily hydrolyze to formthe sol-gel. In

contrast, when usi 9 o ThMod by hK AGuRY BRUEEOHehBHRFTLR bt ©

| ayer in accordance with the present ventl on rol'yzati on
precursor is MAYeh&essAemiconduster swpst@te,6t2)ocompPNRiRgosel y avoi ded by

using an anhydrous sol vigpepadhg a soluffRvindlddinge o ffetal-drganfl exerpl ar y
apparatus for performng the Lol ebPORRSNGE 17’ 5h Bnfy8RTR" ofbahiz® Present
I nvention. A
solvent; _
circulating the solution through a constant-
temperature bath (10) wherein the bath (10)
temperature is maintained at or above the
decomposition temperature of the metal-organic
precursor;
immersing the semiconductor substrate (12) in the
bath (10); and
thermally decomposing the metal-organic precursor to
deposit a material layer on the surface of the

semiconductor substrate (12).

2. The method of claim 1 wherein the material layer is
selected from the group consisting of an electrically conductive
layer, a superconductive layer and a dielectric layer.

3. The method of claim 1 wherein the metal-organic
precursor is a either a solid or a liquid at room temperature and
standard pressure.

4. The method of claim 1 wherein the anhydrous organic
solvent is selected to have a molecular polarity corresponding to
that of the metal-organic precursor and a normal boiling point
above the thermal decomposition of the metal-organic precursor.



1 0 li~quid bath 1Gpj aaptedto otd a plurality of sermscgg 4G

substrates 12 whic She q Regigtepn a si de by a support nﬁgﬁ“%th 10
is encl osed on the| om by a heating elenent 16 I ch mai nt ai ns
the solution in th

ion i ' _ enperature bel ow t he 1§ alumnﬂﬂmm f the
solvent. A recirculating punp punps sol ution throug bat h
10 and through a mxing unit 22 and a sol vdrt nakeup unit 24. In one

enbodi ment in which the precursor is a solid at roomtenperature the solid

precursor is dlstrlbutlg S¥ |Ofssolut|on tie W t.hin mxm(g anlt 22

and the solvent isZeir '%‘Eidt F RGNS A Hﬂﬁtﬂfﬂ ayersin @ semican Hﬁt‘)&

pr edet er m ned deviee com:pﬂgmgt ion is obtained. Substrates 12 remain in the

solution for a period of uf f | e er of

desired thickness on th@ré{'ﬁﬁé ‘Ii 1’&%@3&?'&&3% %%3"5'1‘%%535 Heat%q#sﬁi

i nportant to note that the pdissalvedfint ha pnbydraus wrganicosolentpahearri ed

out using a variety of substrabg,r®e bﬁiﬁnﬁ‘ﬁﬂéhﬂétaﬂ“géfé&éﬁs rbfn ct?'% have
a

numer ous structures defined thereon. For, exanfple, as .is conven I on in a
seni conduct or fabrication pr &eHBreongisting| ekta itkansifien metahagt grouR)

conductive 20 layers overlyintfetal, eéegtrdup‘ INayesetiiconeuced Mot

substrates 12 during prior procgssin t The substrates can then be
placed in bath 10 and a nateﬁnéfglrgya ﬁ(é ?lt?led t hereon, the

subjecting a semlconductor substrate (12) to the
liquid mixture; and

thermally decomposing the precursor in the liquid
phase at a temperature below the normal boiling
point of the solvent to form the material layer
on the substrate (12).

6. The method of claim 5 wherein the precursor is a
coordination compound having ligands selected from the group
consisting of a alkyloxide, a b-diketonate and a bi-cyclic diene.

7. The method of claim 6 wherein the organic solvent is
selected from the group consisting of tetradecane,
triethyleneglycol and triethylenetetramine.

o
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mat eri=al | ayer being a conductive, superconductive or insulating |layer. The
deposition process will proceed irrespective of the 25 particular nmateri al

or structural confi-guration present on the surface of mubsiheert ss d8enBy now
it should be apparent that the present invention enabl es ReeLAasEpof a wi de

et Lo SRR 5 %" AR

need to forma material | ayet havi*ng specific physica
such as electrical conductivity and adhesion to a surface region on t he
sem conduct or device, a nunber of precursor conmpounds having the desired

el ements and possegsi T4 metieod fion f@hmngaé thin dilimt zeﬂa“ctednﬁodﬁcmgpgmup on
tenperature can be sel egt ed, _An.organi SO V&ﬁ"?'ﬁm v hosen

havi ng a chenCORPI§HG, Q% @ transifion mska; '8"55"%'@{'&&"' B SR ng
having a norrrmv-hosemmgpmﬂuctbranem ahd detrampctmrt |metalemxeleabnra of the

sel ect ed Pr eCULSor on%tc?&ltdéﬁ{:%hﬁz)elc%?%ﬁéh@scrI . Is believed that one
g.

skilled in th&~™art can, usin )&M ion, utilize the 5
invention to its fullestPrex a lguid dani mg:qntafrungea spelel i c

enbodi nents are, therefore, %&Q,r@ggtb%,@spf@é@gbrlgé@ié@twﬁ, tped not
limtative of the remainder of the disclosSu ? | bstituted
group consisting of a metal substitute
acetylacetonate, a metal alkoxide and a group
IV-A semiconductor metal substituted bi-cyclic
diene dissolved in an organic solvent having a
polarity corresponding to the dissolved metal-
coordinated organic compound; and
thermally decomposing the metal-coordinated organic
compound at a temperature below the boiling
point of the solvent to form the thin film on an
exposed surface of the semiconductor device
(12).

9. The method of claim 8 wherein the metal substituted.
acetylacetonate has the following formula:

Iic/.C\C/RZ
R
BN

wherein M is selected from the group consisting of a
transition metal and a group lI-A metal;

X is the coordination number of M; and

R1 and R2 are each independently selected from the
group consisting of alkyl, aryl and trihaloalkyl.

[
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in any way what soever. 10 Example | A | ayer
of- silicon is deposited using the apparatus shown in the FIGURE. A one
nmol ar solution conprising a sila-5-spiro [4-4] nona-2, 7-diene as
previously describ etradecane 1 5 (b.TpiS SHEEEHAS BEEN
circulated thr oughmllmwmmmglmm ntai ning the bath telELACERPe in the
range of 150 to 240[erf] .t Betadse*a consi ddrabl e am)upaggmmmmHn ndr ance

exists in this cyclic structure, the Si-C bonds are r Upon
t hermal deconposition of the sila-5-spiro [4-4] nona- lene, a silicon
20 layer 32 is deposited on gate oxide 32 having a thickness of about 50

Eﬁ 5:30 nalnom[eters 16xanmhe mbtli’&d of claxmAanwmemethEbm{ gcadneln@yﬁ] dhavi ng
e or mul a eS.S eposlte usi n e
appar at us shoiﬁ ‘hn Pﬂwgif Th@v'é’& Gﬁ?o%me?&ﬂ?gl Wg nol e of gyt trium

hexaf | uor oacet yl acet onat e [err] R22 nol es of barium R1
hexaf | uor oacetyl acetonate [err] an®h 3 es of ¢
hexaf | uor oacetyl acetonate [err] disstffvedN n tevTad
The forgoing netal oxide conpounds ar«* comelci al |y
by Strem Chem cal s of Ne\/\,burypoeé . e solNyti
the apparatus and the bath tenp 5 ure WS naintai
220 to 245[err]. Upon thermal deconposition of the

wherein: M is a group IV-A semiconductor metal; and

R1 and R2 are independently selected from the group
consisting of hydrogen, alkyl or aryl.

ane (bp. 254 [err]).
vai | abl e and mar ket ed
i§ circul ated through
i NR€he range of 35

\
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al r of [err] is deposited 1 2 onto
ness. of about 100 to 500 nanoneters. Exanple

? mél ed on a substrate usi NGHIERHERPRA
A\ \‘; (1,1,1,5,5,5- REPLACE%aé

hexaf lsuor oacet yl acet onat es,
substrates 12 havin
11 5 A layer i
shown in the FlygidREest Aoy
hexaf | uor o- 2, 4- p& _ i copper S d| ssolved in tr col
(b.p 278 [err]). {! i I's circul ated&hrough 10 Eﬁﬁ' ﬂm and
the bath tenperature is maintained in the range of abou rr]
Upon thernmal deconposition of -the bis- .

(1,1,1,5,5,5-hexaf | uoro-2, 4- penﬁEﬁH&P&n‘éft dhecBliselosufet he bath, a Iayer of

copper having a thickness of about 100 to 1000 nanoneters is deposited. 15

Exanple 1V A BaTi O3 d L i h t 20
shown i n the Froure A pHetiod,fBr FmbingS BRSRLAET AlRr i " SefiEshAl ety
hexaf | uor oacet yl acet onat e ddevicet daingnLiquidt PhaSEaBepy‘BlilQe't onate are
prepared uging either tetradecane,

%

A material layer is deposited by liquid-phase thermal
decomposition of a metal-organic precursor dissolved in an
anhydrous organic solvent. The organic solvent has a chemical
polarity corresponding to the metal-organic precursor and has a

10 normal boiling point above the decomposition temperature of a
selected precursor. The present invention enables use of a wide
variety of molecular compositions which can be used for the
formation of an equally wide variety of material layers. [n one
embodiment of the invention, a semiconductor substrate (12) is

15 subjected to a liquid mixture comprising a metal-substituted
heterocyclic acetylacetonate precursor dissolved in tetradecane
(b.p. 254°C). Depending upon the structure of the acetylacetonate,
either a metal or a metal oxide film is deposited in the liquid
phase on a semiconductor substrate (12) immersed in a solution

20 which is maintained at the decomposition temperature of the
acetylacétonate precursor.

FIGURE accompanies this abstract.



or tr.ivet hyl enegl ycol as a solvent. The solution is circulated through the
apparatus and the bath tenperature is maintained in 25 the range of about
230 to 245[err]. A layer of BaTiO3 is formed on the substrates having a

t hi ckness of about 10 to 100 nanoneters. Thus it is apparent that there has
been provided, in accordance wth the invention, a nethod for formng a
material 30 |ayer in a sem conductor devj,ce using |liquid phase deposition
which fully nmeets the advantages 'set fortt above. Al though the invention

- has been described and illustrated with ref§§ nce to specific illustrative
enbodi nents thereof, it is not intended thatofg invention be limted to
those illustrative enbodi nents. Those 35 s dinthe art will recognize
that variations and nodifications can be ma@s|# t hout departing fromthe
spirit of the invention. 1 3 For exanplehg i gh pressure tank can be
used to elevate the boiling tenperature of | vent and thus carry out the

deposition at a higher tenperature to obtain a higher filmdeposition rate.
Furthernore, the conponents of the |iquid phlase deposition 5 apparatus can
be arranged in a different order than sQown.y For exanple, the Iiquid

~ deposition apparatus can have a substamu ifferqgt configuration than

the illustrated apparatushﬁﬁd may B N
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i ncl uge: gul tiple conmponents such as several baths$ E(Em@pﬁbzi NpAes i 8Sto
introduction units. It is therBfCaand) 0 : pdpbengad

addi tiop precursor
i nclude-within the

wi thin the scope of the appended clains and equi

Clains 5 1. A

i nvention all such vari ati ons} apdsagpek (g)cpg;é @sl

met hod for formng a rrat'e3'ral | ayer conprising a

/ il eABsbrati € Qoo ’“ti')]p

n
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electrically conductive | ayer, a superconductive lﬁ Xo! ng ' e_;g,t‘g,&.p,qq
| ayer on a sem condpctqr substrate commris) tha.%iﬁ.s_&.}? gt |
met al - or gani ¢ prec__ﬁrgéﬁarg{a %tteé‘?rﬁsﬁr |ng)LBB methods have NopseVRA e "y ent

to forma |iquyproblems imterenbwithi LTMOCVIBt HFordthganost parktheexistimg sel ect ed

temper atur B | Ouey PRAToLRB R F‘%&%‘#ﬁﬁ%ﬁ'ﬁ‘m&ﬂ%ﬁ@ B vent.

subj ecti ng a J8ethasds ate imitaghtorthetformation of ki rglativ

said liquid magfihe
tenperature of the

t@s?‘ THYRAREH iR 18rRafieh abliRy of BRisHRgLAIYS! tion

| -or

e a anl c .
techniques relateg, in part, to the requirement that the precursors
have a specific chemical reactivity, and therefore, does not
10 overcome the primary limitation of LTMOCVD.

Accordingly, the development of an LPD technique which place

few chemical reactivity requirements upon the precursors and which
is capable of reliably forming of a large variety of film types is

15

necessary to meet semiconductor manufacturing needs.

Brief Summary of the invention

Accordingly, the present invention provides a method for forming a
material layer comprising an electrically conductive layer, a

20 superconductive layer, or a dielectric layer on a semiconductor
substrate comprising the steps of:

dissolving a metal-organic precursor in an anhydrous organic

solvent to form a liquid mixture, wherein the metal-organic
precursor is selected from the group of metal-organic precursors

25 having a decomposition temperature lower than the boiling point of
the anhydrous solvent;

and

subjecting a semiconductor substrate to the liquid mixture;

heating said liquid mixture to a temperature greater than the

30 decomposition temperature of the metal-organic precursor and
lower than the boiling point of the solvent to thermally decompose
the metal-organic precursor in the liquid phase and hence to from
the material layer on the semiconductor substrate.

35

Brief Description of the Drawing

This Is the replacement sheet
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precugsor and |lower than the boiling point of the 20
solvent to thermally deconpose the netal -organic precursor in the liquid
phase and hence to fromthe material |ayer on the sem conductor substrate.
2. The nethod of claim1l wherein the netal -organi c precursor 25 [
a either a solid or a liquid at roon1tenperéﬂure and standard preséure. 3.
. The nmethod of claim1 or 2 wherein the anhydrous organic solvent is

sel ected to have a nol ecular polarity simJd,ar to 30 that of the
net al - or gani ¢ precursor and a nor mal boiliﬁél%%int above the therma
deconposition of the netal-organic precursor. 4. The nmethod of claiml1, 2,

Cetradecand, 55 |- R EtRe K tbrhingdf hEShAS 1BVErbomRrBiRtEn T 0o Be! ™
-15- 5. The method of elecirically condugtiverlayentasupercondugtive layssrona a 5
BT Ton oa, 2 e et i sebrckabars g o110
e steps of:
dissolving a metal-organic precursor in an anhydrous
10 organic solvent to form a liquid mixture, wherein the
metal-organic precursor is selected from the group
of metal-organic precursors having a decomposition
temperature lower than the boiling point of the
anhydrous solvent;
15 subjecting a semiconductor substrate to the liquid
mixture; and
heating said liquid mixture to a temperature greater than
the decomposition temperature of the metal-organic
precursor and lower than the boiling point of the
20 solvent to thermally decompose the metal-organic
precursor in the liquid phase and hence to from the
material layer on the semiconductor substrate.

S

2. The method of claim 1 wherein the metal-organic precursor
25 is a either a solid or a liquid at room temperature and
standard pressure.

3. The method of claim 1 or 2 wherein the anhydrous organic
solvent is selected to have a molecular polarity similar to
30 that of the metal-organic precursor and a normal boiling
point above the thermal decomposition of the metal-organic
precursor.

4. The method of claim 1, 2, or 3 wherein the organic solvent is
: selected from the group consisting of tetradecane,
35 triethyleneglycol and triethylenetetramine.

This is the replacement sheei
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16 8. ;A _pethod for formng a thin filmselected fromthe group consisting
of a transition netal, a transition netal oxide, a group |V-A sem conductor
netal and a transition nmetal oxide on a sem conductor device (12)
conprising: providing a liquid mxture containing a netal - coordi nated
organi c precursor selected fromthe group consisting of a netal substituted
acetyl acetonate, a netal al koxide and a group 4g\V- A sem conductor netal
substituted bi-cyclic diene dissolved in an organic solvent having a
polarity corresponding to the dissolved netal - coordi nated organic
conpound; and t herfmThe rdethotbeikclaion tihe, Bpbald-wivsreih thas précarsisiis @ conpound

i 1'm on anBoxposedsurpeidngBo cofyBilrittndyinb JBahfs tBlcad ok aic o fo
of clai m8 wherein thgroupgonsistingiof & alkyloxide;laab-«liketanatenand arti- f ol | owi ng
formula: [err] wherei ’byMiéﬂie?fé.eCt ed fromthe group consisting of a

ant ¥
Tnis i the rep\acem .



transition nmetal and a group II-A netal; X is the coordina
and R1 and R2 are each independently selected fromthe gro
al kyl, aryl and tri hal oal kyl . 17 10. The nethod of cl ai
bi-cyclic diene is a [4,4] nona-2,7 diene haieng the follo
[err] wherein: Mis a group |IV-A sem conductor netal; and

I ndependently sel ected fromthe group consisting of hydrog
aryl . bstract of the Disclosure
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A Method for Forming A Material Layer in a Semiconductor
Device Using Liquid Phase Deposition

A material layer is deposited by liquid-phase thermal
decomposition of a metal-organic precursor dissolved in an
anhydrous organic solvent. The organic solvent has a chemical
polarity corresponding to the metal-organic precursor and has a

10 normal boiling point above the decomposition temperature of a
selected precursor. The present invention enables use of a wide
variety of molecular compositions which can be used for the
formation of an equally wide variety of material layers. In one
embodiment of the invention, a semiconductor substrate (12) is

15 subjected to a liquid mixture comprising a metal-substituted
heterocyclic acetylacetonate precursor dissolved in tetradecane
(b.p. 254°C). Depending upon the structure of the acetylacetonate,
either a metal or a metal oxide film is deposited in the liquid
phase on a semiconductor substrate (12) immersed in a solution

20 which is maintained at the decomposition temperature of the

acetylacetonate precursor.
FIGURE accompanies this abstract.
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