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PCT/US96/13310                      METAL INSULATOR SEMICONDUCTOR STRUCTURE
WITH POLARIZATION-COMPATIBLE BUFFER LAYER
BACKGROUND OF THE INVENTION    5  1.   Field of the Invention
The present invention pertains to the field of thin-film integrated circuit
components, and, more specifically, to metal insulator semiconductors
("MIS")       devices. Still more particularly, the MIS devices contain a
ferroelectric material as       the insulator.   10  2.   Statement of The
Problem              Ferroelectric materials can be used as a gate
insulator of metal oxide       semiconductor field effect transistor
("MOSFET") devices. In this application, the       spontaneous polarization
modulates the gate-channel conduction. The channel       conduction state
can, for example, be utilized as an indicator of a memory storage  15
state. Silicon substrates are the most commonly used types of substrates
for these       applications. A problem exists because the ferroelectric
polarization phenomenon       is greatly reduced or even completely
dissipated when the ferroelectric materials       are deposited directly on
the silicon surface. This reduction in ferroelectric       polarization can
be observed as the distance between positive and negative  20  direction
switching curves on a hysteresis plot of capacitance versus bias voltage.
A very small separation between the positive and negative switching curves
will 



indicate a correspondingly small ferroelectric polarization. Conversely, a
large      separation indicates a correspondingly large polarization.
Metal oxide ferroelectric materials have traditionally required firing or
25  annealing at very high temperatures to provide a lattice structure that
is capable of      exhibiting ferroelectric polarization. These high firing
temperatures induce diffusion      of compounds between adjacent thin-film
layers. One aspect of this diffusion is      thought to be the production
of a low dielectric layer that is formed between the      ferroelectric
material and the silicon substrate. This low dielectric layer acts as a 30
parasitic capacitor and screens the applied electric field by producing a
surface      charge that reduces the ability of the applied electric field
to reach the ferroelectric      material. The screening effect reduces the
magnitude of polarization obtainable      from the feroelectric material.
The parasitic ferroelectric capacitor effect vanes with      the applied
field and, consequently, the amount of screening or effective field-drop 35
across the ferroelectric capacitor varies with the applied field.
Prior attempts at producing MIS devices using a ferroelectric material as
the      insulator have produced devices having capacitance versus voltage
curves that      present numerous problems. As indicated above, a primary
problem is a reduction      in the ferroelectric polarization phenomenon,
which may be completely dissipated.  5 Another problem is that the
capacitance versus voltage curves rise at a low angle,      not a steep
one. This low angle indicates switching of the material over a very wide
voltage range. The low-angle rise makes it possible to partially switch the
polarization state of the ferroelectric material with cumulative effect due
to noise.      Electronic memories containing low-angle rise ferroelectric
materials would, 10  therefore, be subject to noise-induced read errors. Of
course, the lack of any 



polarization at all would make it impossible to use the material in a
non-destructive      readout MOSFET ferroelectric memory where the
polarization state controls the      gate current.            WO 91/13465
and EP 540,993 reported a metal-ferroelectric-semiconductor 15  device, but
this device did not use layered superlattice materials as the
ferroelectric. While layered superlattice materials are known to have
exceptionally      high polarizabilities in thin film form when deposited
on metal electrodes (see WO      93/12542), no
metal-ferroelectric-semiconductor devices have been reported using
layered superlattice materials. 20                          SUMMARY OF THE
INVENTION            The present invention overcomes the above-identified
problems by providing      an improved ferroelectric MIS device ("MFS or
MFIS device") that may be used in      electronic memories. The
improvements include capacitance versus voltage      curves having a wide
separation based on the polarization state of the ferroelectric 25
material and the switching direction. Additionally, the capacitance versus
voltage      curves rise steeply to make the MIS device less sensitive to
noise.            The MIS device includes a semiconducting substrate having
a perovskite-      like metal oxide layered superlattice material deposited
thereon and an electrode      formed above the layered superlattice
material. Additionally, a buffer layer is 30  interposed between the
layered superlattice material and the semiconducting      substrate, and
the buffer layer may be capped with a silicon dioxide layer.
Preferred exemplary forms of the invention include the semiconducting
substrate being formed of n-doped or p-doped silicon. The layered
superlattice      material is preferably a room-temperature ferroelectric
composition made of                                             -2-     



2008/021 PCT       strontium bismuth tantalate, strontium bismuth niobate,
or strontium oismuth      niobium tantalate. Other preferred ferroelectric
compositions include those just      mentioned in combination with a
vanadium or tungsten moiety. The layered      superlattice material
preferably has a C-axis orientation that can be obtained by  5 drying
providing a liquid precursor having a plurality of metal moieties in
effective      amounts for yielding a layered superlattice material,
applying the precursor to a                       
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substrate, drying the precursor in the presence of ultraviolet ("UV")
radiation, and      annealing the dried precursor.             The device
exhibits an extremely high level of ferroelectric capacitance      versus
voltage behavior. Results indicate that films of thicknesses less than 300
5  nm or 200 nm (3000 A or 2000 A) have a window of separation between the
steeply      rising positively and negatively switched capacitance curves
exceeding five volts.             Other salient features, objects, and
advantages of the present disclosure will      be apparent to those skilled
in the art upon a reading of the disclosure below and      a review of the
corresponding drawings. 10                BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 depicts an MIS device having a gate formed of ferroelectric layered
superlattice material and a buffer layer deposited on a semiconducting
substrate;             FIG. 2 depicts the gate device of FIG. 1 in more
detail;             FIG. 3 is a process-flow chart diagram depicting a
process for manufacturing 15 the MIS device of Fig. 1;             FIG. 4
is a process-flow chart diagram that describes the production of a
liquid metal organic precursor for use in producing the layered
superlattice material      in the MIS device of Fig. 1;             FIG. 5
depicts a plot of capacitance versus bias voltage including data 20
obtained from an MIS device like that of FIG. 1;             FIG. 6 is a
capacitance versus voltage plot like that of Fig. 4, but includes      data
that was obtained from a MIS device which lacked the buffer layer as
depicted      in FIG. 1; and             FIG. 7 depicts data from X-ray
diffraction measurements that compare the 25 crystal structure of
nonoriented and UV-oriented layered superlattice material thin      films.
DETAILED DESCRIPTION OF THE INVENTION             FIG. 1 depicts a first
embodiment of the present invention, i.e., ferroelectric      MOSFET device
20. Device 20 includes substrate 22, which is preferably formed 30  p-doped
silicon or, more preferably, n-doped silicon. Conventional silicon 



technology p-dopants include boron, aluminum, gallium, and indium.
Conventional      n-dopants include phosphorous, arsenic, and antimony.
Source/drain regions 24      and 26 are n-doped or p-doped silicon. Regions
24 and 26 are n-doped when
-3-         WO 97/07546
PCT/US96/13310          substrate 22 is p-doped. Conversely regions 24 and
26 are p-doped when        substrate 22 is n-doped. Substrate 22 may also
be formed of other known        substrate materials, such as gallium
arsenide, sapphire, and quartz. This        discussion will concentrate on
silicon technology devices, but those skilled in the art    5  will
understand its applicability to other types of substrates.              An
isolation layer 28 is preferably formed over substrate 22. This layer is
formed of silicon dioxide, which may be a thermally grown oxide or one of
the       commercially available varieties of spin-on glass. Layer 28 is
removed in the       respective regions of contact holes 30, 32, and 34.
10         Buffer layer 36 is formed atop substrate 22 in the center of
contact hole 30.       The preferred materials for buffer layer 36 include
silicon nitride and titanium nitride,       with silicon nitride being most
preferred. Layer 36 is used to compensate for       surface irregularities
on substrate 22. These irregularities may include thermally 



induced features, such as cracks or roughness, as well as point-charge
defects in  15  the substrate lattice. Surface charge defects in substrate
22 can be especially       problematic in ferroelectric devices because
these defects have a field-screening       effect that reduces the
magnitude of an applied field passing through substrate 22.       The use
of silicon or titanium nitride is preferred because these nitrides also
serve       to prevent the interlayer diffusion of contaminants between
adjacent thin films. 20  Specifically, layer 36 prevents upward diffusion
of doped silicon moieties from      substrate 22. This type of diffusion
can produce a multitude of charge traps that      will, in the absence of
layer 36, significantly impair the electrical stability of the gate
region.             Ferroelectric gate layer 38 is positioned atop buffer
layer 36. Ferroelectric 25  layer 38 is preferably a ferroelectric metal
oxide layered superlattice material. The      term "layered superlattice
material" is used herein because no well-defined      accepted term exists
in the art to describe these type of materials. Layered      superlattice
materials at least include all three of the Smolenskii-type ferroelectric
layered superlattice materials, namely, those having the respective average
30 empirical formulae:            (1) A[err]S[err]B[err]O[err]
(2)   A[err]B[err]O[err]; and            (3)   A[err]B[err]O[err],
-4-       
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PCT/US96/13310         wherein A is an A-site metal in the perovskite-like
superlattice, B is a B-site metal       in the perovskite-like
superlattice, S is a trivalent superlattice-generator metal such       as
bismuth or thallium, and m is a number sufficient to balance the overall
formula       charge. Where m is a fractional number in the overall
formula, the formula typically    5 provides for a plurality of different
or mixed perovskite-like layers each having a       different integer
value. These mixed layered superlattice materials actually       comprise a
plurality or mixture of perovskite-like layers having integer m values
according to Formula (4) below. The separate layers spontaneously generate
from       solution and do not require separate deposition steps. The
A-site metals and B-site  10 metals may include mixtures of cations having
similar ionic radii.              In layered superlattice materials
according to Formula (1), thermodynamics       favor the formation of
oxygen octahedra structures in layers having a thickness of       m
octahedra according to the formula             (4)
(A[err]B[err]O[err])[err]  15 wherein m is an integer greater than one and
the other variables are defined above.       These layers are separated by
bismuth oxide layers having the formula             (5)
(Bi[err]O[err])[err]      wherein Bj is S of Formula (1).             The
superlattice-generator layers, S, include oxides of bismuth (III), and may
20 also include other similarly sized trivalent metal cations such as
thallium (III).      Bismuth also functions as an A-site metal in the
perovskite-like lattice if it is present      in excess of the
stoichiometrically required amount for generating the layered
superlattice material according to Formula (I). The most preferred layered
superlattice materials include strontium bismuth tantalate, strontium
bismuth 25  niobate, and strontium bismuth niobium tantalate.
Additionally, it can be 



advantageous to provide these materials with a mixture B-site elements
including      vanadium and tungsten.             Top electrode 40 is
preferably formed of a noble metal. Platinum is the most      preferred
metal. A top insulator coating 42 covers electrode 40, and is preferably 30
silicon dioxde. Metal source/drain leads 44 and 46 are respectively
received within      the corresponding contact holes 32 and 34, and contact
source/drain regions 24      and 26. Leads 44 and 46 are most preferably
made of platinum metal. A second      oxide coat 48 is formed over oxide
layer 42 and leads 44-46. Contact hole 50 is
-5-         WO 97/07546
PCT/US96/13310          formed through oxide coat 48 to permit wiring layer
52 to contact layer 40. Layer        52 is preferably made of platinum or
aluminum.               Device 20 operates as a MOSFET memory cell having a
nondestructive        readout capability. Ferroelectric gate layer 38 will
either have a positively or    5 negatively switched polarization state
that is associated with a corresponding field.        This field prevents
current from traveling across gate layer 38 from, for example,        lead
46 to lead 44 when the voltage or potential difference between leads 46 and



44 is below a maximum cutoff value. This maximum cutoff value is preferably
six        volts or less and more preferably from three to five volts. Once
switching of layer   10  38 has been accomplished, the voltages in all of
the metalization layers (40, 44, 46,       and 52) can be relaxed without
altering the gate modulation state of transistor 20.       In particular,
the polarization state of gate layer 38 will remain indefinitely until such
time as another applied field across layer 38 induces switching. In the
other       polarization state, e.g., a negatively switched state,
ferroelectric gate layer 38 lacks  15  a sufficient field to prevent the
travel of current across layer 38 from, for example,       lead 46 to lead
44 when the voltage difference is below the maximum cutoff value.
Thus, device 20 operates as a memory storage cell having a "zero" value
when       current can pass from lead 46 to lead 44 and a "one" value when
current is       prohibited from passage. Switching of the ferroelectric
polarization state can  20  consume or release charge. The use of a layered
superlattice material for      ferroelectric layer 38 permits the long-term
retention of a given polarization state for      many days, weeks, or
longer periods of time. Continuous short-interval refreshment      (eg.,
microsecond intervals as in the case of dynamic random access memories)
of the memory storage state is, accordingly, not required. 25
Polarization switching of the material in ferroelectric gate layer 38 can
be      accomplished by creating a voltage differential across layer 38 to
provide a      corresponding applied field that is capable of switching the
polarization state of the      thin-film layered superlattice material. The
voltage difference can be caused by      raising the voltage in wiring
layer 52 relative to leads 44 and 46 to a sufficient value 30  for
switching of layer 38. Switching can also be accomplished by raising the
voltage     in leads 44 and 46 relative to wiring layer 52. Where the
respective metalization     layers have voltages that are large enough to
cause switching if applied across     layer 38, switching can also be
accomplished by dropping the voltage in the
-6- 
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PCT/US96/13310         respective metalization layers (40, 44, 46, and 52)
to place a coercive switching       field across layer 38.
FIG. 2 depicts a second embodiment of the present invention, i.e., metal
ferroelectric semiconductor ("MFS") device 60. Device 60 is essentially the
same   5  as the transistor gate layers 60 that are found within contact
hole 30 of FIG. 1 and,       consequently, the layers of FIG. 2 have
retained identical numbering with respect       to FIG. 1. Device 60 can be
used in other circuit applications in addition to the       embodiment of
device 20. The use of buffer layer 36 is preferred because it
provides a dramatic improvement in the polarization characteristics of
ferroelectric  10  layer 38. The most preferred application of device 60 is
as a MOSFET gate (see       FIG. 1), however, the essential elements of
device 60 can be used in other       applications.             An oxidation
phenomenon can occur during the manufacturing process for       device 60
in which the side of the silicon nitride layer 36 closest to the
ferroelectric  15  layer 38 is oxidized during the oxygen anneal process
for the dried strontium      bismuth tantalate precursor solution. The
resultant formation of a thin silicon      dioxide oxide layer 62 is
undesirable) but sometimes unavoidable. A layer 62 that      is formed in
this manner can act as a parasitic capacitor, however, the actual
parasitic effect is negligible. The effect of this thin film is of more
consequence 



20  when it is desired to orient the ferroelectric layer 38 by exposure to
radiation during      the manufacturing process. Accordingly, when the
growth of ferroelectric layer 38      will be oriented by radiation
exposure, it is preferred to enhance the uniformity of      layer 62 by
forming a layer 62 of silicon. Layer 62 is preferably formed by oxidizing
the silicon nitride surface layer with a thirty minute anneal at 850[err] C
in an 02 25 atmosphere.             FIG. 3 depicts a flow chart of a
process for making MFS device 60. The      process shall be discussed in
terms of the embodiments of FIGS 1 and 2, but those      skilled in the art
will understand its applicability to other embodiments.            In step
P70, a silicon wafer is prepared as substrate 22 for the receipt of 30
additional layers. A conventional water or solvent wash will suffice to
clean     substrate 22. Substrate 22 preferably contains n-doped or p-doped
silicon, and can     be doped as required according to conventional
protocols known to those skilled in     the art
-7-                   In most instances, substrate 22 will have a coating
of an isolation layer, such      as oxide layer 28, which is preferably
formed by conventional methods including      baking the wafer under oxygen
in a diffusion furnace at a temperature ranging from      about 500[err]C
to about 1100[err]C. A contact hole, e.g., hole 30, can be etched  5
through layer 28 proximal to the region where device 60 is to be
constructed. The      etching of contact hole 30 and further doping of
source/drain regions 24 and 26      occurs according to conventional
protocols known to those skilled in the art. The 



etching of contact hole 30 and the use of oxide layer 28 are described as a
preferred embodiment, but the construction of device 60 does not require
these 10 features as essential elements.             Step P72 is a highly
preferred step that includes the formation of buffer      layer 36. Silicon
nitride is formed by low pressure chemical vapor deposition with      the
substrate heated to a temperature ranging from 700[err]C to 1000[err]C.
Alternatively, silicon nitride can be sputtered to a preferred thickness
ranging from 15  10 nm to 200 nm (100A to 200 A), after which the substrate
can be heated or      annealed under nitrogen. The preferred anneal profile
includes a duration ranging      from two hours to thirty minutes at a
maximum anneal temperature of about 600[err]C      including a five minute
ramp up to the maximum temperature as well as a five      minute ramp down.
Yet another alternative is to sputter the buffer layer from a 20  target of
source material. After cooling of the substrate, step P72 includes capping
the buffer layer 36 with a layer of silicon dioxide or spin-on glass if it
is later desired      to orient ferroelectric layer 38 by exposure to
radiation.             Step P74 includes the preparation of a liquid
precursor solution having a      plurality of metal moieties in effective
amounts for yielding a layered superlattice 25  material upon thermal
treatment of the solution. These solutions are designed to      yield
respective perovskite-like metal oxide layers separated by bismuth oxide
layers and having an average empirical formula according to Formula (1)
above.      These solutions are formed of essentially anhydrous
polyoxyalkylated metal      complexes mixed with a compatible solvent. The
precursors more preferably 30  include at least three metals. The
polarization performance of layer 38 will in large      part derive form
the type of precursor solution selected, the purity of the reagents
selected, and the subsequent processing of the solution. Additional details
pertaining to the production of these precursors will be provided below.



In step P76, the precursor solution from step P74 is applied to the
substrate      from step P72. A spin-on application is conducted by
dropping the liquid precursor      solution at ambient temperature and
pressure onto the uppermost surface of      substrate 22 then spinning the
substrate at from about 1500 RPM to 2000 RPM for  5 about 30 seconds to
remove any excess solution and leave a thin-film liquid      residue. The
most preferred spin velocity is 1500 RPM. Alternatively, the liquid
precursor may be applied by a misted deposition technique.             Step
P78 includes drying the liquid precursor film from step P76 on a hot
plate at a temperature of from about 200[err]C to 500[err] C in a dry air
atmosphere. The 10  drying time and temperature should be sufficient to
remove or calcine substantially      all of the organic materials from the
liquid thin film and leave a dried metal oxide      residue. The drying
time ranges from about one minute to about thirty minutes.      For
single-stage drying, a 400[err] C drying temperature over a duration of
about two      to ten minutes in air is most preferred. It is more
preferred, however, to dry the 15  liquid film in stepped intervals. For
example, the film can be dried for five minutes      at 260[err]C and for
five minutes at 400[err]C. Additionally, it is preferred to conclude the
drying cycle with a brief heating interval at a temperature exceeding 700C,
e.g.,      using a tungsten-nickel lamp to heat the substrate to 725[err]C
for thirty seconds. The      drying step P78 is essential in obtaining
predictable or repeatable electronic 20  properties in the final metal
oxide crystal compositions. Drying is conducted      simultaneously with
exposing the precursor film to UV radiation. UV drying will      produce a
layered superlattice material having a C-axis orientation with improved
electrical properties. This C-axis orientation can improve the dielectric
constant      and leakage current values that are obtained from the
corresponding thin film of 25 layered superlattice material.             In
step P80, if the dried film from step P78 is not of the desired thickness,
then steps P76, P78, and P80 are repeated until the desired thickness is
attained.      A thickness of about 180 nm to 200 nm (1800 A to 2000 A)
typically requires two 



coats of a 0.13M to 0.2GM precursor solution under the process disclosed
herein. 30       In step P82, the dried precursor residue from step P80 is
annealed to form      the layered superlattice material of layer 38. This
annealing step is referred to as      the first anneal to distinguish it
from other annealing steps, however, it should be      understood that
other anneal steps can occur prior to this "First anneal." For
example, steps P70 and P72 each may include numerous annealing steps. In
step         WO 97/07546
PCT/US96/13310          P82, the substrate 22 including the dried precursor
residue of step P80 heated in        a diffusion furnace under an oxygen
atmosphere to a temperature ranging from        450[err]C to l000[err]C
fora time ranging from thirty minutes to two hours. Step P82 is        more
preferably conducted at a temperature ranging from 600[err]C to 800[err]C,
with the    5 most preferred anneal temperate being about 600[err]C for
eighty minutes. The first       anneal of step P82 preferably occurs in a
push/pull process including five minutes       for the "push" into the
furnace and five minutes for the "pull" out of the furnace. The
indicated anneal times include the time that is used to create thermal
ramps into       and out of the furnace.  10       In a commercial
manufacturing process, it will be advantageous to provide       careful
control of all annealing temperatures and times for purposes of providing
consistent and reproducible results.              In step P84, top
electrode 40 is deposited by sputtering platinum atop 



ferroelectric layered superlattice layer 28.  15       The device is then
patterned in step P86 by a conventional photolithograpy      technique,
e.g., one including the application of a photoresist followed by ion
etching lithography in step P84. This patterning occurs before the second
anneal      of step P88 so that the fourth anneal will remove patterning
stresses from the      resultant integrated circuit (eg., devices 20 and
60) and correct any defects that are 20  created by the patterning
procedure.             The second anneal of step, P88, is conducted in like
manner with the first      anneal of step P82.             Finally, in step
P90 the device is completed and evaluated. The completion      may entail
the deposition of additional layers, ion etching of contact holes, and
other 25 procedures, as will be understood by those skilled in the art. For
example, these      procedures could include the formation of contact holes
32 and 34, the deposition      of leads 44 and 46, and the provision of
layers 42, 48, and 50, to complete device      20. The final product may be
sawed into separate units to separate a plurality of      integrated
circuit devices that have been simultaneously produced thereon. 30       A
preferred general process for preparing the polyoxyalkylated metal
precursors of stop P74 includes reacting a metal with an alkoxide (e.g.,
2-methoxye-     thanol) to form a metal alkoxide, and reacting the metal
alkoxide with a carboxylate     (e.g., 2-ethylhexanoate) to form a metal
alkoxycarboxylate according to one of the     generalized formulae:
-10-        
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PCT/US96/13310                 (6)             (R'-COO-)[err]M(-O-R)[err]
or               (7)             (R'-C-O-)[err]M(-O-M'(-O-C-R")[err])[err]
wherein M is a metal cation having an outer valence of (a + n) and M' is a
metal        cation having an outer valence of b, with M and M' preferably
being independently    5  selected from the group consisting of tantalum,
calcium, bismuth, lead, yttrium,        scandium, lanthanum, antimony,
chromium, thallium, hafnium, tungsten, niobium,        vanadium, zirconium,
manganese, iron, cobalt, nickel, magnesium, molybdenum,        strontium,
barium, titanium, and zinc; R and R' are respective alkyl groups having
from 4 to9 carbon atoms and R" is an alkyl group having from 3 to 8 carbon
atoms.   10 The latter formula, which has a central -O-M-O-M'-O- structure,
is particularly       preferred due to the formation in solution of at
least 50% of the metal to oxygen       bonds that will exist in the final
solid metal oxide product.              The liquid precursor is preferably
a metal alkoxide or metal carboxylate, and       is most preferably a metal
alkoxycarboxylate diluted with a xylene or octane solvent  15  to a desired
concentration. The use of an essentially anhydrous metal alkoxycarbo-
xylate is particularly preferred due to the corresponding avoidance of
water-induced       polymerization or gelling, which can significantly
reduce the shelf-life of solutions       that contain alkoxide ligands. The
presence of any hydrolysis-inducing moiety in       solution is preferably
avoided or minimized. Hydrolyzed precursors, such as  20  conventional
sol-gels, may also be utilized, but the increased solution viscosity
tends to impair the uniformity of thickness derived from the preferred
spin-on       application process, and the quality of the hydrolyzed
solution tends to degrade       rapidly with time. As a consequence,
made-ready hydrolyzed gels increasingly       yield poor quality metal
oxide films of inconsistent quality over a period of time. The  25
preferred method permits the preparation of precursor solutions well in
advance of       the time that they are needed. 



The precursor solutions may be designed to yield corresponding layered
superlattice materials or perovskites, with the understanding that the
formation of       oxygen octahedra structures is thermodynamically favored
where possible.  30  Generally, in terms of either the perovskite-like
octahedral structure or the       perovskite octahedral structure,
equivalent substitutions may be made between       metal cations having
substantially similar ionic radii, i.e. radii that vary no more than
about 20% at the respective lattice sites. These substitutions are made by
adding       the alternative metal moieties to the precursor solution.
-11-         WO 97/07546
PCT/US96/13310                 The preferred ingredients of the precursor
solutions include the preferred        metals of the desired perovskite or
layered superlattice material in a        stoichiometrically balanced
combination according to the empirical formula. The A-        site portion
is preferably formed by reacting with an alcohol or carboxylic acid at    5
least one A-site element selected from an A-site group consisting of Ba,
Bi, Sr, Pb,        La, Ca, and mixtures thereof. The B-site portion is
preferably derived by reacting        an alcohol or carboxylic acid with at
least one B-site element selected from a B-site        group consisting of
Zr, Ta, Mo, W, V, Nb, and mixtures thereof. The use of titanium        as
an equivalent radius B-site element, though possible, is less preferred in
practice 



10  due to problems that derive from titanium diffusion into other
integrated circuit       components and point charge defects that arise
from different valence states       among the titanium ions. Even so, the
exceptional dielectric performance and       longevity of BST materials
makes it worthwhile to accommodate the possibility of       titanium
diffusion. In the case of layered superlattice materials, there is also
added  15  a trivalent superlattice-generator metal, which is preferably
bismuth. With heating,       the bismuth content will spontaneously
generate bismuth oxide layers in the layered       superlattice materials,
but an excess bismuth portion can also provide A-site       elements for
the perovskite-like lattice.             FIG. 4 depicts a flow chart of a
generalized process according to the present  20  invention for providing a
liquid precursor solution to be used in step P74. The word      "precursor"
is often used ambiguously in this art. It may mean a solution containing
one metal that is to be mixed with other materials to form a final
solution, or it may      mean a solution containing several metals
made-ready for application to a      substrate. In this discussion we shall
refer to the made-ready type of precursor as 25  a "precursor," unless a
different meaning is clear from the context. in intermediate      stages
the solution may be referred to as the "pre-precursor."             The
preferred generalized reaction chemistry for the formation of liquid
solutions of metal alkoxides, metal carboxylates, and metal
alkoxycarboxylates for      use in producing the initial metal precursor
portions is as follows: 30  (8)        alkoxides - M[err] + n R-OH ->
M(-O-R)[err] + n/2 H[err]       (9)       carboxylates - M" + n (R-COOH) ->
M(-OOC-R)[err] + n/2 H[err]       (10)      alkoxycarboxylates -
M(-O-R')[err] + b R-COOH + heat->
(R'-O-)[err]M(-OOC-R)[err] + b HOR,
-12-    
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PCT/US96/13310          where M is a metal cation having a charge of n; b
is a number of moles of carboxylic        acid ranging from 0 to n; R' is
an alkyl group having from 4 to 15 carbon atoms and        R is an alkyl
group having from 3 to 9 carbon atoms.              In step P92 a first
metal, indicated by the term M in the equations above, is    5  reacted
with an alcohol and a carboxylic acid to form a metal-alkoxycarboxylate
pre-       precursor. The process includes reacting a metal with an alcohol
(eg., 2-methoye-       thanol) to form a metal alkoxide according to
Equation (8), and reacting the metal       alkoxide with a carboxylic acid
(e.g., 2-ethylhexanoic acid) to form a metal       alkoxycarboxylate
according to Equation (10). A reaction according to Equation (9)  10  is
also observed in the preferred mode when the unreacted metal is
simultaneously       combined with the alcohol and the carboxylic acid. The
simultaneous reactions are       conducted in a reflux condenser that is
heated by a hot plate having a temperature       ranging from about
120[err] C to about 200[err]C over a period of time ranging from one
to two days to permit substitution of the alkoxide moieties by carboxylate
ligands.  15  At the end of the initial one to two day reaction period, the
reflux condenser is       opened to atmosphere, and the solution
temperature is monitored to observe a       fractional distillation plateau
that indicates the substantial elimination of all water       and alcohol
portions from the solution, i.e., a plateau exceeding at least about
100[err]C, at which time the solution is removed from the heat source.
Distillation to  20  atmospheric pressure is more preferably conducted to a
temperature of at least       115[err]C, and most preferably to a
temperature of about 123C to 127C.             In the above equations, the
metal is preferably selected from the group 



consisting of tantalum, calcium, bismuth, lead, yttrium, scandium,
lanthanum,      antimony, chromium, thallium, hafnium, tungsten, vanadium,
niobium, zirconium, 25  manganese, iron, cobalt, nickel, magnesium,
molybdenum, strontium, barium,      titanium, vanadium, and zinc. Alcohols
that may be used include 2-methoxyethanol,      1-butanol, 1-pentanol,
2-pentanol, 1-hexanol, 2-hexanol, 3-hexanol, 2-ethyl-1-      butanol,
2-ethoxyethanol, and 2-methyl-1-pentanol. The alcohol is mot preferably
preferably 2-methoxyethanol. Carboxylic acids that may be used preferably
include 30 2-ethylhexanoic acid, octanoic acid, and neodecanoic acid. The
carboxylic acid is      most preferably 2-ethylhexanoic acid.
The reactions of step P92 and subsequent steps are facilitated by the use
of a compatible solvent. Solvents that may be used include xylenes, 2-
methoxyethanol, n-butyl acetate, n-dimethylformamide, 2-methoxyethyl
acetate,                                             -13-         WO
97/07546
PCT/US96/13310          methyl isobutyl ketone, methyl isoamyl ketone,
isoamyl alcohol, cyclohexanone, 2-        ethoxyothanol, 2-methoyethyl
ether, methyl butyl ketone, hexyl alcohol, 2-pentanol,        ethyl
butyrate, ritroethane, pyrimidine, 1, 3, 5 trioxane, isobutyl isobutyrate,
isobutyl        propionate, propyl propionate, ethyl lactate, n-butanol,
n-pentanol, 3-pentanol,    5 toluene, ethylbenzene, and octane, as well as
many others. These solvents have 



boiling points exceeding that of water for purposes of distilling the
precursor to       eliminate water prior to application of the precursor to
a substrate. The cosolvents       should be miscible with one another and
may be compatibly mixed in differing       proportions, especially between
polar and apolar solvents, as needed to fully  10 solubilze the precursor
ingredients. Xylenes and octane are particularly preferred       apolar
solvents, and n-butyl acetate is a particularly preferred polar cosolvent
Portions of step P92 can be skipped in the event that intermediate metal
reagents can be obtained in research grade purity. For example, where
tantalum       isobutoxide is available, it will only be preferred to
substitute the isobutoxide moiety  15 with an acceptable carboxylate ligand
by reacting the metal alkoxide with a       carboxylic acid such as
2-ethylhexanoic acid according to Equation (10).             In a typical
second step, P94, a metal-carboxylate, a metal-alkoxide or both      may be
added to the metal-alkoxycarboxylate in effective amounts to yield an
intermediate precursor having a stoichiometrically balanced mixture of
superlattice- 20 forming metal moieties that is capable of yielding a solid
metal oxide for layer 26.      At this time the mixture preferably excludes
bismuth compounds which, if needed,      are added later due to their
relative thermal instability. Any of the metals listed      above may be
reacted with any of the carboxylic acids listed above to form the
metal carboxylate, while any of the metals fisted above may be reacted with
any of 25 the alcohols may form the alkoxide. It is particularly preferred
to conduct this      reaction in the presence of a slight excess amount of
carboxylic acid for purposes      of partially substituting alkoxide
ligands with carboxylate ligands.             In step P96 the mixture of
metal-alkoxycarboxylates, metal-carboxylates      and/or metal-alkoxides is
heated and stirred as necessary to form metal-oxygen- 30  metal bonds and
boil off any low-boiling point organics that are produced by the
reaction. Accoding to a generalized reaction theory, if a metal-alkoxide is
added     to the metal-alkoxycarboxylate, and the solution is heated, the
following reactions     occur.            (11) (R-COO-)[err]M(-O-C-R')[err]
+ M'(-O-C-R")[err] ->  



-14-           WO 97/07546
PCT/US96/13310                          (R-COO)M-O-M'(-O-C-R")[err])[err] +
a R'-C-O-C-R"                (12)  (R-COO-)[err]M(-O-C-R')[err] + x
M'(-O-C-R")[err] -> (R'-C-O-)[err]M(-O-M'(-O-C-R")[err])[err] + xR-COO-C-R*
where M and M' are metals; R and R' are defined above; R" is an alkyl group
5  preferably having from about zero to sixteen carbons; and a, b, and x
are integers         denoting relative quantities of corresponding
substituents corresponding to the         respective valence states of M
and M'. Generally the reaction of Equation (11) will         occur first
since metal alkoxides react more readily than metal carboxylates. Thus,
ethers having low boiling points are generally formed. These ethers boil
out of the    10 pre-precursor to leave a final product having a reduced
organic content and the         metal-oxygen-metal bonds of the final
desired metal oxide already partially formed.         If the heating is
sufficient, some of the reaction (12) will also occur, creating metal-
oxygen-metal bonds and esters. Esters generally have higher boiling points
and         remain in solution. These high boiling point organics slow down
the drying process    15 after the final precursor is applied to a
substrate, which tends to reduce cracking         and defects; thus, in
either case, metal-oxygen-metal bonds are formed and the         final
precursor performance is improved.               Step P96 is in essence a
distillation to eliminate volatile moieties from 



solution as the reactions of equations (11) and (12) proceed. The
elimination of    20 volatile moieties from solution drives the reactions
to completions i.e., a high rate of        efficiency. The elimination of
volatile moieties from solution also serves to prevent        film cracking
and other defects that, otherwise, can be associated with the presence
of volatile moieties in solution. Accordingly, the progress of reactions
(11) and (12)        can be monitored by the rate of solution heating as
well as the volume of fluid   25  exiting the solution. It is preferred to
heat the solution to a boiling point plateau of        at least 115[err]C,
more preferably to 120[err]C, and most preferably from 123C to
127[err]C.               If a metal-carboxylate is added to the
metal-alkoxycarboxylate and the        mixture is heated, the following
reaction occurs:   30       (13) (R-COO-)[err]M(-O-C-R')[err]
+xM'(-OOC-R')[err]-->                      (R'-C-O-)[err]M(-OOC-R")[err]) +
x R-COOOC-R'        where R-COOOC-R' is an acid anhydride, and the terms
are as defined above. This        reaction requires considerably more heat
than do the reactions (11) and (12) above,        and proceeds at a much
slower rate.                                                -15-         WO
97/07546
PCT/US96/13310                 In addition to the above reactions which
produce metal-alkoxycarboxylates, 



reactions occur such as:               (14) M(-OR)[err] + a HO[err]COH[err]
+ heat -> M(-O[err]CH[err])[err] + a HOR,        where the terms are as
defined above. This reaction, with heating in the presence    5 of excess
carboxylic acid, substitutes the alkoxide part of the intermediate metal-
alkoxycarboxylate to form a substantially full carboxylate; however, it is
now        believed that a complete substitution of the alkoxides by the
carboxylates does not        occur with the parameters as disclosed herein.
Full substitution of the carboxylates        requires significantly more
heating, and even then may not readily occur.  10       At the end of step
P96, it is preferable to have formed in solution at least       50% of the
metal to oxygen bonds of the metal oxide layer 26. The reactions are
conducted in a vessel that is open to atmospheric pressure and is heated by
a hot       plate having a temperature ranging from about 120[err]C to
about 200[err]C until the       solution temperature is monitored to
observe a fractional distillation plateau that  15  indicates the
substantial elimination of all water, alcohol, ether, and other reaction
byproduct portions from the solution, i.e., a plateau at least exceeding
100[err]C. At       this time, extended refluxing can produce a potentially
undesirable amount of an       ester or acid anhydride byproduct that is
often difficult to remove from the solution       by fractional
distillation. The potential complication of an excessive acid anhydride  20
concentration can be entirely avoided by adding only metal carboxylates in
step P94      to eliminate a possible need for refluxing the solution.
Step P98 is an optional solvent exchange step. The use of a common
solvent in a variety of precursor solutions is advantageous due to the
predictability      of fluid parameters such as viscosity and adhesion
tension, which influence the 25  thickness of the liquid precursor film
after it is applied to a substrate. These fluid      parameters also affect
the quality and the electrical performance of the      corresponding metal
oxide film after annealing of the dried precursor residue. In      step
P98, the standard solvent (e.g., xylenes or n-octane), is added in an
amount      that is appropriate to adjust the intermediate precursor to a
desired molarity of 30  superlattice ingredients. This molarity preferably
ranges from about 0.100M to     about 0.400M in terms of the empirical
formula for the metal oxide material, and is 



most preferably about 0.1 30M to 0.200M in terms of moles of metal oxide
material     that may be formed from a liter of solution. After the
addition of the standard         WO 97/07546
PCT/US96/13310          solvent, the solution is heated to a temperature
that is sufficient to distill away any        non-standard solvents and
leave a solution having the desired molarity.              Step P100 is
preferably used only in the case of precursors for layered
superlattice materials that include bismuth. Bismuth (Bi[err]) is the most
preferred    5  superlattice-generator element, and the bismuth
pre-precursor will most preferably       be bismuth tri-2-ethylhexanoate.
The addition of bismuth pre-precursors subse-       quent to the heating of
step P96 is preferred due to the relative instability of these
pre-precursors, i.e., substantial heating could disrupt coordinate bonds
with       potential deleterious effects upon the ability of the solution
to yield superior thin-film  10 metal oxides. It should be understood that
step P100 is optional in the sense that       bismuth pre-precursors can
often be added in any of steps P92 and P96 without       problems.
Special problems exist with regard to the potential for bismuth
volatilization       during heating of the precursor solution and,
especially, during high temperature  15  annealing of the dried precursor
residue in forming a layered superlattice material       of the desired
stoichiometric proportions. Accordingly, in step P100, it is preferred
to add from about 5% to about 15% excess bismuth for purposes of
compensating 



the precursor solution for anticipated bismuth losses. At annealing
temperatures       ranging from about 600[err]C to about 850[err]C for a
period of about one hour, this 20  excess bismuth moiety in the precursor
solution will typically range from 5% to 15%      of the amount that is
required for a stoichiometrically balanced layered superlattice
product. In the event that the excess bismuth is not fully volatilized
during the      formation of a metal oxide product, the remaining excess
bismuth moiety can act      as an A-site material and, thus, induce point
defects in the resulting layered superla- 25  ttice crystal.             In
step P102, the solution is mixed to substantial homogeneity, and is
preferably stored under an inert atmosphere of desiccated nitrogen or argon
if the      final solution will not be consumed within several days or
weeks. This precaution      in storage serves to assure that the solution
is kept essentially water-free and 30  avoids the deleterious effects of
water-induced polymerization, viscous gelling, and     precipitation of
metallic moieties that water can induce in alkoxide ligands. Even so,
the desiccated inert storage precaution is not strictly necessary when the
precursor,     as is preferred, primarily consists of metals bonded to
carboxylate ligands and     alkoxycarboxylates.
-17-         WO 97/07546
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The exemplary discussion of the reaction process, as given above, above is
generalized and, therefore, non-limiting. The specific reactions that occur
depend       on the metals, alcohols, and carboxylic acids used, as well as
the amount of heat       that is applied. Detailed examples will be given
below.    5        The following non-limiting examples set forth preferred
materials and       methods for practicing the present invention.
EXAMPLE 1                                   PREPARATION OF
A LAYERED SUPERLATTICE PRECURSOR SOLUTION  10        The precursor
ingredients of Table 1 were obtained from the indicated       commercial
sources and subdivided to obtain the portions shown.
TABLE 1                                Formula
Weight                     Molar  15    Ingredient           (g/mol)
Grams   mmole  Equiv. Vendor        tantalum               546.52   43.722
80.001  2.0000 Vnipim        pentabutoxide        Ta(OC[err]H[err])[err]
2-ethexanoic acid      144.21   72.684 504.01  12.600  Aldrich  20
strontium              87.62    3.5048 40.000  1.0000 Strem        bismuth
tri-2-ethylh-  (765.50)  66.752  87.201  2.1800 Strem        exanoate (in
naptha)    25       The tantalum pentabutoxide and 252.85 mmol portion of
2-ethylhexanoic      acid were placed in a 250 ml Erlenmeyer flask with 40
ml of xylenes, i.e., about 50      ml xylenes for each 100 mmol of
tantalum. The flask was covered with a 50 ml      beaker to assist in
refluxing and to isolate the contents from atmospheric water.      The
mixture was refluxed with magnetic stirring on a 160[err] C hot plate for
48 hours 30 to form a substantially homogenous solution including butanol
and tantalum 2- 



ethylhexanoate. It should be understood that the butoxide moiety in
solution was      almost completely substituted by the 2-ethylhexanoic
acid, but full substitution did      not occur within the heating
parameters of this example. At the expiration of 48      hours, the 50 ml
beaker was removed and the hot plate temperature was then 35 raised to
200[err]C for distillation of the butanol fraction and water to eliminate
the                                            -18-         WO 97/07546
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hot plate when the solution       first reached a temperature of 124[err]C,
as a temperature indicator that substantially       all butanol and water
had exited the solution. The flask and its contents were       cooled to
room temperature.   5       The strontium and 50 ml of 2-methoxyethanol
solvent were added to the       cooled mixture for reaction to form
strontium di-2-ethylhexanoate. A 100 ml portion       of xylenes was added
to the strontium mixture, and the flask and its contents were
returned to the hot plate at 200[err]C and refluxed for five hours with the
50 ml beaker       again in place for reaction to form a predominant
tantalum-strontium  10  alkoxycarboxylate product according to Formula (6).
The beaker was removed and       the solution temperature was allowed to
rise to 125[err]C for elimination of the 2- 



methoxyethanol solvent from solution, as well as any ethers, alcohols, or
water in       solution. After removal from the heat source, the flask was
permitted to cool to room       temperature. The bismuth
tri-2-ethylhexanoate was added to the cooled solution,  15 which was
further diluted to 200 ml with xylenes to form a precursor solution that
was capable of forming 0.200 moles of SrBi[err]Ta[err]O[err] in the absence
of bismuth      volatilization.             Accordingly, this example
indicates that step P92, i.e., the reaction of      strontium metal, an
alcohol, and a carboxylic acid, can occur in solution with the 20  tantalum
alkoxycarboxylate derived from tantalum pentabutoxide and 2-ethylhexan-
oic acid. Therefore, steps P92 and P94 can be conducted in a single
solution, and      in reverse of the FIG. 4 sequence.             The
precursor formulation was designed to compensate for bismuth
volatilization during a process of manufacturing solid metal oxides from
the liquid 25  precursor. Specifically, the Bi[err] moiety included an
approximate nine percent      excess (0.18) bismuth portion. After
accounting for the anticipated bismuth volatiliz-      ation during the
forthcoming annealing steps, the precursor solution would be      expected
to yield a stoichiometric m = 2 material according to Formula (3), i.e.,
0.2      moles of SrBi[err]Ta[err]O[err] per liter of solution.
-19-    



EXAMPLE 2                             FORMATION OF AN MFIS DEVICE
HAVING A SILICON NITRIDE BUFFER LAYER             A device 60 was made
using a precursor solution that was prepared   5  according to Example 1. A
conventional four inch diameter polycrystalline p-doped      silicon wafer
was rinsed with water and dried using a typical RCA water cleaning
process. A silicon nitride layer was formed using low pressure chemical
vapor      deposition at 790[err]C using a source of SiH2CI3 and NH3. The
substrate including      silicon nitride 36 was cooled to room temperature,
and inserted into a spin-coating 1 0  machine.             A 2 ml aliquot
of the 0.2M SrBi[err]Ta[err]O[err] precursor from Example 1 was
adjusted to a 0.1 3M concentration by the addition of 1.08 ml n-butyl
acetate, and      passed through a 0.2 pm filter. The substrate was spun at
1500 rpm in a      conventional spin-coating machine. An eyedropper was
used to apply precursor 15  solution to the substrate for thirty seconds
while spinning. The precursor-coated      substrate was removed from the
spin-coating machine and dried in air for two      minutes on a 140[err]C
hot plate. The substrate was dried in air for an additional four
minutes on a second hot plate at 260[err]C. The substrate can be dried for
an      additional thirty seconds in oxygen at 725[err]C using a HEATPULSE
410 tungsten- 20  halogen lamp apparatus of the kind that may be purchased
form AG Associates      Inc. as the heat source. The tungsten halogen bulbs
include eight J208V bulbs      (purchased from Ushio of Japan) for a total
of 1200 W. The lamp heating profile      includes a 100[err] C/second ramp
up to 725[err]C from room temperature. The spin-      coating and drying
procedure was repeated a second time to increase the overall 25 thickness
of layer 38 at the conclusion of Step P78.             The substrate
(including dried precursor material in the position of layer 38)      was
annealed under an oxygen (O[err]) atmosphere for eighty minutes at
800[err]C in a 



diffusion furnace. This time included a five minute push into the furnace
and a five      minute pull out of the furnace. 30        Platinum metal
was sputtered to a 220 nm (2200 A) thickness using a DC      magnetron. The
substrate was patterned using a conventional negative resist      mask and
argon ion etching. After removal of the resist, the device was annealed
under oxygen at 800[err]C for forty minutes including a five minute push
into the      diffusion furnace and
-20-         WO 97/07546
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may be repeated with alternative       precursors.
EXAMPLE 3                            FORMATION OF AN MFS DEVICE   5
WITHOUT A SILICON NITRIDE BUFFER LAYER             The process of Example 2
was identically conducted, except step P72, which       includes deposition
of the silicon nitride layer, was skipped. Thus, a device 60 was
formed that lacked silicon nitride layer 36.
EXAMPLE 4  10              CAPACITANCE VERSUS VOLTAGE MEASUREMENTS 



Electronic measurements were conducted on the samples that were
produced in Examples 2 and 3. Comparative capacitance versus voltage
measurements were made using a Hewlett Packard 4275A LCR meter. The area
of each square-patterned cell tested was 16296 [err]m[err]. Testing was
conducted at  15  atmospheric pressure, a temperature of 17[err]C, and a
voltage oscillation amplitude      of 0.05V having a 10,000 Hz frequency.
The wait time between reverse direction      measurements was two seconds.
FIG. 5 depicts the capacitance versus voltage results for the strontium
bismuth tantalate device having a silicon nitride buffer layer that was
produced 20  according to the method of Example 2. Vertical lines 110
(along the positive      switching curve) and 112 (along the negative
switching curve) bisect the midpoints      of their corresponding
capacitance curves. The area between the positive and      negative
switching curves is a ferroelectric phenomenon that is known as a
separation window. Lines 110 and 112 indicate that the separation window
has a 25  magnitude of 6.6V between the midpoints of each curve. The
respective curves      also demonstrate a substantially vertical rise of
1.8 X 10[err] farads between the      maximum and minimum plateau for each
curve. The steeply rising nature of the      respective curves in
combination with a wide separation between the curves      indicates that
the sample would make an excellent memory storage cell or gate in 30 the
FIG. 1 embodiment.            FIG. 6 depicts the capacitance versus voltage
results for the sample derived      from Example 3. The region of the curve
denoted by the number 114 presents a      swan-neck feature that is not
found in the FIG. 5 curve. This necking feature      broadens the required
switching range to a thirteen volt interval, which makes the
-21-     
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full switching at lower voltages. The       distortions in FIG. 6 as
compared to FIG. 5 are due to the diffusion of bismuth,       tantalum, and
strontium moieties into the silicon substrate. The resultant boundary
between the ferroelectric layer and the silicon layer, accordingly, has
many trap   5  levels and lacks electrical stability. Therefore, it is
apparent from FIGS. 5 and 6 that       the addition of a silicon nitride
layer 36 has stabilized the electrical structure of       device 60.
EXAMPLE 5              UV ORIENTATION OF LAYERED SUPERLATTICE MATERIALS  10
The manufacturing process of Example 2 can be altered to include exposure
to UV radiation during the precursor drying process (Step P78 of FIG. 3).
The UV      exposure serves to alter the crystalline orientation of the
resultant layered      superlattice material. A preferred UV source is the
Danielson lamp. Measurements      of the spectral output for the lamp
identify a spectrum ranging from 180 nm to about  15 300 nm with an
intensity of about 9 mW/cm[err] at 220 nm and 15 mW/cm[err] at 260 nm.
These wavelengths selectively target the carbon to oxygen bonds in the
precursor      liquid for facilitation of the bond dissociation. The
substrate is preferably exposed      to UV radiation simultaneously with
hot plate baking at 140[err]C and 260[err]C prior to      being exposed to
light from the tungsten-halogen lamp. 20       A device 60 was produced
through Step P82 according to the method of      Example 2, except that
Step P78 of the process included exposure of the precursor      to
Danielson lamp UV radiation during drying. The manufacturing process
provided      an unpatterned device 60 that lacked platinum layer 40, but
had a UV-oriented 



layered superlattice material. 25       The process of the above paragraph
was repeated with the Danielson lamp      turned off. The second sample was
prepared in the absence of UV radiation, and      produced a non-oriented
layered superlattice material.            The respective oriented and
non-oriented samples were subjected to X-ray      diffraction measurements,
which confirmed that the UV-processed sample had a C- 30 axis orientation.
Capacitance versus voltage measurements of each sample      produced
results that were similar to FIG. 5, indicting a wide separation and steep
rate of switching. Leakage current was lower in the oriented sample, and
the      dielectric constant was lower. Thus, the oriented sampled had an
improved                                             -22-         WO
97/07546
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operation as compared to the       non-oriented sample.
EXAMPLE 6                     UV ORIENTATION ON DIFFERENT SUBSTRATES   5
The comparative study of Example 5 was repeated for other strontium
bismuth tantalate samples that were formed on different substrates. These 



measurements determined whether the strontium bismuth tantalate could be
oriented on other substrates besides silicon nitride. A precursor solution
was       prepared according to Example 1 for use on the respective
substrates, and applied  10  in direct contact with various substrate
layers including n-Si, p-Si, and Si/SiO[err].             FIG. 7 depicts
the results of X-ray diffraction measurements that were      performed on
the respective samples. The upper two curves represent results from
the nonoriented samples, and the bottom three curves represent results from
the      oriented samples. The Y-axis represents a uniform absorption count
scale that has  15  been adjusted to an arbitrary 0 to 1000 range for
comparison of values between the      oriented and nonorented samples. Each
curve is labeled with the type of substrate      on which the
SrBi[err]TO[err] material was formed. The C-axis orientation of the UV-
exposed samples is apparent, e.g., as by the substantially increased
intensity level      of peak (0,0,10) in the UV-exposed samples. This peak
reflects only intensity 20 values for the C-axis 10 position. FIG. 7 proves
that UV radiation will orient      ferroelectric layer 38 in the same
manner on a variety of substrates.                



-23-                                                 CLAIMS              1.
A ferroelectric device (20, 60) for use in integrated circuits comprising a
semiconducting substrate (22) and a buffer layer (36) formed atop said
substrate,       a ferroelectric material (38) formed atop said buffer
layer; and a top electrode (40),   5 said ferroelectric device
characterized by:              said ferroelectric material being a layered
superlattice material; and              said buffer layer having a
thickness ranging from 100 A to 200 A.              2.   The device as set
forth in Claim 1 including a pair of source/drain       regions (24,26)
wherein said device provides a transistor gate (60) between said  10  pair
of source/drain regions.             3.   The device as set forth in Claim
1 wherein said buffer layer includes       a nitride.             4.   The
device as set forth in Claim 1 wherein said layered superlattice
material has a dominant C-axis orientation. 15         5.   The device as
set forth in Claim 6 wherein said layered superlattice      material is
selected from a group consisting of strontium bismuth tantalate and
strontium bismuth niobium tantalate.             6.   The device as set
forth in Claim 1 wherein said ferroelectric material 



has a capacitance versus bias voltage separation window of at least five
volts 20  between positive and negative switching curves of said window.
7.   A method of making a device (20, 60) for use in integrated circuits
comprising the steps of providing (P70) a semi-conducting substrate (22)
having      an exposed surface, said method characterized by:
depositing (P72) a buffer layer (36) directly on said exposed surface to a
25 thickness ranging from 100 [err] to 200 [err];             forming (P76,
P78, P80, P82) a layered superlattice material (38) on said      buffer
layer; and             completing (P90) said device.             8.   The
method as set forth in Claim 7 wherein said step of forming a 30 layered
superlattice material includes applying (P76) a liquid precursor solution
to form a thin film of said solution on said substrate.            9.   The
method as set forth in Claim 7 wherein said step of forming a      layered
superlattice material drying (P78) said thin precursor film under exposure
to ultraviolet radiation to yield a dried thin film.              10.  The
method as set forth in Claim 7 wherein said step of depositing a buffer
layer includes chemical vapor deposition of a silicon nitride layer.    


