1 LOWVOLTAGE DRI VE FERRCELECTRI C CAPACI TOR AND METHOD OF MANUFACTURI NG
SAME FIELD OF THE | NVENTI ON [ 0001] The present invention relates to
integrated circuits and nore particularly to integrated circuits including
_ferroelectric capacitors and nethod of manufacturing the sanme. BACKGROUND
OF THE | NVENTI ON [ 0002] Ferroelectric materl al s such as |ead zirconate
titanate (PZT) are utilized in form n ferroelectric capacitors. These
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volts. This, in turn, restricts the required, voltage drive of FRAM
devices to that range. [0004] Mre recently, it was reported in N Duan et
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partlcles In"a PZT matri X can res rovemnen ric and
f err oel edomiing ferogsediiie samicitersPZThae rﬂh@&tﬁo@s ard th@ﬁ\d@éd BZTﬁﬂorﬁﬁﬁ&D%f te was
pr epar ed by convent ional solid state reaction by sintering of m xed

powder s, feffrglectric RAM (FRAM) devices due to the capacitors’ electrical properties of

retention, read/write endurance, and speed of the write cycle.

-[0003] As memory integrated circuits become more dense, low voltage operation
becomes increasingly more important. Traditional methods of improving the polarization
- switching property of ferroelectric materials, such PZT, focus on changing the
* composition of the PZT by adding soft dopants such as Vanadium, Lead or other dopants.
Lanthanum (La) doping has also been proposed as described in B. Yang, et al., “Low
Voltage Performance of Pb(Zr,Ti)O; Capacitors Through Donor Doping,” Applied
§ Physics Letters, Vol. 71(24), December 15, 1997. However, this approach has only
pushed the driving voltage of the polarization switching down to between 1.5 to 2.0 volts.
| This, in turn, restricts the required voltage drive of FRAM devices to that range.
[0004] More recently, it was reported in N. Duan et al., “Enhancement of
Dielectric and Ferroelectric Properties by Addition of Pt Particles to a Lead Zirconate
Titanate Matrix,” Applied Physics Letters, Vol. 77(20), November 13, 2000, that large
amounts of platinum particles in a PZT matrix can result in improvements in the
dielectric and ferroelectric properties of a PZT composite. A powder PZT/Pt composite
was prepared by conventional solid staté reaction by sintering of mixed powders, and
dense compacts were formed from the composite for testing. The PZT/Pt composite

material proposed by the article, however, is not a thin film. A thin film generally has a

thickness that ranges from 1.0 nanometer to 1 micron. (K.N. Tu, et al., Electronic Thin



dense conpacts were forned fromthe conposite for testing. The PZT/ Pt
c conposite material proposed by the article, however, is not a thin film A
thin filmgenerally has a thickness that ranges from 1.0 nanoneter to 1
mcron. (KN Tu, et al., Electronic Thin 2 Film Science: For El ectronical
Engi neers and Materials Sciences, p. 1_(Macmllan Publishing Co. 1992).
Rat her, the PZT/Pt conposite is a bul k2material that contains micron-sized
or larger_.parfi.cles of platinumin the PZT matrix. The bulk material is not
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nanoconposi te |ayer includes nanoparticles of platinum A top electrode is
formed over the dielectric layer. [0007) Both the remant pol arization and
di el ectric constant of theSUMMARY OFRTHE ENERNIONNt |y enhanced by the
formati on of ]ol atinum nanoparticles. A capacitor having |ow voltage drive
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includes the steps of depositing a ferroelectric and platinum thin film dielectric layer over
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a bottom electrode, annealing the dielectric layer, wherein a nanocomposite layer is
-formed including nanoparticles of platinum and forming a top electrode over the
dielectric layer. An integrated circuit is also provided including a ferroelectric capacitor.
The capacitor includes a bottom electrode formed over a substrate and a ferroelectric and
platinum thin film nanocomposite dielectric layer formed over the bottom electrode,
wherein the nanocomposite layer includes nanoparticles of platinum. A top electrode is
formed over the dielectric layer.

[0007] Both the remnant polarization and dielectric constant of the thin film are
significantly enhanced by the formation of platinum nanoparticles. A capacitor having
low voltage drive of 1 volt or lower with high remnant polarization, such as at least 7
uClem?, can be achiev_ed while repressing fatigue degradation and exhibiting no
significant coercive field strength or leakage currént affects. Low voltage drive FRAM
'devices may be fabricated using the nanocomposite thin film ferroelectric capacitor
structure and fabrication method.

[0008] The above and other features of the present invention will be better
understood from the following detailed description of the preferred embodiments of the

invention that is provided in connection with the accompanying drawings.



C/ cn2, can be achieved while repressing fatigue degradation and exhibiting
“no “significant coercive field strength or |eakage current affects. Low
vol tage drive FRAM devices may be fabricated using the nanoconposite thin
filmferroelectric capacitor structure and fabrication nmethod. [00081 The
above and other features of the present invention will be better
understood fromthe follow ng detail ed3descr | ption of the preferred

enbodi ments of the invention that is provided in connection with the
acconpanying drawings. ¢ f 3 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009] The

acconpanyi ng_drawi ngs iRIEH PESERIPITON OF BARISRAWING' the invention,

as well as other information pertinent to the disclosure, in which: FIGS

1-3 are c{@@9sect i Ghal accompayif alrpoinigs Gillustfat® peefBirad RebEdiRTentUbBS tthat e
illustrating the formation of a ferroelectric capacitor; FIG 4 is an
i |1 ust r at iBENEON, 35 et ag pthcpinformatipn pedinenigodhedisclosum, @ whichss a TEM picture

cxempl ary by FAGY; brt HERON SHOGER] BEVEF 8iRFIGR of & GoQraULST BubEFGRs. f or
three fabggahgsh tbig ajtinbFZ}érBreléag'Oﬁ?&%%&ﬂ te ferroelectric capacitors

and a pure PZT terroelectric capacl 7 is a plot of the 2PR val ue

verses drivi ng Q! 4 Rge ilistratién 68HPYTahE Bt c6BpafetnPEgstent; G 8 is a plot of
the coercive field verses driving voltage of the Tabricated capacitors;

FIG 9 is a pl &§1Go$ is ndEMgiciee ofur fimtfilohBZBEt ericsompesitefstiittere foomed at ed
BT co. s BAORE L exsmpkE) B R AOAN SRS FotE | i egr at 0d <1 rcui |
including an i mpG;o¥aflofs PLRRUARS "tbf 58P 3riRed RHCRIm PZT-Pt nanocomposite
ferroelectric capacitors and a pure PZT ferroelectric capacitor;
FIG. 7 is a plot of the 2PR value verses driving voltage of the fabricated
capacitors;
FIG. 8 is a plot of the coercive field verses driving voltage of the fabricated
capacitors;
FIG. 9 is a plot of the leakage current characteristics of the fabricated capacitoré;

FIG. 10 illustrates the an uncompressed and combressed PZT lattice structures.

_ DETAILED DESCRIPTION

[0010] An integrated circuit including an improved ferroelectric capacitor, such

as an integrated circuit including a FRAM memory device including ferroelectric

ccapacitors, is described herein along with a method of manufacturing the same. The thin

film nanocomposite ferroelectric capacitor described hereafter includes nanoparticles of a
~ metal such as platinum and exhibits improved polarization switching and fatigue

degradation characteristics.

[0011] As used herein, a “nanocomposite” is a composite of a first material with

nanoparticles of a second material. There is no significant chemical interaction between

the first and second materials and the composition can be distinguished by using a simple

physical analysis method such as Scanning Electron Microscopy (SEM) or Transmission

Electron Microscopy (TEM). By “nanoparticle” it is meant a particle having dimension
between about 10 to 900 A.



as an integrated circuit including a FRAM nenory devi ce i ncl udi ng
“ferfoelectric capacitors, is described herein along with a nethod of

manuf acturing the sane. The thin film nanoconposite ferroelectric

capaci tor described hereafter includes nanoparticles of a netal such as
pl ati num and exhibits inproved polarization switching and fatigue
degradation characteristics. [0011] As™used herein, a "nanoconposite" is a
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(Si2) is formed thereover to a thickness of appifoximately 150 nm A |ayer
of titanPYfhl24(SiQ:)tipdermad thereoved épo thitlawtso nf appociinietelyalrn2 A Tayer ¢fi t ani um
| ayer 14 . then. be oxidized. f orm.an, adhesi gn | ayer of titani um oxide
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capacitor is then pattera#:%&g%?q%%?%éﬁ%?%c%@e gﬂ\?gf é&tldfhgﬁlmﬁj%glaayer

14. The Buwttouneledtenderoddefemmofectic daphcing formesd thetk&tek.nUmM or ot her conducti ve

mat eri al ﬁ)ldcih as tantalum titanium iridium etc. In one
: 4] Alternatively, the bottom electrode of the capacitor is then patterned and

formed directly over the titanium layer 14. The bottom electrode may be formed from
platinum or other conductive material such as tantalum, titanium, iridium, etc. In one
exemplary embodiment, the bottom electrode includes a platinum layer 15 having a
thickness of approximately 150 nm deposited over titanium layer 14. A Lanthanum
Nickel Oxide (LaNiOs or “LNO”) layer hiwing a thickness of approximately 100 nm is
then sputter deposited or otherwise formed over thé platinum layer 15 It is believed that
the use of LaNiOs layer in the bottom electrode of the capacifor helps to facilitate the
crystallization of the deposited ferroelectric thin film (described below) at lower
temperatures and to repress the fatigue problem associated with PZT films, i.e., decay in
the switching polarizatioh after numerous switching cycles. Lower growth temperatures,
in tumn, conserve thermal budget and avoid the overgrowth of platinum clusters. If the
clusters become larger than nanoparticles, the electrical properties of the thin film may be
affected.

[0015] Referring to FIG. 2 a thin film ferroelectric and platinum dielectric layer
18 is patterned and formed over the bottom electrode. In one exemplary embodiment, the
ferroelectric material is lead zirconate titanate (PZT) and platinum is the minority,
preferably (but not necessarily) less than 10%, and more preferably in the rénge of 2.5-

8.5%. Applicants have found that the concentration of nanoparticles is strongly



exenpl ary enbodi ment, the bottom el ectrode includes a platinumlayer 15

" having a thickness of approximtely 150 nm deposited over titaniuml ayer
14. A Lanthanum N ckel Oxide (LaNi3 or "LNO') |ayer having a thickness of
approximately 100 nmis then sputter deposited or otherw se fornmed over
the platinumlayer 15 It is believed that the use of LaNi O3 |ayer in the
bottom el ectrode of the capacitor helps to facilitate the crystallization
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pl ati num
enhanced CVD (PECVD) or low pressure CVD (LVCVD), laser ablation or sol-gel

process.

[0017] Afier the layer 18 is deposited, a rapid thermal amieal process is employed
to crystallize the film 18 wherein nanoparticles of platinum are fixed in the PZT matrix.
The annealing temperature depends upon the ambient type and annealing method. For
example, a conventional furnace anneal may be used at a temperature between about 250-
750°C, and preferably around 550°C, for a period of 3-10 minutes or longer, depending
upon the temperature, and preferably in an oxidization ambience. A rapid thermal anneal
between about 30-90 seconds at about 450-850°C may also be employed. Still further, a
pulsed laser anneal for a short time period, e.g., less than 30 seconds, at a relatively high
temperature, e.g., greater than 700°C, may also prove effective for nanocomposite
formation. In some cases, an inert gas may be used to dilute the ambient during oxidation
while hydrogen gas may be used to control nanoparticle size. The appropriate pressure
range is dependent on what oxidant and equipment are selected. It is anticipated that the
total pressure may range from a few mTorr to 1.0.atm. The nanoparticle size is primarily
controlled by process temperature and process time. The preferred target size is around

30 nm or less, but a range from approximately 10-70 nm should also provide reasonable



Is relatively uniformy distributed through the PZT material. In an

" exehplary enbodinent, the |ayer 18 is deposited by sputtering (such as PVD
sputtering, nmagnetron sputtering, e-beam sputtering, etc.), preferably by
a co-sputtering process. The layer 18 may al so be deposited using chem cal
vapor deposition (CVD), including plasna enhanced CVD (PECVD) or |ow
pressure CVD (LVCVD), | aser ablation o sol -gel process. [00171 After the
| ayer 18 i(ila%e osited, .a rapid thernmal _anneal  process is enplo
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characteristics as described below. After the top electrode 20 is formed, conventional

process steps may be employed to completé the FRAM device, including forming and
patterning metalization layers so that the memory cells can be accessed and passivating
the structure.

[0020] A nanocomposite ferroelectric thin film of PZT-Pt where PZT was the
majority and Pt the minority was formed' ona LaNiO3 electrode in a co-sputtering system
100 diagrammatically illustrated in FIG. 4. The co-sputtering system 100 includes a
platinum target 104 and a PZT target 106. Platinum 105 and PZT 107 were sputtered
onto the LaNiO; electrode foﬁned over a 150 nm platinum layer on wafer 102. The wafer
102 was rotated at a high speed to promote deposition uniformity. The rotation speed of
the substrate was approximately, but should not be limited to, 40 cycles/min during
deposition. The Ar/O, gas ratios were around 75/25, 90/10, and 100/0 for the LNO, PZT
and Pt depositions, respectively. The products of target-substrate distance (in
millimeters) and pressure (in mTorr) were 200 mm-mTorr, 600 mm-mTorr, and 200
mm-mTorr, respectively. A rapid thermal annealing was then performed on the wafer at

a temperature of 550°C in an oxygen ambience for 180 seconds to crystallize the



[0018] As shown in FIG 3, a top electrode 20 is then patterned and forned
“on the dielectric layer 18 to forma ferroelectric capacitor structure 22.
An exenplary top electrode may be formed from plati numor LaN G (LNO .

Alternatively, a PtILNO top electrode nay be formed. A platinum el ectrode
20 preferably has a thickness in the range of 50-200 nm whereas a LaN O3
top el ectrode preferably has a thickness in the range of 40-150 nm [0019]
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ferroelectric capacitor. '

{0023] - The P-E (remnant polarization (Pr) versus electric field) of the fabricated
Pt/PZT-Pt/L.aNiO;/Pt capacitors was measured to show the polarization change of the
ferroelectric material with an applied electric field. These measurements were made with
an RT66A Standardized Ferroelectric Test System available from Radiant Technologies,
Inc. with a virtual ground mode. For purposes of clarity, a brief discussion of remnant
polarization is provided. The direction of the electric dipole of a ferroelectric material
can be changed by applying an electric field. The polarization remains when the electric
field is removed. This polarization is referred to as the “remnant polarization.” To
eliminate the remnant polarization, an external opposite electric field (coercive field
- strength, Ec) is required. For practical use, the Ec of the ferroelectric material should be
smaller than its breakdown field. Like ferromagnetic materials, a displacement-electric
field (D-E) hysteresis loop exists. The minimum driving voltage is the minimum
applied voltage required to make the ferroelectric domains align in the same direction and
a remnant voltage should be observed. The remnant polarization allows the capacitor to
store “1” and “0” states, with the positive polarization representing a “0” state and the

negative polarization representing a “1” state.



900 A (90 rim. [0021] As shown in FIG 5, a nanoconposite structure was
“clearly observed via the TEM picture of the crystallized PZT-Pt film

Pl ati num nanoparticles, a few of which are indicated by reference nuneral s
200, were clearly observed. As shown by the 20 nm scale on the TEM nost,

i f not all, platinumclusters appear toathave di nrensions that are at |east
|l ess than 20 rim and nore likely | ess % han approximately 10 nm A plati num
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higher remnant polarization (Pr) than the pure PZT capacitor for conventional driving

voltages of 1.5-3 volts. It is also apparent from the figures that the switching
performance (i.e., representing a switch from a “0” to a “1” state and vise versa) of the
nanocomposite thin film PZT-Pt capacitors under low voltage drive (e.g., 1 volt or less) is
much better than the low voltage drive performance of the pure PZT capacitof. This is
 particularly evident from the 2PR verses driving voltage plot of FIG. 7, which indicates
that the 2PR value — the difference between the remnant polarization values on the
hysteresis loop at 0 volts — of the PZT-Pt nanocomposite capacitors is still larger than
approximately 7 pC/em® at 1 volt, at which point the pure PZT is almost unpolarized.
Superior performance is also shown for more conventional driving voltage ranges above
1.5 volts.
[0026] FIGS. 8 and 9 are plots of the coercive field (2Ec) and leakage current
verses driving voltage, respectively, of the fabricated nanocomposite thin film capacitors
and pure PZT thin film capacitor. The leakage current characteristics were measured
using an HP 4140B DC voltage source with an applied voltage range between
approximately 0-5 volts, a step of 0.1 volt, a hold time of 10 seconds and a delay time of

10 seconds. The coercive field value can be determined from the data plotted in FIG. 6



store "1" and "0" states, with the positive polarization representing a "0"
" state and the negative polarization representing a "1" state. 8 [00241
The P-E curves of the fabricated capacitors (the pure PZT capacitor and
the 3.4% and 4. 0% pl ati num PZT-Pt thin fil m nanoconposite capacitors) are
shown in FIG 6. Polarization in mcrao-coul onbs per square centineter
(Ccnk) is plotted against the drivi nggvol tage in kilovolts per centineter
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above
addition to the use of the above-described nanocomposite thin film in forming

ferroelectric capacitors and FRAM devices, it is believed that the nanocomposite thin
film may be useful for membrane switches in biezoelectric electro-micromechanical
systems and for uncooled infrared detectors and thermal Sensors

[0029] Still further, it is believed that the Pt nanoparticles clusters induce lattice
coherent compression in the thin film after thermal treatment, i.e., the increasing of lattice
q/a (lattice constant ratio of c-axis to a-axis) of PZT or even SBT (Strontium Bismult
Tanatalate). This phenomena was discovered by applicants using X-ray diffraction. This
phenomena is il_lustrated in FIG. 10. Reference 300 identifies the lattice structure of a
pure PZT material. Reference 302 identifies lead atoms and reference 304 identifies
oxygen atoms. Reference 306a identifies Zr/Ti in the “1” state and Zr/Ti in the “0” state.
Reference 300A identifies the lattice structure of the PZT material in a PZT-Pt
nanocomposite structure. As is depicted by lattice structure 300A, the lattice constant
ration of the c-axis to the a-axis increases. It is believed that this phenomena may
improve the remnant polarization, leakage characteristics, fatigue degradation and/or
other characteristics the PZT material. It is also contemplated that other nanoparticles

(besides Pt) such as Ag, Au, Mo, Ni, La, V, etc., deposited in minority percentages,



1.5 volts. [00261 FIGS. 8 and 9 are plots of the coercive field (2Ec) and

" | eakage current verses driving voltage, respectively, of the fabricated
nanoconposite thin filmcapacitors and pure PZT thin filmcapacitor. The

| eakage current characteristics were neasured wusing an HP 4140B DC vol t age
source with an applied vol tage range bitmeen approximately 0-5 volts, a
step of 0.1 volt, a hold tinme of 10 se 8nds and a delay tinme of 10

seconds. Th? C erﬁive field ygiue can be determned fromthe data plotted
in FIG 6P&lerally (g natneceseariw) lgasthan 10ke ang sacse prefasabily op thehiange ol -

| ari zat igog, i o El: 4.9 ikl te that th ive field and
oakage corr e AP Pty e el e, STt ok Bliy niopaclh Spkk

conpar | ng Al!Mn, 10 AFARHAE kiR pSHIKKA! WIACHIEY AlFachRVEHREImS L ur e These

curves indicate that the | eakage of the nanoconposite filmis |ess
than one [@0304r. ThaltRoudhNEhPZRvdibNGAPbesH rdesdribe® RX drRist 81 exemblagnt
stability for |low | eakage current up to at |east an applied electri'’c field
of 300 kVemhpdimsoiyit iPeot limisedatborety. Rathen dmappasict eldins shauld be tenstroal ectri ¢

capacitor,is rovi.ded and a nethqd of manufacturing the sane. A
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field stréanghtiopr | eakage current affects. Low voltage drive FRAM devi ces
may be fabricated using the nanoconposite thin filmferroelectric
capacitor structure:. [0028] It is also believed that the above-descri bed
nanoconposite structure nay enhance the piezoelectric and pyroel ectric
properties of the ferroelectric thin film In addition to the use of the
above-descri bed nanoconposite thin filmin formng ferroelectric
capacitors and FRAM devices, it is believed that the nanoconposite thin
filmmay be useful for nmenbrane switches in piezoelectric

el ectro-m cronmechani cal systens and for uncool ed infrared detectors and

thermal sensors [0029] Still further, it is believed that the Pt
nanoparticles clusters induce lattice



coherent conpression in the thin filmafter thermal treatnent, i.e.,
“increasing of lattice c/a (lattice constant ratio of c-axis to a-axis) of
PZT or even SBT (Strontium Bismult Tanatal ate). This phenonena was
di scovered by applicants using X-ray diffraction. This phenonena is
illustrated in FIG 10. Reference 300 identifies the lattice structure of a
pure PZT material. Reference 302 identifies | ead atons and reference
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equi val ents of the invention.

IS Clalne

form ny aldyem-voltage drive thin filmferroelectric capacitor, 2
conprising the steps of. 3 depositing a ferroelectric and platinumt
filmdielectric |layer over a bottom 4 electrode;

1

fam—y

3. The method of claim 1, wherein said dielectric layer is a PZT-platinum thin film.

4. The method of claim 3, wherein said PZT-platinum thin film is less than

approximately 10% platinum.

5. The method of claim 3, wherein said PZT-platinum thin film is deposited to a
thickness of less than approximately 2000 A.

6. The method of claim 3, wherein said annealing step is for approximately 1 to 10

minutes in an oxidization ambient at a temperature between approximately 250-750°C.

1. The method of claim 3, wherein said depositing step includes the step of sputter

depositing said PZT-Pt thin film.

8. The method of claim 7, wherein said PZT-platinum thin film is formed by co-

sputtering using a PZT target and a platinum target.

9. The method of claim 3, wherein said depositing step includes the step of forming

said PZT-platinum thin film by chemical vapor deposition.

n

of

hi n



5 annealing said dielectric |layer, wherein a nanoconposite layer is forned
“ 6 ihcluding nanoparticles of platinum and 7 formng a top el ectrode over
said dielectric layer. 1 2. The nethod of claim1, wherein at |east said
bottom el ectrode includes a LaNNG3 2 layer. 1 3. The nethod of claim1,
wherein said dielectric layer is a PZT-platinumthin film 1 4. The nethod
of claim3, wherein said PZT-pl ati numtf®in filmis less than 2
approximately 10% platinum 1 5. The nmethod of claim 3, wherein said
PZT-platinumthin filmis deposited to a 2 thickness of |ess than
approxj magel y 0 . 1.6, . The thod,.of claim3, wherein said annealing
step i%s f%(? ap r%&eﬁﬁfi&f §Ia¥n?0w %fenguhftﬁﬁtt@g’ H}T]rpféﬁl\éh@%tlﬁp@dlap‘éﬂ?ﬂ% ent at a
t enperat Urg et WasshsaeR it BLES 50-750C. 1 7. The nethod of claim3,
wherein said depositing step Includes the step of sputter 2 depositing
said PZT-Pt thin film .1 8. The nmethod of claim7, wherein said
PZT-platinumthin filmis formed by co- 2 sputtering using a PZT target and
a pl ath nub-t ar §ee method of Thim hewherdinohiddialeciris, laysh ésracR ZT-phatinum édn $ilhi ng st ep

i ncludes (he s fqrmn 2 said PZT-platinumthin film by chem cal
vapor dzzep%”sqes[af%ﬁ.‘% ﬁlfé“ 13(1136%6.6%‘?%“%%%%&34’8?3“@!1@} m 1, wherein substantially
all of said platinumnanoparticles 2 have dinensions |ess than about 30
nm 1 11. The nmethod of claim1l, wherein said dielectric layer is a

PZT- pllat i Hum t Ahrintégrated ccaibthcidigh: thin filmis between about 2.5-8.5%

- platinum 1 12. An integrated circuit including: 2 a ferroelectric

capaci% or, conpfarelegtricI-apaditor,compekiagt r ode formed over a substrate; 4 a
ferrogjectric and pj ali MR dhimd] S 9GopROs, (& di el ectric layer

4 a ferroelectric and platinum thin film nanocomposite dielectric layer

5 formed over said bottom electrode, wherein said nanocomposite layer includes
6  nanoparticles of platinum; and
7

atop electrode formed over said dielectric layer.

1 13.  The integrated circuit of claim 12, wherein at least said bottom electrode includes
2 aLaNiOs layer. | |

‘1 14, The integrated circuit of claim 12, wherein said dielectric layer is a PZT-platinum
2 thin film.

1 15, The integrated circuit of claim 14, wherein said PZT-platinum thin film is less

2 than approximately 10% platinum. -

1 16.  The integrated circuit of claim 12, wherein said dielectric layer has a thickness of

2 less than approximately 2000 A.

1 17.  The integrated circuit of claim 12, wherein said ferroelectric capacitor is formed

2 over a CMOS structure formed on said substrate.



5 fornmed over said bottom el ectrode, wherein said nanoconposite |ayer

i ncl udes 6 nanoparticles of platinum and 7 a top el ectrode fornmed over
said dielectric layer. 1 13. The integrated circuit of claim 12, wherein at
| east said bottomelectrode includes 2 a LaNiO3 layer. 1 14. The
integrated circuit of claim 12, wherein said dielectric layer is a
PZT-platinum 2 thin film 1 15. The i ﬁ?egrated circuit of claim 14,

whereiin sag d - i i I is.less than _approxiymtely 10%
ol at 1 rium 0 16 FHE s RS of claitRor SpeEieup Gai A0S p ARG

di el ect ri ganop¥€Eieh RdveAdiBhSbmesss tAin abouk 86 aimt han approxi mately 2000 A 1
17. The integrated circuit of claim 12, wherein said ferroelectric

capacitor is formed 2 over a CMOS structure formed on said substrate. 13

1 18. The éznte rated circuit of c¢laim12, wherein substantially all of said
platifum 1 naﬁwqgr%ﬁ%@rm ciaimdds pbgesin sauktop pahbettnsuelegmdgheach 19. The

i ntegrAate i.rcyit-Qf, claim 12, wherein said top and bottom el ectrodes each
2 incI%deﬂlgﬁllggﬁlittémﬁh@%‘?rt 1 20. A nmethod of formng a | owvoltage drive

thin filmferroelectric capacitor, 2 conprising the steps of 3 formng a
bottom el ectrode having a LaNi O3 | ayer over a substrate; 4 depositing a

di el eclt ri 20.| ayArméthed oftfionging aR8Ww-Wltapd dfivé thinfilayRfrosiatteic bajachon, 5
el ectrode; 6 performng a rapid thernal anneal on said substrate, wherein a
PZT- Pt2 7 ¢apResorpbesters phyer is formed includi ng nanoparticles of platinum

fixed 41 & PTG Bl B0k Q0 AobSRy ) St et Sai ¢
4 depositing a dielectric layer including a PZT-Pt thin film over said bottom
electrode;
performing a rapid thermal anneal on said substrate, wherein a PZT-Pt

5
6
7 nanocomposite layer is formed including nanoparticles of platinum fixed in a PZT
8  matrix; and

9

forming a top electrode over said dielectric layer.

1 21. The method of claim 20, wherein PZT-Pt thin film is less than approximately 10%

2  platinum.

1 22.  The method of claim 20, wherein said annealing step is approximately 180

2 seconds or less in an oxidation ambient at a temperature between about 450-850°C.

1 23.  The method of claim 20, wherein said PZT-Pt thin film is formed by co-sputtering

2 process using a PZT target and a platinum target.

1 24, The method of claim 20, wherein substantially all of said platinum nanoparticles

2 have dimensions less than about 30 nm.

1 25,  Anintegrated circuit including a ferroelectric memory device, comprising:

2 _a substrate having formed thereon a plurality of address transistors;



1 21. The nmethod of claim 20, wherein PZT-Pt thin filmis |less than
approximately 10% 2 platinum 1 22. The nethod of claim 20, wherein said
annealing step is approximately 180 2 seconds or less in an oxidation
anbient at a tenperature between about 450-850C. 1 23. The nethod of claim
20, wherein said PZT-Pt thin filmis fornmed by co-sputtering 2 process
using a PZT target and a platinumtargt#. 1 24. The nethod of clai m 20,

wher ein substantla I said platin nanpparticles. 2 haye.di nensi ons
| ess than aboutP3@l Vq{aﬂegoggctng‘ﬁa;?&tgﬁreé&gh} ‘f&ﬁ@@%’@?%%@ ogsau?
ferrogl eciddidss m&sd&\éggﬁax&%ﬂ%it&s Judifle:d SUbstrate having formed

thereon a plurality of ress transistors;®14 3 a plurality of

ferroélectric capacuttammaaamde%ﬂﬁ@mrsaxasﬂﬁﬁﬂectIVe one of said 4
address transistors, each of said capacitors incl uding: 5 a bottom
el ect Pode formed ovediclsetrig 1&X¢b$nqllailegaﬁermethcmicand platinhmythin filmcformkdng a

ferrolectrlc at‘}lnu in.filmformed .7 over said bottom el ectrode,
vvherel n s%leﬁs%iﬁgt{:‘gﬁﬁ g§r9<g-1 mheesin s3id nappcempagitsdaver inclusss sanopertisleaef num  and
9 atgp Eélgﬁfl&g% formed over said dielectric layer. 1 26. The integrated
circuit arm 5 wherein said bottomel ectrode includes a |ayer 2

LaNi C9. 1 27 The | ntopaiadiefeGoisdd dveplaigliiofhRtayepner ein said dielectric
| ayer is a PZT-platinum 2 thin N C% ayr?t egrated circuit of claim

27, whereln sald PZT- pl atlnumthln f|Im|s |l ess 2 than approxi mately 10%
The inteqg ratt%g ci.rcuit_of_ claim?27, wherein said dielectric
18§

pl atl
| ayer szé t hlRadnisgetesk circpitof glimpsnwhersingridrhettemyelentode inclukea layer
i nt egQat edapgigjcUi t of claim 27, wherein substantially all of said platinum

1 27. The integratéd circuit of claim 25, wherein said dielectric layer is a PZT-platinum
2 thin film.

28.  The integrated circuit of claim 27, wherein said PZT-platinum thin film is less
2 than approximately 10% platinum.

-1 29 The integrated circuit of claim 27, wherein said dielectric layer has a thickness of

2 less than approximately 2000 A.

30.  The integrated circuit of claim 27, wherein substantially all of said platinum

nanoparticles have dimensions less than about 30 nm.

3l. Anintegrated circuit including a plurality of ferroelectric capacitors each
ferroelectric capacitor comprising:

a bottom electrode including a LaNiOj layer formed over a layer of platinum;

a dielectric layer including a ferroelectric and platinum thin film formed over said

bottom electrode, wherein said nanocomposite layer includes nanoparticles of platinum;

and

0O 1 AN W hbs WO N e

a top electrode including a layer of platinum formed over said dielectric layer.



2 nanoparticles have dinensions |less than about 30 nm 1 2 31. An
integrated circuit including a plurality of ferroelectric capacitors each

3 ferroelectric capacitor conprising: 4 a bottomelectrode including a
LaNi O3 | ayer formed over a layer of platinum 5 a dielectric |ayer
including a ferroelectric and platinumthin filmformed over said 6 bottom
el ect r ode, mherein sai d nanoconposite layer includes nanoparti cl es of

pl ati d.8 a r.ode dJn er of, pl.ati num f or ned
bver Sai @i of Beupiearaedipul SEORE 3b, Vherginrte Goe b goteqtee ¢20BHRE ai m 31,
wher ehn t r aNi 3

layer oM%&{ﬁ&%i%ﬁﬁ@ﬁ%@?ﬁmﬁ%ﬁﬁé{é’r&ﬁa@ﬁé&%ﬁ@% EARPHIeRRIPe

33. TBe ilayegrated circuit of claim32, wherein said dielectric |ayer has a
t hi ckness of 2 less than apprOX|nater 2000 A and wherein substantially
all of said platlnun13 nanopartlcles have di nensions | ess than about 30 M
1 34. .The rated CIFCUIngf claim 33, wherein sajd bottomelectrode is

formed o integrated pircpt Fﬂ?‘&’i‘rﬁzylwhgemﬁ%@ qiglectias layerdas ptugknesydl ci aj m

31, er I h ck f s t han

appr OXI mat el y%u’i 6)&&%&%{%@&%2@({@}%%%%%%5 ’gﬁ’ﬁﬁl(’? ?ldgtlﬂtl&a[& ati num 3
nanopartlednegarﬁawhwemﬁéﬂm&s@mtd%m?@ﬁm 30 rim 1 36. The integrated
circuit of claim35, wherein said bottomelectrode is forned over a 2

| ayer of titanium 1 37 A method of forming a |owvoltage drive thin film

ferro ec pacito nprising the follow ng steps: 3 depositing a
thin n%t‘{‘er r@&q *‘it“é1 ‘aﬁc&t@gﬁlﬁlf’é 3paybereinsaid bottpmt Q?FFP@‘I’ sdorareover

anneal2| ngla?&'o?tﬁéxﬂrﬁm ric layer to forma nanoconposite |ayer including

1 35.  The integrated circuit of claim 31, wherein said dielectric layer has a thickness of
2 less than approximately 2000 A and wherein substantially all of said platinum

3 nanoparticles have dimensions less than about 30 nm.

1 36.  The integrated circuit of claim 35, wherein said bottom electrode is formed over a

2 layer of titanium.

37 A method of forming a low-voltage drive thin film ferroelectric capacitor,
comprising the following steps:
depositing a thin 'ﬁlmvferroelectrié dielectric layer over a bottom electrode;
annealing said dielectric layer to form a nanocomposite layer including

nanoparticles, wherein the lattice constant ratio of c-axis to a-axis of said dielectric layer

is increased; and

QN W B WON

forming a top electrode over said dielectric layer.

1 38. The method of claim 37, wherein at least said bottom electrode includes a LaNiO;

2 layer.



5 nanoparticles, wherein the lattice constant ratio of c-axis to a-axis of
 said dielectric layer 6 is increased; and 7 formng a top el ectrode over
said dielectric layer. 1 38. The nmethod of claim 37, wherein at |east said
bottomelectrode includes a LaNNG3 2 layer. 16 1 39. The nmethod of claim
37, wherein said dielectric layer is selected fromthe group 2 consisting
of a PZT-silver thin film a PZT-platid@mthin film a SBT-silver thin

film angi? 3 PZT-gi(Lv r thin film 1 40. The nethod of claim39, wherein
sai d hanolar t i diedRethedol daim 17, stherain said dosleaic lager dwselecttid diose theigtoupayer . 1
41. The k[ . rel ai.d.nangparti cl e selected,from
(L, oo Tl 17 T g PRI RaRABR e SN0 B8 L

3 aPZT-silver thin film.

1 40.  The method of claim 39, wherein said nanoparticles are less than about 10% of

2 said dielectric layer.

1 41.  The method o‘f claim 37, wherein said nanoparticles are selected from the group

2 consisting of Pt, Ag, Au, Mo, Ni, La, and V.



