1 LOWVOLTAGE DRI VE FERRCELECTRI C CAPACI TOR AND METHOD OF MANUFACTURI NG
SAME FI ELD OF THE | NVENTI ON [ 0001] The present invention relates to
integrated circuits and nore particularly to integrated circuits including
ferroelectric capacitors and nmethod of manufacturing the same. BACKGROUND
OF THE | NVENTI ON [ 00021 Ferroelectric materials such as |ead zirconate

tit anat eLOVY MOBTAGE DRIYVEFERRORILBCEARICACAPACETOR ANOaMHTHODOF These
capacitors are then used in the formation of ferroelectric RAM (FRAM

devi ces due to the capacit oVANEBFAGKYRENXGSAMErties of retention,
read/wite endurance, and speed of the wite cycle. [00031 As nenory
integrated circuits becone nore dense, |ow voltage operation becones

increasingly nore i nportanF{EEDagFt]i}?EqN Testg of inproving the
pol ari zation sw tching property of ferroelectric materials, such PZT,

focus of0@0ENgi ng ThBereseipeation tolatey totihe ciryuitdghdngors hiticdlagaes s such
as Vanadi um Lead or other dopants. Lanthanum (La) doping has al so been

pr opos edntegraigd surchibe eholuding fevepelgctrist caplacifors jandy mafnod af enamefatringribe of
Pb(Zr, Ti %%e‘rr] Capaci tors Through Donor Doping," Applied Physics Letters,
Vol . 71{5 , Decenber 15, 1997. However, this approach has only pushed the
driving voltage of the polarization switching dowmn to between 1.5 to 2.0
volts:. This, in turn, restricts the required voltage drive of FRAM devi ces

to that range. [00041 NRAECKGROUNI OF THFAEENVENTIO®ND in N. Duan et al.,
"Enhancenent of Dielectric and Ferroelectric Properties by Addition of Pt

Particl 4800 a LeHdrtlectonmeaterialfisucnas kad/irednate titAppd (RZT) Rigatilized iret t er s,
PO T M L LT D T TR
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powder s reteritibn, 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 state 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 fornmed fromthe conposite for testing. The PZT/Pt
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 $§hin 2 Film Science: For Electronical
Engi neers and Materials Sciences, p. (Macm I lan Publishing Co. 1992).
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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. A
[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
pC/em?®, can be achieved 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.




[err]C/cnferr], can be achieved while repressing fatigue degradati on and
exhibiting no significant coercive field strength or | eakage current
affects. Low voltage drive FRAM devices nmay be fabricated using the
nanoconposite thin filmferroelectricqcapacitor structure and fabrication
met hod. [00081 The above and ot her features of the present invention wll
be better understood fromthe follow ng detail ed description of the
preferred enbodi nents of the invention that is provided in connection with
t he acconpanyi ng dr awBRIEF BESEREPTIOSARF FHIORRAWINGDRAW NGS [ 00091 The
accorrpanﬁd}g)[]dr awi ngs illustrate preferred enbodi nents of the invention,
as wel | her i WRQrase@mMpARYBEr fravangs ddustmie preferess gmbodimenishele the FI GS.
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of a thin film PZT-Pt nanoconposite structure formed according to an
exenpl ar ylusahtingthe formatiet bibdfeteslectibedpdoitogi n; FIG 6 shows P-E curves for

three fabricated thin filmPZT-Pt nanoconposite ferroelectric capacitors
and a pure PZF1G.&is geliustration of ey and Pt qorsputtoringsystepl;ot of the 2PR val ue

verses drivin ta the fabricated acitors; Fl i S. a ot of
the coercive ?{c\égdlsv%iggé PG o G tb’cﬂ {iﬁﬁé’zﬁ?p‘t?f’é‘%‘&’aﬁ%%g@%%ﬁﬁ%ﬁ ors;
FIG 9 1 aocdrdthlo fexthild-PAbABAIRURERS dGRABNIALHST I o5 of the Tabricated
capacitors; G 10 illustrates the an unconpressed and conpressed PZT
lattice strucFI(.e6 shaETAL EDVEESERIRE fabrifAed tin Allm PEE@t alarstomiposite t

including an_inproved ferroelectric capacitor, such as an integrated
circuit fosoelsgirssapacpymandapyrs PAE fereeselachtq aarsiprs er r oel ectri ¢

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
«capacitors, 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 “panocomposite” 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.




capacitors, is described herein along with a nethod of manufacturing the
sane. The thin film nanoconposite ferroelectric capacitor described
hereafter includes nanoparticles of a netal such as platinumand exhibits
i nproved pol ari zati on swi tching and fgti gue degradation characteristics.

[ 00111 As used herein, a "nanoconposite"” is a conposite of a first materi al
wth n ticl f. C teyial -~ There ks no significant .chem cal
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Scanni ng El ectron M croscopy (SEM or Transmission El eétron croscopy
(TEM . Bf ¢ FRAdpatevicel ie"debdritied. nEashbuld ixapppacdne thaVFIGS. di-3elhsstar theet ween
about 10 to 900 t‘rA 4 [0012] Referring first to FIGS. 1-3, the formation of
an exenpPER3IIONCPT only coner memonyaerdl in an 289k of anoumEy: qella Jpenisg the FRANr e,

pref er abj ¥ic? CMOS structure, in the formation of a FRAM device is

descri bed “Ft shoul d be apparent that FIGS. 1-3 illustrate the formation
of only nenor Yy, i; r . ||, i: j . M
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then patterned and formed directly over the titaniumlayer 14. The bottom
el ect r od8ttpaelesirode pha terioelsairic sppacitaufermed herroverconduct i ve material such as

tantal u i+t ani u iridiu tc. In on enpl ary enbodi nent, .the bottom
el ectr ogm cl ude?l?nﬂﬂt‘éff’liygﬁ%%oi@@r ‘r’]i@roﬁﬁ\ﬂ? rxﬁlgengapa°1¥°r is then pafterried 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 having a thickness of approximately 100 nm is
then sputter deposited or otherwise formed over the platinum layer 15 It is believed that
the use of LaNiOs layer in the bottom electrode of the capacitor 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 polarization after numerous switching cycles. Lower growth temperatures,
in turn, 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 range of 2.5-

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




t hi ckness of approximately 150 nm deposited over titaniumlayer 14. A
Lant hanum N ckel Oxide (LaNierr] or "LNO') l|layer having a thickness of
approximately 100 nmis then sputter deposited or otherw se formed over
the platinumlayer 15 It is believed ghat the use of LaNN(Jerr] layer in
the bottom el ectrode of the capacitor helps to facilitate the
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[0017] After the layer 18 is deposited, a rapid thermal anneal 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



enbodi nment, the layer 18 is deposited by sputtering (such as PVD
sputtering, magnetron 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 plagma enhanced CVD (PECVD) or | ow
pressure CVD (LVCVD), |aser ablation or sol-gel process. [00171 After the
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val ues i40-1$®nmanoconposite ferroelectric film The density of the netal

nanoparticle in the nanoconposite dielectric material is Iless than 5.0 x

1013 per[08dPErr]. Terefors, sintaexesiplary capanitonstrnetyren2?2 usayd inchudpy Groindtop

confi dent trology for epsuring.the size of the na [ s _during

nanopar t 9164 d?ort‘?mg?%‘ﬁ‘,‘ §eﬁ§8‘a‘? i thé sfPﬁ%‘g@gofSt‘PF@reé’esP %ﬁ‘%@mtrt‘i’rcl e film

is diff Y fQr: r €L in FIG

5 a top O OEZATRAIORY SHIE e 1B bl AR (O dtade SR
characteristics as described below. After the top electrode 20 is formed, conventional

process steps may be employed to cornpleté 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 on a LaNiOs 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 LaNiQ; 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




dielectric layer 18 to forma ferroelectric capacitor structure 22. An
exenplary top electrode nmay be forned fromplatinumor LaNNerr] (LNO.
Alternatively, a Pt/LNO top electrode nay be formed. A platinum el ectrode
20 preferably has a thickness in the range of 50-200 nm whereas a
LaNiJerr] top electrode preferably has a thickness in the range of 40-150

nm [ 001&posikarteihaile. Bt EXEPPIAG filf }8 dep&ited i élﬁﬁé!d’n@ss?o?aﬂﬁﬂéxirﬁ&ély'de from
top electrode to bottom el ectrode the followi ng structures:

Pt/ PZT- RO Mmpbr Pt/ LNQ PZT-Pt/LNO' Pt, with the latter structure
exhi bi t@ﬂggetter | eakage. current char act eristics as described bel ow
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deposited ' to a thickness of approxi mate
ferroelectric capacitor.

-{0023] - The P-E (remnant polarization (Pr) versus electric field) of the fabricated
Pt/PZT-Pt/LaNiOs/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 electrié 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.




[00211 As shown in FIG 5, a nanoconposite structure was clearly observed
via the TEMpicture of the crystallized PZT-Pt film Platinum
nanoparticles, a few of which are indicated by reference nunerals 200,
were clearly observed. As shown by thﬁ 20 rim scale on the TEM nost, if
not all, plati num cI usters appear to have dinensions that are at |east
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thin film Pt/ PZT- NOQ' Pt nanoconposite ferroel ectri c capaci tor havi ng
3, . 4% PtEIGa6t lﬁ‘Dhn{aatlonmﬁ’thZTeouMHSN@)‘ Riuareceatimeteo §i Cent’ pis phetled agdinst
capaC|to aving 3.4%.Pt, and a thin film _Pt/LNQO PZT- Pt/ LNJO Pt
nanoconp8si 1n|geyql@g1: de tkilovolisapercsangmetaaikNem). B, dutvingrivekiages bafveen t or s

werete b d.c ed. ag ure thin filmPZT
ferroel € rpolxgﬁ%tg%am b&oqts 8:653131%]@(&@(13%%%% él\?ﬂ? afpgiglte SRV Whr sus

el ectri g)efﬂe@tl}dém&fth b&%@@i%lpcafcﬁ&es @efﬁ%@asﬁ?e’dkﬁ'ﬂh?%? %@Fdlfa@é Sind@s
measured to show the pol arization change of roe ectric-rateri al

wi th an thpbldakdnehecurvieccoegpoids Thelse rolation @fehs polaeivstionndbe Wethant an RT66A
St andar di %ed Ferroel ectric Test System avail abl e from Radi ant. Technol ogi es,

Inc. wi tholanzgtion lﬂesmbﬁéxm frqug thephiystraesésscusyesafdiie § at @ volis asf the

di scu33| f at on of the

el cctr; AL e BT B0L AP b Bcalea b AN O T-BECR OB et T ng an
el ectri CI‘He' Gloges UTeFI®] @ iakpt Erm'ibaf@rfﬁétnﬁle""@%?eéuli‘@ GnSGht 10F tlﬁfe' PZE/P S
renoved. This polarization is referred to as the "remant polarization." To
elim natrmnodwmpoenhmsrﬂlffpmhafmmpureI?ZTanThe(ﬂmleatric cpptsit bé thel BLT/Pt Gldii el d

(coercive flelg stren &F}Ec) is required. For practical use, the Ec of
the fer rGBPERtREL cﬁﬁtf’%trl JHe @ gramheo! ‘'SPl valpes yeipes driving vellagepr the el d.

Li ke ferg tric (D-E)
hyst er esi g ‘gﬁgeeglC@C%O@S%Qt%fi%)%pg}%f@gﬁrgﬁv]%)gélévqs Of{ﬁl@ €h ni mum applied
vol tage [09215]' red tipe '@ﬁ&lﬁ)ﬁemﬁfer Wﬁ'tﬁé"kﬁlh G OPET- P8 gﬁhéls%&p'oﬁtéshﬁdﬁzﬁ@‘a
direction and a remmant voltage shoul d be observe e ‘remant
pol ar i zdtighen rahhampotanieatcapehr) than the pust BZE chpdcitendor' 5nveitidnab drivihg h t he
positive POl arizatjon representing a "0" state and the
voltages of 1.5-3 volts. It 1s 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 capacitor. 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/cm’ 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



negative pol arization representing a "I" state. 8 [0024] 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 filmnanoconposite capacitors) are showmn in FIG 6.
Pol ari zation in mcro-coul onbs per sqgare centineter ([err]C cnferr]) is
plotted against the driving voltage irn kilovolts per centineter (kV/cm
for dri visigie voltds2 98RcD R B DYsterRBR 1600 WRESINS pdlariz¥ir § zerb. FIES! R%n@gd 1.0
volts. Note that the curves are not ~ perfectly snooth because the P-E

cur ves wingrate dmt thedcoervienfeld yant deakfagéd\Curcaittchgectedstits ardreotosigdRicdntiyt he
curve corresponds to the relaxation of the polarization. The remmant

pol ar i za&ffeGF?dv‘é(h%§°f§a?ﬂ%eth§xﬁqn8§‘%@ﬁoﬁlqeo‘iﬁmg’éesh‘y§h dhe pure BAlvemichre.FI G 6

at 0 vol e. X-axi s, as wel | Pr plot f.or..a fabricated

o 1 NG PP B ina @t Bl g e BAT- 7 mindbolipoife fufh 15 TR UER G, ot o
that th b | Bl 194 { T, : i; j i ent from
e pprt RN O AN St et Rl AROARRNRESI ot Rvflenk

cont ent . culdle@® uprtoias leastginapplical eléditic fialdufF300&Vé@s. dri vi ng vol tage for the

above descri bed cgjpaci tors as plotted fromthe data of the P-E curves of
FIG 6. [088251 Thderathacihoves annaiwopinphsiten ¢hit hfilm f fetroeleiic Riapacitvocisnposi t es

| ndi cate, i t ol arization (P he .pure Pz itor f
convent | BAAHOER§ FFHE) o PizpBlichfing e Sy ALEpatedtal Sirde BB IRY om i he
c g~V Of "k 5% SOl s 7 . e
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capaci t dresachieved while/ renbdsagefatipne/éegredagion ahd \eRhibitig doesigifitsnt codtefvebet t er
than the_ |l ow voltage drive performance of the pure PZT capacitor. This is

par t i culfgld yirengthy ontleakegencument 2gbfeciser Sow woltage rgive dfRAle dgiicss oy BEG. 7,
whi ch i ngic .that the 2PR.val.ue..- the dif.f t th t
pol ar i 2 AP A Esing R pinpFormboyid Pl SuindertGelf e SEpaoBTeRoCGE ¢ ho- P2T P
a7y QTIRBAE, ©2Paplfkdityal ot St o AARLGADRRSglye may

unpol ar ienhahce tBe pészbelectrieahd PRt pRipeRics ROWR f@foclorR tRNARAL ifpnal
driving voltage ranges above 1.5 volts.
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 piezoelectric electro-micromechanical
systems and for uncooled infrared detectors and thermal éensors

[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
c/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 illustrated 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,




[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 gyasured usi ng an HP 4140B DC vol t age
source with an applied voltage range between approximately 0-5 volts, a

t f I | f. 10 d | ti fen 0
Seconds. Pt g oL ARt 3Gl 10 ARE R itaRetSly B ks 51 o1 1 oo
in FIG $5%, ca8daRke prélideie syab vaaltd. 'SHInRiriYS sGheallSy ARBParibIBs) shéieas.
pol ari zation is zero. FIGS. 8 and 9 illustrate that” the coercive field and

| eakage AlrMmsand miselnting sanopérticks,ssueh gy, may glso facldeve thy samé fesaitsed when
conparinﬂgbgi nanoconposite structures with the pure PZT structure. These
curves i t e t hAlthqugh fheakaitsation hasebeenTdedcrihethdaoteposi efe exémplatys | ess

t han one rder. The Pt/LNQ.PZT- Pt/ strucgture. exhi bjts excel l.ent
stabilit ?}nﬁ% RS, ‘F Ed&&&“‘eédﬁ‘rrsﬁ% %ﬁaﬁpﬂ’@%‘f Cléﬁnsa%’m‘lde‘zf constgyedi ¢ fiel d
of 300 k : ' ' il rQel ectric
capaci 1 ol Orgy 1 MRk oIRE RASE A Enb SRERRGP TRARYdrfoh Ml bl PR

ferroel ethbse skillaipiaché arnt withoungepaetivig frothttheScope iad@ raige bf ¢@hivalerts bower wi th
hi gh renmant _pol ari zation of at least 7 Cc can be achieved while
repressi WYeRN gue degradati on and exhibiting no significant coercive

field strength or | 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., the increasing of lattice



c/a (lattice constant ratio of c-axis to a-axis) of PZT or even SBT
(StrontiumBismult Tanatal ate). This phenonena was di scovered by
applicants using X-ray diffraction. This phenonena is illustrated in FIG
10. Reference 300 identifies the Iatt'.Fe structure of a pure PZT nmaterial.
Ref erence 302 identifies |lead atons and reference 304 identifies oxygen
atoms. Refigk damaféa identifies Zr/Ti in the "1" state and Zr/Ti in the
"0" state. Reference 300A identifies the lattice structure of the PZT

mat erl al 1i n a ARAGh& of feanmgaripwsioltagsdrivecthin féim Rsrotlscteie pawdcitor, by | attice
structure 300A, the lattice constant ration of the c-axis to the a-axis

i ncr easeSOmpRsingthesiepeEd that this phenomena may inprove the remant

pol arj zati on, ;| e . eristi.cs at .gue. degr adati on and/ or ot her
char ajct eristi gépogﬁﬁggﬁ%g%ﬁﬁ é}d.spl tfm’ih%{héﬁ }ég“ @gﬂelcg};g%etré)aertaﬁlécg(o& her
nanopgrt gletesde; (besi des Pt) such as Ag, Au, M, N, La, V, etc., deposited
in mnority percentages, 10 preferably (but not necessarily) less than
10% and nor eamreeliry siid giclentricayer,avigeeint ndnd&ontposi% lagerds tbrmedo provi de the
sane resul Es. Still further, sonme alloy nanoparticles, such as Al -M, and

i nsul @t | H&?W&Fﬁ)‘ﬁﬂpk’ar@?@%ﬁ@ﬁﬁmﬁi may al so achi eve the sane results.

[ 003 Al t hough _t he jnvention has .bee escribed in terns of exenplary
enbogglmants, i lrié%f(g)pech#p?ee%ve{ﬁaéeglege_c ¥&r, the appended cl ai s shoul d
be construed broadly to include other variants and enbodi nents of the
invention that may be nmade by those skilled in the art w thout departing

f r om ¥ he2scop@hamdthod odelanh 1ewheéreinlatteast safd Hottem dlevtede imetuded 4 LYKH0; i s

cl ai ned Lag’ 1 1. Anethod of formng a |lowvoltage drive thin film

ferroel e®Fic capacitor, 2 conprising the steps of. 3 depositing a
ferroelectric and platinumthin filmdielectric | ayer over a bottom 4

el ectrode; 5 annealing said dielectric |layer, wherein a nanoconposite |ayer

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

1 4 The method of claim 3, wherein said PZT-platinum thin film is less than
2 approximately 10% platinum.

1 5 The method of claim 3, wherein said PZT-platinum thin film is deposited to a
2 thickness of less than approximately 2000 A.

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

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

1 7 The method of claim 3, wherein said depositing step includes the step of sputter

2 depositing said PZT-Pt thin film.

1 8 The method of claim 7, wherein said PZT-platinum thin film is formed by co-

2 sputtering using a PZT target and a platinum target.

1 o The method of claim 3, wherein said depositing step includes the step of forming

2 said PZT-platinum thin film by chemical vapor deposition.




6 including 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 LaNi(Jerr] 2 layer. 1 3. The nethod of claim
1, wherein said dielectric layer is ZT-platinumthin film 1 4. The
met hod of claim 3, wherein said PZT-platinumthin filmis less than 2
approxi mately 10% plati num 5. The nethod of claim3, wherein said
PZT-platinumthin filmis deposited to a thickness of |ess than

o ! Bl T S LS A

step is for approximte mnutes in an

er?bi ent at a

t enpe at have diraénstoms 1&p fiagabo®t3® im.250- 750C. 1 7. The nethod of claim 3,
wherein said depositing step includes the step of sputter 2 depositing
said PZT-Pt thin film 1 8. The nethod of claim7, wherein said

PZT-pl atjnumthin fi i.s. formed .by co- .2 sputtering using a PZT target and
a pl gt i niulm ta @e‘fl‘?tilﬁég} di}*ﬂb?’ﬁg‘;ﬁ%ﬁ%@g dﬁlﬁqtﬁgg{ye%érpzTnplé%I?‘W Hham Bl ¢ | gg step
i ncl lgdesaﬁdggidﬁhﬁml%gis%g%geﬂ%%grzreg?%g%P@gﬁC tinumthin filmby chem cal

vapor deposition.

aim1l, wherein substantially all

of said platinumnanoparticles 2 have dinensions |ess than about 30 nm 1
11. The nethod of claim 1, wherein said dielectric layer is a PZT-platinum
thinlkilk 2 Antntegzptad eieuit ingludings bet ween about 2.5-8.5% pl ati num 1 12.

An i?:egrated feir ui t. inclgdin . 2.a ferroelectric capacitor,
VefOrdPRiBStrate; 4 a ferroelectric and platinum

ﬁf&dlo%]lee{subﬁtr;tgr med over said bottom
te [ .

a bottom el ect FHQEFGF FERAC
thingfilm nanocorrpdo&jt{()g.l dL&lRE

el ectrode, wherein sald nanoconposl ayer I ncl udes

conprising: 3

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

a top electrode formed over said dielectric layer.

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

2 aLaNiO; 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, whereiﬁ 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.




6 nanoparticles of platinum and 7 a top electrode forned over said
dielectric layer. 1 13. The integrated circuit of claim12, wherein at

| east said bottomelectrode includes 2 a LaNi B layer. 14. The integrated
circuit of claim112, wherein said di ekgctri c layer is a PZT-platinum thin
film 1 15. The integrated circuit of Tlaim 14, wherein said PZT-pl ati num
thinifilgis TiRSAteprtddtRuRBPERNH @}ﬁh&eiﬁ@%d@iﬁ%ﬂﬁh{%f shidPlatipe 1 Nt egrat ed

circuit of claim12, wherein said dielectric |ayer has a thickness of 2
| ess 2t hamnapptidrs heveeliyeB0 léss tHanlaboufl30enmnt egrated circuit of claim 12,
wherein said ferroelectric capacitor is formed 2 over a CMOS structure
formed on said substrate. 13 1 18. The integrated circuit of claim12,

wher gi n bstant.ial |y all of .said,platinum..2 na rticles  have di nensions
Iessqt haﬁ']abo Q“@%glﬁ‘ d'cjroyyy of gniIZ’t‘g gpgadg?qgw?tgfn ‘gti?cgﬁoﬂf’sﬁ‘?hv\her ein
sai dqt oqn@mgepggpmlﬁlegctrodes each 2 include a LaNN (3 layer. 1 20. A

nmet hod of formng a l'owvoltage drive thin filmferroelectric capacitor, 2
conprising the steps of 3 formng a bottom el ectrode having a LaN O3 | ayer
over a substrate; 4 depositing a dielectric |ayer including a PZT-Pt thin
fi 1 mloved0- sait meghodphiomniag a dew-wakagegiriye thip fikinrferreeleciiic erpa¢itornal anneal on
sai d,substrate, tﬂ%ﬁrei .a PZT-Pt 7 nanoconposite layer is forned including

‘nanogartclogfpé’ém& _ gqs'l umfixed in a PZT 8 matrix; and 9 formng a top
el ectyr ode ovqﬁnﬁagqb@usﬂn%qéchbeeh%gaL&Nﬁ?;-yla,Eggv&%mm& claim 20, wherein
A _

PZT-Pt thin filmTrs |ess than approxi nate
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.

I 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.

124, 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;




2 platinum 1 22. The method of claim20, wherein said annealing step is
approximately 180 2 seconds or |less in an oxidation anbient at a

t enper ature between about 450-850C. 1 23. The nethod of claim 20, wherein
said PZT-Pt thin filmis formed by co-sputtering 2 process using a PZT
target and a platinumtarget. 1 24. ‘Iqh‘é met hod of claim 20, wherein

subsganti al | y, : q@@h I | i . ons | ess

t han 3about 30"1 lﬂ{rlr%ahg ) gﬂ%tﬁ{: Eﬂ%@%%@?@t‘#@ r?&f]‘e(r: u%%agégiglg% gsf%é‘?ect ric
nmenpdy dedicsetraiyig, Gk of sai@capasitisinchidengravi ng formed thereon a plurality
of address transistors; 14 3 a plurality of ferroelectric capacitors each
forndd over a respdmtioneelerirndoffornmddverisaadisibetsate;t r ansi st ors, each of said

capacitors including:. 5.a bottom.el ecirode forned qver said substrate; 6 a
di el gctri c layer iarfﬁ?lﬁ%fpﬁéayﬁrl‘n@ 8 letrpelectan ang platinwm A film fesmed f or med 7

over gsai : e [ ' te | ayer .includes
manopar (5 el cud B, BEbE A wh bR Bl bRt pARR TR AP R At Sl

- di el 8ct rpletivuay@hd 1 26. The integrated circuit of claim25, wherein said
bottom el ectrode includes a layer 2 LaNiO3. 1 27. The integrated circuit
of cPai m 25, wher et topsdéctiode firmed over samlydeledtsic ayBZT- pl ati num 2 thin film
1 28. The integrated circuit of claim27, wherein said PZT-plati numthin
filmis less 2 than approximately 10% platinum 1 29. The integrated

ecs tnan approearil5EBr G 28 sl Eh il po i i Fot S B3 m 27

wher 8i n [aNiS§.antially all of said platinum

[

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

1 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.

31.  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
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a top electrode including a layer of platinum formed over said dielectric layer.




2 nanoparticles have dinensions |less than about 30 rim 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 pJatinum 5 a dielectric |ayer
including a ferroelectric and platinunfthin filmformed over said 6 bottom
el ectyrodg, WhE[.S] 14G.:.na i I HO&R el es of
platﬁnugfL 7 aﬁﬁhgggﬂggﬁegﬁggg?@ggtﬁﬁg#%%?%abggkayer(g%g%ﬁ%%%%@h1forned
over 2saifirthéradogpiisést LaViey laybbfotmd@ betheen s4id prtiatadayer bediéaid dkleetiai m 31,
wherein the top el ectrode of each capacitor further conprises a LaN O3

| ayeB fdeYAd between said platinumlayer and said dielectric 3 layer. 1 33.
The integrated circuit of claim32, wherein said dielectric |ayer has a

t hi ckness of 2 less than approximtely 2000 A and wherein substantially

all qgf i d t] i ' gﬁmﬁ%ﬁ%ﬁ t 30
rim q1 Zj} Tlﬁi(::-lﬁilgﬂta gregtcl;e}gﬁll *g?t:‘%l&ﬁk%ﬁy Hc%?éél?rsélg , er e?’%q%‘g?gn@glte om

el ec@r odessitharf appradmaeBr2080 AZaﬂda!s?sllfi?flfreifiifsubétirﬁi&ll};| a1l ofsa3® plafiheémi Nt egr at ed
circuit of claim3l, wherein said dielectric layer has a thickness of 2

| ess 3t hawnepptiess hewe dimenspns less thad abbg3@inm.subst antial |y all of said
plati num 3 nanoparticles have dinensions |ess than about 30 rim 1 36. The
integrated circuit of claim 35, wherein said bottomelectrode is forned

over 1a 4 | ay@fe; | ' : . r.i : e drive
thin filmferr gelﬁ% JF??“’S%‘E%E‘?*%‘%?? 3 fﬁ*{gcf%ﬂn%?fi g{’tﬁ%‘ﬂt‘e%&%ﬁa‘ﬁ 3%8‘3’2%"2%3; 3
depoqi t ilageraf titaniuni.i | m ferroel ectric dielectric | ayer over a bottom

el ectrode; 4 annealing said dielectric layer to forma nanoconposite |ayer

i ncl udi ng
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:
depoéiting a thin film yferroelectric 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
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forming a top electrode over said dielectric layer.

1 38.  The method of claim 37, wherein at least said bottom electrode includes a LaNiO3

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
bottom el ectrode includes a LaNi 3 2 %ayer. 16 1 39. The nethod of claim
37, wherein said dielectric layer is L | ected fromthe group 2 consisting

f a;PZTysil iy fd _pl at | nin fil BT- si hi
C il a3 He st grstafin 3, Wdich 24 Bl et o Hlorg #05 B S ' aher i n
sai d2nanepsitidedfaPZArQlveetsn A POPMatikOiBh fild, §8B-Givel &L filet ah@yer . 1

41. The nethod of claim 37, wherein said nanoparticles are seleéted from
the growPZPsibendliisfilmg of Pt, Ag, Au, Mo, Ni, La, and V.

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

2 said dielectric layer.

oy

41.  The method of claim 37, wherein said nanoparticles are selected from the group

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

N




