; CDEFe3eo00| | } Lv6Tv-1 THIN FI LMS OF FERRCELECTRI C MATERI ALS AND A METHOD FOR
PREPARI NG SAME Field of the Invention 5 The present invention relates to
thin filns of a ferroelectric material and a nethod of preparation
therefor. In particular the present invention relates to thin filns of
ferroelectric material with a high nole fraction of Pb(Zn~i 3Nb2i3)03 in a
perovski te phase. 10 Background of the-llnvention In recent years,
perovskite oxide solid-solution systens based on ferroelectric

Pb(Zn~i 3Nb2, 3) 03 %PZ , _such asg&iE-x Pb( Zn~, 3Nbv3) 03- xPbTi 03 15 SPZN- PT),
have attract e§HHN &Mzt QERERROFIEGTRIGMATER AdMEIHOD FOR

el ectronmechanical strain and hig } i stant. A PZN PT single
crystal exhibits high el ect ronec%ﬁ#%éﬁﬁggu%%@% coefficients (k33 > 909,
and high piezoelectric coefficients (d33 > 2200 pC N), properties which are
significant lé sgqﬁri or to those of the nost wdely used piezoelectric

Pb( Zr, Ti ) 03 Iy rials. Therefore, the success in devel oping
perovskite PZN-PT bulk single crystal is thought as the nost significant

breakt hrough in piezoelectric materials for the | ast few decades. In

addi tion, as relkheprdsent baleation irelsite sPONHRT filnas ofl arfatreelcatrs mbtwiabehidbit a
high dielectric, constant and av reat potential for capacitor

appl i cati orf n‘fghqcﬁlof] p{?qarpg{?% ﬁ%ﬁ&kﬁl’ﬂ)@fﬁ%ﬂ&b&@e@ esapivaNion rigesdy) ar iy
having a tahinofilat 6f KstotlddeE aRdtbRaloNie R RighAoleOfra&iod O PB{ZMTBND,:)0;
performance properties, are in demand for application in mcroel e&¥rédnics
and mcro dNé@cReromgiieaphass. systenms (MEMS). However, the preparation of
usef tho perovskite PZN-based 30 thin films is extrenely chall engi ng because
of the poor stability of the perovskite phase relative to the pyrochlore
phase for tBeckafdlimbobibeilhivemtion -2 Previously, the perovskite phase has
only been obtained and stabilized in PZN-based thin filns by resorting to
preparing a PZN-PT thin filmconposition with a high nolar proportion of
PbTi 03 (PT) (> qﬁty?éd?anrlmi(éars?'}%r %i(ilﬁea%'xm L fiﬂ-ts%'lLﬁﬁrﬁe%istt%Pné Maskl! Baf i1 M
to above several mcroneters. urthernore, e perovskite

cryst al | ogrfapbelectto iR(Ang:N)Ge (BEBDasaedhf as nil -x)@b(DiogsND» O pxRb BIO;ed

orientatio domy orjentated PZN-PT filmw th very .| ow PZN

conposi ti oxpggliéﬂo&'adénﬁ&?&ﬁ e It Allendifar Sber? sheis %/’QFG"E%%T@@%I
applicatio I'fai i ; bas L jical
property i n@%ﬁﬁm%%]l\ﬁyrﬁs@ﬁéﬁ gﬁg?fl/@? g’:él(ié(gh‘gfﬁpﬁﬂlatﬁgdgwptzﬁ [f’ﬁtgﬁréﬁg@n% Si tli on

around t he exbilitsl high steoviemeahpnicap taspling weddicerityRBy: bedO¥en antdohigbhedr al

compost ¢ | oPPOEAEE HosiicensS (fe e 2R C N SLRSTIRS SO AT Ao «
fromthe M¥Bpevibt o lthosBser wesl rAestr aatlly aisddn pid¥cictid PHiEETAOY (PZT)

el ectromechani cal properties. )
20 materials. Therefore, the success in developing perovskite PZN-PT bulk singie

cfystal is thought as the most significant breakthrough in piezoelectric materials
for the last few decades. In addition, as relaxor ferroelectrics, PZN-PT-based
materials also exhibit a high dielectric constant and may have great potential
, for capacitor application.
25

Thin films of perovskite PZN-based materials, particularly having a
tailored crystallographic orientation to obtain optimal performance properties,
are in demand for application in microelectronics and micro electromechanical
systems (MEMS). However, the preparation of useful perovskite PZN-based

30 thin films is extremely challenging because of the poor stability of the

perovskite phase relative to the pyrochlore phase for the PZN composition.




Further, although superior el ectronmechanical performance properties are
observed al ong certain crystallographic directions in bulk PZN PT single
crystals, PZN-PT bulk ceramic materials with random crystall ographic 20
orientation do not exhibit the sane excellent performance properties.
Accordingly, a randomy orientated PZN-PT filmmay not be better than a PZT
filmin terms of its electronechanical operties. Finally, while the
perovskite phase may be stabilized in filnms having 25 thicknesses beyond
several mcroneters, such filnms are too thick for many conmerci al

appl i cations. THE"S¥IWSoh e MAEAYSIGR RNasRNAHOBY diesshebiainedeand siabiizedt t he
af orement | gRe® AN pALNANIHRYCHims3 D trgé?llgiﬁ'lg: ?}otgh ariHgdsr PALDT NAln ikt hough

use and publications are referre h ref erence does not

consti t ut e Gompeliliasiwith a high ejarofropbdion 6DPLTEp@T) (of 5@%edncaoiedmndener al
know edge i.n the.art, 5, Synmary gf t he . nﬁlenti on, The gresegt jnvention is
based on t HECHSHE, Mg THASSE” PE s Thibi BN JloeAPEYE veY&Tas I ITsers

per ovski t e Ph@saNiceé athieViserbsidelrySad aphRaaR iR iﬁtﬁ@PPeﬂdrbH‘ﬁﬁﬁs was

ferroelectric PZN-based material s"when the precursor solutions used to 10
prepar e t henattin @ preferededenistioni ed by addition of a pol yner speci es.

According to a first aspect of the invention there is provided a nethod of
preparing a thin filmof ferroelectric material with a high nole fraction

of Pb(Az' ~, 3B5' 2A IxAdoslipstisntated IPZN-PTfipenveius lai Veryploas ®ZNVeerioRitidni S
zinc or a 15 conbination of zinc and magnesiu and B is a valence 5

el enent , Q&5 Ret Asmansirpta setimal shrtacierisiics ok wosunewil .anplisations fomi ng
| ead, ", e i TRyl enRLE L0, (ay :

pol yiies spem rieastRs: IPsDp, e bR ek atoBL P I B DAL 7,
surface of singlebstrystake iandxhibhitedngwith ctiet | cgmpdsitieonarcaurd sthlej essi-calgdt he

ContL, L eI AT FRis kb i Gi5n
tantal um 2528 iBYOIYFZN-OMEYE Qf%mﬁrﬁbbﬁéﬁdﬁaﬁ?@c&#\b?&iﬂéﬁ'i éte,
etnin Irne O

m nim zation of the pyrochlore phase in t erroelectric
mat eri al pripar 88% dmsig)o thareampesition reigrificandlymshifisd fiosn sthgnMRR,amiithy

The- cbhcentatt v BFodabah iy He SBREcAL TRl Emastinicdpiac s or ©

solutions. 30 Preferably, the nolecular weight of the polynmer species is

| ess than 400. ]
Further, although superior electromechanical performance properties are

observed along certain crystallographic directions in bulk PZN-PT single
crystals, PZN-PT bulk ceramic materials with random crystallographic

20 orientation do not exhibit the same excellent performance properties.
Accordingly, a randomly orientated PZN-PT film may not be better than a PZT
film in terms of its electromechanical properties.

Finally, while the perovskite phase may be stabilized in films having
25 thicknesses beyond several micrometers, such films are too thick for many

commercial applications.

The present invention seeks to overcome at least some of the
aforementioned disadvantages.
30




-4 Preferably, the polyner species is polyethylene glycol. Mre preferably,
t he pol yner species is polyethylene glycol wth a nol ecul ar wei ght of 200
(PEG200). 5 Preferably, the PE&R0O is present in the precursor solution in
up to 60 wt % based on a netal oxide content in the precursor solution, and
nore preferably PEG00 is present in the precursor solution at 60 wt % based
on a netal oxide content in the precurso¥-solution. 10 Once a target
conposition for the desired ferroel ectri c material is selected, the

precursor sol utigns, are prepar a first sglution containing
substantial ly st@'&‘c?ﬂ eﬁﬁ‘ﬂﬁ%@%ﬁ??"&% Blﬁhq usenand pérhac%@nsmsefr@feﬁred to

Pb( Az~~, 3BSqareih, %cﬁrrgfé?eﬁ(?ée?g? 76t H(Br'r fRute 4 Qﬂmlﬁ% that ﬁgffifglgééé form

stoichiometric nolar ratios of |ead a titani umto

Pr ef er abl y, a phdg girtlee goswnos geneiab intatedge ietftesd. of 15 nolar %l ead with
respect to target conposition stoichionetry to conpensate for

vol atilization of |ead during heat treatnent of the film 20 In accordance

Wi th assecogdmast9®f tied [Hvaatighesent invention there is provided a nodified
precursor solution for preparing a thin filmof ferroelectric material with
a high nole fraction of Pb(A2~~, 3B5' Z, 3)03 substantially in a perovskite
phase, wherein conmj atr zi,nc _and e |s a
val ence 5 el eneA[ﬁétpE%Q%gcfﬁys%H) rbrl BF% ﬂ‘leuglsgﬂv%ryn{ﬁ%?nﬁ nggwlésd

B5', and a ¢ftdotively. sthbiligae §Qﬂ®®dkrt@?ﬂhas@relétrm ebbUigrothlof phiss wﬁgﬁﬁﬁ'\' msnt
Bis tantalnftim 30 Preferablﬁgﬂ lét he precursor solution for a specific target

conposi ti onfHfis0 ?eélﬁ&'%aﬂ% asrd aﬂaterl%fﬁ \@aﬂmth%nra@@rﬁoaraﬂlu’r@@uw@awr ally
t t f
oL, I TEL A i P2 P o s a1

stoichionetric nolar rati os of lead and titaniumto form PbTi 03. Even nore
preferably, the drfre rsor s tiion has an excess of 5 1 r %
| ead Wi th respe Q%d'lng F'@gﬁ‘ﬁ%?ttq%dﬁe fgndiand IS RreVigedsen g’lcgp?fgr i
vol atili Zatpr@ﬁaﬁﬁg'@ﬂﬂrrﬂ‘#ﬂm ngf W&%elbéﬁ@t ﬁ‘%\’ﬂén fwftﬁe%fﬁréﬁq mBTe?fﬂ%fcﬁ?hyof the

pol yner speci es h % a nol ecul ar weil ght | ess o Typi cal t he
pol yirer speRbE@s” 8’ po)Qetshpsantiaty ol petmveklha ghlgewivhirain rﬁnlrsemﬂamr wei ght

f 200, ( PEGY PEG200 b th dified
ol utron 1 EAPBRGYA T ARe b AT EaB0 15 et YRI0eG8 LBMEEH, WHIEN ho.
precursor IhetRldutdrprisédpioiRiing ef retaor RBRMAbARMNtATRHGA8ad SAPT R8BI n the

nodi fi ed precursor solution in an anount of 60 wt % baséd on a netal oxide
cont ent i n MAEIf ﬂﬂ@cﬁhﬁsﬁfe%)&fﬁt S@Htlom Py edelitigst of @ ppbwnerusp@me@dbe@éa,ul

attenpts by, f

o esont i miERIa Tae MARIACH BltcalSor 3R R R ot ' BuBREAI A ol o
per ovski t e phasatingithidreansard Istrbfecting thelcoadng phiaChest tesdtaien® aingl fomitiggh
pi ezogl ect rthérf@%effl cients, Thus according to a third aspect of the

i nvent9 on t ‘§t|b¢8€f%’§h'%9 AP® 25 filmof ferroelectric material with a
hi gh nole fraction of Pb(AZ~~i 3B5 zi 3)03 substantially in a perovskite
phase deposited on a surface of a substrate, wherein Ais zinc or a

combi nation of ZhnenandmimgiteentnB Endidbium. a Walaeotersesibodiment, 3B Isn one

enbodi nent,, B isS n| obi um
tantaldm

25 The inventors have also demonstrated that elimination or minimization of
the pyrochlore phase in the thin films of ferroelectric material prepared in
accordance with the above method is significantly affected by the type of
polymer species employed, its molecular weight, and the concentration of the
polymer species in the modified precursor solutions.

30

Preferably, the molecular weight of the polymer species is less than 400.




I n anot her enbodinent, B is tantalum -6 The inventors have found that -
the nmethod of the present invention allows preparation of thin filnms of
ferroelectric material with nole fraction Pb(AZ~~i 3B5+v3) 3 > 0.7, wherein
the content of the ferroelectric Pb(A2~~,3BS~z3)03 nmaterial is
substantially in the perovskite phase. Thin filns of 5 both

(1-x) Pb(Zn~, 3Nb2, 3) 03- xPbTi 03 (PZN-PT) =hd (1-x)Pb((Zn~~_

y~MyY) ~, 3Nb2, 3) 03- xPbTi 03 ( PZN- PWMN- PT) based ferroelectric materials have

been prepared wherein.the nole fraction of Pb(Zn~, 3Nbv3)03 is > 0. 45,
wher e!on Ito he fer r%@?%@pﬁx,gh%p@m%n%oeﬂe@ 'iSquhFﬁ(atEﬂ@f‘%\gi)@Oi-e adeeferaply,

conposi ti onthef pben f ' ry i I
(1-x) Pb(Zn~r SNBZ?S)%@%IQI’% g% @?ﬁgﬁ%gﬁ%&j@ﬁ% rﬁ(\j/\lﬁlbﬁéf V?ﬁ Htcgl;rnggi tion

of the PZN-®N#GERG0X erroel ectric materials is preferably
(1-x) Pb((Zn~~_y~Myy) ~, 3Nb2, 3) 03-xPbTi 03 ( x < 0.3 and 0 <y < 0.7). The
i nventors have denonstrated that the perovskite phase is the dom nant phase

for the thin filPrfefablyethe PEGL00 ¢ FRisent M $he brddipsAORIGIAEFEND B8 S0
conpositions _and that a pyrochlore phase is substantially absent. 15

Advant ageoudi%, basgsl @pnmantneidl exide peendent in theneresurser fesiution, hand fmones of

o bt opt £ BRGNS SRS SRR RSLER) SEBEIER NS
0. 462Pb( Zn~nahdd xRS rie 308 Ph¢ Mped i dbva)iOior). 23PbTi 03. 20 Furthernore, the

t hi ckness of the filnms of the present invention could be nmuch thinner than
films obtained by any known nethods. In the present invention, a small

t hi ckpgss is nOtOﬁcéoé'Sfarr@étnboﬁ%sth%ﬁf :‘ﬁ?}rmtg@% i%@geff%g?éqg&ﬁé;ma&%ﬁh%se.

Typically, the thickness of the thi rc materi al of
t he presentsélested: itbe precutsdreasiution® OanempReredred aby ymixite a hirst fsolutionf

ferroel ectr] I I S.(,001).-priented. . The perqyskite.phaseso he thin
film of fer#ogg%&ﬁ %@%ﬁt@ﬁly&%&g@tog?e&ﬂg WQQH‘WHQP&% :{‘?/%dtpb ’t‘?l'_é&&s/r&_b{ﬂ”@r e
phase when Ph@254uBPa6509anwh s8cdrid S&uﬂ@rﬁ’_@éhia‘?rﬂn?%ugs&nﬂéw_&@%ﬁi%éﬁi@ _
perovskite structure such that the thin filmof Terroelectric material is
epi t axi al | y"PErfalipoef lepd andrtisgrivm to formReTe. of the surface of the

substyate. Preferably, the substrate is a single crystal with a
perovskite structure, such as LaAl 03 (LAO and the thin film of

ferroel ectric nePmferably, theprdcandalojutiopr dawaxtéss SRTDPUDIALS 18hd vathur e of
the surface of the single crystal. 5
respect to farget compasition stoichiometry to compensate for volatilization of

lead during heat treatment of the film.

20 In accordance with a second aspect of the present invention there is
provided a modified precursor solution for preparing a thin film of ferroelectric
material with a high mole fraction of Pb(A%3B%,3)03 substantially in a
perovskite phase, wherein A is zinc or a combination of zinc and magnesium,
and B is a valence 5 element, the modified precursor solution containing lead,

25 A%, B%, and a polymer.

In one embodiment, B is niobium. in another embodiment, B is
tantalum.

30 Preferably, the precursor solution for a specific target composition is
prepared by mixing a first solution containing substantially stoichiometric molar
ratios of lead, A%*, and B* to form Pb(A%*15B%",5)O; and a second solution




Alternatively, the surface of the substrate preferably has a textured
perovskite structure, and the thin filmof ferroelectric material is
epitaxially formed on the textured perovskite structure of the surface of
the substrate. 10 In another enbodinment, the substrate is a conductive
metal oxide layer with perovskite structure epitaxially deposited on a
single crystal material with perovskite Structure, and the thin film of
‘ferroelectric material is epitaxially formed on the conductive |ayer. 15

Al ternativel the substrate i.s. an epi.taxial tal_.oxide conductjve |ayer
Wi th per oveidiaig SRl atally sichiashia dpeler ralipschi 1860 BBASRERHED oL terer

| ayer whi chppgigleposited on a single non-perovskite crystal material, such
as silicon, and the thin filmof ferroelectric nmaterial is deposited on the
met al oxi de conductive layer. 20 Preferably, the conductive netal oxide

| ayer is selecte ,hgluding. but not |im.ted to, LaXSr~ XWh03,
X Xre03. Lany LB BB R e oRog b 8br SplibS hascan RFs o o
thi ckngss of5t hlaortgudéad ewitht abspaot déo | RYgst iomRISRAD SBRhRPRetAM tdl N a
preferred enbodi nent of the present invention the buffer layer is 'selected
from a gr oufP'EBRYFA8 fergvelatilization oflnad deingheatdreaimentel th Cu30~_s 30
(YBCO, Lao.~Sro.3M03 (LSMDO). Typically, the buffer |ayer conprises
successively grown epitaxial layers of zirconia (YSZ), YBa2Cu30~_s (YBCO,
and Lao. ~Sro. 3vR@f¢laBOthe polymerApebicskesss nafledliar Woght kserthas 420- 150 nm
a thickness of the YBCO | ayer is 100-250 nm and a thickness of the LSMO

- layer is 200-350 nm 5 In accordance with a fourth aspect of the invention
thereips provi depydcallystRe Rirfionksediey e BoREAKIERA GHcbl Brefdtbly witCf
ferroelectric material conpri'sing a high nol'e t'ractiron of

Pb( AZ' ~, 3BoMelegutes waiaht ofdG{REG200)k per ovskite phase, wherein Ais zinc
or a conbination of zinc and magnesium and Bis a valence 5 elenent. 10 In
one enbodi ment, B is niobium In another enbodinment, Bis tantalum In

accordance wi th AltiddghPESRO0 mafy B Braseve i t niddiiedl preddisdr sictich #o
m cro el ectronechani cal systens device provided with a thin film of

ferroel ect rift AMAWN; & tefpmi hgsadronyip mstel exidet¢aient in the precursor
(F)’b( A2r5 3Bt 3, S't}#&tcr?re%dr;%'d' $nmbdimBhi ?ﬁc’é&@@ igh@%%gﬂﬁﬁgﬁ'g[‘g@gﬁfgdz' A

r a conbination’of zinc and magnesium a 20 In
one enbodi nEnetursBrissluticobinuam ahto uaib of BOr wigstedicdast a MBetad oxid ednteht inn t he
clainms of this applicatign and in the description of the invention, except
where the DRREREUSAREPIMEQN ot her wi se due to express | anguage or 25
necessary inplication, the words "conprise" or variations such as
"conprises" or "conprising” are used in an inclusive sense, i.e. to specify
the presence of Inheorgrast dd fredipus esnsusaessfal attempise bl usthetsheheriesatioss or
addi té(? . tha];vuer tepneprloy];eeaattﬁjer FRethod"8f 'tr?eusprggebn?dlwgr?tﬁc?n % c;[bqginl \fr? r7f'|tlr|'n('3~,‘n(')f

ferroelectric material in the perovskite phase with a specific crystallographic

orientation with high piezoelectric coefficients.

Thus according to a third aspect of the invention there is provided a thin

25 film of ferroelectric material with a high mole fraction of Pb(A%*13B%*23)03
substantially in a perovskite phase deposited on a surface of a substrate,
wherein A is zinc or a combination of zinc and magnesium, and B is a valence

5 element.

30 In one embodiment, B is niobium. In another embodiment, B is

tantalum.




30 In the clains of this application and in the description of the

I nvention, "polynmer" generally refers to organic chemcals or materials
conprising multiple "nononer” unit structure, including an oligomner. -9
Further, it will be understood that a reference to the terns "ferroelectric
perovskite material" or "perovskite ferroelectric material" throughout the
present specification refers to a ferroBrectric material of any of the

af orenmentioned 5 conpositions provided with a perovskite structure (or a

P oy ooy a1 po2she HielorDaReld RdRD B WRE rfEABl 8P id B RmBRag 1o o

i ncorporating all aspect’s e I nventi onm, now escrroed by way
of exanpl ealiowvy mephratmﬂnebértbm fibns hef fercmipetriy | mgtatzhwitt Smolien frabtic:

i ff RD) patt f
(F ig% gb(l zﬁg’%vé\ﬁlbys@) 79 bTr?gg I(g; Ef I F %hﬁew;ﬂ%gnbn OLaAthés ww@e@%strate
oy PBan o, O I DR AR sl %Eéfﬁ'gﬂ&fﬁ’g’ AT LA
and aaneal fdﬂ‘?t OE(SEDl()Bb(ZﬂH]:Mﬁm@wX%bTIQEI gUf(EZN Bhpws arrd P;(ﬁgg(@%h A
tt = e l.he I se In fli
P a0 sunuMoTaNBEab Sl 1D PR PURE < bR ratpafofisyateiala BAVS0 w o
of PER00 peeRpibparetoviferaiptie éol@ﬂQcWSﬁPBg%rﬂE‘\lﬁ%)cgé 9r0 48, Whotdies:

Fi gure 3 shows phi-scan (XRDR patterns of ane of the perovskite 25
phase in allEziermelgdtrie materip Snar@nmLthe)mbssmtatrdwqaeeﬁmeeebmpomorm@f thecur sor

d d
anneal ed ar 2565 T clpeBe i Ble Ry e B U P AR SR B Per ns of
(110nopl an€d.06 £he a8y skhilst B pbagRsitibnaoP4hk OPZRIPMN-PTT fdribePtthdO
substrate prepared fromthe precursor solution nodified with 60 w % of

PEG200 accBraderd)s is Pestaraile ()R gy edNbBes)SBORb Qs ( X0° fidhandd:<  -io

y < 0.7). The inventors have demonstrated that the perovskite phase is the
dominant phase for the thin films of ferroelectric materials of the above
described compositions and that a pyrochlore phase is substantially absent.
15 |
Advantageously, employment of the present invention affords thin films
of ferroelectric material wherein the composition thereof approaches the
morphotropic phase boundary, preferably 0.9Pb(Zn;Nbg3)0s-0.1PbTiO3 or
0.462Pb(Zn1,3Nb2/3)03-0.308Pb(Mg1/sNb23)05-0.23PbTiOs.
20
Furthermore, the thickness of the films of the present invention could be
much thinner than films obtained by any known methods. In the present
invention, a small thickness is not a constraint for the formation of the
perovskite phase. Typically, the thickness of the thin film of ferroelectric
25 material of the present invention is at least 0.20 um. Preferably, the thin fim of

ferroelectric material is (001)-oriented.

The perovskite phase of the thin film of ferroelectric material is stabilized
relative to the pyrochlore phase when the surface on which it is deposited is
30 provided with a perovskite structure such that the thin film of ferroelectric

material is epitaxially formed on the perovskite structure of the surface of the
substrate.




Figure 5 shows scanning electron mcroscopic (SEM images of a PZNO.1 PT
thin filmon LAO substrate prepared fromthe precursor solution nodified
with 60 wt % of PEGQO0O according to Exanple 1, and annealed at 700 C for 10
5 mnutes: (a) surface and (b) cross-section; Figure 6 shows an SEM i nages
of the surface of a PZN-0.2PT thin filmon LAO substrate prepared fromthe
precursor solution nodified with 60 wt%f PEG00 according to Exanple 1,
and anneal ed at 700 C for 10 mnutes; 10 Figure 7 shows an SEM i nmages of
the surface of a PZN-0.3PT thin filmon LAO substrate prepared fromthe
precursor solution nodified with 60 wt % of PE&00 according to Exanple 1,
and anneal ed at I of
PZN-0. 2PT thin fllgi%qe[gb Ift&%) E%ﬁl%ira ea%%e(gar gﬁﬁ?lﬁgﬁqﬁ%@?%g%%&gé uﬁ ‘i on
wi t hout PEGaGHY( a$ LardOa (pAE) rebthes thiotfi Imnoﬁfmhdel@ﬂrmnhdtteﬁ@l ist &pitdxidiyG200

(b): accordin nne | ed at. 580 for 10 m nutes; 20
Figure 9 sﬂfar@e E@eﬁ%%éﬂfafst e sHIfAce pf %e Yholesysiabstrat e
prepared froma precursor solution m)dl fied with 30 wt % of PEG of different

nol ecul ar wei ghts: (a) ethylene glycol, (b) PE&O00, (c) PEX400, (d) PEGG0O0,
and (e) PEGL450 Alteroatively, the Busiackeofl thetrairbatraalpeefemblﬁamsCaf textared

t 25 Fi e 1 X PZN-0. 2PT thin fil
Subst rat e rhaRiskife ARLEET ABRRBSINE TRy PE fodibeticamiatetal ot FalBtRIY
anounts of 1BEEEA®N ﬂté)teﬂ@r&l?&erdvbkrtégtrm&t%e 6ﬁ%e455JrFMc%of(tﬁé s@8stitly and (e)
80 wt % according to Exanple 1, and anneal ed at 580 for 10 m nutes; 30

-il Figure 11 shows XRD patterns of PZN-0.2PT thin frlms on LAO substrate

Doyt pyrror 1 Hcatistier BitoblAaR, FRESUbGT L b hdlR® metal oxideravero,
(b) PVP55008ith pedovskite RWRLANEMSitaxitioralipogitéd dnxargidgle bryStalFinaterial dithshows

XRD patterns of P‘\Zee 8_ 3PT thin fil %on LaNi 03 (LNO) coated LAO substrate
prepar ed f rREPYSHIC SHHSHIFesaNd thentipdilm 88 f%@ﬁ%@'%ﬁ“ﬁi@ﬁ'ﬂﬁ@@'@%@ord| ng

to Exanpl e Rrmafd Bth‘Jn%ﬁcﬁ\Fe R§Q,C for 10 mnutes (a), and anneal ed at 700
C for 10 m nutes (W Figure”13 shows dielectric constant and dielectric

| oss of a PZN-0. 3PT th| n filmon LNO coated LAO substrate prepared fromthe
prec or soluti ified with. 6 %PE 00 ,accordi n le 2, and
anne:ﬁ[id at 700 ’%P?rgﬁg‘i%y’nﬂ‘ﬁuf'é@tragg 'Tfraﬁ'u? apdal RsiRL oxl rﬁgﬁmgésrsr | oop
of PZN-0. 3Rjit# befb\fskiténsﬁr[]cﬁrré 8RhRAdLACifI éﬁfe@spéﬁé’%hﬁgr r‘at/emtt%

precursor solution nodified with 60 Wtoo PE&200 according to Exanple 2, and

anneal ed atis ZEpositedron e W@Qt@@;ﬁ -pemvekije asysial glatevial XRIxp ast slican, eind
0.77(0. GPZ'\i!hg tﬁP'W?n 81’ t%r?'rP -gleclﬂllcp material is deposited on the metal oxide conductive

layer.
20
Preferably, the conductive metal oxide layer is selected from a group
including, but not limited to, La,Sri,MnQs, LaCai,FeOs, LaNiOs, SrRuQs,
LaySr1.xCo03, La,SrxFeOs.
25 Typically, a thickness of the conductive metal oxide layer is between

200-350 nm.

In a preferred embodiment of the present invention the buffer layer is
selected from a group comprising yttria-stabilized zirconia (YSZ), YBa,Cuz07.5
30 (YBCO), Lag7SrgsMnO; (LSMO). Typically, the buffer layer comprises
successively grown epitaxial layers of zirconia (YSZ), YBa,Cu3;O75 (YBCO),
and Lag 7Srp3MnO3 (LSMO).




films on LAO substrate prepared from precursor solutions nodified with
different anounts of PEG&00: (a) no PEG (b) 30 % (c) 45 w% (d) 60
w% and (e) 80 w % according to Exanple 4, and annealed at 580 C for 10
m nutes; 25 Figure 16 shows XRD patterns of 0.77(0.6PZN-0.4PMN)-0. 23PT thin
films on Lao.~Sro, 3Vvn03 (LSMO) coated LAO substrate prepared froma
precursor solution nodified with 60 w %%f PE&00 according to Exanple 5,
and anneal ed at 580 C for 10 mnutes (a), and annealed at 700 C for 10 30
m nutes (b); -12 Figure 17 shows a P-E hysteresis |oop of

0. 77(0. 6PZN-0. 4PMN) - 0. 23PT thin films on Lao.~Sro.3Vn03 (LSMO) coated LAO
substrate prepar qeg? |44 I di,fd ] EG200
according to Exaﬁ%“gkﬁ,&gé%g ﬂger\r'mea Z%Fegfi@%ﬂ%@fr{ﬁ, éoﬂ“%ﬂﬂﬁ%éets&fq@e\éf%rae 18
shows di el dayei is 1OORREGANM, and althidleessiof theokSMD isyer is 200-350 nm.

0. 77(0. 6PZNO. 4PMN) - 0. 23PT thin filns on Lao, ~Sro_3M03 (LSMO) coated LAO
substrate prepared fromthe precursor solution nodified with 60 wt % PEG00

accordsng to Exaﬁpé&o?daﬁdw\nﬂﬂ%g&gﬁ] 85pdQbrGnbahvdidh Here s 8?&&% o e 19

shows a three-di mensional draw n I nstantaneous vibration data o(?
0. 77( 0. 6PZNnEragippiromic 2 8pvicehiprovidédn witihph ethin i filem @y ferreélretrinaveatetialct ri c

signal (5V,_ 100kHz), wherein the filmwas sitfd .on Lap. ~Sr.o, 3Vh03
(LSMO) coatc‘éod’gaﬁwéuasw%n emﬂieegésr‘%@nf \rggr’rfJ gﬁfgﬁﬂﬁ c#Sar SQ@?@FF‘%‘W MBd i ed
15 with 60 pérAvEEE2pRass catisteROALIS AABP becombiABfoBR eflcesh@matfésfanhor 10
m nutes; and Figure 20 is_a flow chart showi ng a nethod according to the

present i nvait Bdpa vatenss dielasaemescri ption of the Preferred Enbodi nents of
the Inyention The invention primarily relates to thin filns of
ferroelectric materials with a high nole fraction of Pb(AZ ~, 3B5' 2, 3)03
substanti al | y i nnaoper exdkidirmepfhaBeis 2foblMa@t ei i Anbtheri Bmbodiraedion®i Bat i on
of zinc an nqunesi um and B is a valence 5 elenent, such as ni obi um or
tant al um 89l ¥enti on al so relates to the use of a chemical solution
deposition process, in which a precursor solution is nodified by addition
of a polymer species thereto, to effectively stabilize the perovskite phase
in the thin filne atcartdandemibehditir bspectt ef thel invention ibeteoisa pBivigrd achl or e
phasel N Vahlcs'® efet l%tn'raé"‘cthea?ﬂcal ég}s‘?’tems device provided with a thin film of
ferroelectric material comprising a high mole fraction of Pb(AZ13B%*25)0s3
substantially in a perovskite phase, wherein A is zinc or a combination of zinc

and magnesium, and B is a valence 5 element.

20 In one embodiment, B is niobium. In another embodiment, B is

tantalum.

in the claims of this application and in the description of the invention,

- except where the context requires otherwise due to express language or

25 necessary implication, the words “comprise” or variations such as “comprises”
or “comprising” are used in an inclusive sense, i.e. to specify the presence of

the stated features, but not to preclude the presence or addition of further

features in various embodiments of the invention.

30 In the claims of this application and in the description of the invention,
“polymer” generally refers to organic chemicals or materials comprising multiple

“monomer” unit structure, including an oligomer.




The inventors have found that it is possible to prepare thin filnms of
ferroelectric materials of general fornula (1-x)Pb(Zn~, 3Nbz3)03-xPbTi 03
(PZNxPT) or (1-x)Pb((zZn,M)i, 3Nb2, 3)03-xPbTi 03 (PZM\-xPT) with a nole
fraction of Pb(A2~~,3BS~z3)03 > 0.7, and to stabilize the filns
substantially in the s perovskite phase relative to the pyrochlore phase.
Typically, the nole fraction of Pb(Zn~,-3Nbv3)03 in the ferroelectic
material is greater than 0.45. This is in marked contrast to previous
workers in the field who have only achi eved perovskite ferroelectric
materials of general fornula PZN-xXPT with xPT at |least 55 nole % to

Pr ef bl th I 03
((rfo?fi v, the § Hé?e}t% )uﬁb%@efdo% Wgawa(rbgﬁgﬁt?gj%quéygﬁ} 58.?05158% 3 and
0 < y <_ (pér))vslﬂte Fﬁlatertﬂbrbr ‘peantskitodemoeiecial matepal” tthesighoubiilelprBgdhtPT and
PZN-PM\IPT Si | s are hlsg%%Ed wthhﬁgcorrp SItIOI’l around t he
mrphotroplwe%t‘f 0%0" &rip @5 tie dnaterigniob Ry 8f the Afewmenjined
phasess Adv@iHpe804sd ¥ rovfdb%i With 8 cﬁérb{?%ll‘éfstﬁﬁ:’i GrRqbES WSy aiRE h'a@h of the

present invention can be prepare he conposition arou € MPB. The
conposi tion of the 20 thin filmof PZN PT- based ferroelectric material

thin fil m ol T Iectrlc material around the MPB is
0. 462Pb( zZn~, 3Nbv3) 030 308Pb(|\/g 3Nb23) 03-0. 23PbTi 03. 2s The perovskite
phase of the thin film of ferroelectric material is stabilized relative to
an undesirabl e pyieiRmed eambaigenith dncerpeatingcall @spacisudfstheainyeotiomhwith t he

ccor i ngt ¥ BETasclPIR RS Pr BaRpllEBnf R Pfple8 8 kb fparying

directly ordrawiregs)wsihioh: si ngl e crystal substrate or on a conductive |ayer
with a single crystal a o or epitaxial perovskite phase. The conductive

| ayer can be epitaxially grown on a perovskite single crystal substrate, or
a non- perovski t ergi,RIY SHEWYE k4 hr, _

i ntroduci ng appr olgr fggtt € OXi géﬁ%yu(?rfpa%“bﬁ er S{Z?)Upﬁﬂteﬁs éf h g@%h@?@%@ﬁe
enbodi ment xbtiGe (PANRPTphintfilmssabdiaklOg (LAY mbs@am cptremdrat:l frsmctheas

LaAl O LAQ), with t f

f;e‘rrof,-? (ect rl%f@CHJEPé,SSQ{%%F‘g\% efg(?vé ?cﬁ Zn‘eﬂgﬁﬁ%ﬁe {P{g &) RN-ure of
5 the surfagepgf aha?cFPZSL(?SP"I'Vé:éc%'rdlnggo Pxad I ﬁ”%ﬁ&‘éﬁn@%ﬁdét% G §ie
surface of the Substrate has a textur perovs |fe structure, and the thin

filmof fertlbslimaesj c material is epitaxially forned on the textured
perovskite structure of the surface of the substrate. 10 In a further
enbodi ment, the substrate is a conductive netal oxide |ayer with perovskite

structure epitaxFiglte/2 @ﬁB%'ﬁfﬁ-@cQﬁ (XR@)'}'ﬁit{%rﬁs{ Mﬁgailog{ﬂelfr%r bﬁﬂhe‘%érﬂvsklte

perovskite structure, and thinfilmof ferro c materi al
epi t & al | ypHasenisa FEN-Ad H:Toﬂdlméltmm | AQesubsiiads prapargd frome tlm@npdemxrsme

met al oxi de S cted IR r,~_XMh03,
LaXCa~_ XFeOSJEJ &{(ﬁ-{\h %d'ﬁ%? F\ﬁh@ é(t? ‘QIS);’ @%Bbtﬁa@( T 'Qﬁegg é_)ﬁaﬁ% ey(l.t Wrt her
embodi nent ,anmRled BEE8@PE fos1@miRRickaxi al nmetal oxi ide conductive layer with
perovskite structure epitaxially deposited on at |east one 20 buffer |ayer

on a single non-perovskite crystal material, and the thin film of

ferroelectric th con ctlvel
Preferably, t hgp'%:gat?uctl @ggﬁﬁ§F5§g¥%@) ﬁ?grﬂﬁ gllg ﬁ% BY%a%
conprisi ng prassrin_aXMIBB0. 2RAXEan filtheMBLACNIK EatS F@&ﬁed Eﬁ%&theb?&ﬁ?rsor
LaXSr~_ XFe03. Typically, the conductive netal oxi de | ayer_is between

200- 350 25 Sﬂwtm dRodiffed With €0 Wigepf IRG20R acnendioni i Exayenleaile and

(Ven) ! VEaTREGIEEa| SRS O A MERLA 057 TSy - and compri ses
successively grown epitaxial |ayers of

Figure 4 shows phi-scan (XRD) patterns of (110)-plane of the perovskite

30 phase in a PZN-0.3PT thin film on LAO substrate prepared from the precursor

~ solution modified with 60 wt% of PEG200 according to Example 1, and

- annealed at 580 °C for 10 minutes;




30 zirconia (YSZ), YBa2Cu30~_s (YBCO), Lao,~Sro.3WM03 (LSMD . Typically,
the YSZ | ayer is 20-150 nmthick, the YBCO |l ayer is 100-250 nmthick, and
the LSMO |l ayer is 200-350 nmthick. -15 In this particul ar enbodi nent,
the single crystal material is silicon, preferably (100)-oriented silicon.
5 The conductive oxide | ayer described above functions as both a seeding

| ayer for the crystallization of the ped@vskite phase of the thin fil m of
ferroelectric material and the electrode |ayer for the ferroelectric
material. The above di scussion al so denonstrates that it is possible to
forma thin filmof ferroelectric material on a non-perovskite single
crystal substratg; i I J | _

i nternedi ate bufflg'r'j%g%@%@%ﬁﬁgygﬁgrﬁﬁnﬁa@%&ggﬁ%@E@?@%éeﬁaﬁg%me

epi taxi al penéVstkirt Blmren AA@subsrateymepared framtthe prechreot sgeticf nmidd#icar esent

invention over the pr ., technology is that the thickness of thin films
of ferroel e‘é’&lf' ﬁb M@FF&I%WQP%QW e : g 11gng W@nﬁﬁﬁgétf7ﬂ9m%%r1@mters
t o nangmet .eﬁ"linlﬁg‘%:qusﬁﬁ Qﬁﬂf@@) %Q§%§§i5ﬁd to beyond several mcroneters.

The thin filns rroelectrirc’ materials’of the present invention exhibit
a high dielectric constant and excel |l ent piezoelectric properties. For

example, 2 o the_thin_filmof Q. 77(0.6PZN-0Q. 4P -0. 23PT_di scussed in

Exa% e 5 exhi bi t'9UG PSPWSAR giEZ!\ét mages ﬁé?%ﬁm‘é? P_%@.Pzr'ﬁé)-%‘?iﬁ@@t#ﬂ’mc

constant angh LAgss@fRratéd Plemsted 1R e Hr Sorrs%ﬁﬁﬁﬁil‘ntﬂaif%g.vﬁﬂ‘%é BRY% of
pmin thickness di

dilatation of the thin filmis about 325 rection at 5V.
25 Accor di ngEG200tadeording ite Exyathpiddt anth@nnbaledfadt|70€ 6 fdrdiOrmelubes;ri c
rrater'@I s of the present invention will be enployed in mcroel ectronic
devi ces and m croel ectronmechani cal systens (MEMS) devices, such as: (1)

i ntegrated pi ezopyafd 7ighoWsCaR SEN YRaBES Jf Fe %aﬁac&bygrpmﬁggﬂﬁrgﬁihi s

including mcrofluidic, ink-jet printing, nano-positioning (for exanple
for hard diekLAQ suhstrgie prerared fremithe beadussor sahdicsumndifiedeyith 69 evtt of

| t i ' 1 cal itch d dyl i,t.ch f RF
VN, act ual BreopgioBRURETREX SR T Sp8 AnoRerretadhey e
transducers for nedical imaging; (3) mcro resonators for many device

applications; (4) integrated piezoelectric sensors; and, (5) integrated
thin ¥%1 m capacifrigres 8 shawshXRDf patieros of E4N012RT thi filras eni lAOwiubstrateni gh

wherei n A 1 Qepled Bota pEFrh SiuTer WAk SRaEnbGn R AP iy sk
val ence 5 emnedHiet, witteb wise bf PEIGID0Oh) asdcrtiinglto BB, efdasfiiafid gt t o

the foll ow n8g net hod, whi ch
580 °C for 10 minutes;

20 Figure 9 shows XRD patterns of PZN-0.2PT thin films on LAO substrate
prepared from a precursor solution modified with 30 wt% of PEG of different
molecular weights: (a) ethylene glycol, (b} PEG200, (¢) PEG400, (d) PEG600,
and (e) PEG1450 according to Example 1, and annealed at 580 °C for 10
minutes;

25

Figure 10 shows XRD patterns of PZN-0.2PT thin films on LAO
substrate prepared from a precursor solution modified with different amounts of
PEG200: (a) no PEG, (b) 30 wt%, (c) 45 wt%, (d) 60 wt%, and (e) 80 wi%
according to Example 1, and annealed at 580 °C for 10 minutes;

30




10 nmet hod conprises providing a precursor solution containing |ead, A and
B; nodifying the precursor solution by addition of a polyner species
thereto; applying the nodified precursor solution to a surface of a
substrate and form ng a coating thereon; and subjecting the coating to a
heat treatnment and forming the filmin the perovskite phase. A target
conposition for the desired ferroel ectridld-material is selected. The target
conpositions for PZN PT-based ferroelectric materials are typically

1- x) Pb(Zn~, 3Nb 03- Ti 03 . < < 0Q.3) and the target conposition
{or Pz PN PT- HABGEF { L roves CIRB. patersaiel BraCORTcdniny 0TS sy PoAO -
20 v>Myv) ~i gy aprdPaled3romk précgrs%ragﬁlug s Whodifidd Akith 156 _Wt?oc_u(gfsor
solution for the target conposition for the ?erroeq ectric material is
prepared bypelyyinylgyeokidars: (IBYPytwif alifferent moleagas wesghstat (@)l PYP40600h{lmmet ri ¢

ol uti on can/PAVG e B Edpoiorbate BETRF 2 ratios of 1 ead and

titanisimto form PbTi 03. Preferably, the precursor solution has an excess

of 15 nolar %I ead orgﬁnic salt with respect to target conposition
st oi chi onetry t oFigeihéa shewsdRD sattesnmel PZN0.838H tbin flmsdrauaiicds (hbiR)

treatnent o fal - r I SO, ol utions. are prepar nder dry
ni trogen an%)%%%iue\rg E?é%%f?tﬁ%%@aﬁgﬁefg&a%o@?%ﬁﬁr SPE'%PQI'H?E?'B% w&t%;d)qdjeﬁgﬁat ion
of thin filsrPEGE208MNCETrdias BIELSMbR 2CArd SnBedlBd &t 58D SC BZN MMAuRE (a),
solutions are prepared separately and m xed according to the target

conposi t i oranbangeated 9 7pPEEUIos AP mipiutas ), The PZN precursor solution is
prep d by first dissolving a zinc organic salt, such as zinc acetate
trihydrate, in 2-nethoxyethanol (2-MOE) at 80 C. 10 Subsequently, a niobium

organi ¢ salt, suEiguRs18i showetlickui®BenstdRt ahd AEIEEHictiBss BE aSPENLE.apTWi t h
mechani cal stirring or refl uxug&:;. The solution is allowed to clarify and is

t hen cool edhibfilmyeh LibepatedrAO subsiratainseraiedtfram e precuser sogiione

The Sol uti diop g vt B, Ryt doBordil 8o Kianidle B MR Sindlied 1 0%0q o

15 room t em@foxtidr @irangs:di l uted with 2-MOE to obtain a concentration of 0.3
M When Ta instead of Nb is chosen for the Pb(A2~~, 3B5~2, 3)03 system a
t ant abm al koxi de, such as tantal um et hoxide is enpl oyed. Preparation of

the solution folg; { L.Qhl um or i Q The PT ursor
solution is pr ep@gé\% L@@hlo@éo E%Qy%gt%é@d%ggggmﬁ?aéﬁT%g'[]}'tl[“z%] ?BQ@E

acet at e tridoatedtld\O isub2trMeEpaipatdd flom Ahe qpec@ser selutibhafoaified Witk &0 um
organic salt, such as titanium.isopropoxide, in 2-MXE was prepared at 80 C.

The two sol W EFEGHN acerrding tatExasapliet% mpdrannaated ahd0q /e far %0 minutes;

20 Figure 15 shows XRD patterns of 0.77(0.6PZN-0.4PMN)-0.23PT thin
films on LAO substrate prepared from precursor solutions modified with
different amounts of PEG200: (a) no PEG, (b) 30 wt%, (c) 45 wt%, (d) 60 wi%,
and (e) 80 wt% according to Example 4, and annealed at 580 °C for 10
minutes;

25

Figure 16 shows XRD patterns of 0.77(0.6PZN-0.4PMN)-0.23PT thin
films on Lag7Sro3MnO; (LSMO) coated LAO substrate prepared from a
precursor solution modified with 60 wt% of PEG200 according to Example 5,
and annealed at 580 °C for 10 minutes (a), and annealed at 700 °C for 10
30 minutes (b);




25 solution was diluted with 2-MOE to obtain a concentration of 0.3 M
Finally, the PZN and PT solutions were m xed at roomtenperature to obtain
the precursor solution. 30 Alternatively, the precursor solutions may al so
be prepared through the method descri bed bel ow. -18 The PZN precursor
solution is prepared by first dissolvin? a lead organic salt, such as |ead
acetate trihydrate, in 2-methoxyethanot1?2-MOE) at 115 C. A zinc organic
salt, such as zinc acetate, is added to the solution with nmechani cal

Cemer atur e, A SHu] 6 SEanae B BYSarebiannior gan e 2 4P URB daPT
ni obi um sophRPAKtSIEN Lidajgro%@aaﬂ_mol?rc?i%ﬁofgégws?%t%tﬁg?éﬁéﬁ ffGthUhkons

are then mxed at roomtenperature and 0 obtain a
typi cal 10 préndisar salution reddibed with &hed%TREG200caxtodinglto iExaotpde &nahdr t he

Pb(AZ' ~i 3Bs~zi 3) 0 em, a tantal um al koxi de, such as tantal um et hoxi de
is enpl oyeo@nr]g%eﬁg?g?&%n@cg?r iéy’g%ﬁti on follows that of the niobium
organige salt. 15 The PT precursor solution is prepared by dissolving a | ead

organic salt, such as |lead acetate trihydrate, in 2-ME at 115 C. A
separ at e sol uti drigafe 88 showaidigtecirigaonstanbbng dirlettriadogs ofanDIim(0.6PZN-

room ¢ orper BN GATPT RS a1 BoripaopsaE iy Saetd EARLRUB A ai n

typical consephrsd from Bk fredufor EbR@ibh¥modiied REN MtfTPEE 200 Sktapdipgur sor s
are m xed according to the target conposition at roomtenperature. The

concent r at i terx@Mplad, pndannsstedsal 706 txdon 10 mipiteaj ly 0.3 M 25 In rel ation
to prfd)arati on of thin filns of PZN-PM PT-based ferrolectric nmaterials,
sol uttons of PbO, Zn~, 3Nb2, 302 (ZN), My~, 3Nb2, 30z (MN) and PbTi 03 (PT) are

prepared separ at@Egireang shbwet BFESUihBasibRaltdiawirl] 8FnsEMIRRSIY ABrdtignf or m
the desired precursor solution. Ere are the Pb0O solution, a |lead

30 To
or gani ¢ salqatagfi@0.£4(0-8B84NR4PMN-@ 23R dthiy Bm samalesdidverely arsize Mareat 110
C and stirrgdetiesigmi 04 68kHz), wherein the film was deposited on Lag 7SrosMnOs
(LSMO) coated LAO substrate prepared from the precursor solution modified

15 with 60 wt% PEG200 according to Example 5, and annealed at 700 °C for 10

minutes; and

Figure 20 is a flow chart showing a method according to the present

invention.
20
Detailed Description of the Preferred Embodiments of the Invention
The invention primarily relates to thin films of ferroelectric materials with
a high mole fraction of Pb(A2+1;385+2;3)03 substantially in a perovskite phase,
25 wherein A is zinc or a combination of zinc and magnesium, and B is a valence

5 element, such as niobium or tantalum. The invention also relates to the use

of a chemical solution deposition process, in which a precursor solution is

modified by addition of a polymer species thereto, to effectively stabilize the

perovskite phase in the thin films of the ferroelectric material relative to a
30 pyrochlore phase on various substrates.




-19 To prepare the ZN solution, a zinc organic salt, such as zinc acetate,
is dissolved in 2-MOE at 80 C for 10 minutes, followed by an addition of a
ni obi um organic salt, for exanple Nb-isopropoxide, to the solution under
reflux 5 or with mechanical stirring. Upon clarification, the solution is
cooled to roomtenperature. To prepare the MN solution, magnesiumnitride
is dissolved in 2-MOE at 110 C for 10-dBnutes, follomed by the addition of
an organic salt of niobium for 10 exanple nlobiun1isopropoxide under

refl or nmechanjcal stirrin ficati t he solu is cpol ed
to rg)dm t enper afhagnvc%gtbw hgﬁeyg'ﬁaeﬁ’??dtés ﬂ?ﬁ?'%\%é A PFEPRIE irﬂf'g@'fnéd at her
than Nb f oferidegedthé MateridiBDf4ehPa foyHLR 1@%@2&@%{@%&%@
tantal um et hoxide is 15 substituted for the or%&r;ﬁc sa ni 03b| um and

the requir éBTL‘ er (i 1>@Hbﬁ(3nM@b/ameb)@s g i0s 1Hed 7e) with arropler baction PT

2t 115 C R TTRE I Begnlh AT et ameBlire, o EnD B e o
prepase t hpefdlskits EhaQél rélhtive Qinthee ppeichlods habendtypically hthePele #hLtidN, and
PT solutions _are t xed at room tenperature to obtain the precursor

sol uti on, gfeﬁé%{wswbwm ig teerfeenelestic snatsriabisagneaterghand.Hp.eclitis é in
sol ution %ék@f%%ﬁa&i Xo bdugdeYkeﬁQ%hy 7i8ld %h%c"h)é%roﬁge%rg%\fég:ereto'

Preferably, the polyner species is ene glycol, I'np

pol yet hyl eperogbmm)fermetldmtac métedalsaot geelegditfonfiul20RPZKIREG2 G6th. xF0atlleast

precur sor gl Utl\lamp is nodified by addition of PEROO in an amount up to 60
wt % based fal oxide content in the precursor solution, but - 20
opti ggl results are obtained when the precursor solution is modi f i ed by
addi tion of 60 wt % PEG00 based on the netal oxide content in the precursor
sol uti on. The nBwEfeiabdy, pﬁ”a:deﬁmlesmbumamrlalswt Keo) Rip@ni b )0 x@bI R4 ace of

per ovek ¢ elEPRg) % “f e Al TEBBIPhe MG heae Fie b BBk st P B B Ty o

with a pergvgkite structure deposited on a perovski-te single crystal; or a
conductive oxide layer with a perovskite structure epitaxially deposited on
epitaxi al buffer |ayers successively grown on non- perovskite substrates. 10

Typi cal ly, the If 3
conpiesi g Laxs) om0 s e iRhEnEA Do Res T WHIAPPT SR PN
LaXSri _XFeP3. snﬂ'glpl(ﬂ'%tbl& at&exﬂnbﬁéctw;ﬂhamercdrﬁ ssHi®t beslirid the mogsitiopic
conpri si ng ttr| a bilized zirconia (YSZ), YBa2Cu30~ s (YBCO,

Lao. SSro 5 ary (MPB) between rhombohedral and tetragonal ~phases.
Advantageously, the thin films of ferroelectric material of the present invention
can be prepared with the composition around the MPB. The composition of the

20 thin film of PZN-PT-based ferroelectric material around the MPB is
0.9Pb(Zn4;3Nb23)03-0.1PbTiO3. The composition of the thin film of PZN-PMN-
PT-based ferroelectric material around the MPB is 0.462Pb(Zn;Nbz23)0s-

0.308Pb(Mg1/3Nb2/3)03-0.23PbTiOs3.

25 The perovskite phase of the thin film of ferroelectric material is stabilized
relative to an undesirable pyrochlore phase when a surface of a substrate on
which the thin film is directly deposited also has a perovskite structure.
Accordingly, the thin film of ferroelectric material may be deposited directly on a
perovskite single crystal substrate or on a conductive layer with a single crystal

30 or epitaxial perovskite phase. The conductive layer can be epitaxially grown on
a perovskite single crystal substrate, or a non-perovskite single crystal

substrate, such as silicon, through infroducing appropriate oxide buffer layers.




15 The epitaxial deposition of the conductive netal oxide |layer and the
buffer | ayer can be achi eved by using any existing nmethods of epitaxy and,
not abl y, vapor phase epitaxy, netal organic chem cal vapor deposition
(MOCVD), nol ecul ar beam epitaxy (MBE), netal organic nol ecul ar beam 20
epitaxy (MOMBE) or liquid phase epitaxy, or pulsed |aser deposition. In
relation to the buffer |ayer, the thickddss of the YSZ layer is 20-150 nm
the thickness of the YBCO | ayer is 100-250 nm and the thickness of the
LSMO | ayer is 200-350 nm 25 The nodified precursor is applied to the
surface of the selected substrate by spin-coating at a speed of about 5000

rpmfor 30 secon i Py C i | rally
OFied at 100 G ror 5 ok darone ptbeimehPa the Ufvaitlorf 1R bSR3 c

for 5 mi nutebglencrysiahrsa®h ashellOn(-AD), 560 & gesovskitenstrudiere, and-thé tfime

above descrjbe rocess .may be successively repeated until .a thickness of
Sbout 250 it & BiTeS Matglet B X alE TR P e ARty s At et S

t enper gt ur etheeduMRRe S18Re EMYIcHREal10 M nutes. 5 The thin film of
ferroelectric material may optionally be provided with a top el ectrode of

Au | ayer of 200 nmin thickness, which is deposited with a sputtering

nmet hod. Accor di ngl B f fetroelectric,material wth.a. high nole
fraction 10 of RhcaRerakls bhicBafhent il firkfod B RuBaBloata & disd

wher ei n A i seroivskiteostractueabiandt fhentih fAinnef Fatlosaemties ryteriging Epitaxialgl ence
5 el enent, fsuch as niobiumor tantalum deposited on a surface of a
substrate cRAMEE P} bsdexiyredparavskitesucie af thesystasce; fibe pubsisatei bed

met hogyof the present invention. 15 The invention will now be further
descn%ed with reference to the foll ow ng exanpl es. EXAVPLES: 20 Exanple 7.
PZN-PT thin fil nip @furthe® esubedireng the substratexisnptendudiive meiadoaidedayef

epitaxial ferroelectric, (1x)Pb ~, 3NbZi 3) 03- xPbTi 03 (PZN-xPT) . thin fil nms
on a perovsyith @e[%ﬁ_tkﬁg S(té'ﬁégreséégv@?'éfr@‘}éﬁe@&@s? rséﬂ@gé i@%s’@?f%@éy‘"t@s The
PZN pr ecur sgérogekitt! isBOcH@S, BREPREEthiR Yilf bﬁltfeﬁ'bé%%%é' gﬁ%ﬂg)&g@%ﬁﬁ@&&ly

trihydrate (0.00500 nol) in 2-nethoxyethanol (2- ubsequent |y,
ni obi um i soierBgdxandbe(@roluctice layey. Wasfemtlypdhecondactive metaroxide layer is

ool ottt o radbEEl” HehePacti “sorbiiid: b bt or B 05 dranisr "
trihydrate $RIDL2%,88 Lo}, RS WasOprepared at 115 C and the sol ution was
stirred for 15 mnutes. The
In a yet further embodiment, the substrate is an epitaxial metal oxide
conductive layer with perovskite structure epitaxially deposited on at least one
20 buffer layer on a single non-perovskite crystal material, and the thin film of
ferroelectric material is deposited on the metal oxide conductive layer.
Preferably, the conductive metal oxide layer is selected from a group
comprising LaSri.Mn0O;, LasCaFeOs;, LaNiOCs:, SrRuQs; LaxSriCoOs,
LaySrixFeO;. Typically, the conductive metal oxide layer is between 200-350
25 nm thick.

The buffer layer and the conductive layer are generally selected from a
group comprising yttria-stabilized zirconia (YSZ), YBa,Cu;O7s5 (YBCO),
Lag.7Srp.3MnO3 (LSMO), and comprises successively grown epitaxial layers of

30 zirconia (YSZ), YBaxCuzO7s (YBCO), Lag7Sr0sMnO; (LSMO). Typically, the
YSZ layer is 20-150 nm thick, the YBCO layer is 100-250 nm thick, and the
LSMO layer is 200-350 nm thick.




-22 two solutions were then mxed at roomtenperature and diluted with
2-MOE to obtain a concentration of 0.3 M The PT precursor sol ution was
prepared by dissolving | ead acetate 5 trihydrate (0.03450 nol) in 2- MOE at
115 C. A separate solution of titaniumisopropoxide (0.0300 nol) in 2-MOE
was prepared at 80 C. The two solutions were nmxed at roomtenperature, and
the mix solution was diluted with 2- MOE1fe obtain a concentration of 0.3
M. 10 Finally, the PZN and PT solutions were nixed at roomtenperature to
obt ai n PZN-xPT conpositions with x fromO0.1 to 0.5. Alternatively, the
PZN-xPT precursor solutions may also be prepared through the nethod

descri bed bel ow.|pl h r ol P Yiaf

di ssol ving | ead Igcgglgt lgal?r&:}lﬁf/dﬁ? gé?ﬁergl%h'% I\é’aérygfa? ﬁ{?géjlégt Iﬁarblj)lﬁérz '2- MOE)
at 115 C. zpteterab(408)- Qﬂemeﬂcﬂllcmml) was added to the solution wth

mechani cal stirring. The solution was allowed to clarify then cooled to
roomtenperature. A separate solution of 20 niobi umisopropoxide (0.01000
nol) im 2- MOE Wh@b@@@ﬁcﬂﬂe@mﬁ)lsﬁer HBScribi SV fuRBBoEAS bbikea s@bdi%@ at
roomterrperature and diluted with 2-MOE to obtain a concentration of

The PT pr edaveiorfosdhat ﬁaﬁ?ta!b@t@neﬁﬁrﬁw eravsidtel whage | ehdhacthiat fablmzsof

| Sop! opoxi BP0 300 e e MraiBlidde e R BhOEB e hatilst It Fons

were m xed aaboweodmn&sm@measmmmc&mkatémtmmt $0lpubsible wasorth lautregl fivhtdy 2- MOE
to obtain i:entratlon of 0.3 M 30 Finally, the PZN and PT sol ution

precur sors WEPEEHNG dateral anng E‘%‘"Pﬁ@‘{sﬂﬁt@e‘i'”@lénﬁdﬂﬁ|%4’P§t"é‘ie r & as
tenmper@t ur esdlég?ﬁ Wﬂf‘r@&&él(ﬁﬁ ag{)bl @rléta%ge'nﬂ@dlaﬁz%ﬁgr %’oa St neh-M

-23 Three PZN- xPT precurs ions for target co erel n x =
0.1, 0.2, peovskile subsirate dnd thie epiiaxiainparovsjdte methl anldiedayersondi tions in a
gl ove box as descri bed above. PZN and PT precursor sol utions were prepared
5 separately and m xed according to the target conpositions. Notably,

however, the PZM airthd?ladvapaeSOn the QrbbéRNavarioR cWe?YlhéiSFbé@nft BechinbRigymo! ar
excess of Pb with respect to the stoichionmetric ratios of the target

Conposi t| oni§ that teninicikaess qfdhlmtﬂn@a/abf&rmalwtndmnatﬁgabdm;ldcﬁmmd wnmsal

b wh b
ana i ea 2REnshgPRRoRCRTbfybisCle, eioelind b ot el TR sl 0"
t oget her, dwyoadesbverdlimiciomeeisiod i n whi ch m xed Pb-Zn and Nb sol utions

were prepared separately and m xed toget her subsequently. The PZN sol ution
prepared with the former nethod was still transparent and denonstrated no

The thin films of ferroelectric materials of the present invention exhibit a

high dielectric constant and excellent piezoelectric properties. For example,

20 the thin film of 0.77(0.6PZN-0.4PMN)-0.23PT discussed in Example 5 exhibits

strong ferrolectric characteristics. The dielectric constant and loss are 3497 ad

0.06 at 1 kHz, respectively, and the dilatation of the thin film is about 325 pm in
thickness direction at 5V.

25 Accordingly, it is envisaged that the thin films of ferroelectric materials of
the present invention will be employed in microelectronic devices and
microelectromechanical systems (MEMS) devices, such as:

(1)  integrated piezoelectric micro-actuators for many diverse
applications, including microfluidic, ink-jet printing, nano-positioning

30 (for example for hard disk drive, nano-scale manipulation, and such

like), micro ulirasonic devices, optical switchers and modulators,
switchers for RF MEMS, actuators for bioMEMS;




15 precipitation even after at |east 6 nonths had el apsed since initial
preparation thereof. The PZN- xPT sol utions were subsequently nodified with
" pol yet hyl ene glycol with a nol ecul ar wei ght of 200 (PE&00). Based on the
wei ght of the 2 o netal oxide in the solution, 30-80 w % of the PEGO00 was
added to the PZNxPT sol utions, and the solution was stirred for 30 m nutes.
The solution was then spin-coated on aléIOO)-LaAIO3 (LAO single crystal
substrate at a speed of 5000 rpmfor 30 seconds in a clean room The wet

film were dr [ nutes, .foll vvedb r.olysis at 430 C
for 5 m nut eé «Sstg&ﬂ'gage%%nté@?%@caﬁa@QHC%'S %?H%%'Qg’ A thickness of
0.25 pm was @B} a| mﬁldrcbtegoﬁﬂﬁﬁklfélgrnbhg dI@K/I@@%ﬁ)IICéﬂ'@gl Imwas finally

anneal ed at a tenperature between 580-700 C for 10 m nutes. X-ray

diffraction (@()?D) integated pigrgictentideisensarsaard.ngl e perovskite phase 30 was

obt ai ned Wne r [ bove 30%in nole. Figure 1 shows the
X- T ay dit1radp ﬁ%&%ﬁepat J@hs F‘Cﬁ%% PZN-0.1 PT, PZN-0.2PT and PZN-0.3PT
thin Eilns anneal ed at 580 C for 10 m nutes, which were derived -24 from

their correspongi n]g pr,Fcurg\(}r sol utions m)_di fied with 60 wt % of PEG200.
Doni nant ferroe edltip; flmepb\igroelecideatafial nwithoa gl iredleatiiaghonept
obt ai ned f s I I d,
whose evi dgh e !’?’nEE:r% ?ﬁb%?i?t@‘)(/}megﬂg ro&%kﬁ%!théﬁc@ﬁ r%z??g% ﬂEI S’lrlj\régs 2,
3, and 4 Squan'kaltmntherIpttnandcgnesuht sarmf Bpisam evalelbé) 5 @lernbet, seichvaki t e

h the, PZNO. 1, P PZN- 0. 2PT d Pz PT t hj fil { |
e T bl t BOLHEN G LATCAET bt BiREERh ECG0RING JosheatolpH g GesbRa R BRI, n

filmgphas ﬁhefﬁhdw|c©rd|:m§,le§"tﬁo@?dirfgj;bagjiééﬂréd?ré?ﬂ@br?Iébh%lﬁ%] 185@AD opR Bhe LAO
substrate. 10 Figures 5(a) and show t he scanning efectron m croscopic

(SEM i magewdifging: the piecuiser antu:tlenobxs -agdslitiaronf o polyPaer GpecieF thieretof i | m

P 0. ot eRpAng e noEE oS sdlih ¥ slitaed6ER Phatiiishr Mt

around 0. 2a d¥atinfanesone bedalubfedtipgehvasbatingttben ausaf fegtindntadrd fomidg | ns.
15 For conparj.son, PZN-xPT thin filns were prepared on a LAO substrate with

the sane p fdAindhg PesRuskiteb@sabov e except no PEG addition in the
_precggsor solution. Figures 8(a). and 8(b) show the XRD patterns for
PZN-02PT thin filnms prepared from solution precursor without and with
PE&00 20 nodi f Aclargeincompesition ifoeltye désired derroeleckig ma#éda), ist Meﬂéﬂl-o 2PT

fil f I ho add hi bi
plyr (Tchlr 8&*5&&5& Iﬁlﬁ?(ﬁ{lq?\é\ﬁt'tqnﬁ&[%i:%ég '?S??ﬁeé;s{ﬂr@ %ﬁ%‘%\/@lﬁétgﬂgﬁ %"ﬁetyﬁ‘ﬁ"!%hl ore
~ phase stil{q. Q}PB(ZﬁI;ﬂf%%X@Q-xWB?IDf@ §9RCLR § 3f hag tHe Igeegernrgdaﬁmné% in

mol e. I n conttast erovskite hase was o ta| ne PZN- 0. 2PT
thin fil m BEN-DMN-PT-based t Iﬁ@fr@ﬂmﬁ nmalénmj soeut fypicallFhe( 1pg)PbiEnar e

phasg_coul d ep_t ceptration was inproved to 30%in
nol eSOFor YOrpar é%ﬁﬂBaT-"%%-—‘mB E’I’J}ﬁ?’ npic(?Q mb_@ prepared on LAO substrate
fromthe PZN-PT precursor solutions nodified with the PEG of different 30

nol ecul ar wei ghts. Ethyl ene édycol and PEG with the nol ecul ar wei ghts of
200, 400, 600 ahBe 1MSOUEF SOlinsY farothentargeicomposition| fori the, feswsladiiel v .

The amount pokeddiei" SRBLFP LY Hitind2d %70 IR WontdARGY Bstdifaliyt 2!

stoichiometric molar ratios of lead, A, and B to form Pb(A%"13B%"23)03 and a
25 second solution containing substantially stoichiometric molar ratios of lead and

titanium to form PbTiOs.

Preferably, the precursor solution has an excess of 15 molar % lead
organic salt with respect to target composition stoichiometry to compensate for
30 volatilization of lead during heat treatment of the film.




-25 netal oxides in the solutions. As described above, each coating |ayer
was dried at 100 C for 2 mnutes, followed by pyrolysis at 430 C for 5

m nutes and a pre-annealing at 580 C for 10 minutes. Figure 9 shows the XRD
patterns of the 4-layer PZN-0.2PT thin filnms prepared fromthe sol utions
nodified with the 5 PEG of different nol ecul ar weight after annealing at
580 C for 10 minutes. Referring to Fig-19; the filmprepared fromthe
PEG200- nodi fi ed sol ution exhibits the dom nant anmount of perovskite phase.
In contrast, the filmnodified with ethylene glycol showed only pyrochlore
phase, and the filerPremuses seluliphs aﬂE@r@waneQryﬁermeelupaenm%ﬁn%lent

exhi bi ted ) : 1 o phase. For further conparison, PZN 0.2PT
thin fiInsqagkgﬂg%gggigéaéﬁﬁﬁﬁ()substrate from precursor solutions nodified
wi th varying concentrations of PEG00. 15 A PZN-0.2PT sol uti on was provided
according to the sane, praocedure as described above._ Various angounts of
PEG200 wer o i nt BLRBUSR ot HEPRERas: SBTNL TS off, PZAVBIAREH aRIRcH ] ms
were tden ' i ; af the
Fesal ting [T FEN 4RT SRiBhe' e phtndrad Sepml e artd ilcebat oty
enhanced witoHhe fgngessomgoBiien donbenm thenptelcarsoaisghution. 0 60 wt % based on t he
total netal oxides in the solutions. The intensity of the diffraction peaks
of the PZN-0. 2PT perovskite phase is the strongest when the PE&RO0O additive

is 60 W% and tTie PENCERIcaBRr &bILhAS HrepareB NSt 8isk8%mgldamciahievever

is
when PEG additive is 80 w% the intensity of pyrochlore 25 phase peaks
i ncreases. SAfusuchirs ginsudealaientihydrale, imatmethonystheno j 8t 8Ac’Gpt i nal

anou to i]J th .ovskite. fr. .t i . hi n
FTm G o fqduBfing 8 RRAIGYCEGbEICTAR SybAlas ABpILES o Gkl s dbel

al t er nat i veto3feveligtiorsalth bhechzmigarastirirgnot helukingrathesohftiohas ralelvedt i ¢
thin filnms was, al so, i nvesti ga ed. Several PZN-0.2PT thin films were

prepared frdaiARPI {hea 1 5P IEAWEFHYI-i SaSMATAIS, BPRNIPRWI 31628l i done
(PVP) of difbangdalt, s}l%ﬁ AP 20U AtattCiB S8 inlSAMEE ig%gg%reﬁ%)toﬁ Rg

1300000. The~anmount of the organic polyner specries was by wei ght, based
on t he met anditiededution ishstirsad fari hmimdesr JhwestwoPsaptiorsg amntheih pbeduats or

SO U1 NS ARt e SRR PR R R RRS TS SolthT § STBbSHLrTSr 6594 ' Ped
When Ta instead of Nb is chosen for the Pb(A%*1;3B>*3)03 system, a
tantalum alkoxide, such as tantalum ethoxide is employed. Preparation of the
solution follows that of the niobium organic salt.
20
The PT precursor solution is prepared by dissolving a lead organic sal,
such as lead acetate trihydrate, in 2-MOE at 115 °C. A separate solution of a
titanium organic salt, such as titanium isopropoxide, in 2-MOE was prepared at
80 °C. The two solutions were mixed at room temperature, and the mix

25 solution was diluted with 2-MOE to obtain a concentration of 0.3 M.

Finally, the PZN and PT solutions were mixed at room temperature io

obtain the precursor solution.

30 Alternatively, the precursor solutions may also be prepared through the

method described below.




5 patterns of the PZN-0.2PT thin filns derived fromthe PVP-nodified
solutions. As shown in Fig.1l1l, pyrochlore phase domnates in all the thin
films. Fromthe above results it is evident that nodification of the PZN PT
precursor solution with a water sol uble polynmer, and the species, anount
and 10 nol ecul ar wei ght thereof has significant effects on the structure of
the resulting PZN-xPT thin film Exanptd82. PZN-xPT thin filns on

LaNi 03-coated LAO 15 In this exanple, the preparation of epitaxial

ferroelectric (g%PE)%ﬁb, 3Nb2, %&% xPbTi 03 (PZN-xPT) thin films on a LaN 03
(LNO) - coat ed LAO BB} BrESUrsor soltiongs prepaediby fifstdisgelvinove lesd rgatict h a
perovskite r WaYa (e he € xPT
thin film %f'ﬁbgpﬁ [aeégdgééﬁﬁ% ﬁgy@f&t%’aﬁ %g%ﬁ%& arte %35?\&%@2;&9&% ‘hin
fil m procesAezincl argahics sakarmich, as heint Naxdtaten isaadgped ptar e tsofudiogh with

sol ution net hoﬁ. A I0. M LNO,sol ut.i on was Ergﬁa{oed bag)égliéssol V'Lelng a 1:1 nolar
ratio of 25TPERTMEAURTENGr ad BeaSRIUTOR i alIQweratos Cla &1 CORE%G 0 FRRMLNO
sol utign wagnigweatufeposi ted on the LAO substrate by successively repeating
the spin-coating cycle to achieve a thickness of 0.2 um The annealing
process was carried out at 700 C for 60 m nutes. The conductivity of the

LNO | ayer was 3. px10- 0 al uti on precursor._of PZN Q. 3PT was._prepar ed
W th the met hod Aeserdais TVt 8" RT3 nefhe et o3 dagBiRPE he
sol ution, Ge8&ploponeiegiit 2OBESHBeWRspa@deast 400°C haHer RUsRatiosPhtd ien. The
solution was, spin -27 coated on the LNO coated LAO substrate with 5000

rpm for 30 BRESNEE foemy teMmnaratuse nentdivtedwith W MQE ¢ ehtairo@ dypieal 2

m nutes, fold is at 430 Cfor 5 mnutes and a pre-annealing
at. 580 C for 1% %aﬁ%?QZD%AM?hi ckness of 0.25 pm was obtai ned by

successively repeating the process. 5 Finally, the filmwas anneal ed at 700
C for 10 mnutes,, A top.electr of Au of 0. I .t hiLkness was
deposited by spu lhgpiﬂ%'?%ﬁaglﬁgﬁ?i'ﬁﬁhoﬁﬁiﬂ@?ﬁlﬁp%&gzuﬁf pie)ss BSRIPe 212
shows the XBRrfi@nudlksxi@é, sl BLRbRaRRT chiftidiud | .

LNO coat ed LAO substra{te. lJI'he fil maexhieg)ljiﬂjtx(rlahdEI Eslegg]\?g%épg lg'% sgatv%%f t{lgOl )

ori ent at i orsolaygn/fodlowsthat ¢fithe eichivtmergeniceattochl or e phase was obser ved.
Fi gurﬁ 13 shows the frequency dependence of dielectric constant and
diel e ?ri c loss of a PZN-0.3PT thin filmgrown on the LNO coated LAO 15

substrate. The diigd @qt piceufsdn SolitionddhrepaeddedibadlirRng |Sadbradnid skirlz,

respectively. The dielectric constant is fairly high and the loss is quite
|l ow, whi ch S48 2983 agatatenirinydistesis HMORatAZAD 1Gi A separste Fplution pf a

hyst eresi s f P Ln i ' .ven,i ig. 14 ighi ting
typi cal fertitgglpgg rrq%@?ccgé{r\%gjtc @ral-gst[tlg"&'g n{ %bﬂ@%@eeﬁg_z I\EQE- [g{ ﬁf&?%‘eﬁé’?iq%ns on
perovski t e €andhettiwoesaluiictes Aaymibsedat sidm t@mperature, and the mix solution is

20 diluted with 2-MOE to obtain a typical concentration of 0.3 M.

Finally, the PZN and PT solution precursors are mixed according to the
target composition at room temperature. The concentration of the precursor
solutions is typically 0.3 M.

25
In relation to preparation of thin films of PZN-PM-PT-based ferrolectric
materials, solutions of PbO, Zny;sNbsisOs (ZN), MgisNbaiz02 (MN) and PbTiO;
(PT) are prepared separately and mixed according to the target composition to
form the desired precursor solution.
30

To prepare the PbO solution, a lead organic salt, such as lead acetate
trihydrate, is dissolved in 2-MOE at 110 °C and stirred for 15 minutes.




Epi taxial PZN-xPT thin filnms can al so be prepared on a conductive oxide 25
| ayer which is expitaxially grown on sone substrates whose structures or

| atti ce paranmeters do not match perovskite PZN-xPT thin filmthrough

i ntroduction of appropriate buffer |ayers. The perovskite conductive thin
films include LaXSr~_ xWn03, LaxCa~_ XFe03, LaN 03, SrRu03, LaxSr~_ xCoO03,
LaXSr~ XFe03, etc. 30 In Exanple 3, epri9xial yttria-stabilized zirconia
(YSz), YBa2Cu30~_d (YBCO, and Lao, ~Sro.3M03 (LSMO) | ayers are
successively grown on (100)oriented single crystal silicon substrate,

foll owed by deposition of an epitaxial -28 PZN-xPT thin film The

epi taxi al deposi+] t tive L I f . r n be
achi eved by usi n-E(5 g%ﬁ%@%i%eﬁ@{ﬁ h'&’dg fgﬁ!\@a% '?] gcxéléignsg}}%n%%{h?é,%e@%%@r@' phase
epi taxy, nediasoloediani Z-MOEnatc80 Cagor 1depimites ofoloMaGVDY ,armaliditiohasf Beam
epitaxy (MBE),. netal or i c nol ecul beam 5 epitax MOVBE) or liquid
phase epit a@déb'uﬂ% o@mgg@’,f(‘:’f ﬁéa%‘&?‘? %‘S%WQHQ%FO K%EggHHO%HPQ@Hrqf%er
deposition e ('leFQm- b NG B G i i

subst rgt e V\éﬁg’@r‘nrﬁ?@ - pol iéstﬁg‘gb'surfacg%?lgeﬂ(ﬁgetﬁé{%Ilgggo%ﬁﬂi%ik%?@?pl e
oxi de | ayertemBséiore the film 10 deposition, the mirror surfaces are

cl eaned by etching with a 40% anmoni um f | uori de aqueous sol ution. The
single crystal substrate is then secured to a substrate hol der equi pped

with rotating antb pesdre IhemMNBBILEIBR, HaghabiAdnitfiddisVaisssived REIMOE dihe
vacuum evaporation chanmber is evacuated to a vacuum of 10-6 Torr by neans

of an oil dl'*¢ (sfempmiptandotiowed bydhe additios ofanrweae@aa&cgm?mna:r )
Cvaporti i or e ehion il As0biopi(EL Wt k. OF iiRyRifeed BRHnS " Lol g on |

i's i ntroducsdrifidatioh| thepsolotion iWwoled ferdnat@tipérataer esponding to a Zr+Y
alloy films thickness of 1 nmis reached, oxygen gas is introduced froma
nozzle at a rate of 10 cc/mn to react with the netals to 20 forma YSZ
filmof 20-150 nmyifigek undbistsdipiedty: [ ' ' ﬁéggnp%a 0 be
deposi ted by az’I?LDI rocgrs]s. '?I%e Hggogpﬁoﬁéﬁe%%géﬁuggh?g ,fbar?lﬂgl‘%t he
initial oxyiprBSeu@; isystetn, a rthataldroralkoxidepsectofasniantales, efhokidewsd by

[ t0.5x10-4 .25 Epitaxial YB d LSMD | . b
Subschtiont 1S ERUREER dPB e saliof BTemp 050 o0 PUBEE) SR IS HIEP A EHanber
on the epitaxgddcerived didve@ For the deposition of YBCO, the substrate

t enper ature -and oxygen pressure are 730 C and 0.5 nbar, respectively. The
typi cal thickness of the YBCO film30 is 100-250 nm The substrate

t enperature and r .e 6/ nd, 0.2 mbar, .respectiyel. for

t he deposition ofg%%rgftﬁégﬁ g%@‘ﬁpn Mg:o gﬁﬁ%rlgﬁ%ggl_uuong ?é I%%é#’”’%@l fied
PZN- XPT pr eqrgrsrepafsdl bt 2-000ESatpT BpaCesh®80010]iregpddlivelie TRE had stdsiforisbed in
Exanple 1. The solution is spin-coated on the conductive surface of

LSMO 2BcO asg/teen siked ixpeenare the RE spldiasyat wogs tampryatyrebed i n Exanpl e 1.
A top electrode of Au layer of 200 nmin thickness is deposited with
sputtering nethod. Exanple 4 (1-x)Pb((Zn, My) 1/ 3Nb2/3)03-xPbTi 03 ( PZM\- xXPT)
thin filns on LAGnaly, the BbOutAMnMN,eana T Sofudions are then mixed at room

((jés)éz IP Béézggwﬁ?étﬁlr\leb %é 361)933{6 )%ﬁg -pr)irggur grz S0 utFi)(-)r . éer}i}er}aﬁ)i/ IWit aw%ﬁc rgt? t%rnegf as
0.3 M.
25
The precursor solution is subsequently modified by addition of a polymer
species thereto. Preferably, the polymer species is polyethylene glycol, in
particular polyethylene glycol with a molecular weight of 200 (PEG200).
30 The precursor solution is modified by addition of PEG200 in an amount

up to 60 wt% based on a metal oxide content in the precursor solution, but




Four sol utions of PbO Zn~, 3Nbzi 302 (ZN), M~i 3Nby302 (MN) and PbTi 03 15
(PT) solutions were prepared separately and m xed according to the target
conposition. To conpensate for Pb evaporation during subsequent thermal
treatment, a Pb excess of 15%in nole with respect to the stoichionetric
anount was added. 20 To prepare the PbO solution) |ead acetate trihydrate
(0. 02650 nol) was dissolved in 2-MOE at2810 C and stirred for 15 ninutes.
To prepare the ZN solution, zinc acetate (0.00462 nol) was dissolved in
2-MOE at 80 C. for 10 m nutes, fol]l owed by an addition of Nb- |sopropOX|de 25
(0. 00924 rm@I?t'ff‘%f RIS TP biainashiaen fla piacusorgolutiondsimedited by @d ditiong.

Upon cl arif el re are
the M S0l UL T o B0 Bl o R DR e i YRR PRh Sotn 2”3
110 C for 10 mnutes, followed by the addition of 30 ni ob| um i sopr opoxi de
0.00616 nol) under refl. or nmechanical stiJrin ar|f catipon, the
gol ution vvas) cogﬂé% 'I‘Bd'F“B@nPﬁe&Hb‘ié’Wa?le%on S é T%)FBIPB E‘rgh‘? 5y Ia?es @t i on,
two separ at@e@@tle@tmaﬁa@f Tﬁ@@u%ﬁét@%%élﬁﬁ@}’lﬂﬁtaér% - nﬁ%%%ma erblsiieME at
115 C and Ti -i sopropoxide (0 no) MOE at 80 C werée prepar eg The

two sol uti oﬁ@glﬁeﬁwsﬁﬁeﬁuhﬁ?tk@& tSJqu\r @;salLé\Q he pondadtivei omidat layesmwith a
t t t d
at T oom t erpePUPNRESEctyls BekBitest B o beeBEes StdTs Fraten of %oRpOsriFon  of

0. 77(0. 6PZ|\b>adéw@r -Witl2 3Peranskie ﬁhﬁbt@?@épﬁaﬁéllylé%ééﬁe@%r@efiféﬂaﬁl_@lhﬂﬁéﬁ on
was dlluted with 2-MOE to obtain a concentration of 0.3 M 10 Vari ous

amount s of |BEEISCRICREPHVEl @SR ©N an-peroystite substtatasMN) 0. 23PT sol ut i on
precuygor, including 30% 45% 60% and 80% by wei ght, based on the netal
oxides in the solution. After stirring, the solutions with PE&QOO were
respectively spiTiypicallyedhencandubfive uhstal anddeatayed08 s¢loctedr frdf A5geeponds.
Each layer was dried at. 10 fo m nutes, followed by pyrolysis at 430 C
for 5 m nut%ﬂa%ﬂn%ré'aa%'ﬁé&rﬁaﬂg L@ZQ)%TEX €Qsor LabiQ, n RIBYO:F §ary1G0sesent s

the XRD patitgens,Felost heySicaift th%hdrem M%&%&% i E@Z% 8'?5%%@3’3‘%% from

the solutions nodified wth d erent anmount o rn Fig.
15(b), wit hytB@a-stabiizéd REGDUE ((8d). YBaLu D5 {¥BOD )y LagsBpsdod;bEMOhe
resul{éng filmmainly exhibits perovskite phase and very mnor pyrochlore
phase.”Wen the PEGQO00 amount is increased to 45 w% 60 w% and 80 w%

only single per O‘Pﬁé('épﬁaﬂlléﬁ%%pﬁéﬁloﬁegptlf@atcﬁﬁa@&lveaﬁweﬁ'lomdénla LPan

15(d) and 15(e), respectively For conpari son purposes, e soﬁutlon
wi t hout addbuffesriaper aay bEE&blevaﬂsbyaUSmgdmmpsumdgdneﬁ]ommfsebm)«yaaed usi ng
t he same pr cribed.. above. The XRD res lS gl ven

ey o BURSEBI vl BRE5e OBPUBR0 Y Bistah ol ShEcal VRN ASHOSE O o

is formed I(M(DCQ’DQI Inidlcaglat batant epitnxdO (VIBE), hadtal or&é}ﬂcr%wdu%rdsamst rate
that addition of PE&R00 to the solutidon
2 epitaxy (MOMBE) or liquid phase epitaxy, or pulsed laser deposition.

In relation to the buffer layer, the thickness of the YSZ layer is 20-150
nm, the thickness of the YBCO layer is 100-250 nm, and the thickness of the
LSMOQ layer is 200-350 nm.
25
The modified precursor is applied to the surface of the selected
substrate by spin-coating at a speed of about 5000 rpm for 30 seconds in a
clean room. The resulting wet coating is generally dried at 100 °C for 2
minutes, followed by a pyrolysis treatment at 430 °C for 5 minutes and a pre-
30 annealing at 580 °C for 10 minutes.




precursor plays a crucial role to pronote the formati on of perovskite phase
in the resulting PZMN-XPT thin film -31 Exanple 5

(1-x)Pb((Zn, My) ~, 3Nbv3) 03- xPbTi 03 ( PZM\- XxPT) thin filnms on LSMJO LAO 5 An
epi taxi al Lao, ~Sro, 3Vh03 (LSMO) thin filmwas coated on a LAO substrate as
bottom el ectrode by pul sed | aser deposition (PLD) nethod. The processing
conditions were the sane as described r2l1Exanple 3, resulting in a
conductivity of about 3x10-' S2~cm 10 A PZMN-xPT thin filmwas then coated
usi ng the same PZM\-PT solution with 60 wt% PE&Q00 additive, which was
prepared accor di hge taPvRedawtrined ProaeRanRY e Biccesuvelypeppatade UDBIVD fi | m
The spin c i p Of: - i room
Each coati ﬁg‘ﬁkg%%aswgfggge’g?qﬁ@@%ﬂ?%r T enf"Hﬁ?seE%%fé [gméehdﬂag?/é%gpgl ysi s
at 430 C f denfparatune betvigerab8i0{T06-"anfoedi0i mipnutés.580 C for 10 minutes. A

t hi ckness of 1 pm was obtai ned by repeating the process. Finally, the film
was anneal ed at 700 C for 10 mnutes. Figure 16(a)and (b) showt he XRD
pattergs of the iA. WNhy PRLDI A

LSMO- cgat ed LAO &%gﬁiﬁaﬁﬁ%ﬁggf%ﬁ at a&%@%ﬁ%%‘%@éﬁ@%@%%ﬁ% 1thI'I?ue
filnms show t@pselegiredp ef dws kaves ¢fh2R@ nw tin thickingss, (Wlaith )is atepesited ivdth aTop

el ectrode lgﬁiﬁ n('ﬁf Aut wi th a thickness of 200 nm was deposited by 25
sputtering. {fu g rﬁhﬁpesents the polarization-electric field (P-E)
hysteresis | oop of a 0.77(0.6PZN-0.4PWN)-0.23PT thin film indicating the
strong ferroelectric characteristics. The remant pol ari zation and coercive
field are 20 NC/Aegordinglyz@ thin filn ehferresipeldcimaterial with gohighduele fiationows

the f Lelact 1] i al ectric |
(oo LEF TP R P RBETRTGy SLndtafial; i & pERRRRIbrRGe, BBErh & SN 8ra°5" 06
at 1 kHz, rempeioativelof.zifibearki ghagtiesiuest ahd B destarices Boglenide, suctatas

potential of, E’ZI\/N—X T thin fil m@aﬁ cagaci tor diummaterial. 5 Figure 19
presents a TRPLEL A FRIHGIMBh ACRISHGH 0§ BEURES Oh St PSRt EN PrirgpRts Bat a,

under a si NgoMYEncd With ?i:nfa}e\ﬁlﬂsw 88s gieharﬂét@fﬁecﬁ\e@?@ré%t%gﬂgﬂe

dilatation of the thin m s about 5 pm ctive I's estimated
to be about 65 pmV without taking into account the clanmping effect of the

1 o supstrate. The actual piezoel eciri onstant. should be significantly
hi ghef? than this v%l'[])é‘?r?%'fé’}"ﬁa‘ﬂ%‘f’y,ea P dgsciiped with Peferente to “fhe

0. 77(0. 6PZNoflowiiNxaPn@8ET thin filmcan al so be deposited on

LSMO YBCO YSZ/ Si substrate. The fabrication of epitaxial 15 LSMO YBCO and

YSZ | ayers on silicon substrate is as described in Exanple 3.
EXAMPLES:

20 Example 1. PZN-PT thin films on LAO substrate
In this example, the preparation of epitaxial ferroelectric (1-

X)Pb(Zn13Nb213)03—xPbTiO; (PZN-xPT) thin films on a perovskite LaAlO3 (LAQ)
single crystal substrate is described.

25
The PZN precursor solution was prepared by first dissolving zinc acetate
trihydrate (0.00500 mol) in 2-methoxyethanol (2-MOE) at 80 °C. Subsequently,
niobium isopropoxide (0.01000 mol) was added to the solution with mechanical
stirring or reluxing. The solution was allowed to clarify then cooled to room
30 temperature. A separate solution of lead acetate trihydrate (0.01725 mol) in 2-

MOE was prepared at 115 °C and the solution was stirred for 15 minutes. The




Figure 20 is a flow chart showi ng a nethod 200 for preparing a thin film of
ferroelectric material according to the present invention. The thin film of
20 ferroelectric material has a high nole fraction of Pb(AZ ~, 3B5~2, 3) 03
substantially in a perovskite phase, wherein Ais zinc or a conbination of
zinc and magnesium and B is a valence 5 elenent, such as niobium or
tantal um according to the present invengZen. In a first block 202, a
precursor solution is prepared which contains |lead, Az’ and BS~. In a next
bl ock 204, the precursor 25 solution is nodified by addi ti on of a polyne

speci es. | g SQlyiienfuwate Blescmixagbat foeen tsaperatemnscdiiuied Wi &M@ tps
applied tob@; Elrézg@ﬁcé?ﬁr&ﬁ‘loﬁ%%tﬁﬂﬁe and forma coating on the substrate. In

a further e coating I's subject to a heat treatnent and forns
the filmin the perovskite phase. 30 Nunmerous variations and nodifications

wi ||l suggest th elves to erso s.skilled in the rel evant art n_addition
to those already cr iheers Wtsﬁ’gmond@’p“ér PT@P@"WOW P‘F?éog’ ée@c?]\ﬁ@ﬁﬁ fe

concept s. ﬁhhyéﬂéﬁ%‘ (Y@Bh% 'n%]Z:ri"QqVIOE 361980 | ﬁaééﬁrétea%&mg&n BFt:fé?rrlﬁhder ed

within the scopeo res invention, the nature 'S tob
det er m ned Iﬁmlaﬂ@pohldef(ﬂr(lﬁ@@r mgl)claeﬁeMQﬁ wan prepargd a8 1% The Awosphiidnef
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zinc or a cpraptaiatd eshcintratibs ofod3 vRgnesium and B is a valence 5 el ement,
the nethod conprising: providing a precursor solution containing |ead, AZ

and g5~; nodifying the precursor solution by addition of a polyner specres

SubstiGi e and’ ¢ dhf, 8 PR AP PIOSAGHSRE ek b irigh RtPRdERB ol &
heat treat malna?ﬂ\li)antmpbheoﬁshu‘thlmfnbﬂﬁeO me@%klte phase. 15 2: The

nmethod as recited in claiml1l; wherein Bis niobium3. The nethod as recited
inclaiml, wherein Bis tantalum 4. The nethod as recited in claim1,

wherein the nol %Iférﬁéﬁ\r f?rfa @%hﬁ%ﬁﬁrdeﬁr@%rvﬂlﬂ% E@gz%lzsgl\‘z% D t hod

as recited in claim4, erein ractron o I's >
0.45. 25 6. thndughﬂbehnelthasl described befowel ai m 2, wherein the ferroelectric
mat eri'gl i's (1x)Pb(Zn~, 3Nov3) 03-xPbTi 03 (0.05 <_ x <_ 0.3).
The PZN'precursor solution was prepared by first dissolving lead acetate
trihydrate (0.01725 mol in 2-methoxyethanol (2-MOE) at 115 °C. Zinc acetate
(0.00500 mol) was added to the solution with mechanical stirring. The solution
was allowed to clarify then cooled to room temperature. A separate solution of
20 nichium-isopropoxide (0.01000 mol) in 2-MOE was prepared at 60 °C. The two
solutions were then mixed at room temperature and diluted with 2-MOE to

obtain a concentration of 0.3 M.

The PT precursor solution was prepared by dissolving lead acetate

25 trinydrate (0.03450 mol) in 2-MOE at 115 °C. A separate solution of titanium
isopropoxide (0.0300 mol) in 2-MOE was prepared at 80 °C. The two solutions

were mixed at room temperature, and the mix solution was diluted with 2-MOE

to obtain a concentration of 0.3 M.

30 Finally, the PZN and PT solution precursors were mixed according to the
target compositions at room temperature. The concentration of the final PZN-
xPT solutions was 0.3 M.




7. The method as recited in claim4, wherein the ferroelectric material is
(1x) Pb((Zn~~_y~Myy) ~~3Nbv3) 03-xPbTi 03 ( x < 0.3 and 0 < y < 0.7). 30
-35 8. The nmethod as recited in claim1l, wherein a conposition of the thin
filmof ferroelectric material approaches a norphotropi c phase boundary
(MPB). 5 9. The nethod as recited in claim8, wherein the conposition of
the thin filmof ferroelectric material28s 0. 9Pb(Zn~, 3Nb2, 3) 03-0. 1 PbTi 03.
10. The method as recited in claim@8, wherein the conposition of the thin
filmof ferroelectric material is 0.462Pb(Zn~, 3Nb2, 3) 03 10

0. 308Pb( My~, 3NbZi 3) 03- 0. 23PbTi 03. 11. The nethod as recited in claim 1,

herei n the. precyser pRQLIT B PO AR oF SRR EbIRASKBhs Wikrei x =

ferroelectric nmateri al ut’ion contal ni ng

subst ant i al 0y, €2, 013 wa;ee rprepaimtjamndeat d@snmbgbaaahd BmbAént, comditidd®s i@ form
Pb( A2~" 3B5 0 and d,solu i ng substantially

st oi chi ometQ!P& g’B gggé"lbol"%a Zj\l]an |Ff HT 1B O tﬁnpmqrg;pregqred-rhe
met hodsas r I m | 0 20 by
m Xi ng5 %}ﬁér%%iy gg?(ﬁbe(&]lj éggo, S sﬁdbfs?ﬁ]u éttlcfo?ﬁp ddﬁéo ?R{a‘b | 'r st s\% 'ut i on.
13. The rretllh\ed:’éN anglcPT ededurser solutidns whee arovnddnbwmln eclh%onolaokxtéssothas an

excess of 13 nmplar %/l e ect 1o targe gsition 25

oto ohi omei 79 TR CEBERC 18 ahpostelatanPie; s sn ob thPelith FoRgORERRS 1o

t reat ment Oéorhbénéatéﬂbr pBevaTPsraﬁ@hmmung%dbgéq&aﬁt th@rrﬁélatkéﬁtﬁwenmer ein the
pol ymer species has a nol ecul ar wei ght | ess than 40 -36 15. The

nmethod as recited in claiml, wherein the precursor soI ut| on is nodified by
481 o he RSYSTREoRREE 58 W, PICBRn e P BBRERAY BE YRS, 0,
in claim i, mideer2n-Nb ﬂarmpmoylselutnepewe?e prépared separately and mixed together,
compared with the method in which mixed Pb-Zn and Nb solutions were
prepared separately and mixed together subsequently. The PZN solution
prepared with the former method was still transparent and demonstrated no
15 precipitation even after at least 6 months had elapsed since initial preparation
thereof.

The PZN-xPT solutions were subsequently modified with polyethylene

glycol with a molecular weight of 200 (PEG200). Based on the weight of the

20 metal oxide in the solution, 30-80 wt% of the PEG200 was added to the PZN-

XPT solutions, and the solution was stirred for 30 minutes. The solution was

then spin-coated on a (100)-LaAlO; (LLAO) single crystal substrate at a speed of

5000 rpm for 30 seconds in a clean room. The wet films were dried at 100 °C

for 2 minutes, followed by a pyrolysis at 430 °C for 5 minutes and a pre-

25 annealing at 580 °C for 10 minutes. A thickness of 0.25 pym was obtained by

repeating the process. The film was finally annealed at a temperature between
580-700 °C for 10 minutes.

X-ray diffraction (XRD) results indicated that a single perovskite phase

30 was obtained when the PT concentration is above 30% in mole. Figure 1
shows the x-ray diffraction (XRD) patterns of the PZN-0.1PT, PZN-0.2PT and
PZN-0.3PT thin films annealed at 580 °C for 10 minutes, which were:derived




pol yet hyl ene glycol. 17. The nethod as recited in claim 16, wherein the

pol ynmer species is polyethylene glycol with a nol ecul ar wei ght of 200
(PEG200). 10 18. The nethod as recited in claim17, wherein the precursor
solution is nodified by addition of PEG00O in an anount up to 60 wt % based
on a netal oxide content in the precursor solution. 15 19. The nethod as
recited in claim 18, wherein the precus2bf solution is nodified by addition
of 60 wt % PEG00 based on the netal oxide content in the precursor
solution. 20. The nethod as recited in claim1, wherein the substrate is a
singl e 2 o fegdbeir caireppendieg prekirser seltienumedifiggawith 80t wi%n of NG 200,

forr o) ect I GniFRE b SR B nd QIR A0l GiBRERUT S SHhbtEh Te ©

the surface 0 e Singlré ¢crys Facrt e |nca|m20

wher ei n thefosmlgltlﬁa waymiles. | ©ripAhPdr 25yrotiidle phdseThasnebserdeds wheekt ed in
claim1, erein the surface of the substrate has a_ textured erovsklte
structure, %l@enqeelnﬂﬁ%eﬂmm gecreasingethedt T icenpenteation. Figuis 24 ,l%n

formeds; on tﬂ]’%s%&‘t}gg ;ﬂl{?segﬁ 9@!:?:11&{5} & Sp%ﬁé'ﬁ e?ﬂﬁetdé}?%&%téﬁﬁaggqn %e PR

subst rate he et reci erein t
substrate |(351ETc6’tm6t2R/'lé amelt BENeG.BBd 1mryénlmsv| tdsppetivalgkThe re*smltmshow

t |1 I kKite .
SFruot ure, BAETE LB pRraveRRe puarban due bRl e rime Res:a sinckk iy
formed on tmgn@gﬂeﬁrarubmh.lo@gﬁrepn%x?aﬂ ro%wﬁ%mm@ 19%0"epkirs. 1 n claim 23,

wherein the conductive netal oxid ayer I's selected froma group
conpri si ng LaxSr~ xMh03, LaxCa~ XFe03 LaN 03, Sr Ru03 LaxSr ~ XC003,

o o af g S AR o, SR AR SR bl iodlie (SERRL ' ©

epi t axi al | VintigeeSo etk ofade bRATrostRSedlishl®ra PENR0.1 PThEIie Bim thRegledesch
buffer layer is deposited on a single crystal material that is not
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were also observed on the surface of all the films.
15
' For comparisbn, PZN-xPT thin films were prepared on a LAO substrate
with the same procedure as described above except no PEG addition in the
precursor solution. Figures 8(a) and 8(b) show the XRD patterns for PZN-0.2PT
_ thin films prepared from solution precursor without and with PEG200
20 modification, respectively. As shown in Fig. 8(a), the PZN-0.2PT film from the
solution without the PEG additive exhibits a complete pyrochlore phase.
Further investigation results showed that the pyrochlore phase still dominated
even when PT concentration was higher than 50% in mole. In contrast,
dominant perovskite phase was obtained in the PZN-0.2PT thin film derived
25 from the PEG200 modified solution. The pyrochlore phase could be eliminated
when the PT concentration was improved to 30% in mole.

For comparison, PZN-0.2PT thin films were prepared on LAO substrate

from the PZN-PT precursor solutions modified with the PEG of different

30 molecular weights. Ethylene glycol and PEG with the molecular weights of
200, 400, 600 and 1450 were added to the PZN-0.2PT solution, separately.

The amount of the organic polymers was 30% by weight, based on the total




| ayer is selected froma group conprising LaxSr~_xWn03, LaXCa~_xFe03,

LaN 03, SrRu03, LaXSr~ XCo03, LaXSr~ XFe03. 20 27. A nethod as recited in
claim 25, wherein the buffer layer is selected froma group conprising
yttria-stabilized zirconia (YSZ), YBa2Cu30~_s (YBCO, Lao.~Sro, 3vn03

(LSMO). 25 28. A nethod as recited in claim25, wherein the buffer |ayer
conpri ses successively grown epitaxial -RAyers of zirconia (YSZ),

YBazCu30~_b (YBCO, Lao.~Sro.3M103 (LSMO). 29. A nmethod as recited in claim
25, wherein the single crystal material is 30 silicon. -38 30. A nethod
as recited Metal|xide 91 théhsolitionsheAsidrsicebed yahave, eachriagtingslayer was

hi gh ol e 1951 08 PCLoRd iR N puBhsR #CRd '€ 1078 Blndbsiinte °
phase deposa pestannealirgiaf 58E °Offoin16 whialle’! eFigeed ehowh theé XRD patérnd of

conbi nation_ of zinc _and rraFg}nes_i um and B is a valence 5 elenent. 32. The
thin film aberi@vesdaNORl tis filmgipseraneddreny the seiutions Toodiied W thei n

recitod in era o Jerhleod EEihs et aRaiy'Hh st o lEe IS 5%
~ 0.7. 15 3RBefefiurg tthi Ridh i 9,mttwes filrac ptegrhred torai the3 PEGDBI-enotlifidte swhltion

f ti f Pb(. bv3)03 is > 0.45. 36. The thin fil ited in clai
34, wher ei rPYNU A0 GBI STRUEY I Parevaate PIRpPL( I -CuRERb) 8% BT 05

(0.05 < x Bied) witB 7, t BRI i i | Lo 3 reha the
ferroel ect r?igd_rrlaeta evrv;tgleti[“gllé?[ie- Ql IQ%!( %@%ﬁéﬁﬁﬁ@&?g%@x%@%g ?H% <
0.3 and 0 <noglified Witly PEGfdargeTmolenilar fwdights sexhétmitade doiininarit aiynocddore

vvhere'i ac %sition of the thin filmof ferroelectric material approaches
a norphotropi ¢ phase boundary (MPB).

For further comparison, PZN-0.2PT thin films were prepared on LAO
substrate from precursor solutions modified with varying concentrations of
PEG200.

15

A PZN-0.2PT solution was provided according to the same procedure as
described above. Various amounts of PEG200 were introduced to the PZN-
0.2PT solution, separately. Thin films were then prepared as described above.
As shown by the XRD results of the resulting films in Fig. 10, the perovskite

20 phase is significantly enhanced with increasing PEG amount in the range of 0 -
60 wt%, based on the total metal oxides in the solutions. The intensity of the
diffraction peaks of the PZN-0.2PT perovskite phase is the strongest when the
PEG200 additive is 60 wt%, and the percentage of pyrochlore phase is less
than 5%. However, when PEG additive is 80 wit%, the intensity of pyrochlore

25 phase peaks increases. Thus, the results indicated that 60 wit% of PEG200 is
the optimal amount to stabilize the perovskite phase for the resulting PZN-
0.2PT thin film.

The effect of modification of the precursor solutions with alternative

30 water soluble polymers on the formation of ferroelectric thin films was also
investigated. Several PZN-0.2PT thin films were prepared from PZN-PT
_precursor solutions. modified with polyvinylpyrrolidone (PVP) of different.




39. The thin filmas recited in claim38, wherein the conposition of the
thin s ofilmof ferroelectric material is 0.9Pb(Zn~, 3Nb2, 3)03-0.1 PbTi 03.
-39 40. The thin filmas recited in claim 38, wherein the conposition of
the thin filmof ferroelectric material is
0. 462Pb( Zn~, 3Nb2, 3) 030. 308Pb( My~, 3Nb2, 3) 03- 0. 23PbTi 03. 5 41. The thin film
as recited in claim31, wherein the subgrate is a single crystal with a
perovskite structure, and the thin filmof ferroelectric material is
epitaxially fornmed on the Perovskite structure of the surface of the single
®

crystal . 10maEcuRieveights of 160C% 29000 S§00 anidall 30AA0.wibeeimoumieofsthegl e
crystal is ... The ,n filmas, rec in clam3l erein
t he surf ace%&hp&g@%tspéggskass %&d{e X WIQM ’p%?stﬁf‘s ?‘é %Icqﬁﬁiees n %% t he
thin film ofolitsr peiceesdrsC Preparitioniollprésuredi E@&U@hé And qmrm‘ntncma Rion
textured perovsklte structure of the surface of the substrate. The thin

filmas redProsaduiescvararesiplovast agi described apaveat EFQLgea11c§h@lU§tth9eXﬁ§Bt al
oxi de %ayerpé{ﬁérﬁs Qﬁrt 4 PN %S%&T %B%ﬂrﬂs%r%é'f?&&h%ﬂg%'rﬁcfdzftilé)dﬂ'sﬁluagné' ngl e

crystal materia per ov structure

ferroel ectris shatvann Ellg 1%, ppothsreaphysd dombhtes it detheothihufiiiisve | ayer. 45.
The thin filmas recited in claim 44, wherein the conductive netal oxide
| ayer is selected froma group conpri sing LaxSr~_ xMh03, LaxCa~_XFe03, 25

LaNi 03, SrRuU03, fE@pphin X2 rdstfSTic ﬁ@%nt‘tﬁﬁt H’t?dlﬁéﬁtlﬂnf b RpZgpt ed in

claim 31, wherein the substrate is an epitaxial nmetal oxide conductive
| ayer with mr@ucumnspwtmnrwtln @rwawmlaoalhlalnoyyrderpmdtthd specs, lhexsmnt and

buf f I tI terial that is, 30 f Kite.
o ek o e BV TR BEA et oo BuP e BRI ¢ e
nmet al  oxi depznc)d:upth.fqmrh_ayer. -40 47. The thin filmas recited in claim

46, wherein the conductive netal oxide layer is selected froma group
conpri sing LaxSr~_xMh03, LaXCa~_ XFe03, LaNi 03, SrRu03, LaXSr~ xCo03,

Ladfsy ~ xFe03. 5 Ao Bhes AL TP ARRCEA BN, b4l M Wherein the

buffer |ayer is se

15 In this example, the preparation of epitaxial ferroelectric (1-
X)Pb{Zn1;3Nb2s3)0:—xPbTiO; (PZN-xPT) thin films on a LaNiOz (LNO)-coated
- LAO substrate is described. LNO is a conductive oxide with a perovskite

structure, functioning as the bottom electrode for the PZN-xPT thin film.

20 An epitaxial LNO layer can be prepared on LAO by many thin film
processes. In this example, the LNO film was prepared through a solution
method.

A 0.3M LNO solution was prepared by dissolving a 1:1 molar ratio of
25 lanthanum nitrate and nickel acetate in acetic acid. The LNO solution was then
deposited on the LAO substrate by successively repeating the spin-coating
cycle to achieve a thickness of 0.2 ym. The annealing process was carried out
at 700 °C for 60 minutes. The conductivity of the LNO layer was 3.5x10™.

30 A solution precursor of PZN-0.3PT was prepared with the method
described in Example 1. Based on the metal oxides in the solution, 60% by
weight of PEG200 was added to the precursor solution. The solution was spin-




froma group conprising yttria-stabilized zirconia (YSZ), YBa2Cu30~_s
(YBCO, Lao_~Sro.3M03 (LSMO). 49. The thin filmas recited in claim48,
wherein the buffer |ayer conprises 10 successively grown epitaxial |ayers
of zirconia (YSZ), YBa2Cu30~_s (YBCO), Lao.~Sro.3WMn03 (LSMD) . 50. The thin
filmas recited in claim46, wherein the single crystal material is
silicon. 15 51. The thin filmas recitegzin claimb50, wherein the single
crystal material is (100)-oriented silicon. 52. A thin film of
ferroelectric perovskite material with a high nole fraction of 20
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nodi fi ed precursor solution as recited in claim53, wherein Bis tantalum

56. The nodhepsweprasdsir sor solution as recited in claimb53, wherein the
nole s fraction of Pb(A2~~,3B5 2,3)03 is > 0.7. 57. The nodified precursor
solution as recited in claim53, wherein the nole fraction of
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PbTi 03. 59. The d| fi rec sol ut| on a em{g in.claim 5?, g/ner ein
The T st sol ut iR 151 o e igIel, d8pe isiacdic coBslanf an
subsequent | yjeRefRd Id to'?er:lfPJZFaltO %PWEhIanlln?%r@%n Tre @ di OSch s ClUs ST

solution as recited in claimb58, wherein the precursor solution has an
exceskb of I1Bihsbate. (VI he adielectric r:@tsﬁent and lossgare dﬁﬁ@omd 0006 satoil cklilanet ry
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which are comparable with those of the PZT thin films. The P-E hysteresis loop
of the PZN-0.3PT thin film is given in Fig. 14, exhibiting typical ferroelectric
characteristics.
20
Example 3. PZN-xPT thin films on perovskite conductive oxide layers on

silicon.

Epitaxial PZN-xPT thin films can also be prepared on a conductive oxide
25 layer which is expitaxially grown on some substrates whaose structures or lattice
parameters do not match perovskite PZN-xPT thin film through introduction of
appropriate buffer layers. The perovskite conductive thin films include La,Sry.

xMnQOs, LayCa.FeOs, LaNiOs, SrRuQs, LaySrq.,Co0s, La,SriFeOs, etc.

30 In Example 3, epitaxial yttria-stabilized zirconia (YSZ), YBayCu3zO7.g
(YBCO), and Lag 7Srg.sMnO3 (LSMO) layers are successively grown on {100)-
oriented single crystal silicon substrate, followed by deposition of an epitaxial -




2s 61. The nodified precursor solution as recited in claimb58, wherein the
target conposition is (1-x)Pb(Zn~, 3Nb2, 3)03-xPbTiCa (0.05 < x <_ 0.3). 62.
The nodified precursor solution as recited in claim58, wherein the a o
target conposition is (1-x)Pb((Zn~~_Y~MyY)~, 3Nb2, 3)03-xPbTi G ( x <_ 0.3
and0<_y< 0.7). -42 63. The nodified precursor solution as recited in
claim 61, wherein the target conpositiopgis 0.9Pb(Zn~, 3Nb2, 3) 03-0.1 PbTi 03.
64. The nodified precursor solution as recited in claim62, wherein the 5
target conposition is
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based on 25 a ab)-8xL S dc UR A8t o he; c ol Wik OB dQnoli
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claim 70, wherein B is tantalum
substrate holder equipped with rotating and heating mechanisms installed in a

vacuum chamber. The vacuum evaporation chamber is evacuated to a

vacuum of 10 Torr by means of an oil diffusion pump and the substrate is
15 heated to 850 °C and rotated. Thereafter, metallic zirconium and yttrium are

supplied from their evaporation sources in a controlled Y/Zr molar ratio of

0.08:1. No oxygen is introduced at this point. When a feed amount

corresponding to a Zr+Y alloy film's thickness of 1 nm is reached, oxygen gas

is introduced from a nozzle at a rate of 10 cc/min to react with the metals to
20 form a YSZ film of 20-150 nm thick.

Alternately, epitaxial YSZ thin film can also be deposited by a PLD
process. The deposition temperature is 730 °C, and the initial oxygen pressure

is 10”7 mbar for a couple of minutes, followed by an increase to 5x10™ mbar.

25
Epitaxial YBCO and LSMO layers can be subsequently deposited by
pulsed laser deposition (PLD) in another chamber on the epitaxial YSZ film.
For the deposition of YBCO, the substrate temperature and oxygen pressure
are 730 °C and 0.5 mbar, respectively. The typical thickness of the YBCO fim
30 is 100-250 nm. The substrate temperature and oxygen pressure are 670 °C

and 0.2 mbar, respectively, for the deposition of LSMO of 200-350 nm in
thickness. '




5 73. Mcro el ectronechanical systens devices provided with a thin film of
ferroelectric perovskite material conprising a high nole fraction of

Pb(Az' ~/ 3B5' v3) 3, wherein Ais zinc or a conbination of zinc and
magnesium and B is a valence 5 elenent. 10 74. The mcro el ectromechani cal
systens as recited in claim73, wherein Bis niobium 75. The mcro

el ectromechani cal systens as recited in2g¢laim73, wherein Bis tantalum 15
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clarification, the solution was cooled to room temperature.

To prepare the MN solution, magnesium nitride (0.00308 mol) was
dissolved in 2-MOE at 110 °C for 10 minutes, followed by the addition of
30 niobium isopropoxide (0.00616 mol) under reflux or mechanical stirring. Upon

clarification, the solution was cooled to room temperature.
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101 rdV7! " H1L0%&' (Jo mrepac fige gVl sspl@ivas, (voF3eparate (Jolutions of lead acetate

trihydrate (0.00793 mol) in 2-MOE at 115 °C and Ti-isopropoxide (0.00690 mo)
in 2-MOE at 80 °C were prepared. The two solutions were then mixed to

prepare the PT solution at room temperature.

Finally, the PbO, ZN, MN, and PT solutions were then mixed at room
temperature to obtain the precursor solution with a composition of
0.77(0.6PZN-0.4PMN)-0.23PT and a PbO excess of 15% in mole. The solution
was diluted with 2-MOE to obtain a concentration of 0.3 M.

10

Various amounts of PEG200 were added to the 0.77(0.6PZN-0.4PMN)-
0.23PT solution precursor, including 30%, 45%, 60% and 80% by weight,
based on the metal oxides in the solution. After stirring, the solutions with
PEG200 were respectively spin-coated on a LAO substrate at 5000 rpm for 30

15 seconds. Each layer was dried at 100 °C for 2 minutes, followed by pyrolysis at
430 °C for 5 minutes and pre-annealing at 580 °C for 10 minutes.

Figure 15 presents the XRD patterns of the 0.77(0.6PZN-0.4PMN)-
0.23PT thin films prepared from the solutions modified with different amount of
20 PEG200. As shown in Fig. 15(b), with 30 wt% of PEG200 additives in the
solution precursor, the resulting film mainly exhibits perovskite phase and very
minor pyrochlore phase. When the PEG200 amount is increased to 45 wt%, 60
wt%, and 80 wt%, only single perovskite phase has been detected, as shown in
Fig. 15(c), 15(d) and 15(e), respectively.
25
For comparison purposes, the solution without addition of any PEG200
was also deposited on a LAO substrate using the same procedure as described
above. The XRD result of the film is given in Fig. 15(a). In contrast, only
pyrochlore phase but no perovskite phase is formed in the film, as evident in
30 Fig. 15(a). The results demonstrate that addition of PEG200 to the solution
precursor plays a crucial role to promote the formation of perovskite phase in
the resulting PZMN-xPT thin film.
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substrate as bottom electrode by pulsed laser deposition (PLD) method. The
processing conditions were the same as described in Example 3, resulting in a

conductivity of about 3x10™ Q-cm.

10 A PZMN-xPT thin film was then coated using the same PZMN-PT
solution with 60 wt% PEG200 additive, which was prepared according to the
method in Example 4, on the top of the LSMO film. The spin coating was
conducted at 5000 rpm for 30 seconds in a clean room. Each coating layer
was dried at 100 °C for 2 minutes, followed by pyrolysis at 430 °C for 5 minutes

.15 and pre-annealing at 580 °C for 10 minutes. A thickness of 1 ym was obtained
by repeating the process. Finally, the film was annealed at 700 °C for 10
minutes.

Figure 16 (a) and (b) show the XRD patterns of the 0.77(0.6PZN-

20 0.4PMN)-0.23PT thin films grown on the LSMO-coated LAO substrates,

annealed at 580 °C and 700 °C, respectively. The films show a single
perovskite phase with a high (001) orientation.

Top electrode layer of Au with a thickness of 200 nm was deposited by
25 sputtering.

Figure 17 presents the polarization-electric field (P-E) hysteresis loop of
a 0.77(0.6PZN-0.4PMN)-0.23PT thin film, indicating the strong ferroelectric
characteristics. The remnant polarization and coercive field are 20 pC/cm? and

30 15 kV/cm, respectively.




10@"' Ws10%d& ()- ! Q' Wb10%&' () -
I WB109&' () - m 7Ws10%d&' () - npl0%a& () - 6?7q77A8B8C8D8HxHbC! ! Q ' 10%& ()- 10d
10d
10d&9! 10%& ()-7: $10%l&' () - P4y10%& () - 2! 10%& () - H8885999Q dBnbC! ! Q' ! 7: $10
% ()- s 10%& ()-,LM 10%&' ()- 109 ()- 10%& ()- Y 10%& ()-Q 6;
;3 UK <<~\ =nbC! | Q* 10%&' () - ! QAMBL0%& () - BDIWNSL0%&R' () -G 10%&' ()-!!10%&' () -
0@ $109%&' () - <#=g==!>e>>>zX9.C 10, ;
p#10%&' ()-! IVEWS10%&' () - F! (V6WS109%&' ()-F210%& ()-!n .s$10%& ()-F' E
. S$10%&' () - F>>>>ﬁjgmeé wEOthepire quetaysd¢pendentes df. diglerire earestard (K)- ! 1Y

o () 100 )ead® Y B EE BLORRRS, Crug simesti copsters ape pss are

10%d& () - FAADRREOH a6t 106K rosa80iRiely. - ThB I didlectric XoM8tant sbws the
108 7& ()-f109%& ()- .10d 10thFFFGGGdEHC 10d@ 0% ()-109%& ()- 109%&' () -
great potential of PZMN-xPT thin film as capacitor medium material.

5
Figure 19 presents a three-dimensional drawing of the instantaneous
vibration data, under a sine-wave electrical driving voltage of 5V at 100 kHz.
The dilatation of the thin film is about 325 pm. The effective das is estimated to
be about 65 pm/V without taking into account the clamping effect of the
10 substrate. The actual piezoelectric constant should be significantly higher than

this value.

Alternately, an epitaxial 0.77(0.6PZN-0.4PMN}-0.23PT thin film can also

be deposited on LSMO/YBCO/YSZ/Si substrate. The fabrication of epitaxial

15 LSMO, YBCO and YSZ layers on silicon substrate is as described in Example
3.

Figure 20 is a flow chart showing a method 200 for preparing a thin film

of ferroelectric material according to the present invention. The thin film of

20 ferroelectric material has a high mole fraction of Pb(A2+1/385+2/3)03 substantially
in a perovskite phase, wherein A is zinc or a combination of zinc and
magnesium, and B is a valence 5 element, such as niobium or tantalum
according to the present invention. In a first block 202, a precursor solution is
prepared which contains lead, A>* and B%. In a next block 204, the precursor

25 solution is modified by addition of a polymer species. In a subsequent block
206, the modified precursor solution is applied to a surface of a substrate and

form a coating on the substrate. In a further block 208, the coaﬁng is subject to

a heat treatment and forms the film in the perovskite phase.

30 Numerous variations and modifications will suggest themselves to
persons skilled in the relevant art, in addition to those already described,

without departing from the basic inventive concepts. All such variations and
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z8&10% & (- <nnAnmethieni@b\preparing a thin film of ferroelectric material with a high

mole fraction of Pb(A2+1,385+2;3)03 substantially in a perovskite phase,
5 wherein A is zinc or a combination of zinc and magnesium, and B is a
valence 5 element, the method comprising:
providing a precursor solution containing lead, A%*, and B**;
modifying the precursor solution by addition of a polymer species
thereto;
10 applying the modified precursor solution to a surface of a substrate
and forming a coating thereon; and,
subjecting the coating to a heat treatment and forming the film in the
perovskite phase.

15 2. The method as recited in claim 1, wherein B is niobium
= 3. The method as recited in claim 1, wherein B is tantalum.
4, The method as recited in claim 1, wherein the mole fraction of
20 Pb(AZ"13B% 53)03 is > 0.7.
5. The method as recited in claim 4, wherein the mole fraction of

Pb(Zn43Nb23)0zis > 0.45.

25 6. The method as recited in claim 2, wherein the ferroelectric material is (1-
X)Pb(Zn1/3Nb2/3)03-XPbTiO3 (0.05 SEX= 0.3).

7. The method as recited in claim 4, wherein the ferroelectric material is (1-
X)Pb((Zﬂ(1-y)ng)1/3Nb2/3)03-XPbTi03 ( Xx£0.3and 0= y= 07)
30
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8. The method as recited in claim 1, wherein a composition of the thin film

of ferroelectric material approaches a morphotropic phase boundary

(MPB).

5 9. The method as recited in claim 8, wherein the composition of the thin
film of ferroelectric material is 0.9Pb(Zn1;3Nb2/3)03-0.1PbTiOs.

10.  The method as recited in claim 8, wherein the composition of the thin
film of ferroelectric material is 0.462Ph(Zn4;3Nby;3)}03-
10 0.308Pb(Mg1/3Nb2/3)03-0.23PbTiOs.

11.  The method as recited in claim 1, wherein the precursor solution for a
target composition for the ferroelectric material is prepared by mixing a
first solution containing substantially stoichiometric molar ratios of lead,
15 A?*, and B to form Pb(A2*15B%23)0; and a second solution containing
substantially stoichiometric molar ratios of lead and titanium to form
PbTiOs.

12.  The method as recited in claim 11, wherein the first solution is prepared
20 by mixing A** and B** before lead is subsequently added to the first
solution.

13.  The method as recited in claim 1, wherein the precursor solution has an
excess of 15 molar % lead with respect to target composition
25 stoichiometry to compensate for volatilization of lead during heat

tfreatment of the film.

14,  The method as recited in claim 1, wherein the polymer species has a
molecular weight less than 400.
30




10! *110%e& ()- ~'109%& ()-! 10%&R ()-cl0%& ()-10%& ()-!S

109%&' ()-&zzz{{-|.|/|0|"PB4 1 1 10 10 10'&9 109%& ()-7 109%& ()-'1 109%& ()-y/

109%&' ()-6,!109%& ()-0|5[|jIwt}\~}[9PB4 1 1 10! g: $10%ld& () -G

101 & ()-f10%& ()-!, #10%d& ()-'Y 10%d& ()-f10%d& ()-\~~*"i}[<PB4 1 1

10! 9%: $10%d] & () -*! X9%: $10%&' () -* plo%d& ()- :$10%l& ()-F!"

:$10%& () -F!' X: $109%&' ()-G vwxy”"PB4 1 1 18610

10! Q7WS109%&' () -!1!'10%d& () -G 10%& ()-S, ! 10%& ()-] * 10%& ()-y~}[<PB4 1

1 10HsW10% & () -! gsWs10%&' ()-!, #1098 & ()-c!, #10%& ()-c _

10%& () - f 100 ()Thq [ra$tbzpd as recited in claim 1, wherein the precursor solution is
modified by addition of the polymer species in an amount of more than

50 wt% based on a metal oxide content in the precursor solution.

5 16. The method as recited in claim 1, wherein the polymer species is

polyethylene glycol.

17. The method as recited in claim 16, wherein the polymer species is
polyethylene glycol with a molecular weight of 200 (PEG200).
10
18. The method as recited in claim 17, wherein the precursor solution is
modified by addition of PEG200 in an amount up to 60 wi% based on a

metal oxide content in the precursor solution.

15 19. The method as recited in claim 18, wherein the precursor solution is
modified by addition of 60 wi% PEG200 based on the metal oxide

content in the precursor solution.

20. The method as recited in claim 1, wherein the substrate is a single
20 crystal with a perovskite structure, and the thin film of ferroelectric
material is epitaxially formed on the perovskite structure of the surface of

the single crystal.

21.  The method as recited in claim 20, wherein the single crystal is LaAlO3
25 (LAO).

22. The method as recited in claim 1, wherein the surface of the substrate
has a textured perovskite structure, and the thin film of ferroelectric
material is epitaxially formed on the textured perovskite structure of the

30 surface of the substrate.
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The method as recited in clalm 1, wherein the substrate is a conductive
metal oxide layer with perovskite structure epitaxially deposited on a
single crystal material with perovskite structure, and the thin film of

ferroelectric material is epitaxially formed on the conductive layer.

24. A method as recited in claim 23, wherein the conductive metal oxide
layer is selected from a group comprising La,Sr,MnQs, LayCaq«FeOs,
LaNiOs, SrRuQs, La,Sri.xCo0az, LaySriFeOa.

10 25. A method as recited in claim 1, wherein the substrate is an epitaxial
metal oxide conductive layer with perovskite structure epitaxially
deposited on at least one buffer layer, whereby the or each buffer layer
is deposited on a single crystal material that is not perovskite structure,
and the thin film of ferroelectric material is deposited on the metal oxide

15 conductive layer.

26. A method as recited in claim 25, wherein the conductive metal oxide
layer is selected from a group comprising LaySri,MnQ3, La,Ca4FeOs,
LaNiO3, SrRuOj3, La,Sri«Co03, LaySry.FeOs.
20
27. A method as recited in claim 25, wherein the buffer layer is selected
from a group comprising yitria-stabilized zirconia (YSZ), YBaxCu3zO7s
(YBCO), l.ag.7Srp3MnQO3 (LSMO).

25 28. A method as recited in claim 25, wherein the buffer layer comprises
successively grown epitaxial layers of zirconia (YSZ), YBa;Cu3Os;
(YBCO), Lap 7Sr0sMnO; (LSMO)

29. A method as recited in claim 25, wherein the single crystal material is

30 silicon.
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5 Pb(A%13B%52)0s substantially in a perovskite phase deposited on a
surface of a substrate, wherein A is zinc or a combination of zinc and

magnesium, and B is a valence 5 element.

32.  The thin film as recited in claim 31, wherein B is niobium.

10
33. The thin film as recited in claim 31, wherein B is tantalum.
34. The thin film as recited in claim 31, wherein the mole fraction of -
 Pb(A?*13B%53)03 is > 0.7.
15
35. The thin film as recited in claim 32, wherein the mole fraction of
Pb(Zﬂ1/3Nb2/3)O3 is > 0.45.
36. The thin film as recited in claim 34, wherein the ferroelectric material is
20 (1-X)Pb(znusszis)Os'XPbTiOg. (005 =x=0.3).
37. The thin film as recited in claim 34, wherein the ferroelectric material is
(1-X)Pb({Zn(1-)Mgy)1/3Nb213)03-xPbTiO3 ( x < 0.3 and 0 £y £ 0.7).
25 38.  The thin film as recited in claim 31, wherein a composition of the thin film

of ferroelectric material approaches a morphotropic phase boundary
(MPB).

39.  The thin film as recited in claim 38, wherein the composition of the thin
30 film of ferroelectric material is 0.9Pb(Zn4;3Nb23)03-0.1PbTiO3.
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m %erlal is epltaXIacily fggmed on the perovskite s%ructure of the surface of

the single crystal.

10 42.  The thin film as recited in claim 41, wherein the single crystal is LaAlO;
(LAO).

43.  The thin film as recited in claim 31, wherein the surface of the substrate

has a textured perovskite structure, and the thin film of ferroelectric

15 material is epitaxially formed on the textured perovskite structure of the
surface of the substrate.

44.  The thin film as recited in claim 31, wherein the substrate is a conductive
metal oxide layer with perovskite structure epitaxially deposited on a
20 single crystal material with perovskite structure, and the thin film of

ferroelectric material is epitaxially formed on the conductive layer.

45.  The thin film as recited in claim 44, wherein the conductive metal oxide
layer is selected from a group comprising La,Sry,MnQO,, La,Cai4FeOs,
25 LaNiOs, SrRuQ3, La,Sry.,Co03, La,Sri.FeOs.

46.  The thin film as recited in claim 31, wherein the substrate is an epitaxial
metal oxide conductive layer with perovskite structure epitaxially
deposited on at least one buffer layer on a single crystal material that is

30 not perovskite structure, and the thin film of ferroelectric material is

deposited on the metal oxide conductive layer.
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50.  The thin film as recited in claim 46, wherein the single crystal material is
silicon.
15
51.  The thin film as recited in claim 50, wherein the single crystal material is

(100)-oriented silicon.

92. A thin film of ferroelectric perovskite material with a high mole fraction of
20 Pb(A%*1,3B%"23)0s, wherein A is zinc or a combination of zinc and
magnesium, and B is a valence 5§ element, deposited on a surface of a

substrate in accordance with the method of claim 1.

53. A modified precursor solution for preparing a thin film of ferroelectric

25 material with a high mole fraction of Pb(A%*13B%*53)Os substantially in a
perovskite phase, wherein A is zinc or a combination of zinc and

magnesium, and B is a valence 5 element, the modified precursor

solution containing lead, A%*, and B**, and a polymer species.

30 54. The modified precursor solution as recited in claim 53, wherein B is

niobhium.
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57. The modified precursor solution as recited in claim 53, wherein the mole
fraction of Pb(Zn**13B%*23)03is > 0.45.

10 58. The modified precursor solution as recited in claim 53, wherein the
| precursor solution for a target composition of the ferroelectric material is
prepared by mixing a first solution containing substantially stoichiometric
molar ratios of lead, AZ*, and B%* to form Pb(A%"15B%*25)03 and a second
solution containing substantially stoichiometric molar ratios of lead and
15 ‘ titanium to form PbTiOs.

.89.  The modified precursor solution as recited in claim 58, wherein the first
solution is prepared by mixing A** and B® before lead is subsequently

added to the first solution.

20
60. The modified precursor solution as recited in claim 58, wherein the
precursor solution has an excess of 15 molar % lead with respect to
target composition stoichiometry to compensate for volatilization of lead
during heat treatment of the film.
25

61. The modified precursor solution as recited in claim 58, wherein the
target composition is (1-x)Pb{Zn4aNby;)O0s-xPbTiO3 (0.05 £ x £ 0.3).

62. The modified precursor solution as recited in claim 58, wherein the
30 target composition is (1-x)Pb((Zn1-yMgy)113Nb23)0:-xPbTiOs ( x = 0.3
and 0 =y <0.7).
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65. The maodified precursor solution as recited in claim 53, wherein the
polymer species has a molecular weight less than 400.
10
66. The modified precursor solution as recited in claim 53, wherein the
polymer species is polyethylene glycol with a molecular weight of 200
(PEG200).

15 67. The modified precursor solution as recited in claim 66, wherein PEG200
is present in an amount up to 60 wt% based on a metal oxide content in

the precursor solution.

68. The modified precursor solution as recited in claimHGf,“wherein PEG200
20 is present in an amount of 60 wt% based on a metal oxide content in the

precursor solution.

69. The modified precursor solution as recited in claim 53, wherein the
polymer species is present in an amount of more than 50 wt% based on

25 a metal oxide content in the precursor solution.

70.  Microelectronic devices provided with a thin film of ferroelectric
perovskite material comprising a high mole fraction of Pb(A%* ;3B :3)0s,
wherein A is zinc or a combination of zinc and magnesium, and B is a

30 valence 5 element.

71.  The microelectronic devices as recited in claim 70, wherein B is niobium.
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72.

73.

74.

75.

-43 -

The microelectronic devices as recited in claim 70, wherein B is
tantalum.

Micro electromechanical systems devices provided with a thin film of
ferroelectric perovskite material comprising a high mole fraction of
Pb(A%*13B%"23)03, wherein A is zinc or a combination of zinc and

magnesium, and B is a valence 5 element.

The micro electromechanical systems as recited in claim 73, wherein B

is niobium.

The micro electromechanical systems as recited in claim 73, wherein B

is tantalum.




