e APVV

Agentura na podporu vyskumu a vyvoja
Mytna 23, P.0.BOX 346, 814 99 Bratislava
160 30 797 764 DIC 202 213 25 63

T + 421 25720 45001 F + 421 2 5720 4599

Formular ZK - Zaverec¢na karta projektu

Riesitel: Prof. RNDr. Jan Dusza, DrSc.

Evidenéné éislo projektu: COST-0042-06
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Na ktorych pracoviskach
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Ustav materidlového vyskumu SAV, Watsonova 47, 043 53 KosSice

Ktoré zahrani¢né
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Queen Mary University of London, Materials Department, UK
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Udelené patenty alebo
podané patentové
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uzitkové vzory
vychadzajuce z vysledkov
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Publikacie (knihy, ¢lanky,
prednasky, spravy a pod.)
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(uvedte i publikacie prijaté
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$.253-256

BRUNCKOVA, H. - MEDVECKY, L. - MIHALIK, J.: Effect of Sintering Time on
the Phase Composition in PFN Ceramics Prepared by Sol-Gel Process. Key
Engineering Materials, 409, 2009, s.317-321
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V ¢om vidite uplatnenie
vysledkov projektu:

ZlepsSenie sUcCasnej Urovne fundamentalneho poznania v oblasti Studia
vzajomného vztahu medzi mikroStruktUrnymi aspektami a vyslednymi
elektrickymi a mechanickymi vlastnostami feroelektrickych materialov
perovskitového typu. Poznatky ziskané pri rieSeni projektu bude mozné v blizke;j
buducnosti dalej vyuzifsmerom k priprave elektrokeramickych materialov

s vylepSenymi dielektrickymi, feroelektrickymi a a piezoelektrickymi
vlastnostami pre aplikacie v mikro/nano -elektromechanickych systémoch

a FeRAM zariadeniach.
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Charakteristika vysledkov

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu (max. 20 riadkov) - slovensky:

V Uzkej spolupraci s Pennsylvania State University, USA boli pripravené tenké Pb(Zr,Ti)O3 (PZT)
feroelektrické filmy odliSnych hrubok s pomerom Zr/Ti = 52/48 na Standardnych platinizovanych
kremikovych (Si) podlozkach LSMCD (Liquid Source Misted Chemical Deposition) metddou

a taktiezusporiadané Struktury PZT mikrotrubic technikou vakuovej infiltracie porovitych Si substratov
polymérnym PZT roztokom. Experimentalne bola dokazana vysoka fazova Cistota tak PZT filmov ako aj
mikrotrubic s (111)- preferovanou krystalografickou orientaciou perovskitovej fazy. Nasledne boli na tenkych
feroelektrickych filmoch zrealizované elektromechanické a feroelektrické merania, ktoré ukazali, Ze LSMCD
technologiou je mozné pripravit piezoelektrické filmy vynikajUcich vlastnosti s Sirokym aplikacnym
vyuzitim. V pripade usporiadanych Struktur feroelektrickych PZT mikrotrubic boli realizované experimenty
orientované na paralelné usporiadanie a orientaciu mikrotrubic medzi litofraficky definovanymi Ti/Au
elektrodami pomocou dielektroforézie. Pozorovania na optickom mikroskope ukazali, Ze na Si substrate s 12
pum medzerou medzi vzajomne prepojenymi mikroelektrddami je mozné dosiahnut relativne dobré
usporiadanie a orientaciu 25-30 pm dlhych a 400 nm hrubych PZT ruriek pri aplikovanom 5 Vrms napati s
frekvenciou 10 Hz.

V ramci vyvolaného APVV projektu sa rieSitelsky kolektiv zaoberal aj problematikou pripravy a
charakterizaciou bezolovnatej piezoelektrickej keramiky (K,Na)NbO3-typu ako odpoved na nedavne
legislativne opatrenia EU tykajuce ochrany zivotného prostredia. Na zaklade RTG analyz

a mikrostruktUrnych merani bolo dokazané, ze pridavanie AgNbO3 napomaha procesu zhustovania
(K,Na)NbO3 keramiky a zlepSuje UcCinnost spekania bezolovnatej piezoelektrickej keramiky.
Pb(Mgl1/3Nb2/3)03-Pb(Fel/2Nb1/2)03, (1-x)PMN-xPFN, perovskitovy systém bol pripraveny sol-gél
syntézou mieSanim octanov Pb, Mg a Fe s Nb-etylénglykol-vinnym komplexom. Na tomto komplexnom
oxidickom systéme bol Studovany vplyv teploty spekania na obsah pyrochlorovej fazy vo finalnej PMN-PFN
keramike. MikrosStrukturne analyzy ukazali, ze optimalna teplota spekania PMN-PFN systému sa takmer
linedrne posuva z 1200°C k 1150°C s pridavanim PFN zlozky do komplexného oxidického systému, pricom
bola potvrdena pritomnost rdznych typov pyrochlérovych faz (PbFe8013, Pb3Fe4Nb40O13 a Pb3Nb40O13) vo
finalnej keramike. V pripade pripravy Cistej PFN keramiky bolo ukazané, Ze prebytok Pb zavedny v procese
syntézy praskoveého nanoprekurzora vedie k narastu obsahu perovskitovej fazy vo finalne;j
nestechiometrickej keramike.

Summary of the project results and the fulfillments of the project goals (max. 20 lines) -english:

In order to elucidate and develop current understanding of the mechanical origin of effects that influence the
ferroelectric and ferroelastic subcoercive behavior and switching processes in ferroelectrics, Pb(Zr,Ti)O3
(PZT) thin films and unconstrained high aspect ratio PZT microtube structures were prepared and investigated
in close co-operation with the Pennsylvania State University, USA. The ferroelectric PZT thin films of
different thickness, with a Zr/Ti ration of 52/48, were prepared on standard platinized Si wafers using a Liquid
Source Misted Chemical Deposition (LSMCD) technique. After annealing at temperature of 750 C for 1 min
in oxygen ambient, the films exhibited good phase purity with a (111)-preferred crystallographic orientation.
The C-V and P-E hysteresis measurements in wide frequency range showed that mist deposited PZT films
exhibit the electrical properties comparable with those of other processing methods. High aspect ratio
ferroelectric tube structures with a diameter of 1.5 pm and length of about 30 um were prepared by vacuum
infiltration of Pb(Zr0.52Ti0.48)O3 solution precursor into meso porous silicon templates. The x-ray
diffraction analysis and scanning electron microscopy of annealed one-dimensional PZT nano structured
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materials confirmed the (111)-preferred orientation of the perovskite phase and hollow structure of well
crystallized micro tubes, respectively. The research on optimum alignment of hundreds ferroelectric micro
tubes between the pre-patterned interdigitated Ti/Au electrodes through the dielectrophoretic effect revealed
that factors such as the electrode gap, shape, magnitude and frequency of an applied electrical signal can
control substantially dielectrophoretic long-range forces, and hence spatial movement of PZT micro tubes. A
square wave signal of 5 Vrms and 10 Hz was found to be the most effective in assembling the tubes on a 12
um microelectrode gap.

For lead free KNN-based piezoelectrics prepared by high-energy mechanical milling of raw materials, it was
demonstrated that the substitution of AgNbO3 for (K,Na)NbO3 results in more effective process of sintering.
(1-x)PMN-(x)PFN perovskite system with x = 0.0-1.0 was prepared through sol-gel synthesis by mixing
acetates of Pb, Mg and Fe with Nb-ethylene glycol-tartarate complex. The effect of the sintering temperature
on phase purity of the PFN-PMN system was investigated. Microstructural analysis showed that the sintering
temperature shifts from 1200 °C to 1150 °C as the amount of PFN is increased from x = 0 to x = 0,5. The
results of EDX and XRD analysis demonstarted that the more complex types of pyrochlore phases occur in
sintered PMN-PFN ceramics. For x = 1, i.e. pure PFN ceramics, the excess of Pb resulted in increasing the
content of perovskite phase in final ceramic materials.
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