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ABSTRACT

BiFeO, films have been prepared on LaNiO,, indiumtin oxide (ITO) and Pt
bottom electrodes by the sol-gel process. The films on different bottom
electrodes were prepared at an annealing temperature of 550°C. X-ray dif-
fraction patterns indicate that all films adopt R3m structure and different
orientation on different substrates. No impure phases were identified in the
films in different bottom electrodes. Cross section scanning result shows
that the thickness of the filmsis about 350nm. Room temperature ferroelec-
tricity was observed by measuring electric hysteresis loops. The film on
LaNiO, bottom electrodes has the largest double remnant polarization 6.61
UC/cm?. The remnant polarizationsare 4.14uC/eny and 4.53uC/cm? for the
filmson ITO and Pt bottom el ectrodes respectively. More over, thefilmson
Pt and I TO bottom electrodes show small dielectric dispersion and the film
on I TO bottom electrode has least leakage conduction at the same applied
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INTRODUCTION

In recent years, a new class of materials has at-
tracted extengveatentions, inwhich both e ectrical and
magnetic ordering can coexist. They are called
multiferroic materialsand exhibit coexistence of mag-
netic and ferrod ectric orderingin acertaintemperature
range. Multiferroic materia sareimportant for redlizing
multifunctional devicesused ininformation storage,
spintronics, and so on*3. Asatypical multiferroic ma
terid, BiFeO, isreported to exhibit about eight struc-
turetransitions” and aweak antiferromagnetic order-
ing (T, =397°C) andferroelectric ordering (T _=850°C)

51, Itssemiconducting nature at room temperature does
not allow proper eectrica poling leading to high di-
éectriclosd®. Inaddition, during synthesis, thekinetics
of formation alwaysleadsto amixtureof BiFeO,asa
major phase along with other impurity phases™. The
|attice structure of aBiFeO, bulk singlecrystal isa
rhombohedrally distorted perovskite, which belongsto
the space group R3c with unit-cell parameters
a=0.396nm and =89.4°Cl,

Recently, enhanced ferroel ectric propertieshave
been reported in BiFeO, thinfilmsfabricated by pulsed
laser deposition®1% and chemica solution deposition
dthoughitisdifficult tomeasureeectrica propertiesat
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room temperature because of their low resistance. The
largeremnant polarizationin BiFeO, thinfilmswasini-
tially thought to be a stress-induced property®®, but
morerecently itisinterpreted to beanintrinsic prop-
erty which even appearsin unstressed filmg*2. Infact,
inview of preparation technology, thereare somefac-
torsareresponsiblefor theferroelectricity of BiFeO,
films such as deposition atmospherein pulsed laser
deposition method and magnetron sputtering method,
precursor solutionin sol-gel processand etc. Despite
the preparation method, bottom electrodeisavery im-
portant factor to the € ectric and magnetic property of
BiFeO, film sincedifferent bottom electrodesmay pro-
ducedifferentinterfacelayerswhich determinethelesk-
age conduction of thefilm/substrate system. Further-
more, perovskite BiFeO, can epitaxial growth on
prevoskite bottom el ectrode and obtai ned enhanced
ferroelectricity for stress¥. Whileto our knowledge,
thereis seldom work has been focused on the proper-
tiesof BiFeO, filmson different bottom el ectrodes.

Inthe present work, we prepared BiFeO, filmson
conductive oxygen bottom electrode and Pt bottom
electrode. The effectsof different bottom electrodes
onthe orientation, microstructure, ferroel ectric prop-
erty and dielectric property are studied.

EXPERIMENTAL

TheBiFeQ,filmswereprepared on LaNiO,/S IO,/
S, indiumtin oxide(ITO)/glassand PY/Ti/SIO,/S sub-
strates by sol-gel process. The preparation method of
LaNiO,/SiO,/Si(111) isgivenin®l. Thel TO/glassand
PU/Ti/SIO,/Si substrates are commercia purchased.
Before spin coating the three substrateswere cleaned
by ultrasonication in a cohol and acetone repeatedly.
The BiFeO, precursor sol utionswere prepared using
bismuth nitrate[Bi(NO,),-5H,0] and iron nitrate
[F&(NQ,),-9H,O] asstaring materids. Bismuth nitrate
andiron nitratewere mixed withamolar ratio of 1:1
and dissolved a room temperaturein 2-methoxyethanol
and stirred for 30 minutes. Then sufficient acetic anhy-
dridewas added to dehydrate and ethanolamine was
added to adjust the viscosity under constant stirring.
The concentration of the stock solutionswas adjusted
to 0.3M by adding 2-methoxyethanol . The above pro-
cesseswere performed in an ambient atmosphere at
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Figurel: XRD patter nsof thefilmson different bottom
electrodes

room temperature. The depositionswere carried out
by spin coating a 6000 rpm for 15s. The asdeposited
wet filmswere pre-annealed at 350°C for 3 minutes
andfollowed by anannedlingat 550°C inair for 3min-
utes. Theabove procedureswererepeated severd times
to obtain the desired thickness.

Thestructureof thefilmswas analyzed by XRD.
The XRD patterns were recorded with X-ray
diffractometer with CuK o radiation. The morphology
was analyzed by scanning el ectron microscopy. For
el ectrical measurements, Pt dots of 0.1mm?were de-
posited through amask onthefilmsby sputtering. Be-
foremeasuring, thefilmswere anneaed at 300°C for
20 minutesto get full contact with the électrodes. Di-
el ectric property wasmeasured withaHP 4284A LCR
meter. Ferroe ectricity loopsand leskage currentswere
obtained using aprecisonwork station (Radiant Tech-

nology).

RESULT AND DISCUSSION

Thecrysdlinenatureof thefilmswasidentified by
XRD. Figure 1 showsthe XRD patternsof the BiFeO,
filmson different substrates annealed at 550°C; the
pattern of the BiFeO, filmsisidentified according to
ICCD 20-0169. Thefilmsarefully crystallized since
high intense peaks are evident and no impure phase
such asBiFe,O, are spotted in thefilms on different
substrates. In addition, rhombohedra perovskitestruc-
turewasidentified sncethe XRD paternsmatchtothe
standard pattern quitewd|l. Althoughwedid not obtain
highly preferred oriented filmson different bottom, the
variationof (110) and (110) pesk isobvious. InBiFeQ,,

Au Tudian Yourual



MSAIJ, 4(2) January 2008

Liu Hongri and Wang Xiuzhang 97

Figure 2 : Croos section scanning electric microscopy
photsof thefilmon I TO bottom electrode.
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Figure 3 : Electric hycteresis loops of BiFeO, films on

different bottom electrides
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Figure4: Didlectric constant Vs. frequency relation

the(110) and (110) peaksare originated from the split
of (110) peak of cubic perovskite structure because of
thestretch of BiFeO, unit cell dong(110) direction. The
filmon LaNiO, bottom el ectrode hasthe most intense
(110) and (110) peaksanditiscaled (110)and (110)
biaxispreferentid orientation™, whilethefilmsonITO
and Pt bottom el ectrodes arerandomly orientated. Our
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results are different from that of lakovlev’s. In their
work, (100) preferred oriented film were prepared on
Pt bottom el ectrodesby chemical solution deposition
method. The orientation of thefilmisdetermined by
somefactorssuch ascrystal lattice match, stress, sur-
faceeffectsand etc. According to our previouswork,
thereispossibility of crystal lattice match betweenthe
BiFeO, film and LaNiO, bottom electrode™. In our
work, theLaNiO, bottom electrode are (100) preferred
oriented (the XRD is shown elsewhere) while the
BiFeO, filmare(110) and (110) biaxispreferentia ori-
entation, it meansthat the orientation isnot determined
by crystal latticematchinthe BiFeO,/LaNiO, system.
Stressisvery likely respongblefor it. Asfor thefilmon
ITO bottom electrode, thereisno crystal lattice match
between the noncrystal 1TO bottom electrode and
perovskite BiFeO, bottom thereforewe can expect the
random orientation. Wethink that therandom orienta-
tion of BiFeQ, film on Pt bottom electrodeis mainly
determined by the preparation technol ogy.

In order to confirm the thickness, across section
SEM for thefilm on ITO bottom el ectrode was done.
Figure 2 shows the cross section SEM photo of the
BiFeO, film. Through whichthefilmisconfirmed to
have ahomogenousthickness and the thickness, ac-
cordingtofigure2, isabout 350nm. Moreover, acom-
pact intermediate layer of about 100nm can beeasily
identifiedinthefilm.

Theferroelectric hysteresisloopsare showninfig-
ure3.All filmsshow wdl hysteresi scharacter. For com-
parison, theelectric hysteresisloopsaremeasured a a
sameapplied field of 128kV/cm. It isobviousthat the
filmon different bottom have different remnant polar-
ization. Thedoublepolarization(2Pr) vauesare 6.61uC/
cn?, 4.53uC/em? and 4.14uC/cm? for the films on
LaNiQ,, Ptand ITO bottom electrodesrespectively. It
iswell known that theferroelectricity in BiFeO, films
areoriginated fromthereativedisplacementsof Biion
and Fe-O octahedron® and the projection polarization
aongthe (110) orientationislarger thanthat of the (100)
orientation’®. Accordingtofigure 1, the(110) and (110)
peaksof thefilmson different bottom el ectrodes have
different rdlativeintendty inthe XRD patterns. Thefilm
on LaNiQO, bottom electrode hasthe largest rel ative
intensity therefore hasthelargest 2Pr; thefilm on Pt
bottom e ectrode hasthelarger relativeintensity and it
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Figure5: Dielectric constant Vs. frequency
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Figure6: J-E characteristics of BiFeO,filmson varied
bottom electrodes

aly thereforethe didl ectric constant decreaseswith the
frequency. At high frequency, according to Chopra?®,
thefalingindidectric constant arisesfrom thefact that
polarization does not occur i nstantaneously with the
application of theelectricfield becauseof inertia. As
frequency isincreased, thosewith largerelaxation times
ceaseto respond and hencethe decreasein digectric
constant. It also can be seen that thethreefilmshave
different dielectric constant at same measuring fre-
guency. Itiswell known that thedielectric constant is
determined by thepolarizationinferrodectrics. Since
thefilmson LaNiO, and Pt bottom €l ectrode hasmore
intense pol ari zation than the one on ITO bottom, we
expect larger dielectric constant for them.
Thedidectriclossfrequency rdaionisshownin Hg-
ure5, dl filmshavelow didectriclossat low frequencies
andthedidectriclossincreasedrastically above 10 kHz
for thefilmson LaNiO, and Pt bottom el ectrode. The
filmonITO bottom el ectrodehassmal dielectriclossat
thewhol efrequency range. Thedielectriclossshow a
amall decreaseat low frequency for thefilmsonITOand

Pt bottom el ectrodesanditissuggested to originatefrom
the DC conduction. Thefilmon LaNiO, bottom €l ec-
trodehasthelargest didectriclossa thewholefrequency
range. A dispersion pesk was observed near IMHz and
it may befrom anew dispers on mechanism caused by
theintermediatelayer.

Wead s0 studied theleakage current characteristic
of the BiFeO, filmson different el ectrodes. Positiveand
negative bias voltages were applied to the top elec-
trodes and the J-E curves were recorded. Figure 6
showsthat theleakage current density for thefilm on Pt
bottom el ectrodeisabout two magnitude orderslager
than that of thefilm on LaNiO, bottom electrode. In
BiFeO,, larger leakage current density iswell known
caused by oxygen vacancies originated fromtheva
lence decrease of Fe** to Fe*1', The J-E curve has
well symmetry for thefilm on Pt eectrodeanditisat-
tributed to the symmetrical Pt bottom electrode and
top electrode. Theresultissimilar to that of BiFeO,
filmsdeposited by pul sed laser deposited at different
oxygen pressureson Pt bottom el ectrode*®. The JE
curves areasymmetrical for thefilmon LaNiO, and
ITO bottom electrodeand it is attributed to the asym-
metry of bottom electrode and Pt top electrode. The
BiFeO, filmonITO bottom eectrode hasthe | east | eak-
age current density and it isattributed to the compact
intermediatelayer (seefigure2).

CONCLUSIONS

BiFeO, filmswere deposited on LaNiO,, Pt and
ITO bottom el ectrodes by sol-gel process. Biaxid pre-
ferred and randomly oriented filmswereobtained a an
annealing temperature 550°C and all films are phase
pure. Theferrod ectric property, did ectric property and
leakage conduction property wasstudied. Thefilmon
LaNiO, bottom hasmost intenseferroel ectricity and
show a2Pr of 6.61uC/cm?. The 2Pr are4.53 uC/cm?
and 4.14uC/cm?for the film on Pt and ITO bottom
electrodes. Accordingly, thefilm on LaNiO, bottom
electrodehasmost intensedid ectric property. Thefilms
onITO and Pt bottom el ectrodesshow small dielectric
dispersion andit is attributed to good interface prop-
erty. Inthefilmon ITO bottom el ectrode, least current
dengity wasobserved at thesame appliedfiddand itis
attributed the compact intermediatelayer.
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