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DIELECTRIC HYSTERESISIN SINGLE CRYSTAL BiFeO3*
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Single crystals of BiFeO3 of perovskitestructurewere grown with
dimensionsof greaterthan 1 mm from a Bi203 flux. Dielectric
hysteresis loops were measuredon thesecrystals. While the loops
were not fully saturated,they confirm that BiFeO3 is ferroelectric.

SINCE THE TIME of its original discovery, the at a rate of 1’/2°/hrto 760°C, with a holding time
perovskite compound, BiFeO3, hasbeena subject of 18—20 hr at 820°C.The major faces of the
of controversy. The X-ray diffraction pattern crystals were (100)planes.Therewas unques-
showedthat the materialwas a rhombohedrally tionably someloss of Bi203 through volatiliz-
distorted perovskiteand early neutron diffraction ation and reactionwith the crucible, and the
datashowed that it is a G-typeantiferromagnetic.

2 resulting concentrationof Fe
203may havebeen

However, conclusive proof of the exactelectrical an important factor in the formation of the
and magneticclassification was lacking. Solids crystals.
solutions consistingprincipally of BiFeO3
showedelectrical andcrystallographicanomalies Whenelectrodeswere applied to the crystals
indicating that the material itself was ferroelectric (DuPont #4731 silver was used), it was possible
or antiferroelectric. ~ Neutrondiffraction to observea dielectric hysteresisloop for a
analysisof the exactatomic structureshowed 60 Hz voltage Fig. 1), appliedwhen thecrystal
that the compoundcould not be antiferroelectric was held in liquid nitrogen. At room temperature
and that it was isostructuralwith a known the crystal was too cnductive to give these
ferroelectric solid solution of leadtitanate results. The measuredspontaneouspolarization
zirconate.~ However, the classicalevidencefor was 3.5 ~C per cm

2 alongthe <100> direction,
ferro-electricity in BiFeO

3,such as a dielectric which represents6.1 ~C per cm
2 in the <111>

hysteresis loop, reversible piezoelectricity, or a direction. This is considerablylower than
dielectric Curie point in the purematerial, has expectedfor a compoundwith such a high Curie
not beenreported. temperatureanddistortion. For example,either

a calculationof the polarization from the atomic
We haverecentlysucceededin growing coordinates,using the assumptionthat BiFeO

3

BiFeO3 crystals with dimensionsin the 1—2 mm is fully ionic, or theuse of theemprirical
range. Thesewere grown by very slow cooling relationshipof Abrahamset al.

6 betweenatomic
in a Bi

203 flux containedin a nickel crucible. shift andpolarization, would indicate that the
The initial Bi203—Fe203molar ratio was 1.75—1. actual polarization of BiFeO3 is an orderof
The mixture was heatedto 860°Cand then cooled magnitudehigher thanwe have measured.The

maximumfield applied to the samplewas 55 kV

* Supportedby the U.S. Atomic Energy Commission per cm. The coercive field, as seenon the

t GCMR Contribution No. 90. hysteresisloop, is not very well definedbut is
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about20kV per cm. This appearsvery high for a
ferroelectric single crystal, but the true coercive
field to reverseall of the polarization is

undoubtedlysubstantiallyhigher.

Accordingly, it is evident that the hysteresis
loops arenot saturatedand representonly a

partial reversalof the polarization. Thesedata
do serveto confirm, however,the evidencefor

ferroelectricity in BiFeO3 as requiredby the
spacegroup R3c, found in the atomic structure

study~and the previous dielectric measurements~.

FIG. 1. Dielectric hysteresis loops obtainedon a
single crystalof BiFeO3 in liquid nitrogen. The
maximumfield applied (largestloop)was 55 kV
per cm, and the spontaneouspolarizationwas
3.5 ~tC per cm

2. The traces, presentedfor sev-
eral valuesof applied field, were madewith a
device which applied the field during two
completecycles of 60 Hz voltageandalsodis-
placed the centerof the loop from the centerof
the cathodetube. Note that one trace, with about
17 kV per cm maximum field, showedno measur-
ablehysteresis.
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Des monocristeauxde BiFeO
3 de type pérovskite ont été prepares,a

Faided’un flux de Bi203, avec desdimensionsde plus d’un millimetre.
Des cycles d’hysterésediéleôtriqueont été observesavecces
cristeaux.Bien que la polarization a saturationn’a pasétd atteinte,
l’observationde ces cycles prouveque BiFeO 3est ferroélectrique.


