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TmFe2O4 is one of a series of  RFe2O4 compounds where  R is the rare-earth element
with a smaller ionic radius or the 13 group element, In. Although the synthesis of the
compounds  was first  reported  45 years  ago,  they  still  attract  considerable  attention
because  of  their  complicated  but  intriguing  electronic  structures  and  physical
properties.  RFe2O4 has a layered structure in which single rare-earth layer and double
iron  layer  are  alternately  stacked  along  the  c-axis  if  the  structure  is  viewed  as  a
hexagonal  system.  One  of  the  features  peculiar  to  the  crystal  structures  of  the
compounds is the fact that iron ions construct a two-dimensional triangular lattice in
each of the iron double layers. Since the same numbers of Fe3+ and Fe2+ ions have to
occupy the triangular lattice, the charge frustration emerges in the arrangement of iron
ions. In addition, as well known for the triangular lattice where magnetic moments are
aligned  with  the  nearest-neighboring  magnetic  moments  interacting
antiferromagnetically with each other, in fact, which is the case of  RFe2O4, the spin
frustration is inevitably observed. The presence of both charge and spin frustrations has
influence on the charge distribution among iron ions, polarization formed in the double
layer, magnetic ordered structure, and so forth. The microscopic behavior of charge and
spin renders the dielectric and magnetic properties rather complicated. For instance, an
issue  as  to  what  kind  of  dielectric  state  is  the ground state  of  the  compounds still
remains to be solved. In the present study, it is clarified that TmFe2O4 is ferroelectric
and piezoelectric at room temperature by using piezoelectric force microscopy, laser
interferometry,  and  crystal  structure  analysis.  Also,  it  is  confirmed  that  TmFe2O4

undergoes spin glass transition on the basis of magnetization measurements.


