Improper Ferroelectrics and Domain Wall:
of Dundee Structure, Properties and Negative Capacitance

Dr. Charlotte Cochard

University

Ferroelectrics: proper and improper Anomalous motion Nanoscale characterisation

Charged walls move under the application of an electric field Scanning Probe Microscopy Domain orientation and

Boracite M;B;0,5X charges at interfaces

E 50

First magnetoelectric discovered

'J' Strong pyroelectric

ferroelectri

volumic change
in polarisation

Relative
Area
o
Ul

oyroelectric Improper ferroelectric

soft mode: X5 phonon mode [1]

piezoelectric
—» [, slave mode (Pg)

Atomic Force Microscopy
(AFM)

0 . .
. . Excitation: @
Negative capacitance Dectection: height

dielectric

Charge Gradient Microscopy

Cu-Cl Boracite Cu3B;0,5Cl (CGM) 25
o 03— — < —
order parameter =polarisation «<—> proper E = g=
. . . S5 © py= ] B <
A #polarisation «—» improper S 3 N - =R
C : ) Excitation: @ °
(e.g. magnetisation, O-tilts) O 01— . Dectection: Ipc tip S
\ N7\ | 1 : . 0Excitation: Vpc baseplate
Kelvin Probe Force Microscopy Dectection: |- ti
e i | (KPFM) : Ioc tip
i3 invers :
> 2 02| - No inversion of S \ /7 N\
= electric field S BN
0.3 [ — O
— 5pm Ss \
. L 03 N | | | Excitation: © o &
> T Pressure induced Charged walls -100 -50Voltage (V)so 100 a0 50 0 50 100 Dectection: Vp tip g -
(feW mm) [2] Voltage (V) |_|O_ \ / \
| | | n | N
Negative capacitance Local negative capacitance @  Exiation: vitio

Dectection: height (synch.)

B-O network M-X network
semiconductor

Electrical properties siope: o Summary

. defect activated?

Dielectric dispersion: 1mHz-1MHz Boracite is a versatile class of materials due to the flexibility of its structure:
: different functional properties can be "incorporated" on each sublattice.
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Superposition of two sublattices
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