PFM and related domain writing

Xuanyuan Jiang
2019-06-14

Anna N. Morozovska, Eugene A.
Eliseev, Phyica B, 373, 54-63,(2006)



What is PFM?

* Piezoresponse force microscopy (PFM) is a local method to detect the
sample deformation due to electric field.
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* Detection of deformation using V.

* Piezoelectricity: accumulation
of charges under mechanical stress.
* Ferroelectric materials usually have

Piezoelectric effects.

(B)

a b € d




PFM signal from converse piezoelectric effect

e
=

Lr
ot
LA

35

X (d“ d,, dsl\‘
(0 0 4°)
X, d, dy, ds |- . - 0 (
L,
Ia‘.. dlﬂ d‘n:; d:?“ 0
k al L2 2D Ej 0
Xy d, d, d, E
d =T
d

_.I'ﬁ '\d]ﬁ d]ﬁ :Tul."l)
(a)
t (b) 0° in phase
~ A_A_A_
g] e| Y V VYV

(c) Driving Voltage
Piezoresponse

(d)

Hh“::_'?_l_'____ . 180° out of phase
o ' in-plane




PFM signal from other sources
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Domain writing using PFM tip

@\ Electrostatic O(d,l) = Oy (d, )+ Pp(d,]) + Pc(d, D).
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‘m"'c?nu*ged ti]::nh"n ®,(d, 1) is electrostaic energy from point change on tip
AR ‘:.
®5(d, 1) is depolarization energy from the interface
o Surface reliefj,r
g=o0 ®.(d, 1) is surface energy at the domain wall

Fig. 2. Domain formation induced by positively charged tip with effective
charge g and distance z [rom the surface, Ry 1s tip radius of curvature, AR
1s the distance between the tip apex and the sample surface. o 1s
semiellipsoid radius, [1s semiellipsoid major axis, Rj 15 the thickness of the
screening space-charge layer, Pg1s spontaneous polarization, og 15 surface
charges captured on the trap levels, o 18 bound charges related to Pg
discontinuity, py 18 free charge density. We choose constant spontancous
polarization + Pg inside and —Pg outside the domain. The system as a
whole 1s electro neutral.
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Here s(x,v,z) is the one of ellipsoidal coordinates (x° +

Oy W)@ +s)+22/(F+5s)=1 (s=0 corresponds to the
2 P, boundary of domain).
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Domain dimension vs Vp,
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For the usual case 34.p>40; and W < Wp we found the
following approximate equations:
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