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Abstract: Ferroelectric material properties are strongly governed by domain structures and their evolution processes, but
the evolution processes of complex domain patterns during a macroscopic electrical poling process are still elusive. In
the present work, domain-evolution processes in a PZT ceramic near the morphotropic phase-boundary composition were
studied during a step-wise electrical poling using piezoresponse force microscopy (PFM). Electron backscatter diffraction
was used with the PFM data to identify the grain boundaries in the region of interest. In response to an externally the

applied electric field, growth and retreat of non-180° domain boundaries wasere observed. The results indicate that

ferroelectric polarization-switching nucleates and evolves in concordance with the pattern of the pre-existing domains.
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Fig. 1. Experimental set-up for high voltage electrical experiments.
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Fig. 3. Compatible non-180° and 180° domain wall in tetragonal

and rhombohedral phases.
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TRl xR HAsHA Hrf. whebA 1807 =oQl
FRAA =0 ¥ SAFEHE BolA Hi, EF
crystallographic planeo]] Z£A§5HA] Q= 0]9‘}%
Y2 non-180° =ojQl wo] ol mHo| AM
FEHIE EolA "o [13,14]. ol2ist ¥2fof] °Jsto]
tetragonal®} rhombohedral Z4}oflA A 7]A - 7| AA

o2 334 R7S UrEA]7]= non-180° =Hol #

of ¥g2 A7 {1101 {1103/{100p7} =}, mehA

(o] [

THQl w9l wkgFo] {110} crystallographic planed
ZR|g AL, tetragonal A rhombohedral AFoj| A
T 5 o Hoh

AR o= Tigk A7go] Qlst FI|A el 7]
+ 19 4o A7|Eo] ot PFM £74& #lsto] 7]
B2 7tk 2 ©A AbololM = A71E ¥4s] 0
Vm'2 ZFAAZC 33 40 & 4 Ql%o] 7+ AF]



A71AR A 2 etel == Al Ai32d 1= pp.

(a) AFM topography

| oo ‘-l
A -

(b) EBSD image quality map

—

External
E-field

[dlS\ep 1(0.5 MVm) (e) Step 2(0.75 MVm

21 “‘”Q»

"w
,l'f

[h] Step 5 (1 9 MVm 1]

h‘.*_ .lr"

(f) Step 3 (09 MVm1) [g]Stepd (1.4 MVm')

pre u.‘ LTE ‘9- TR

?0*- A VN
| | REAOE =

i ’ RN g
[ Qs .l,f" -‘:‘?b.ﬂ-u.‘f ‘ { H“:ﬁr o f’ *
Fig. 5. (a) AFM topography image, and (b) EBSD image quality
map of the identical region in the PZT sample. (c)~(h) A series
of PFM images acquired during a step-wise poling process.
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