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ABSTRACT Etching-enhanced 90° domain switching and indentation crack propagating in BaTiOg3
single crystal have been investigated using poled and unpoled samples, respectively. The results show
that if the poled direction [001] lies in the (100) indentation plane, etching in HCI4+HF solution causes
the average length of 16 indentation cracks to increase from (1404+17)um to (211+26)um, i.e., 50%
increment. At the same time, the 90° domain switching zones surrounded by the indentation cracks
increase also evidently after etching. The reason is due to chemisorption of etching molecular decreasing
surface energy. If Vicker’s indention is carried out in the pre—etched surface, the average crack length
and the size of the domain switching zones are the same with those of etching after indentation. If the
[001] poling direction is normal to the indentation plane, there is no effect of etching on the domain
switching zone and crack length. For unpoled sample, etching increases the domain switching zone and
the crack length from (150£21) pm to (182430) pm, #.e., about 20% increment.
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Fig.1 Cracks and indents on the polished zone Il and 20 s
pre—etched zone I in 14%HCI+14%HF+72%H 0,
for the sample No.l (a) and cracks and indents
after again etching the sample of Fig.la for 20 s
(b) (P—Q is the boundary of the etched zone,in-
dented plane is (100) and the poled direction of £
is [001])
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Table 1 Average lengths of indentation induced cracks for BaTiOj3 single crystals poled along [001] and unpoled

(pm)
Sample Condation Plane Unetched Pre—etched Etching after Etching twice after
indented zone zone indenting indenting
No.1 Poled (100) 140£17 211+26 216+12 221413
No.2 Poled (001) 6519 T0+7 6819 7318
No.3 Unpoled (001) 150+21 174£30 182430 180+34
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Table 2 Variance analysis of the effect of etching on indentation crack in the poled sample No.1

Source of Sum of square Degree of freedom  Mean square V(= S/f) F value Significance
variation S Ser f Vv Ver (F=V/Ver) code
Factor A 461x10%  42.7x102 1 461x10°  1.42x102 324 e
(pre—etching)
Factor B 400x10%2  145x10% 1 400x10%  4.83x102 82.8 ok
(etching after indention)
Factor C 2.15x10%  35.5x10? 1 3.27x102 0.66

(etching twice)
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Fig.2 Indenting crack and domain switching zone pat-

tern before and after etching in the poled sample

No.1

(a) magnified optical micrograph of indentation
No.2 in Fig.la, where DOFE is the 90° domain
switching zone, O-A and O-B are cracks

(b) polarized optical micrograph corresponding to
Fig.2a

(c) after etching for 20 s, the domain switching
zone enlarges to D’OE’ and the cracks pro-
pagate to O-A’ and O-B’
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Fig.3 Indentation crack patterns on the (100) plane of
sample No.1 after etching for different time, show-
ing both domain switching zone and crack growing
with increasing etching time

(b) etching for 3 s

(c) etching for 13 s (d) etching for 23 s

(a) before etching
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Fig.4 Indentation crack in anti-plane poling sample No.2
(a) before etching
(b) after etching
(c) domain bands normal to the crack (polarized

view)
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Fig.5 Indentation crack and domain switching zone in

the unpoled sample No.3 before (a) and after
etching for 20 s (b) (a—domain a, c—domain c;

white—domain ¢~, dark—domain c*)
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