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Abstract

Image contrast of domains and discommensurations
in ferroelectric Rb,ZnCl, is studied. Six domains of
the two orientation variants and three translation
variants in the ferroelectric phase are observed.
However, only two kinds of domain boundaries,
which are the discommensurations in the incom-
mensurate phase of Rb,ZnCl,, are observed. These
observations agree with group-theoretical consider-
ations of the phase transition from the normal phase
to the commensurate phase of Rb,ZnCl,.

1. Introduction

McMillan (1975) first proposed the concept of dis-
commensuration (DC) in incommensurate (IC)
phases of crystals and stressed its important role in
the phase transition between IC and commensurate
(C) phases. Later, DC’s were directly observed by
Fung, McKernan, Steeds & Wilson (1981) and Chen,
Gibson & Fleming (1982) for the case of TaSe,-2H
using low-temperature electron microscope tech-
niques. There, the DC’s and ‘dislocations’ of the DC
lattice (the DC lattice is one-dimensional in the stripe
phase of TaSe,-2H) were studied. Since then, DC’s
and ‘dislocations’ have been reported for various
dielectrics such as NbTe, (Mahy, Van Landuyt,
Amelinckx, Uchida, Bronsema & Van Smaalen,
1985), quartz (Dolino, Bachheimer, Berge, Zeyenk,
Van Tendeloo, Van Landuyt & Amelinckx, 1984,
Yamamoto, Tsuda & Yagi, 1985, 1988) and very
recently for alloys (Fujino, Sato, Hirabayashi, Aoyagi
& Koyama, 1987). Yamamoto etal (1988) studied
the structures of DC’s in the IC phase of the 3—g¢g
state of quartz and dynamic processes of the ‘dis-
locations’ in the triangular domain lattice, such as
formation of a pair of ‘dislocations’, motions of the
‘dislocations’, their interactions with other ‘disloca-
tions’ and their annihilations.

However, few electron microscope observations of
DC’s in ferroelectric substances, which show a variety
of IC phases (see Ishibashi, 1986) have been reported.
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A recent work by Bestgen (1986) on Rb,ZnCl, is one
example. Bestgen, however, did not report details of
the structures of the DC’s and ‘dislocations’ in
Rb,ZnCl,. We have carried out detailed studies on
Rb,ZnCl, and preliminary results (Tsuda,
Yamamoto, Yagi & Hamano, 1986) and details of the
dynamics of the DC’s and ‘dislocations’ during the
C-IC phase transition (Tsuda, Yamamoto & Yagi,
1988) have been reported.

It is important to know the crystallographic struc-
tures of the DC’s and ‘dislocations’ in the IC phase.
However, in the IC phase they are narrowly spaced
(Tsuda et al, 1988) and electron microscope studies
are difficult. One posssible approach is to analyze
domain structures in the C phase which are con-
sidered to be quenched states of the DC’s and ‘dislo-
cations’ in the IC phase. In the present paper, the
domain structures in the C phase are studied through
image contrast of the domains and the DC’s and their
dependence on various reflections excited. The results
are consistent with a group-theoretical consideration
of the phase transitions and the structure of the C
phase.

2. Experimental

Experimental details are given in the paper of Tsuda
etal. (1988). Here, only the important points are
described. Single crystals grown from the melt were
used. Thin crystal plates with the (010) surface were
cleaved and thinned by a mixture of water and ethyl
alchohol. As mentioned previously (Tsuda etal,
1986, 1988) (100) thin plates give weak superlattice
reflections in the IC and C phases and they are not
useful for the present study.

The thin sample crystals were glued with a silver
paste to electron microscope copper grids with a large
hole in their centers. A side-entry single-tilt specimen
cooling holder is used, which is cooled by liquid N,
and the temperature is controlled by a small heater
in the range between 133 and 343 K with an accuracy
of £5-10 K. In the present paper all of the images,
except for diffraction pattern shown in Fig. 1, were
taken at 133 K (the C phase). A JEM 200CX electron
microscope with accelerating voltage of 200 kV was
used. To reduce damage due to the imaging electron
beam, its intensity was reduced to 1 mA cm™ during
observations.
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out-of-phase boundaries with a relative displacement
¢/3 (=¢,) formed by h, are energetically unstable and
pairs of DC’s are stable.

4.2, Domain contrast

Since in the present case domain 1 is connected to
the neighboring domains 2 and 6 by the operations
h3 and hg, the structure factors F, and Fg for the
domains 2 and 6 for the reflection hkl’, which
is expected to be excited in them following the
excitation of the hkl’ reflection in domain 1, are
given by F(hkl') exp [—2mi(k/2+1'/6)] and F(hkI’)
xexp [-2mi(k/2+51'/6)], respectively. Here I is
used instead of / in order to indicate that the superlat-
tice (¢ =3c¢,) is used for the third index. For k=0 as
in the present experiments FfF, is equal to F¥F,
and F¥F, by Friedel’s law and domain contrast is
not expected. Therefore, the observed weak contrast
must be due to the failure of Friedel’s law as in the
case of BaTiO, (Tanaka & Honjo, 1964) since other
possible reasons for the contrast, such as difference
in the excitation error between the neighboring
domains, do not exist in the present case.

The present experiment, however, cannot deter-
mine the directions of P, in the observed areas. It
should be determined by experiments which inten-
tionally apply an electric field to the specimens.

4.3. Image contrast of DC’s

From the above considerations it is clear that image
contrast of the DC’s seen only in the dark-field images
of the superlattice reflections is nothing but the «
fringe contrast. The fact that the contrast is absent in
the dark-field images due to the fundamental reflec-
tions indicates that a lattice translation in addition
to the expected one from the symmetry consideration,
which actually exists in the case of the out-of-phase
boundaries in Gd,(MoO,); (Yamamoto, Yagi &
Honjo, 1977), does not exist in the present case. The
observed difference in the image contrast of the neigh-
boring DC'’s, therefore, should be due to a difference
in the phase factors of the structure factors of the
neighboring domains such as between domains 1 and
6 and domains 1 and 2. The difference in the phase
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factors can be written as
a=a(g)-[a(R7'g)—2mgt] (2)

where R is a rotational operation and ¢ is a transla-
tional operation, both of which connect the lattices
of the neighboring domains.

The a fringe intensity I p, for bright (B) and dark
(D) field images can be expressed in the two-beam
case (Amelinckx, 1970) as

IB,D=I(BI,)D+I(82,)D+I(83,)D (3)
with

I'9)5 = (3) cos? (a/2)(cosh 2mwozy + cos 270,2,)

(2) _

Gp=(3) sin” (@/2)(cosh 47ou + cos 4ma,u)

b =(3) sin a[sin (270,2,) sinh 270z,
+sin (270o,2,) sinh 270z,

where the signs (+) correspond to bright- and dark-
field images, z, and z, are film thicknesses above and
below the fault plane, zo=z,+z, (total film thick-
ness), 2u=z,—2, and o, and o; are reciprocals of
the effective extinction and absorption distances for
the reflection. The first terms 1), only depend on z,
and do not represent fringes. For « =0 the first term
I1§), gives the intensity of the perfect regions. The
second term, I3 p, gives the background of the frin-
ges, i.e. darkness at the central part of the fringes.
The third term I$), gives fringe contrast and does
not contribute to the overall contrast of the « fringes.
In the present experimental conditions the DC’s are
nearly parallel to the electron beam and extinction
distances for the superlattice reflections are very long,
so that the fringes are not seen clearly and it can be
said that the darkness of the DC images is determined
mainly by the second term, which is proportional to
sin® (a/2). From the atomic positions determined by
Itoh et al. (1986) the phase changes given by (2) are
calculated for the DC’s between domains 1 and 6
(a,;) and domains 1 and 2 (a,). Table 1 summarizes
the sin® (a/2) values for various reflections. The pairs
seen in Figs. 5 and 6 are the cases between the 203
and 204 refiections and between the 202 and 203 reflec-
tions respectively, and contrast reversal is expected

domain 4 domain S domain 6

T 01/2 1/6 T 00 1/3
DC

DC

T 01/2 172 ]‘ 00 2/3 T 0 1/2 5/6 T
pc DC

DC DC

Fig. 8. Schematic illustration of lattice relation between the neighboring domains across the DC’s. A right-handed system is assumed.
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Table 1. sin*(a/2) values for two types of DC’s for
various reflections

h k 1 a,(°) a,(°) sin? (a,/2)  sin? (@,/2)

2 0 -% 312-7 725 0-161 0-350

2 0 -% -96-5 234 0-556 0-411

2 0 3 725 312-7 0-350 0-161
-2 0 3127 725 0-161 0-350
-2 0 -} 725 31247 0-350 0-161

from Table 1, in agreement with the observations.
Fig. 7 is the case between the 203 and 20, and contrast
reversal is not expected, again in agreement with the
observations.

From the discussion here it can be said that if the
direction of P, in one domain, say domain 1 in Fig.
3 or 8, is determined by the method mentioned in
§ 4.2 it will be possible to differentiate a configuration
of domains in the order shown in Fig. 8 from that in
the reverse order by the contrast analysis of the DC'’s.

4.4. Electron diffraction in the IC phase

From the structural relations between the lattices
of the successive domains diffraction spot distribu-
tions in the IC phase can be calculated. It was
found that asymmetric splitting of the superlattice
reflections and their relative intensities were well
reproduced.
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Abstract

A rapid analytical technique has been developed for
obtaining the reduced density function, G(r), from
polycrystalline and amorphous thin films, using post-
specimen scanning and an energy loss spectrometer
on a transmission electron microscope. The technique
gives on-line analysis of nearest-neighbour distances
to an accuracy of 0-02 A, together with coordination
mumbers. It has the advantage over X-ray and neutron
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techniques that the information can be obtained from
small (<1 u.m diameter) chosen regions of the speci-
men. Results from neighbouring selected regions can
be compared.

1. Introduction

If one were to look for a common thread in the work,
so far, of J. M. Cowley and of A. F. Moodie, whether
severally or in tandem, it would be found in the
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