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(010) surface
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Scanning force microscopy investigations on the triglycine sulfai®) surface were carried out
employing the method of matched faces. The difference in the etch rate of surfaces of ferroelectric
domains with opposite polarity as observed with optical microscopy and scanning electron
microscopy could be confirmed. The shape of the etch products on domains with equal polarity on
the matching surfaces was found to vary widely. The height and direction of steps at the domain
boundaries were measured and discussed with respect to earlier work done by means of transmission
electron microscopy. A model which explains the differences in the step heights at the domain
boundaries is given under consideration of the shift in the atom positions during ferroelectric
polarization reversal. €1996 American Vacuum Society.

I. INTRODUCTION (T.=49 °0). The lattice constants of the monoclinic unit cell

Since the discovery of its ferroelectric nature in 1556 area=0.15 A,b=12.69 A,c=5.73 A, andp=105° 40.%°
triglycine sulfate(TGS) is one of the best studied ferroelec- ~ The crystal structure is given in Fig. 1. The atom positions
tric materials. Below the Curie point TGS exhibits antiparal-were taken from Hoshin@t al** and transformed to the
lel 180° domains, which are generally rodlike parallel to thecrystal axes used in Ref. 20. The transformation matrix is
b axis?*The domain structure was observed by transmissiomiven in Ref. 22. The structure consists of four different lay-
electron microscopyTEM) using decoration techniqd€,  ers(depicted by A, A, B, and B in Fig. 1) which have either
scanning electron microscofBEM),*’ scanning force mi- 5 different chemical consistence or a different orientation.
croscopy(SFM),2 and differential interference microscopy. Both layers A and A contain SQ-glycine 1(G1) molecules,
For optical microscopy studies the liquid crystal metfdd whereas B and Bare built up from glycine 2G2)-glycine 3

: 15
and the etching methdt*® were employed as well. The &G3) molecules(the abbreviations and names for the glycine
method of matched faces has already been used for the stu n¥ . . .
olecules are used as in Ref.)2Neighboring layers have

of the domain structure of ferroelectric crystafs. , Jo e ,
When TGS is kept under ambient conditions a thin watedN average distance bf4, closest layers of identical chemi-
cal composition are separated bi2.

film is formed at the crystal facé§ Due to its reactivity with
polar liquids(as, e.g., watérthe surface of TGS is etched. It ~ The principle of the method of matched faces is sketched
has been found that the surfaces of domains with opposit# Fig. 2. TGS can easily be cleaved parallel to 0&0)
sign of polarization show different etch rat€sThe resulting plane. For each measurement(Q0 oriented TGS plate
variance of the surface roughness causes domain contrastwith a thickness of about 2 mm was cleaved in its middle.
optical microscopy studies and has also been used for thafterwards, the two freshly generated surfaddsnoted by
denomination of the domain polarity in SFM and friction “|” and “II” in the following ) were inspected by optical
force microscopy(FFM) studies’*® microscopy in order to find a characteristic surface spot for
Here, we report on SFM investigations on matched cleavy,e subsequent force microscopy measurements.

age faces on TGS. It will be shown that the fine structure of 14 g investigations were carried out immediately af-

the etch pattern can vary widely for domains of equal polar- . . .
. o . . ter the sample preparation. A commercially available scan-
ity. Additionally, the change of the relative position of the ple prep y

cleavage plane in the TGS unit cell at domain boundaries ig'ng force microscop€ was used. The instrument was oper-

compared with results obtained by TEf1Small deviations ated in contact mode under ambient conditions with loadings
in the predicted step height are explained under consider_Qf about 30 nN. The Vjshaped silicon nitride cantilevers with
ation of the shifted atom positions for domains of oppositelntegrated pyramidal tigs had force constants of about 0.06

polarity. N/m.
The values for the step heights given in this article are
Il. EXPERIMENT mean values determined from height histograms and aver-

The TGS single crystals were grown from aqueous soluaged from measurements at different surface spots. The error
tion at a constant temperature above the Curie poinin thez values is=0.05 nm.
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% %% M% - A Fic. 3. (a) 10x10 um? topographical image of th@10) surface of sample

I. The position of a domain boundary is marked by arrols$.10x10 um?
o topographical image of the surface spot on sample Il which mateheEhe
= — domain boundary is marked by arrows.

ior, the left-hand side in Fig.(8) is the surface of a positive

domain, whereas the right-hand side is the surface of a nega-

0 tive domain, respectively.

Fic. 1. Crystal structure of a TGS unit cell. TGS can be considered to Figure 3b) shows the corresponding areta on sample Il.

consist of layers stacked along tlheaxis. The hydrogen atoms are ne- The cleavage structure matches perfectly with that of sample

glected. I. Two domains can be distinguished from their different
etching behavior. The area on the left-hand side from the
domain boundary is much stronger etched and reveals a lot

[Il. RESULTS AND DISCUSSIONS of irregularly shaped holes, while the right-hand side is com-

. 2 . paratively smooth with few small islands. Therefore, it is

fregﬁl?;rgga%ezhzvﬁai:gﬁ( 12 ILtL;gicirl;/:gnjf;gg::?:;vggéhite Fgonclg_ded that t_he left-hand side_in FidbBis the s_urface of

' a positive domain, whereas the right-hand side is the surface

structure is dominant. The double steps have heights of oSt a negative domain. This is in agreement with the fact that

um‘?'r(::”irlnna;hee?sOcljlir\igltéc()jni.nto two areas which are separategje region which is the surface of a positive domain at sur-
by a step with height 0.26 nrfsee arrows in Fig. @], ace |[Fig. 3(a@)] should be the surface of a negative domain

. ) t surface Il[Fig. 3(b)] and vice versdsee Fig. 2
ms;?ﬁs '?hnotr?le ;'?Qt_hsﬂg”Sﬁgfeéhfh;ﬁgﬁfingrs dzecrfaenit-@/ The domain boundary on surface Il appears as a step with
. Wi yalew S ! 0.37 nm height. However, this step is not matching with the
prises many round islands. Both islands and holes are sep

. . gfep at the domain boundary at surface |, i.e., the step has not
tr::?:c:y steps of height/2 (0.65 nm from the surrounding the correct direction in order to fit with the corresponding

E . . tiati itis K that the d . step. This is illustrated in Fig. 4, which gives a sketch of the
_fom previous investigations 1t 1S known that the domains,, .o e etch behavior and the direction of the steps at the
with an opposite sign of polarization show a different etching

behavio?? Positive domains are etched stronger than n domain boundaries of the corresponding surface areas.
ehavior. - Fosllive domains are €ichea stronger than nega- - . steps occurring at the domain boundaries on the sur-

tive ones. Considering the differences in the etching bEhan'aces I and Il are in agreement with an earlier work done by

means of TEM® The experiment utilizing a combination of
low-angle shadowing technique and decoration technique re-
vealed steps of aboui/4 height between neighboring do-
mains of opposite sign. Considering the crystal structure of
TGS, the author of this work argued that there is a change in
the chemical composition of the topmost surface layer for
domains with opposite sign. It was concluded that the sur-
(a) face of a negative domain always contains G2—G3 molecules
(layer B or B in Fig. 1, respectively while the surface of a
positive domain consists of G1 and S@olecules(layer A
surface | surface Il orA).
Additionally, it was found in the TEM measuremetits
(b) that the surface of the positive domains is merely raised by
the step ob/4 above the surface of the negative domains. In
Fic. 2. Principle of the method of matched facé®. Sample before cleav- our meas“rem‘_ams this is Only valid f(.)r F|Qb)3(surfe_1ce . .
age. The two(010) faces show a reversed domain structuts. The two  ourface | exhibits the opposite behavior: the negative domain
freshly generated surfaces | and Il show an opposite domain structure. IS raised above the positive domain thus causing a mismatch
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domain boundary

big
islands

- surface |
- surface i 2 N .
- Fic. 5. (8 1X1 um* topographical image of the surface of a positive do-
: main.(b) SFM image of the same surface spot after the tip was scanned over
' an area of 108100 nn? for about 10 min. A new island was grown under
| the tip. The shape of the lower step close to the new island has changed.
small | big This points to a tip-induced etching and recrystallization of TGS.
islands | holes
]
t

O
surface. The presence of the AFM tip is changing the chemi-
Fic. 4. Schematic drawing of the surface structure of the opposite cleavageal potential at the tip-sample contact area thus promoting
faces. The step heights are given with respect fo the surface of the negatiyfe recrystallization of material from the saturated solution at
domains. Note thé/4 steps at the domain boundaries, which do not match.
The etch fine structure is different between domains of opposite polarity aghe surface.
well as between domains with equal polarity on opposite cleavage faces. ~ This observation leads to a possible explanation for the
mismatch of samples | and Il at the domain boundaries as
described abovésee Fig. 4 On surfae | a complete mono-
of the corresponding surfaces at the domain boundseg layer with a thickness db/2 on the positive domain is dis-
Fig. 4). solved. Subsequently, recrystallization from the saturated so-
The different etching behavior of positive and negativelution takes place on the positive domain. Islands are formed
domains is discussed in Ref. 17. Etching experiments of TGpreferentially on microscopic defects on the positive domain
in different solutions revealed the positive glycinium ions toleading to a topography as observed in Figr)3According
play the major role in surface etching. Since the diffusionto this suggestion, samples | and Il would show perfect fit
rate of the positive glycinium ions near the positive end of aalso at the domain boundaries in the moment of cleavage.
domain is larger than near the negative end, the positive The different step heights measured at the domain bound-
domains are etched faster than the negative ones. It is rexies on samples(0.26 nm and I (0.37 nn) can be under-
markable that the strong etching of the positive domairstood based on the difference of the atom positions in the
shows up at one surface as formation of round islasds:  domains with opposite polarif}:?2*°*During polarisation re-
face ), whereas at the other surfatsurface 1) the etching versal the G2, G3, and SOmolecules are only slightly
results in irregularly shaped holes. shifted in their positions, whereas the RNligroup of G1
A detailed survey over etching of crystals is given in Ref.moves 0.09 nm along thle axis. The position of the Nk
25. The formation of etch holes on crystal surfaces as obgroup is either 0.045 nm above or below the pldmté (or
served on the positive domain of sample Il is a well-known3b/4, respectively for the two different polarization direc-
phenomenor(see Ref. 25, and references theyeifor the tions. The positive side of the polarization vector is directed
occurrence of the round islands on the positive domain ofrom the plandd/4 (or 3b/4) to the actual position of layer A
sample | several explanations can be considered, such as tf@ A’).22 The cleavage plane is the positive side of these
formation of so-called “spurious” etch pits formed as residu- layers® (see Fig. 8.
als of etch hole formatioff, “true” etch pit generation(see, Figure Ga) shows the sample right after the cleavage. On
e.g. Refs. 26—3] dislocation etching as already observed inboth fresh surfaces the steps at the domain boundaries have
ferroelectric materiald?~3*and recrystallization as argued in heights ofb/4+A. After the removal of a complete mono-
Ref. 8. layer with thicknes$/2 at the positive domains of sample |
However, there is strong evidence that a recrystallizatiorihe step height at the domain boundaries of this sample
process is the proper model which explains the existence athange tdo/4—A. From the SFM measurements the value of
the round islands. Figurg& shows the surface of a positive A is estimated to be 0.05 nm, which is in good agreement
domain exhibiting cleavage steps and etch holes. After scarwith the x-ray diffraction dat&>
ning the tip for about 10 min over an area of 20000 nnf, The influence of electrostatic interactions between the
an island was formed right under the scanned tip. The terracgi;N, SFM tip and the electric field of the sample on the step
underneath is etched back at the surface step close to tieights measured in our experiment could be excluded. The
scanned area. These observations, which are reproduciblgpplications of voltages with different polarity between tip
point to a tip-induced etching and recrystallization at theand sample did not change the measured step heights.
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