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Surface charge density and evolution of domain structure in triglycine sulfate determined
by electrostatic-force microscopy
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A dynamic contact mode operation of electrostatic-force micros¢Bpiv) with an ac modulation has been
developed and used to investigate the domain strucutre and dynamics of a triglycine sulfate single crystal.
Well-separated topographic and domain contrast images have been obtained by detecting the force instead of
the force gradient in the dynamic contact mode operation of EFM. Surface charge density and the anisotropic
domain wall thickness have been measured. The evolution of domains embedded in an oppositely polarized
larger domain indicates the existence of a significant interaction between domains of the same polarity.
[S0163-182698)05832-9

I. INTRODUCTION better detection method based on the piezoelectric vibration

was used to differentiate the domain image from the topo-

Ferroelectric materials have drawn considerable mtereséraphic image of the ferroelectric mated@ This method is
in recent years due to their wide application potential in, foryeyer in gistinguishing the domain contrast image, but still

example, laser optics and storage devices. The most promigsere remains some ambiguity regarding the piezoelectric de-

ing application of ferroelectric materials seems to be a neWormation, These difficulties of SPM limit the reliable inter-
nonvolatile semiconductor memory device. However, therepretation of the domain image.

are several problems such as electrical degradation and do- | this work, we present domain contrast images of tri-
main dynamics, which need to be solved or understood beglycine sulfate(TGS), which are completely separated from

fore the realization of a practical application of ferroelectricthe topographic image. Triglycine sulfate, which has a Curie
materials. temperature of 49 °C, is one of the most widely studied

In order to facilitate the application of ferroelectric mate- ferroelectric material®.’ TGS is known to show a spontane-
rials, it is, therefore, necessary to observe or control the foreus polarization along thie axis, i.e., domains of rod shape
mation of domain structures in ferroelectric materials. along theb axis with a lenticular cross section in tlec

Domain structures of ferroelectric materials have beerplane possibly due to an anisotropy in the domain wall en-
studied by several methods such as surface etching, surfaeegy. Domain images of TGS in this work are obtained by
decoration, or electron microscopy, which are either destructhe dynamic contact mode operation of an electrostatic force
tive methods or require a special sample treatment. On thmicroscopgDC-EFM), which was originally designed to de-
other hand, the recently developed scanning probe microgect the distribution of the surface potential with the ac
copy (SPM) proved to be very successful in taking images ofmodulation techniquéIn addition to the surface charge den-
the domain structure in ferroelectric materials. sity due to the polarization, the evolution of domains, such as

Advantages of SPM for the domain study are as follows:domain nucleation and growth at various temperatures, has
(i) it is a nondestructive method with no need of any speciabeen studied by the sequential measurement of the domain.
treatment,ii) it allows a nanoscale visualization of the do-
main structurt_—z, andii) it aII_ows contr_ol of the domain struc- Il. DETECTION METHOD
ture while taking images, i.e., domain reversal or movement.

However, the domain image by SPM so far is usually The sample studied in this work is a single crystal TGS
obtained by the noncontact mode operatidmyhich can de-  grown by a slow evaporation from an aqueous solution. The
tect basically the force gradient and, hence, the domaithickness of the TGS crystal, cleaved in air, is approximately
boundary image. Furthermore, the domain image obtained by 400 pm.
this method is usually obscured by the superimposed topo- An electrostatic force microscopEFM) based on the
graphic image of the surface. It was also reported that doelectrostatic force modulation by applying an ac modulation
main contrast obtained by a static contact mode of atomiwoltage to the tip was built for the study of the potential as
force microscopy (AFM) reveals a topographic height well as the charge-density distribution on the sample surface.
differencé between differently polarized domains due to the In the dynamicnoncontact mode of EFM, which is oper-
interaction between tip and ferroelectric domain surface. Aated in the presence of an attractive force between tip and
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FIG. 1. Vibration amplitude ¢ componentand dc deflection signal for a cantilever with a force constant.® N/m. The applied ac
voltage amplitude and frequencyeaB V and 40 kHz. The origin for the tip-sample distance is arbitrary. Below gdjwhere the tip is
making contact with the sample surface, there still remains a finite vibration amplitude. The actual measurement for the domain contrast and
topographic image is made near poit In the insetR cosé is the in-phase component of the lock-in output at frequancy

sample, the resonance frequency of a cantilever is affectekl = 1.9 N/m. In the actual operation of the EFM with a
by the force gradient on the sample surface. The vibratiomodulation bias/,coswt, the vibration amplitude of the tip
amplitude of the cantilever is hence affected by the variations initially growing in the noncontact regiorAj and then is

of the force due to changes in electrical properties such agduced drastically in the tapping regioB)(as the tip ap-

the domain bogndary in ferroelectric .mgterials as well as dU%roaches the sample surface as shown in Fi§ At.point C,

to the change in the topography. This is how one can deteghe §¢ deflection signal of the cantilever indicates that the tip
a domain boundary in ferroelectric materfaly means of _is making contact with the sample surface. Further decrease
the noncontact EFM. Therefore, in the noncontact dynami, ¢ gistance will bend the cantilever resulting in a dc de-
mode, the eﬁect qf a force gradient dqe to a tOpograph'?lection signal that is proportional to the decrease in the dis-
change is mixed with that due to a domain boundary makaance as shown in the figure. Unexpectedly, however, there

it difficult to differentiate between therh. . .. . . ) .
In the static contact mode of the EEM. the force on the tipremalns a finite vibration amplitude even in the contact re-
consists of an atomic force and an electrostatic force, gion (D). Of course for a soft material, a small vibration

amplitude in the contact region was already reported and is
F=F,+F,. (1)  possible through the mechanical indentation of the soft sur-
face, which allows measurments for the elasticity variation
The static deflection of the tip is mainly influenced by the of a samplé! But, sustained vibration of the cantilever on a
repulsive atomic force in the contact mode. If the statichard surface, like ferroelectrics, even in a contact state is a
atomic force is employed as the feedback signal, the topogsurprising result that allows a new dynamic contact mode
raphy of a sample can be obtained with a high lateral resoeperation of EFM. We observed thisistained vibratiorin
lution while the tip-surface distance will be virtually fixed by the contact state for various hard surfaces, some of which are
the strong atomic repulsive force. not ferroelectric materials. The inset of Fig. 1 shows a plot of
If it is possible to operate an EFM in a dynamic contactthe vibration amplitude versus dc bias voltage at frequency
mode, the topography of the sample can be obtained just asbtained for a nonferroelectric samg®i wafen. The linear
in the contact mode operation, while the electrical propertydependence of the vibration amplitude on the bias is un-
of the surface can be studied by detecting the electrostatiequivocal evidence indicating that the sustained vibration of
force in a similar way to that of the noncontact operation.the cantilever is not an artifact but a real effect related to the
Thus the electrostatic effect in the surface can be separatedectrical property of the sample surface.
from the topographic effect in the dynamic contact mode. In  The sustained vibration of the tip in the contact state
addition, the spatial resolution in the contact mode operatiompens the possibility of operating an EFM in a dynamic con-
can be improved because of a short distance between tip amact mode. Actually, we have succeeded in taking the topo-
sample compared to that in a noncontact mode operation. graphic image and surface potential of a semiconducting test
Figure 1 shows the vibration amplitude (component sample simultaneously by the dynamic contact mode opera-
and dc deflection curves of a cantilever with a force constantion of the EFM (contact mode operation of the EFM with
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FIG. 2. Calculated electric field for strips with alternating sur- . . )
face charge density o, as a function of the height from the sur-  Thus the mechanical deflection of the cantilever due to

face. Here, the shape of the domain is assumed to be fingerlike witf€ €electrostatic force will have da, and 2» components.
awidthw=2 um. Ford smaller than several nm, the electric field The dc and 2 components contain the topographic infor-
can be safely regarded as an uniform electric fEle- op/2¢, . mation of the sample via’C/dz, while the @ component
contains the information on the surface charge densitpf
modulation), which shows a better resolution than the non-the sample.
contact mode EFM. It is required to use an insulated tip to Therefore one can use the dc components=pfwhich
prevent any unintentional charging during the contact modéncludes the dominant strong repulsive atomic foFcgin
operation. The probe tip used in this work is a heavily dopedaddition to the dc part of the electrostatic force as the control
Si (doping level is 16°-10%cm®) with a spring constant k feedback signal to maintain a constant height in the contact
= 1.9 N/m and a typical tip radiuR=40 nm. It seems that mode operation of EFM. Actually the topographic image in
the surface of the tip is covered with a Si6xide layer, thus  this work was obtained from this signal.
preventing current flow between the tip and sample. Since the amplitude of the component from the lock-in
Now, for the quantitative analysis and detection mechaamplifier depends both oviy. and on the surface polarization
nism of the domain in a ferroelectric material, consider acharge densityr,, measurement of the component of the
surface with a polarization charge density. In the presence afantilever oscillation leads to the detection of the bound sur-
a bound surface charge density as in the case of the ferro- face charge density or the domain image. Thus for a ferro-
electric domain, the electrostatic forEg on a tip is given as  electric material with an 180° domain such as TGS, one can
a sum of a capacitive force and a Coulombic force betweerxpect two level surface charge densities corresponding to
the tip and sample surfa¢éSince the tip-sample distance is either a positively or negatively polarized surface.
short in a contact mode operation, one can approximate the The DC-EFM, explained here, is different from the pi-
effect of bound surface charge density by a uniform electriezoreponse method introduced by Fraekal,™ in that the
field. Figure 2 shows the calculated electric field above oppiezoresponse method is detecting the thickness variation of
positely polarized domains as function of the height from thea sample, covered with an adsorbate layer, due to the piezo-
domain surface. Here the shape of domain is assumed to ledectric effect, while the DC-EFM is detecting the electric
fingerlike with a domain width of Z.m, which is a typical force variation caused by the surface charge density. In the
value for TGS. The electric field at a distanddess than a piezoresponse model, the protrusion or contraction of a
few nm can be regarded as a constant fleleéF o, /2¢,, but  ferroelectric sample is attributed to the piezoelectric effect of
for d larger than 10 nm, a wide electric field variation ap-the sample. However, there remain some questions as to the
pears near the domain boundary. Therefore, in a noncontapiezoresponse interpretation by the piezoelectric effect. First,
EFM operation, the variation in the electrostatic force gradi-we could not observe any protrusion or contraction on dif-
ent can shift a resonance frequency of the cantilever, perturiferently polarized regions within the vertical resolution limit
ing the topography measurement. However, in the operatioaf 0.1 nm in our measurement for a freshly cleaved TGS
of the DC-EFM, the tip-sample distance is of the order of 1sample. More importantly, the expected domain thickness
nm controlled only by an atomic repulsive force instead of avariation in the piezoresponse modét= fRdzzE(t)dt is
force gradient. Thus topography is well separated from théess tham-0.01 nm at most for a typical sample of thickness
electrical property of the surface. 1 mm, piezoresponse coefficiemf,= 20X 10~ *? m/V,* and
Using the constant electric field approximation, Coulom-a polarization field at the tip surfad&R)=10" V/m. Thus,
bic force can be expressed simply &sq;, where Eg it will be very difficult to detect this thickness variation.
= o/2¢, is the electric field due to a constant bound surfaceFurthermore, the piezoelectricitgl,, of TGS shows a
charge densityr,=P-n andq, is the charge induced at the strongly increasing trend as the temperature approathes
tip by the applied voltag¥, g,=CV. The electrostatic force Then the piezoresponse signal should show a more pro-
is, therefore, given as nounced domain image as the temperature increase toward
T.. However, the actual measurement shows a rather dimin-
@ ishing domain contrast as the temperature increases. This
2 9z 2¢, evidence indicates that the detection mechanism of the do-
main contrast is not due to the piezoresponse effect but due
Here, the applied bias between the tip and sample cato the electric-field effect of the ferroelectric surface.

10C 10C ) a,CV
FeIEEV EsQi=5 V't ——
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FIG. 4. Topographic imagéa) and domain contrasth) of a
cleaved TGS obtained simultaneously. Careful inspection of the
domain image shows a faint shadowy topographic image along the
cleaved step on the surface, as indicated by arrows. But there ap-
pears to be no structure related to the domain in the topographic
image.

FIG. 3. Comparison between images obtained by the DC-EFM

and noncontact EFM. Images obtained by DC-EFM do not show kasitd . . 2. 16\wh . lectri
any correlation between topograplig) and domain contrastb) Work as It does In previous reports;"wnere a piezoelectric

image. However, images obtained by the noncontact EFM show gffect n the pqlarlze_d sample is suspected to cause su_ch a
significant coupling between topograpty and chargdd) image.  topographic height difference depending on the polarization.
Domain contrast shows in general only two level contrast in
Figure 3 shows the difference in the topographic and do900d agreement with our expectation based on(Bj.
main contrast images that are obtained by DC-EFM and non- Careful inspection of the domain contrast, however, re-
contact EFM methods. Both topographic and domain conY€@ls a faint shadowy topographic image along cleaved steps
trast image are obtained simultaneously at a differenPn the surface as indicated by arrows in Figo)4 This ap-
location for each method. Topograptey and domain image Pearance of the topographic shadow in the domain contrast
(b) are well separated in DC-EFM. No protrusion or contrac-¢an b(_a understood as a result of a severe local variation of
tion related to the domain is observable in the topographi€apacitanceC at the step edge on the cleaved surface. Con-
image. The charge-density image shows distinctly two level$tant height operation of the DC-EFM, which is equivalent to
of dark and bright regions corresponding to the positively2 constant capacitance operation, fails momentarily wh|le_
and negatively polarized domain, respectively. However, thécanning over such a step edge. The change of the capaci-
topography[Fig. 3(c)] and surface charge imagEgig. 3d)] tance at such a step frofd to C’.WI” produce a change in
obtained by the noncontact EFM method overlap. In the tothe @ componento,C'/2¢,, as if there is a change in the
pographic image, there appears a pronounced domain boungurface charge densitys,=0,C'/C, on a smooth surface
ary image due to a strong electrostatic force gradient at th&here one can maintain a constant height operation of the
boundary. In addition, the topographic image shows a somd?C-EFM. The appearance of shadow topographic images
what poorer lateral resolution than the one obtained by th@bserved at step edges is evidence indicating the correctness
DC-EFM. The domain imaggFig. 3(d)] shows a gray scale Of our analysis.
that changes smoothly from the center of the domain to the Domain structure, however, is not affected by the cleav-
boundary. This is not because of the variation in the polarage step or slope on the cleaved surface. There is no pro-
ization but because of the variation in the electric field at thgruded or submerged step related to the domain wall in the
boundary in the noncontact mode of the EFM as explained ifopographic image as there is in previous repbtfs® The
Fig. 2. From this measurement, we are convinced that théxplanation by a protrusion due to the piezoelectric deforma-
DC-EFM is detecting the surface charge density rather thation was also questioned by Takétavho proposed an alter-

20 40 60 p,m 0 20 40 60 WITL

the piezoresponse of the sample. native cause, electrochemical activity. Of course we could
not detect any hysteretic behavior in the domain image de-
Il RESULTS AND DISCUSSIONS pending on the forward and backward scan directith.

The general appearance of the domain structure reveals a

Domain contrast and topographic images of TGS are sifingerlike or an elongated lenticular shape similar to that of
multaneously measured by the DC-EFM with the dc bigs  earlier report€*® The elongated lenticular shape is attributed
set equal to zero. The estimated distance between tip artd the anisotropic domain wall energy in TGS. If there is an
sample is~1 nm obtained from the amplitude of the tip anisotropy in the domain energy as is suspected in the case
vibration. of TGS, one can expect a variation of the domain wall width

Figure 4 shows well-separated topographic and domaidepending on the direction in tleec plane. Figure 5 shows
contrast images of the TG®ELO) surface obtained simulta- a small positively polarized domain of roughly elliptic shape
neously withVy4.=0, V=5 V, andf = 40 kHz. The en- with a semimajor axi@s=1.17 um and semiminor axi®
larged topographic imag@ot shown hergof the TGS sur- =0.53 um. The domain shape at the end of the major axis
face shows cleavage steps-efl2 A which is very close to shows a rather sharp corner with its angle ranging from 60°
the lattice unitbo=12.69 A® The domain image or domain to 120°, thus lenticular is more adequate than elliptic in de-
boundary does not appear in the topographic image in thiscribing the shape of the TGS domain.
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nulling method can overcome the ambiguity related to the
asymmetric behavior df | or the necessity for the absolute
value of C and9dC/dz. Since the EFM is operated in a con-
tact mode with the tip to sample distance as small as 1 nm in
this work, the capacitance between tip and sample can be
treated as a parallel plate capacitor with the resulting
(0Cl9z)/C=1/d , whered is the distance between tip and
sample. The measured difference between the nulling bias
V=Vg.n — Vg.n corresponding to the positively and
negatively polarized TGS domains at 20 °C was 3.1 V with a
measurement uncertainty less than 0.1 V. A rough estimate
for the distancel between tip and sample was made from the
force distance curve, assuming the vibration amplitude to be
equal to the average distandein the contact mode opera-
tion. By comparing the magnitude of the vibration amplitude
signal(90-110 mV of the cantilever with that of the deflec-
tion signal (1.9 V) of a very large scale integrated height
standard of 18 nm, we obtained=1+0.1 nm. The uncer-
tainty was mainly due to the fluctuation of the vibration am-
plitude signal. The resulting surface charge density of TGS
at 20 °C obtained by this method ég,=2.7+0.3 uC/cn?.
This is in a good agreement with the reported value of
2.8 uClcn?,? considering our crude estimate on the gap
04 08 12 1.6 pm between tip and sample. To improve the accuracy in the
estimate ofoy,, it is required to reduce the uncertainty in the
FIG. 5. Negatively polarized domain of a lenticular shape. Do-gap distance between tip and sample. Also note that the ef-
main wall thickness estimated along the semimajor and semiminofective electrostatic distance between tip and sample could
axis are~110 nm and~60 nm at 20 °C. be different from the measured value due to the presence of
an insulating layer on the tip surfaéeTherefore the good
Typical domain wall thicknesses measured at 20 °C foragreement in ther,, value can be regarded as an alternative
this particular domain are-110 nm and~60 nm along the method for the estimate of the effective distance between tip
semimajor and semiminor axes, respectively. To avoid anynd sample.
artifact caused by the scan direction, we measured the wall Since a well-defined domain contrast can be obtained
thickness of several domains at different angles. Of cours@om our DC-EFM, we studied the evolution of the ferroelec-
there is some variation in the thickness of the domain walkric domain structure in TGS. An earlier attempt by Luthi
depending on the sample. In one instance, we observed g al?® for the domain dynamics of TGS employed a non-
sizable variation of the domain wall thickness ranging fromcontact mode operation, which can only take images of do-
30 to 80 nm in the semiminor direction. However, the wall main boundaries. Besides, they applied a nonxggao the
width ratio along the major axis and along the minor aXiSprobing tip during scanning, which can alter the shape of
remains close to 1.8. Of course, the typical value of the dodomains under study. Frictional force microsc8peas also
main wall reported in this work is an upper limit because ofysed to study the domain change in TGS. To investigate the
the finite tip radius of~40 nm. This value is much larger evolution of the domain in this work, we brought the TGS
than reported values of 10 nfRef. 2 and 8 nm(Ref. 18  sample into a nonequilibrium state by heating up the sample
but much smaller than 600—800 nirh. above Curie temperature and then subsequently cooling
An attempt is made to measure the bound surface charggown to room temperature, 20 °C. Certainly abdyg the
density o,=P-n induced by the polarization. Since the  domain contrast disappeared. In less than 30 sec after cool-
component inF. [Eq. (3)] is proportional to §C/dzVyq.  ing down, the sample temperature reached an equilibrium
+0,C/2¢,), one can, in principle, estimatsg, from the am-  temperature in air. For this reason, we began to acquire im-
plitude of the w component. WithVy.#0, a difficulty in  ages of the TGS domain 30 sec after cooling to room tem-
estimatingoy, arises due to the asymmetric dependence operature. With a scanning speed of 1 Hz, it is actually im-
|F.,] on the surface charge density as was pointed out bpossible to take a domain image earlier than this due to a
Ogahmiet all’ Even with V4=0, one needs to know the rapid domain evolution at the earlier cool-down period. We
capacitance between tip and sample to estimate the boundok domain images every 4 min up to 1 h. Figure 4 shows
charge density. Furthermore a spurious bias induced by d&-GS domain images taken sequentially up to 1 h. Inside of
fects or by local charges on the sample can easily complicaténe fingerlike domain with an average domain width of
the analysis for the charge density. Instead of measuring the 2 um, there are many oppositely polarized lenticular-
amplitude of|F |, we can adjust the dc tip bidg, until the  shape domains accompanied by several smaller satellite do-
amplitude of|F | vanishes. In this nulling method, the sur- mains of the same polarization. These isolated domains em-
face charge density is related to the null bigg , as o= bedded in the oppositely polarized fingerlike domain
—2€,V4cn(9Cl9z)/C. This nulling method has several ad- gradually diminish. However, the fingerlike domain does not
vantages over the amplitude measurement; for example, thehange its size or shape up to 1 h, the duration of our obser-

[ d
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FIG. 8. Growth of new positively polarized domains indicated
by arrows in(a) under a tip bias oV y4.=—10 V. Circular initial
shape of the new domain relaxes to a lenticulat shape. White dots
(negatively polarized domajrare written under a tip biagy.= 10
V.

shape of the larger-size domain, in this case the fingerlike
domain, is fixed with a much shorter relaxation time while
the evolution of a small domain embedded in a larger do-
main is determined by a much longer relaxation time of the
FIG. 6. A sequence of domain contrasts of TGS takef@as0  order d 1 h in the case of TGS at 20 °C. If there is no
sec, (b) 4 min, (c) 20 min, and(d) 52 min after cooling to room interaction between neighboring domains of the same polar-
temperature from abové.. Small isolated domains gradually di- ization, the size of small domains surrounded by oppositely
minish, while finger-shaped domains do not change their shape arfaolarized domains should show a monotonically decreasing
sizeupto 1 h. trend only. Therefore, the complex variation of the size ob-
served in small domains embedded in oppositely polarized
vation. The area of the positively polarized domain observedlomains is interpreted as an implication of the interaction
with V4=0 remained equal to that of negatively polarized Petween adjacent domains of the same polarization.
domain during the domain evolution, indicating no prefer- Finally, a polarization reversal under a tip bias has been
ence in domain orientation in the scale of*2R0 wm. observed. Domain reversal depends on the magnitude and
The size of two particular isolated domains, one posi-duration of the applied tip biag.. Evolution of the newly
tively and the other negatively polarized, indicated by arrowscreated domain, such as the change of domain size or shape,
in Fig. 6@, show an increasing trend until the surroundingS€ems to depend on the surface condition. For example, on a
satellite domains disappear. Once satellite domains disapreshly cleaved surface of TGS, it was rather difficult to ob-
pear, then the size of the isolated domain begins to decreasterve the domain reversal due to a rapid relaxation of the
Figure 7 shows the time dependent domain size of two isoteversed polarization to its original polar_|zat|on. However,
lated and oppositely polarized domains, indicated by arrown @ much degraded surface, the evolution of the reversed
as shown in Fig. @). Except for the initial increasing trend, domain was slow enough to take the domain image. We
the isolated domain shows almost a linear decreasing beha§Peculate that the degraded surface layer is producing a pin-
ior while the width of a fingerlike domain remains virtually Ning effect by lowering domain energy. Dark spots indicated

constant at 2.4 0.04 wm. Our observation indicates that the DY arrows in Fig. &) are written on a degraded surface
(surface exposed to air for more than a weakder a tip bias

0 5 10 15 pm20 o 5 10 15 H,[Il20

1000

V4= —10 V. The shape change from an initially circular to

. lenticular shape is due to the evolution of domains. From this
E oo N a2 A we confirmed that the polarity of the dark contrast corre-
c p A p o8 sponds to the positively polarized domain. White dots in Fig.
E 600l °o 4 8(b) are written l_Jnde_NdC= 1Q V. The _threshold bias for a
® ’ °°. . domain reversal in this work is approximately 7 V. The elec-
£ 4ol o a4 tric field near the tip under a biag @ V is about 1.7% 10
£ satellite domain ,  , V/m, which is much stronger than the reported coercive
] . |disappear oo & field,}* which is on the order of 16-1¢° V/m.
200} | o 660
0 1000 2000 3000 2000
time ( sec) IV. CONCLUSION

FIG. 7. The change in the diamet@long the minor axjsof With a modified analysis for the electrostatic force be-
isolated domains in TGS that was brought into a nonequilibriumtween tip and charged surface, the surface charge density and
state: positively polarized domaik (A) and negatively polarized dynamics of ferroelectric domains in a TGS single crystal
domainB (O) indicated by arrows in Fig. 6. The diameter in- were studied by the dynamic contact mode operation of an ac
creases initially until the surrounding smaller satellite domain dis-modulated EFM. In this method, the cantilever vibration per-
appears, then decreases almost linearly in time. sisted even in the contact situation, thus allowing a simulta-
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neous measurement of topographic and domain contrast inkurthermore, the degraded surface layer seems to have a pin-
ages. Unlike previous authors, we did not observe anwying effect on the evolution of the domain by lowering, for
morphology change due to the domain formation in TGS. example, the surface energy of the domain. The threshold
TGS exhibits 180° domains of fingerlike shape with op-bias for a domain reversal on a TGS single crystal in this
positely polarized domains of a lenticular shape embeddediork is about 7 V. Of course, more detailed investigation,
inside. The bound surface charge density obtained in thisuch as temperature dependence or dependence on the dis-
work is o,=2.7 uwClcn? at 20 °C, which is very close to tance between domains, is required to elucidate the dynamics
the reported value of 2.8.C/cn?. The upper limit of do- of domains in ferroelectrics.
main wall thickness is~110 nm and~60 nm along the
semimajor and semiminor axes with the anisotropy ratio 1.8. ACKNOWLEDGMENTS
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