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Scanning tunneling microscopy of the misfit-layer compoundSm9; ;J\bS,
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Scanning tunneling microscof$TM) images with atomic resolution have been obtained from the top SmS
layer in (Sm3; ;J\bS,, one of a large family of misfit-layer compounds that consist of two layer sets with
different geometry and lattice constants. They show a rectangular or a nearly rectangular lattice of light spots.
One of the images has the same periodicity as each atomic specieglifthéection and half the periodicity
in the[11] direction. The other image shows light spots that are mismatched with the atomic positions over a
wide area and have the periodicity of three times of the lattice constant aloagtiah axes. The images are
analyzed, using a Fourier transformati®T) technique. They are reproduced within the experimental errors of
+7 percent. A standing wave model for a charge density on a surface is proposed, which indicates that there
are a clear distinction between theandb axes and an asymmetry between [h#&] and[11] directions. It is
found that no Sm atoms are imaged and interlayer interaction more or less affects the STM images. Point
defects and a modulated structure have been observed, which are discussed in relation to charge transfer from
SmS to Nb$ layers and incommensurability of the crysfe$0163-182¢28)08036-9

[. INTRODUCTION very small, wherepsoo and p, , are electrical resistivity at
room temperature and at 4.2 K, respectively. The estimated
(Sm9, 1 \bS, is the misfit-layer compound that has an value is about 2.2. Such high residual resistivity implies that
incommensurate planar-intergrowth structure consisting ofmpurity scattering is dominant over phonon scattering at
two layer sets with lattice periods that coincide in thand  lower temperature or that the incommensurate periodic strain
¢ directions and not in tha direction!? A two-atom-thick  that results from a mismatch in the periodicities of the SmS
SmS layer has an atomic arrangement similar to that of &nd NbS layers is the effective scattering center of the con-
rocksaltlike lattice sliced with two planes perpendicular toduction electrons. Various electrical and spectroscopic re-
the (001) direction and having interplanar distance of half aSults containing the x-ray photoelectron spectrosdofi3S),
lattice constant. The atomic arrangement of a three-atonf® X-ray absorption spectroscogiAS), the inner-shell-
thick NbS, layer is the same as that of a sandwich layer in€!€ctron energy-loss spectroscap$EELS), and the reflec-
NbS,, in which Nb atoms sit in the center of a trigonal prism Rﬁ)n slpectra shé)vg that _charge tra_nsfler Oi(’:o%t‘jgslf from|SmS o
with six S atoms at the corners. Lattice constants are S, layers an m exists as a trivalent 1on.lf an elec-
—5.570, b,=5.714, andc,=22.51 A for SmS layers and tron per Sm atom is transferred to Nblayers, the Nbd,2

a,=3.314, b,=5.714, andc,=22.51 A for NbS layers,
where 2,/a;=1.19 andb,~v3a,. Bonding between the
layers is much weaker than intralayer bonding. Then the
single crystals are easily cleaved with adhesive tape, resul
ing in an atomically clean and smooth surface. If the top
layer is a SmS layer, the surface is expected to be corrugate
in the period of the lattice constant along thendb axes,
because Sm atoms protrude outsial S atomic plane in a
bulk state. The two-dimensional lattice in tk@b) plane is
distorted slightly from a square net. The average interatomic

Sm-S distance within thea,b) plane is 2.878 A, whereas the
average interatomic Sm-Sm distance or the average inte
atomic S-S distance is 3.990 A. If the top layer is a NbS b
layer, we may expect a surface with a hexagonal close
packed structure. The first and third atomic layers contair
only S atoms and the second atomic layer does only Nt
atoms. The interatomic S-S and Nb-Nb distances are 3.30«
A. The crystal structure, which is projected along thaxis, FIG. 1. Crystal structure ofSm9, ;NbS,, which is projected
is shown schematically in Fig. 1. along thec axis. The incommensurability ratio §2/a,) is approxi-

The compound exhibits metallic type of electronic con-mated to bel. (1) and $2) show sulfur atoms in NbSand SmS
duction parallel to the layers, although the ragtigy/p, - iS layers, respectively.
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band, the lowest conduction band of the Niers, is com-  tamination. It is composed of an electronic control system, a
pletely filled and excess electrons would begin to come intdip driving system, a data acquisition and processing system
a part of the upped bands. However, all the experimental With a personal computer, and the vacuum system that is
results show the existence of the small, but finite density oflivided into three parts; a sample exchange part, a surface
unoccupied states that are derived from tib states, near preparation part, and a STM analysis part. A vacuum pump-
the Fermi level. The Hall data ofCeS,,;f\NbS, and ing system is composed of a 1F@nin~* rotary backing
(Sm9; ;gTaS, which are akin to(SmS;;N\bS,, have pump, a 60 s~ ! turbomolecular pump, a 400s™* combi-
shown that only 0.96 and 0.95 electrons per Nb atom ar&ation pump that consists of ion and titanium-sublimation
transferred from Ce and Sm atoms to Ntz®d Ta$ layers, pumps, and a 2Ds™* ion pump. A mechanically polished
respectively.® Some workers have made attempts to solvePt-Ir tip is moved into a tunneing regime by means of coarse

the contradiction, based on crystal imperfections and incomand fine mechanical drives and a piezoelectric drive. A
mensurability between the layets’ whole system allows atomically-resolved STM images. The

Scanning tunneling microscofTM) is widely used to STM measurements are carried out at room temperature in a
study the atomic structure and the electronic structure o/HV chamber at pressures in the range of 10to low
metal, semiconductor, and superconductor surfaces as a pow0@™ ° Torr range. The observation of atomically-resolved and
erful technique for surface and interface analyses since therdered images are done after the tip-induced cleavage that
first successful operation by Binnig and co-workEfs3The ~ happens during the repeated scans of a tip on a surface. Al
earlier STM studies for graphite have made it clear that thémages presented in this paper are obtained in the constant
images are dominated by the surface electronic structureurrent mode and the tips are kept at positive potential with
rather than the atomic structu¥®!® The STM images show respect to a sample. The atomically resolved images are ob-
hexagonal lattice spots with the in-plane lattice constant ofained repeatedly under the conditions that the bias voltage is
2.46 A, but do not a honeycomb lattice with the nearestiypically 0.1 V and the tunneling current is in the range
neighbor distance of 1.42 A. Observed carbon site asymmé).6—1.0 nA.
try is considered to be derived from particular symmetry of
wave functions at the Fermi lev&.Similarly, the STM im- Ill. RESULTS AND DISCUSSION
ages of the misfit-layer compounds may give a valuable in-
formation of the surface electronic structure or the local den-
sity of states near the Fermi level if they are dominated by The STM images of highly oriented pyrolytic graphite
the electronic structure. The images of isolated point defecttHOPGQ have been measured to check the performance of
are of interest with regard not only to a better understandin@ur instrument and make a calibration of the STM images of
of the charge transfer mechanism from SmS to Nla§ers, (Sm9; ;NbS,. The STM images for HOPG show either a
but also to the clarification of the imaging mechanism of thetriangular lattice of a honeycomb lattice with the nearest-
compound. The STM studies of the misfit-layer compoundseighbor distance of 2.46 A while the FT patterns show
have firstly been made by EtterhaTheir STM images for many transverse wave numbers containing the six smallest
(SN »oTiSy, (SN 16TaS, (SN9q 1 NbS,, (Pb9;13TaS, transverse wave numbers oriented toward the corners of a
and (BiS), od\bS, show the hexagonal or the square net ofregular hexagon. Even if the STM images do not represent
light spots, which are expected straightforwardly from thethe atomic structure exactly as described earlier, the FT pat-
atomic structure of the top layer. tern would give a two-dimensional reciprocal lattice in a

This paper presents the peculiar STM images ofbroad sense. A relationship between the primitive vectors of
(Sm9; 1 NbS,, one of the rare-earth misfit-layer compounds.a real and a reciprocal lattices are given as follows:

They are analyzed by means of the Fourier transformation
(FT) technique. The standing wave model, which consists of , 27 2w

A. Analysis of STM images

two cosine waves, is proposed to understand the STM im- & :g (8Xn), &= S (nXay), @)

ages and the imaging mechanism. The STM images are re-

produced successfully. We also discuss the crystal imperfec- S

tions such as isolated point defects and the tip effects on the =5 (a5 xn), &=5— (nxayj), 2

images in relation to a charge balance between the SmS and

NbS, layers and the imaging mechanism. wherea,, a,, aF , andaj are the primitive vectors of the

two-dimensional real and reciprocal latticesis a unit vec-

Il. EXPERIMENTS tor normal to the lattice plane, and tBg is the area of a unit

cell in real space, which is written by

The single crystals of(Sm9;;/\NbS, are grown by
chemical-vapor-transport reaction in a closed silica tube. The (27)?
analysis of the crystal structure has been made by means of So=(ay X ap)-n= (@ xa)n C)
the powder x-ray diffraction method. Atomically clean and
smooth surfaces are prepared by cleaving the crystals withor HOPG, the magnitude of the six nearest transverse wave
adhesive tape in the atmosphere. The detail description amumbers are coincided with the reciprocal lattice constant of
crystal growth and sample preparation has been given in 2.94 A ™,
previous paper. Figures 2—4 show three different kinds of STM images of

Our STM instrument used in this study is designed as 4Sm39; ;\bS, and their FT patterns. The STM image in Fig.
ultrahigh vacuum(UHV) system to prevent a surface con- 2 shows a hexagonal lattice of light spots and decoration
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o () (c)
(b) c b)
FIG. 2. STM image and FT pattern ®m3S, ,\bS;: (a) STM

FIG. 3. STMIi FT patt : T™
image,(b) FT pattern, andc) a unit cell in the reciprocal lattice. G.3.5 image and pattern Bm3,; ;NbS;: (@ S

image,(b) FT pattern, andc) a unit cell in the reciprocal lattice.

patterns. Similar hexagonal images are mostly obtained for
other misfit-layer compounds such &Sn9; »oTiS, and
(Pb9 4gTiS,. They are typical for the misfit-layer com-
pounds and the STM images of a distorted square lattice,
which are expected from the MS layer, are quite difficult to
observe. Figures 3 and 4 show the peculiar STM images that
exhibit slender light spots stretching to tA® or AC direc-

tion of the rectangular lattices, which are slightly modulated
along theBC or DC direction. Rigorously speaking, they are
slightly distorted from a rectangular lattice. The magnitudes

of the primitive vectorsy , a3 , by , andb} are estimated to

be 1.56, 3.31, 1.78, and 2.71 A respectively, and the angle
betweera} anda; and betweem} andb3 are 87° and 85°,
respectively. The two-dimensional lattice constants in real
space are deduced from Ed$)—(3), using the relationsy
=180- «* and 8=180- 8*, wherea and 3 are the angles
betweena; anda, and betweet,; andb,, respectively, and

a* and B* are the angles betweetj andaj and between

bf and b}, respectively. They area,;=4.03A,
a,=1.90 A, anda=93° for the STM image shown in Fig. 3
andb;=3.54 A, b,=2.33 A, andB=95° for the STM im-

age shown in Fig. 4. Now we defirteas the average of the
four nearest Sm-Sm distances or the average of the four near-
est S-S distances in the outermost SmS layer. Then the fol-
lowing relations are found: a;~d, a,~d/2, b;~d sin 60,
andb,~d/(2 sin 60). Figure 5 illustrates the relationship be-
tween the unit cells of the two reciprocal lattices. It is found
that the latter STM image has another type of reciprocal unit
cell. It is oblique; the primitive vectors beinigf andb;* . FIG. 4. STM image and FT pattern 8m9; ;J\bS,: (@) STM
b,* is connected td3 by the relationb,* =b3 —b} . The  image,(b) FT pattern, andc) a unit cell in the reciprocal lattice.

by*

b) ‘ ©
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(b)

FIG. 5. Relationship between the primitive vectors of the recip-

rocal lattices in Figs. 3 and 4a), (b), and(c) show two different
types of unit cells for the reciprocal lattice in Fig. 41 a nearly
rectangular unit cell an¢t) an oblique unit cell. The angle between
b% andbj is about 120°(d) the nearly rectangular unit cell that is
deduced from the FT pattern in Fig. 3. It is found thét=5b*
+3b% anda,=b,* =b% —b* . (e) Relationship with a reciprocal
lattice of a SmS layeraj is the primitive vector of the reciprocal
lattice of a SmS layer.

magnitude, which is given by {(b5 cosg*—b})?
+(b% sin 8*)2Y2 is about 3.11 A' and the angle between
b¥ and b,*, which is given by cos'[(b5 cosg*
—bY)/by*], is about 120°. If we may assume thaft="b5* ,
we find thata is almost equal tgb} + 3b} [see Fig. &d)].

From the above consideration the following model is pro-
posed for the reciprocal lattices, which is schematically

shown in Fig. €a). Firstly, we definea$,=(2w/a)e, and
a3y= (27/b)e, as the primitive vectors of the reciprocal lat-
tice of a SmS layer, where, and e, are the unit vectors
parallel to thea andb axes, respectively. Next, the primitive
vectorsa; , a; , by , andb3 are defined as follows:

aI:a€x+a3yv a’;:_zaz;x—’—zaz;y’ 4
and
3b7 =5a5,+ag,, 3b;=—ag+7ap,. (5)
These vectors satisfy the relations
af=3%b}+3b5, ai=-—bj+b5. (6)

SCANNING TUNNELING MICROSCOPY OF TH . ..
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FIG. 6. Relationship between the reciprocal and the real lattices
obtained from the model calculations that are given in téax.
Reciprocal lattices, in whiche] =ag,+ag,, & =—2ag,+2&,,

b} =$a},+ 385, , andb} = — 383, + 585, , wherea, andaj, is the
primitive vectors of the reciprocal lattice of a SmS lay@). Real
lattices. Solid and open circles denote the positions of S and Sm
atoms, respectively.

a=3(atb),

Y

a=3(—atb),

and

b,=+(7a+b), b,=:(—a+5b), (8)
where the vectora and b are the lattice vectors of a SmS
layer. It is found thaiS,=zab in both cases. Then the unit
cells have an area equal to a quarter of the unit cell of a SmS
layer, which means that light spots appear twice as often as
each atomic species. Equatigd) shows that the former
STM spots have the same periodicity as Sm or S atoms in the
[11] direction and half the periodicity in thgll] direction
[see Fig. Ta)]. Equation (8) gives the relationb;+b,
=1/2(a+b), which may suggest that the latter STM spots
have also the same periodicity as each atomic species in the
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FIG. 7. Schematic STM images reproduced from a model cal-
culation. (@) The STM image that reproduces the STM image in
Fig. 3. Primitive vectors are given by =3(a+b) anda,=3(—a
+Db), wherea andb are the primitive vectors of a SmS layer in real
space. Notation#, B, andC correspond to those in Fig. &) The
STM image that reproduces the STM image in Fig. 4. Primitive

From Egs.(1)—(3), the primitive vectors in real space are vectors are given by, = 75(7a+b) andb,= 15(—a+5b). Nota-

given as follows:

tions A, C, andD correspond to those shown in Fig. 4.
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[11] direction[see Fig. ™)]. Now if we may assume that
a=b=5,64 A, the lattice parameters are given as follows: B : &\ o
a a S, *o\S Lle ’o S\ ®o g > 5 Sd—Nb
O Q- Y
a1=—=3.99 [A], a2=—=1.99 [A], a=90°, o® \& - s P lo® \& - o Plo® |\ ©
V2 2v2 ° L% s
(9) o\ ® o\ § S\ ® o e 5@
and > st P &
O o) Eie) 0\ 0}0
¥ © Gy © o f © B ] 'K
. . S
{50 26 A e o e sm
bl_? a=23.32 [A], bz—ﬁ a=2.40 [A], o °® 4@0 3 e T 5T 5 e
o L &5 ¢\ S| 9
SV e 19 Je S\ ® o\ P oo K| ®o
o o
— o o . e, O\, e
B=93.2°. (10 . o % Sl 1ot o S

For a triangle in Fig. @) we find thatAB=26.8 A, BC
=11.5A andCA=24.2A, and LABC=64.5°, ~BCA
=90°, and~ CAB=26.5°. The experimental values, which
are derived from the STM image in Fig. 3, arkB
=26.3A, BC=11.3A and CA=24.4 A, and LABC
=66°, ~LBCA=88° andCAB=26°. For a triangle in Fig.
7(b) we find that AC=24.2A, CD=14.5A and DA
=20.0A, and ~ACD=56.5°, ~CDA=88.0°, and

£ DAC=35.5°. The experimental values, which are derived

from the STM image in Fig. 4, arA\C=24.5A, CD
=146 A and DA=215A, and LACD=59°, ~CDA

=85° andZ DAC=236°. Then the model reproduces the ex-

perimental values within the errors af7%.

FIG. 8. Relationship between the STM image in Fig. 4 and the
atomic positions that are projected along thaxis. 1) and $2)
show sulfur atoms in NbSand SmS layers, respectively.

the facts that the present STM images are formed by tunnel-
ing of electrons from occupied states of a sample and that the
occupied states near the Fermi level of the outermost SmS
layer consist primarily of S B states, then it is reasonable
that half of the light spots are considered to be induced by S
atoms rather than by Sm atoms. The remaining half of the
light spots are induced on the interstitial sites that are sur-
rounded by two adjacent S atoms arrayed in[thg direc-

tion and two adjacent Sm atoms arrayed in[th# direction,

Here it is noted that the, value is aimost equal to the and no Sm atoms are imaged. The result may suggest that
nearest Nb-Nb distance or the nearest S-S distance in thgere are no occupied states or only the negligibly small
underlying Nb$ layer. The following relations are also gensity of states near the Fermi level on Sm atoms if they
found amongp,, b,, a;, anda,: exist. Theslenderlight spots imply that the wave functions
of the occupied states extend to {63] or [11] direction.

(2) The STM image in Fig. 3 shows an asymmetry be-
tween thg 11].and[11] directions. A modulation structure is
found in the[11] direction. The result is surprising because it
cannot be explained by only the atomic structure and a
simple electronic structure model for a SmS laffer.
a,=2a,~ b2+ b2~v2b,sin 120° 2b,sin 120°. (3) It appears that the STM image in Fig. 4 is induced

from both the top SmS layer and the underlying Miyer.

D Not only a good coincidence of thy value and the nearest
The results imply that the underlying NpByer which has a  Nb-Nb distance or the nearest S-S distance within a,NbS
hexagonal unit cell, also contributes to the formatlpn of theayer, but also the large periodicity of three times the lattice
STM images. From Eq@8) we can derive the following re-  constants of a SmS layer suggest the contribution of the un-
lations among the primitive vectoly andb, and the lattice derlying NbS layer. For(Sm9; ;NbS, the incommensura-
vectors of a SmS layer, bility ratio [ (2a,/a;)=1.19] is very close tc, which means
that the outermost SmS layer fits with the underlying NbS
layer in the period of three times the lattice constant along
the a axis. The relationship between the STM image and
atomic positions in both layers is shown schematically in
The result shows that the light spots of the STM image cofi9- 8. _
incide with the atomic species of a SmS layer in the large Now we propose the following model to understand the

by
b,~—=b,cos 45°,
V2

3a= 5b1_b2, 3b:bl+ 7b2 (12)

period of three times the lattice constant along ghand b

STM images and explain the asymmetry between [t

axes. In this case, the lattice points are often mismatche@nd[11] directions and thelenderlight spots. For the STM

with the atomic positions as shown in Figgbgand 1b).
Finally, we may summarize the STM results as follows.

(1) The STM image in Fig. 3 shows a light spot on either
Sm or S sites and their interstitial sites. Taking into account

image in Fig. 3, it will be assumed that the standing wave of
a charge density exists on the surface, which is written by

p(r)=p1cogK;-r)+p,cogky-r), 13
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0123456738
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Sm
X X x \ *\1 S(2)
NAAAAVAYANAYAY,
X X X
FIG. 9. Schematic diagram for a standing wave model for the

STM image in Fig. 3. Various symbols represent a charge density at
the site defined by=(m/8)a+ (n/8)b, wherem andn are integers.

wherek, = 3ag,—bg, andk,=ag,+bg, . For simplicity, we
also assume thata2/a;=¢ anda=Db. Each cosine wave
has ridges parallel to thl3] or [11] direction. The repeat
distances in thd10] and [01] directions are, respectively,
equal to one third of tha lattice constant and thie lattice
constant of a SmS layer as shown in Fig. 9. In this case, the
maxima of the standing wave occur at S sites whereas the
minima do at Sm sites. Then light spots appear at S sites and
no Sm atoms are imaged. To give a better understanding of
this model, we will divide the unit cell of a SmS layer into
8% 8 equal parts and locate the origin on the S site at the
bottom left-hand corner. At the point(;n), which is de-
fined by r=(m/8)a+ (n/8)b, the phases of the component
cosine waves are given by;=k;-r=3(3m—n)7 and FIG. 10. STM images with crystal imperfections. Notatiohs
6,=k,-r=3(m+n)m, wherem andn are integers. Then if B, C, D, E, andF show lattice defects that are discussed during text.
m andn satisfy the relation that=3m— 8l for an integet,

a light spot would appear becaugg=2ml. Their points are  unit area are equal to the atomic density of the outermost
marked by a star and a solid circle in Fig. 9. The lightestsms layer.

spots appear at the points marked by a star and the points of Another important result that is deduced from the analysis
a solid circle are a saddle point becaugg=(m—2l)7. s that there is a clear distinction between thandb axes.
Then the higher charge-density regions extend to[#8  Ruschet® has recently reported that optical absorption spec-
direction on the surface. Finally, the resulting STM image istra for Ella and Ellb polarization show larger anisotropy for
asymmetric between thl1] and [11] directions and light misfit-layer compounds with SmS or TbS in the MS part. If
spots stretch to th¢l3] direction, in agreement with the a=p, thea andb axes cannot be distinguished by only the
experimental results. The reason why the standing wave igtomic arrangement of a SmS layer. On the other hand, if
stable on the surface is easily understood, based on thghe exchanges the axis for theb axis on the line of the
atomic arrangement and the electronic structure. The highegbove discussion, some of the coincidences dissappear. This
charge density occurs on S sites whereas the lowest one ofgct supports the conclusion that the underlying Nt§er

curs on Sm sites. Similarly, the STM image in Fig. 4 may betakes part in the formation of the STM images.

explained by a standing wave consisting of two cosine waves

of the wave vectorsk;=3(ag,—7bg,) and k;=3(5ag, _ _ o

+b3y)- At present, however, we cannot explain why the B. Effects of crystal |mperfecF|ons and a scanning tip
standing wave is stable on the surface, although it should be on the STM images

noted that the periodicity in thel0] direction is equal to that Figure 10 shows the STM image exhibiting crystal imper-
of the underlying Nbglayer and the large periodicity of the fections, that is, deviations in a crystal from a perfect peri-
charge density, which ig|3a—3b|, may occur along the odic lattice or structure. For cleaved surfaces of
[11] direction(see Fig. 8. It is also noted that the unit cells (Sm9; ;J\NbS,, point defects are often observed. Such crys-
that are formed by the standing wavés (k,) and (; ,k3) tal imperfections may give an answer to how charge-transfer
have the same area and then the numbers of light spots pelectrons are accommodated in both layers. As described
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on the multiple-tip model. The threefold symmetry of a
graphite surface requires the three Fourier coefficients or the
wave numbers to be equal in amplitude. However, if the
threefold symmetry is broken by an asymmetric tip, then the
amplitudes of these coefficients are no longer equal and the
STM images change significantly. Mizes, Park, and Harrison
have succeeded in reproducing many anomalous STM im-
ages by three sine waves with independent wave-number
vectors separated by 120°. In the present system Fourier co-
efficients may be more complex due to the incommensurate
crystal structure. However, if only a few Fourier coefficients
contribute dominantly to the STM images, they could be
explained easily in terms of the multiple-tip model. A com-
puter simulation has been carried out, following the model,
and overall appearances of the STM images in Fig. 11 are
reproduced by the three sine waves of the wave-number vec-

* . *
torsb} , by, andb, . The two sine waves db} andb,

are dominant in regions | and Il, whereas the two sine waves
of b} andb3 are dominant in region Ill.

IV. CONCLUSIONS

The two different types of peculiar STM images have

FIG. 11. Various anomalous STM images, which are caused byeen obtained from the top SmS layer8m3; ;dNbS,, one

the tip effect. The STM images in regions | and Il are reproducedyf the misfit-layer compounds containing a rare-earth ele-
. %
by two sine waves of the wave-number Vecsta“d,bz whereas  ment. The light spots have nearly rectangular unit cells that
the STM image in region Il is reproduced by two sine waves of theare expected from neither the atomic structure nor a simple
* *

wave-number vectors; andb . electronic structure model. One of the images reveals a
prominent asymmetry between thel] and[11] directions.

above, the Nll,> band must be completely filled with elec- : . X .
trons if an electron per Nb atom is transferred from the SmSThe other image shows light spots mismatched with the

. . Tatomic sites in a SmS layer over a wide region. It has been
:‘gg?r.toatﬁt'\.lgfl?g:r;dn T:g:ﬁjq;tggtf?ﬁééhgénﬁn:egwts made clear that they are coincided in the periods of three
Th v lon, K 2 H ' : if pf th y.S times the lattice constants along taendb axes. They are
€ reason remains unknown. However, It Ssome ol the eproduced, using the FT technique. However, at present it is
atoms are lost or substituted by monovalent or divalent for-

S h bal it be kent th hout not clear whether the images are caused by intrinsic elec-
€ign ions, a charge balance might be kept throughout & Cry§g, e siates near the Fermi level or by extrinsic factors con-
tal. Unfortunately, our STM images give direct information

.n{aining the tip effect. Some experimental results that imply
L : S : he contribution from the underlying hexagonal Nd&yer
aged explicitly. In the STM image in Fig. 9, light spots ap- are obtained. The magnitude o%/ thge prim?tive vgd?is

gsﬁ:)jrl:ggréatbelytg : asd'ztcoenrq]tagri tgteo m;e;srtrgaelzsltiﬁ[;l%t 'S almost equal to the nearest S-S distance within a,Nénger.
y ) Y The large periodicity found in the STM images, which is

direction. The_zn ifwe assume th_a_t t WSite Is the_atomlc site, three times tha lattice constant, is almost in agreement with
the B andD sites are the interstitial sites and vice versa. One[he one of a superstructure consisting of SMS and, NS
2

of two point defects inC is the atomic site and the other is rs. The STM images contain a larger number of iattice de-

the interstitial site. Even if the disappearance of a light spo han th fthe misfit.| q -
on the interstitial site arises from the deficiency of a neigh-eCtSt an those of the misfit-layer compounds containing Sh
and Pb elements. This fact may suggest that the lattice de-

?hogmgoiThsgrr?értrngz ?vr\/ei) I?ohtcgltl(():?sl Ool:f{ﬁ;elr;?te_ ﬁaﬁ:jngir:jq‘eects give an answer to the unsolved problem regarding the

of thé oint defecD are 'shiftedgto thpe left as if a light spot number of transferred electrons, although it appears that the
point. ) . ght sp density is too small to explain the contradiction in the num-

on a S site is moved together with an adjacent light spot on

: P . ber of transferred electrons. On the other hand, the STM
the interstitial site. At present we have no explanations for

! : . .~ observation of a modulation structure may indicate that in-
the behavior. FinallyE andF show a collective atomic dis- - - . .
. . ) L ) commensurability plays an important role in the electronic
order, in which a few faint spots are found inside and lighter " .
) . s&ates near the Fermi level, because it may result from the
spots appear at the periphery. They are more or less shifte o .
i - . incommensurate periodic potential.
from the expected image positions. Then we may consider
that new local occupied states appear at the periphery due to
atomic disorder or that atoms move up and down with re- ACKNOWLEDGMENT
spect to the atomic plane.
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