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Moire contrast in the local tunneling barrier height images of monolayer graphite on P¢111)
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Moiré contrast between monolayer graphite and P1) lattices is observed in local tunneling barrier height
(LBH) images, where LBH’s are calibrated with quasisthtz measurements. The observed Maraplitude
of 1.6 eV, much larger than the possible maximum amplitude due to the electronic interference between
lattices, suggests that there exists the spatial modulation of the microscopic work function of monolayer
graphite in a nanometer scale originated from the interaction between layered adsorbate and substrate.

Monolayer graphite is a basic component of carbon- Alogl)\?

related materials, which are known to have unique properties ®,= 0-95[6VA2]( As
for electron emissiohand chemical reactichMuch effort to

study detailed geometrical and electronic behaviors of mono-

layer graphite has been made by means of several teclpoint by point, where the logarithmic deviation of tunneling
niques. From a macroscopic point of view, Shelton, PatilcurrentA logl/As is measured by lock-in detection of the
and Blakely and Zi-ptet al. have reported the geometrical change in tunneling current of STM when the tip-sample
structure of monolayer graphite studied by low-energy elecseparation is sinusoidally modulated at 6.25 kHz, well above
tron diffraction (LEED).>* Aizawa et al. and Nagashima, the feedback frequency, under the constant current STM
Tejima, and Oshima have discussed the bond behavior of tH80de. Here, there is much ambiguity to determine the modu-
monolayer graphite on the basis of the high-resolutiorfation amplitudeAs because of a relatively slow response of
electron-energy-loss spectroscopy ~ (HREELS  Piezo devices and an unlntentlongl mechanical ylbrat|ng
observation&® From a microscopic point of view, Land fésonance of the STM system. I_n this paper, we calibrate the
et al. have demonstrated that there exists the Mowatrast -BH values from the quasistatic measurements where we
in the scanning tunnel microscod&TM) images of the simply measure the tunneling current as a function of the

monolayer graphite on Pt11) surfaces. However, there tip-sample separatiqn when the tip is Qrawn up slowly at
) . . several lateral locations, and then derive the LBH values
have been few reports on the microscopic electronic behay: -
: ; e ._from the curve fittings of data.
iors t'hat are crucial to the electron emission and chemical The Pt111) substrate(MatecK is cleaned by a repeated
reaction. , _ _ o , procedure of Ar ion sputtering and annealing. The cleanli-
Local tunneling barrier height BH) imaging, which can  hoss is checked with LEED, Auger electron spectroscopy,
be easily realized by STM equipment, has been pointed ou{,4 STM observations. Monolayer graphite is formed by ex-
by Binnig and Rohrérto provide material-specific informa- posing the clean PL11) surface with high purity ethylene of
tion in an atomic resolution, since the tunneling current degg | (1L=10%Torrs) at room temperature and subse-
cays with increasing the tip-sample separation at the decayuently heating the sample up to 1200 K. The formation of
constant of 2=2y2m® /%, where the valueb,, defined monolayer graphite is confirmed with LEED observations.
as LBH, is regarded as the average of the work functions of Figure 1 shows the LBH image of the monolayer graphite
tip and sample surfaces in a simplified one-dimensional tunen P{111) and its linescan alon§-A’ at the current of 1 nA
neling scheme. Thus, the microscopic electronic behaviors iand the tip bias of 10 mV. The brighter contrast in the LBH
an atomic scale have been discussed on the basis of the LBhhage, which means the higher LBH value, is observed at
observed for several adsorbate and substrate syStéfs.  the topographically higher sites in the simultaneously ob-
In this paper, we report the microscopic electronic behavserved STM image. We notice that the Moaentrasts in the
iors of the monolayer graphite on(P11) based on the LBH LBH images are much more distinct than those in the STM
images that contain Moireontrast similar to those for the images.
STM images. The obtained LBH distributions, calibrated by In the LBH images as well as the STM images, we find
guasistatic measurements, indicate that the surface micréowo domains with atomic lattice directions different by 30°
scopic work function is not homogeneous in a nanometefrom each other. Only in the domaif, there exist Moire
scale due to the interaction between monolayer graphite antbntrasts with the period of 18 A, which is similar to that has
substrate surface. been reported by Landt al.” The Moire period of 18 A is
The experiments were carried out using an ultrahighchecked with the spacin@.13 A) of the stripes correspond-
vacuum multichamber system that consists of an STM obseiling to the graphite atomic arrangement. Since the difference
vation chamber, a surface treatment chamber, and a loaih height between these domains is about 0.2 A from the
lock chambett!*? The LBH image is obtained by calculat- STM line profile, we consider that both the domains consist
ing the value of of monolayer graphite formed on the samé&1Ri) terrace
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(b) DISTANCE [A] FIG. 2. Superimposed graphite and1Rtl) lattices, where the

graphite atomic direction rotates with respect to the P lattice
by 4° (a) and 34°(b), which well reproduce the LBH contrasts for

FIG. 1. 140Ax140A LBH image(a) and its linescar(b) of  {na domainsA andB in Fig. 1(a) respectively.

the monolayer graphite on ®fL.1) measured at the current of 1 nA

and the tip bias of 10 mV. The LBH value is calibrated by the sequently we confirm that the amplitude of the Moi@n-
data from the quasistatic measuremeifitg. 3. In the domaimA, gt s about 1.6 eV and the difference in mean LBH
we observe the Moireontrast whose period is 18 A. In the domains between domainé\ and B is about 0.9 eV. The obtained
A anq B, we find the stripes for graphite atomic structure with the results may imply that the microscop.ic WOI.’k function has a
directions different by 30° from each other. spatial periodic distribution in a nanometer scale. However,

and the difference in geometrical height is possibly due to
the change in the electronic properties.

The observed Moir@eriod of 18 A is well reproduced by
the superimposed @fl1) and graphite lattices whose direc-
tion rotates by 4° as shown in Fig(a&. According to the
difference of 30° in graphite direction betweérand B do-
mains, the graphite lattice in domaBirotates by 34° with
respect to the substrate lattice. Under this geometry, the
long-range Moirecontrast does not appear in the superim-
posed latticegFig. 2(b)], which is also consistent with the
observed image without Maireontrast.

The LBH values were calibrated from the quasistatic ob-
servations. Figure 3 shows the tunneling current as a func-
tion of tip-sample displacement that was measured when the
tip was slowly drawn up at a position within the domdn DISPLACEMENT [A]

The tunneling current variations at the tip-surface separations

adopted here are well reproduced by a single exponent in FG. 3. Tunneling current as a function of the tip displacement
addition to a constant background. From the curve fittings ot a position within the domais (Fig. 1), which is obtained from

the tunneling current variations, we determine the LBH val-the quasistatic measurement. The data is well fitted to a single ex-
ues. The values in the LBH image are calibrated on the basisonent in addition to a constant background. From the tens of the
of the |-z characteristics measured at tens of locations, promeasurements at different positions we calibrate the average LBH
viding the effective modulation amplitude of 1.(},@. Con-  value.

TUNNELING CURRENT [A]
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since the apparent LBH distribution can appear without theder the assumption of homogeneous work function. On the
change in microscopic work function from a view of the other hand, the amplitude of the Moicentrast in the LBH
three-dimensional tunneling scheme, more detailed consideimage is observed to be 1.6 eV, much larger than the parallel
ation is necessary. energy for the Moiregperiod. Therefore, we conclude that the
Since the interlayer interaction of graphite is weak, it ispbserved Moirecontrast cannot be explained under a homo-
expected that the monolayer graphite is not modulated by geneous work function and consequently that the interaction
substrate surface. Thus, we try to explain the observeq Moirgetween graphite and substrate is so strong that the micro-
contrast under the assumption that the work function O_tscopic work function of monolayer graphite is modulated in

monolayer graphite remains homogeneous even after it i§ nanometer scale. The modulation amplitude of 0.5-1.0 eV

adsorbed on the Pt11) surface. There can be an electron_ corresponding to the graphigtomicperiod in the LBH im-

density modulation at the interface due to the interference "ége(Fig 1) may be explained by the difference in the am-
electronic structure between graphite and substrate periodickjiyqe of electronic components under the condition of ho-
ties, where we make no mention of the mechanism of the,,4ene0us work function since the atomic periodicity

electronic modulation. According to the Tersoff's provides such a higk, as 24 eV.

consideratiort? the tunneling current is proportional to the From the careful comparison between the superimposed
electron density at the tip position at the Fermi level. In thel?ttices[Fig 2a)] and the obtained LBH imagFig. 1(a)]

three-dimensional tunneling scheme, the decay constant e find that the brighter areas in Figia®, where the carbon

the tunneling current with respect to the tip-sample separaz;oms in graphite sit at the hollow site of(Pt1) and con-
tion is given by

sequently the center of the graphite hexagon is located on the

top of the Pt atom, are arranged in the same period and
2k=2\2m(D e+ E))/, (2)  symmetry as those for the dark area in the LBH images in

Fig. 1(a). The carbon atoms at the Pt hollow sites are known

) ) ) to be highly stabilized from the several analytical methtids.
where®ye andE, are the barrier height determined by the This means that the microscopic work function becomes

work functions(corresponding to the LBH value within the |5y er in case the carbon atoms in graphite are located near
one-dimensional tunneling schejrend the parallel compo- e hojlow sites where carbon atom tends to make a strong
nent of kinetic energycorresponding to the lateral periodic- jnteraction. Thus, it is considered from the LBH contrasts
ity), respectively. The parallel energy is given by that the electrons in the graphite partially move towards the
Pt substrates when the carbon atoms in graphite sit on the
2 hollow sites. On the other hand, the higher LBH values in the
, 3 domainB suggest that the interaction between the graphite
and Pt atoms is not so strong in this domain, where the
density of carbon atoms located near or at tHa Pt hollow
wherea is the lateral period. Since the decay constant for the&ites is very low. Therefore, the discussed features in the
component of the Moir@eriodicity is much smaller than that LBH images are simply understood by the interaction of
for the component of atomic periodicity, the electron densitygraphite with Pt atoms dependent on the graphite location
modulated by the interference can survive at the tip positionwith respect to the substrate Pt atoms. Further, it should be
while the modulation due to atomic arrangement is decayedoted that the contrasts in the STM images are consistently
out, even when the amplitude of the electron-density moduexplained by the interaction of graphite and1Rtl). In Figs.
lation at the interface is small and the distance between ini(a) and 1b), we also find that the LBH is extremely large at
terface and tip is so largé:** The surviving modulation pos- the domain boundary. This feature might be explained by
sibly results in the Moiresontrast in the STM image. electronic structure. More detailed systematic observations
In general, also during the LBH observation, we sampleare required.
the tunneling current consisting of the components with vari- According to the HREELS observations by Aizawa
ous parallel energies as well as the component with no paket al.®> bond softening within the monolayer graphite, which
allel energy. Then the apparent LBH valu® ) for each  occurs in the case of graphite on(INL1), does not occur in
component isby+ E;, and the amplitude of each compo- the case of the graphite on(Pt1), indicating that the inter-
nent is given by the local electron density for the componentaction of carbon with Pt substrate is weaker than that with Ni
To discuss the Moireontrast, we need to take into account substrate. Aizawat al. have explained the difference in soft-
the components with the parallel energy for Mogeriodic-  ening by the geometrical arrangement, where an additional
ity and with no parallel energy, which provide the apparentcarbon layer is intercalated between substrate and graphite
LBH's of &=+ E; and® e, respectively. Since the ampli- layer in the case of graphite on(Pt1). However, the indi-
tude of the component for Moirperiodicity is laterally os- cation of the carbon layer insertion has not been observed in
cillated at the space frequency for the Mojreriodicity, itis  the STM images. We speculate that the graphite ¢h1R}
possible that observed LBH value is modulated, resulting irobserved here is different in structure from those observed
the Moire contrast, even under the framework of the homo-by HREELS.
geneous work function. It is noted that the observed LBH Recently, Oleseret al. have reported that the constant
value must be in the range betwe@r,+E; and ® . apparent LBH as a function of tip-sample displacement is
According to Eq.(3), the period of 18 A of the Moire given by the interplay of the intrinsic lowering of LBH and
contrast gives a parallel energf) 0.47 eV, which is the the strong interatomic force between tip and sample at ex-
possible maximum amplitude in apparent barrier height untremely small tip-sample separatiolidn fact, the observed

hZ
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|-z variation (Fig. 3) is well reproduced by a single expo- In conclusion, the microscopic work function of graphite
nent. However, in this paper we consider that the tip-samplen P{111) is not homogeneous and is well explained by the
separation is not so small according to a typical tunnelingcarbon locations with respect to the substrate Pt atoms. It
conductance of 10’ Q1. Therefore, the observed LBH should be also noted that the LBH imaging is effective to
variation is considered to be attributed to the real work funcinvestigate the interaction between monolayer graphite and

tion variation. the substrate atoms.
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