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Light emission from spectral analysis of AUM0S, nanocontacts stimulated
by scanning tunneling microscopy
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Due to a Volmer-Weber growth mode, the deposition of ultrathin gold films on molybdenite substrates leads
to the formation of three-dimensional gold islands. The light emission detected on these islands has been
attributed to a radiative decay of localized plasmons excited by inelastic tunneling electrons. This emission
exhibits puzzling properties compared to what is usually observed on thicker gold films. Spectral analysis of
emitted light enables current-voltage characteristics of the AulMiaBrface to be determined at a nanometer
scale.
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INTRODUCTION topography, related photon mapping and emission spectrum
that represents the emitted photon number versus wave-
The scanning tunneling microscop8TM) designed by length.
Binnig and Rohrerin 1981 allows conductive and semicon-  Tips were prepared by cutting 0.25-mm-diameter gold
ductive surfaces to be observed with a subnanometer resolwires. Single molybdenite crystals provided by Wards Geol-
tion. Various applications of the STM have been made usin@gy were used as substrates. Fresh surfaces were prepared by
different surface processes. Among these, photon emission #eaving in air, producing atomically flat areas severai®
the tunnel junction of the microscope is particularly interest-in size. After cleavage, the MgSsubstrate (& 4x 1 mnt)
ing when it comes to investigating surface properties at awas inserted into the evaporator and baked for 2 h at 350 °C.
atomic scale. Gold was then evaporated on part of the substrate (4
Photons have been detected on noble metals in ultrahigh 4 mn?) from a resistively heated molybdenum boat in
vacuun? and in air This emission has been attributed to a 10~ 8 Torr vacuum with a deposition rate of about 2-5A&s
radiative decay of a localized plasmon excited by inelastido obtain a mean coverage thickness varying between 2 and 8
tunneling electrons. In air, spectral analysis of the emittechm. Deposition rate was measured with a quartz-crystal os-
light for Au-Au tunneling junctions has been perfornfetl. cillator. The substrate temperature was maintained during
Spectra studied as a function of tunneling current and surfacém deposition. Post-deposition annealing was then con-
bias voltage have shown similar, reproducible characteristicslucted at the same temperature for 15 min. Ohmic contact
In this paper, an original application of light emission was obtained by means of a conductive silver cement on the
stimulated by STM is reported. Three-dimensiof8D) gold  bare part of the molybdenite substratex(2 mnT).
islands have been obtained by depositing very thin gold films As already shown using transmission electron
on molybdenite substrates. Light emission has been detectedicroscopy?® this experimental process results in epitaxial
on these islands and exhibits puzzling properties. Spectrahin gold films growing under a Volmer-Weber mode: 3D
analysis of the emitted light has been conducted on variouparticles or atom clusters first nucleate and then grow and
islands. Following a comparison with the spectra usually ob€oalesce with each other to form a continuous film depend-
tained on thicker gold films, electrical properties of theing on the deposited thickness.
Au/MoS, interface have been investigated.

EXPERIMENTAL SETUP RESULTS

The experimental setup has already been described Gold thickness: 8 nm

elsewheré.A customizedpocket-siz¢ STM operating in the The island-by-island growth mode clearly appears on the
constant current mode was adapted for photon detection. Opanneling topography shown in Fig.(@ (Vs=2.1V, |,

tical fibres (core diameter1 mm) placed at about 1 mm =5 nA; area 406 400 nnt). Islands of various shapes and
from the tunneling junction conveyed the emitted photons tesurfaces can clearly be seen: two of them, hexagonal in
a photomultiplier (PM) and a spectrometer. The PM shape, are denotedl An island, denoted, appears in the
(Hamamatsu R943-02perates in the photon counting mode bottom right corner of the image. Another, deno@dvhich

with a dark count rate of 20 count/sec at 255 K in the 185-has a surface of about 52000 fiwan be observed in the
900 nm range. The complete range has been used to draw ugddle of the topography.

photon mappings of the scanned areas. The spectrometer On this sample, photon maps exhibit large contrasts that
consists of an optical multichannel analyZ&G&G, OMA  are functions of the tunneling current as clearly shown in
1245 connected to a charge-coupled device detector cooleBigs. 1b) and Xc). Figure i1b) has been obtained at a bias
at 173 K and operating in the 300—1050 nm range. This/oltage of 2.1 V and a tunneling current of 5 nA. The aver-
experimental setup allows simultaneous acquisition of STMage light intensity depends on the islands. When the tip scans
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FIG. 1. () STM topography of a 8-nm-thick
gold layer deposited on MgS(Vg=2.1V, I,
=5nA). Three types of island are denotédB,
andC respectively(b) Simultaneous photon map
of the same are&/;=2.1V, |,=5 nA). (c) Pho-
ton map of the same area ®¥=2.1V andl,
=15nA.

]
“— 0 3530 ph/s —> “— 0 7020 ph/s —>

(b) (©

hexagonal-shaped islandenotedA), only the dark count exposure time of 200 s. On islar®] spectrum(c) presents

rate of the PM is observed. On the other hand, on isBnd two peaks at a bias voltage of 1.9 V centered at 1.44 and 1.72
the average photon number is about 1800 photons/s verses/. The experimental high-energy cutoff is measured at 1.92
770 photons only on islan@. Figure 1c) shows a photon eV and is in good agreement with the quantum IByy,,

map acquired on the same area at the same bias voltage huhe/\ =€ Vs. It should be noted that this cutoff cannot
with a tunneling current of 15 nA. Evolution of photon num- pe calculated from a power-law fit as in luminescence ex-
ber with tunneling current differs according to the island yeriments on semiconductors because the experimental spec-
considered. While the average light intensity is increasingrm cannot be simply fitted by a mathematical function.
with the tunneling current on islanBl (2560 photons/s are  Then this value is estimated from the noise level of each
_detected a strong decrease in photon _number appears OQpectrum with an accuracy of about 20 meV in this energy
island C_(only the. dark COUF“ _rate_ls meas.u}E(.:Dr? range. On islandC, the emission spectrurta) has not the
hexagonal-shaped islands, emission yield remains insignifi- o . . S
cant. same characteristics when bias voltage is mamtal_ned at 1.9
This decrease in photon emission when tunneling currenY‘ Indeed, a broad peak centred at 1.38 eV and a.hlgh-energy
is increased has never been reported on thicker gold fim&utoff at 1.55 eV can clearly be seen on the emission spec-
On the other hand, it has been clearly demonstrated usingm @- , o
spectral analysis that light intensity always increases with When bias voltage increases, the same behavior is ob-
tunneling current on a 100-nm-thick gold fithilo compre- served. On island, the spectrum at 2.1 V presents two
hend the different behaviors observed on these islands, pap€aks at 1.44 and 1.77 eV and its high-energy cutoff is in
ticularly on theC type, emission spectra have been studieddood agreement with the quantum law. On islaBdtwo

on various islands and compared to those previously obPeaks are also present but centred on different wavelengths:

tained on thicker gold films. 1.44 and 1.59 eV. In this case, the high-energy cui@iiout
Figure Za) shows four spectra acquired at two different 1.77 eV}, is lower than the one computed.
bias voltages1.9 V [spectra(a) and(c)] and2.1 V [(b) and On thicker gold films, peak position strongly depends on

(d)] on islandsB [spectra(c) and(d)] andC [spectra(a) and  the tip used, while the high-energy cutoff is independent.
(b)] of Fig. 1(a). Tunnelling current is set at 5 nA for an This is demonstrated in Fig.(l). This emission spectrum
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FIG. 2. (a) Spectroscopy of the emitted light carried out on ) .
islandsB and C as shown in Fig. 1 at two different bias voltages: /G- 3. (&) Spectroscopy on islan8 at 5 and 15 nA. Bias
1.9 and 2.1 V with the same tunneling current 5 1), Spectros-  Voltage is 1.7 V(b) Same experiment on islar@at 8 and 10 nA
copy of light emitted from a continuous gold layer 40 nm in thick- (Vs=2.3V).
ness deposited on MgSThe bias voltage is 1.87 V with a tunnel-
ing current of 5 nA. The arrow shows the cutoff energy given by thehayes as a thin gold layer. The real voltage between the tip
guantum law. A good agreement with the experimental threshold,yq theC island Vuun) is not the one applied between the tip
can be observed. and the molybdenite substrat¥/Jj. Then, a voltage drop,

has been obtained using another gold tip on a thick gold*V=VYs™Vun, occurs at the metal/semiconductor interface.
layer, 40 nm in thickness, deposited on the same Ma- It can easily be caIcuIated' using the h|gh—ene'rgy cutoff. For
strate. In this case, the theoretical high-energy cuioffi- ~ €xample, spectrurfe) acquired atvs=1.9 V on islandC is
cated by an arrowis in perfect agreement with the experi- typical of a spectrum that might be obtained at a real voltage
mental one, while the peak number and peak wavelength a®f Viin=1.5V applied between the tip and the gold island.
different from Fig. 2a). Previous investigations on thick Then, the Au/Mo$ interface exhibits a voltage drop of 0.4
gold films deposited on glass and on mica have also demon The same drop appears when bias volt¥géncreases to
strated that this high-energy cutoff only depends on the biag.1 V and spectrunib) might be obtained a¥y,,=1.7 V on
voltage and follows the quantum law except for low biasthicker gold layers. It should be noted that the same method
voltages where a small offset of about 100 meV can be notellas previously been used by Uehataal. to obtain the volt-
between the maximum energy of emitted photons and thege drop between small gold particles and an aluminum sub-
maximum energy of injected electrohs Other papers con- strate through a thin oxide lay&.On the other hand, it
cerning STM induced photon emission spectroscopy in aishould be pointed out that no voltage drop is measured on
on granular gold surfacBsnd in UHV on thick layers of islandB. Then, for this islandy is equal toVy,,.
different metals also present the same characteristics for the The island behavior has also been studied in terms of
cutoff wavelengtht®!! Finally, recent papers concerning tunneling current. Figure 3 shows the spectrum evolution as
small metallic particle¥*3show that the peak position in the a function ofl, on B [Fig. 3@] and C [Fig. 3(b)] islands.
spectra depends on the particle but the high-energy cutoffisxperiments were carried out with a constant exposure of
are always constant. 200 s. On islandB, while bias voltage is set at 1.7 V, tunnel-
By comparison with these previous results concerningng current is increased from 5 to 15 nA. Peak positibd4
high-energy cutoffs, the spectra obtained on isl@®lggest and 1.59 eV and high-energy cutoffat about 1.77 eyare
that a voltage drop occurs on this island while isldhtie-  independent of the current. Then, on islddemission yield

(b) Energy (eV)
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FIG. 4. (a) STM topography of a gold layer 5
nm in thickness deposited on Mp®V/,=2.3V,
(@) I,=2nA). (b) Simultaneous photon map of the
same are@V,=2.3V, |,=2 nA). (c) Photon map
of the same area but at a tunneling current of 10
nA (Vs=2.3V).

+— 11.5 nm —

“— 0 2350 ph/s — “«— 0 5220 ph/s —>
(b) ©

is just enhanced when tunneling current is increased as igresent only one peak or a broad shoulder at high wave-
usually the case on thick gold filnfs. length[see Fig. 2a)]. To find a spectrum shape similar to the
On islandC, the spectrum evolves very differently with one obtained on a conventional island, it is necessary either
tunneling current. Figure(B) presents two spectra at a con- to increase the bias voltage or to decrease the tunneling cur-
stant bias voltage of 2.3 V with a tunnelling current of 8 andrent. However, thinner films exhibit another behavior.
10 nA(exposure time 200)slt clearly appears that when the
tunneling current is increased, light intensity decreases and
the high-energy cutoff shifts to high valuésstimated to be
about 200 meY. The small shift observed in this case is due Figure 4a) presents the tunneling topography of a gold
to the small increase of the tunneling curréfiom 8 to 10  film, 5 nm in thickness, deposited on the MoSubstrate
nA). Larger shifts can be observed, for example, by doublingVs=2.3 V,I;=2 nA). Surface consists in 3D islands with
the current value. Moreover, while spectria) presents two areas less than 10 000 Amnd a height of about 5 nm. This
peaks centred at 1.44 and 1.59 eV, only one is present at 1.38n exhibits equilateral-triangle-shaped and hexagonal-
eV on spectrumb). shaped islands, demonstrating that the Volmer-Weber growth
Then, at 8 nA, this voltage drop at the Au/Mpiaterface mode occurs along thglll] direction. An island in the
is 2.3-1.7=0.6 V [Fig. 3@]. The same method using the middle of the image is denoted
spectrum at 10 nAFig. 3(b)] gives AV=0.8V (in good On this surface, photons are detected for a bias voltage
agreement with the shift of 200 meV observed between thaigher than 2.1 V. Figure () shows the photon map ac-
two spectra in Fig. @)). It has to be pointed out that this quired for a tunneling current of 2 nA and a bias voltage of
voltage drop is therefore increasing with the tunneling cur-2.3 V. Emission rate is constant from one island to another.
rent. This has been observed on various islands on the 8-nrfror example, the average photon number recorded on island
thick film. This voltage drop also explains that no emissiondenotedA is about 640 photons/s. When the tunneling cur-
can be detected on some islands. For lakyé values, the rent is increased, the overall photon yield increases in the
real voltage applied between the tip and the gold island is natame way throughout the island as shown in the Fig),4
high enough to allow a significant emission rate. The overallvhere tunneling current is set at 10 nA. In this case, 2240
shape of the spectra is also strongly dependenfAWnbe-  photons/s are detected on islafd
cause the high-energy modes cannot be excited by tunneling Spectral analysis of emitted light has been performed on
electrons. On these particular islands, the spectra theisland A to assess the difference that can be noted on the

Gold thickness: 5 nm
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at a bias voltage of 1.7 ¥Then, it can be concluded that the
real voltage between the tip and gold island is 1.70 V and a
voltage drop of 0.6 V appears at the metal/semiconductor
interface. Moreover, this voltage drop is independent of the
tunneling current.
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®) Wavelength (nm) The metal/semiconductor interface can be electrically
characterized by spectral analysis of the emitted light. In-
FIG. 5. Emission spectra of a 5-nm-thick gold layer depositedgeed, current-voltage characteristics at the interface are ob-
on Mo$. (a) Experiments have been carried out on islénat four  tained using the voltage drop variations with tunneling cur-
different bias voltages 2.1, 2.3, 2.5, and 2.7 V with a constant tunyent. Figure 6 represents this evolution for films of different
neling current (=5 nA). (b) Spectrum evolution in terms of tun-  hicknesses: data symbolized by a square have been obtained
neling current on the same samplé;€2.3 V). on the 8-nm-thick film on island (Fig. 1), whereas those

. . . . represented by a circle have been acquired on 5-nm-thick
ﬁ}ng::hgg)( g?elgelﬁilse:r:slitl\éittrﬂr:?ee\?(;Irsj?(_)t:li(;]kgersrssdgfcb);ggo'd film on islandA (Fig. 4). These current-voltage charac-

9 1@ p P : “teristics differ greatly from one film to another: while voltage

voltage in the 2.1-2.7 V range. In this case, the overall emis-,

. . . ) . . ~drop is proportional to the tunnelin rrent for the 8-nm-
sion rate increases with applied bias voltage whereas a I|g§2Op S proportional to the tunneling current for the 8

intensity decrease is observed when bias voltage exceeds jck film, it remains unchanged in terms of tunneling cur-
yd > Voftag . ent on 5-nm-thick gold films. Therefore, it can be concluded
V. New high-energy components are visible wheg in-

that there exists a resistance at the metal/semiconductor in-
creases from 2.1 to 2.7 \see the peak at 1.65 ¢\and a terface for the 8-nm-thick layer and its calculated value is 80

blueshift in spectrum h|gh—enefgy (.:UtOﬁ is also observedMOth_ On the 5-nm thick layer, the interface behaves as a
The same spectrum evolution with bias voltages from 1.65 to

2.05 V has previously been observed on thicker gold ffirhs.

Using high-energy cutoffs, a constant voltage drop of 0.6 V *-; (=
can be measured at the Au/Moigterface on island\.. Then, <
a spectrum obtained on islardat 2.1 V corresponds to the S 124 “
one acquired at a voltage of 1.5 V that really exists between s
the tip and the gold island. At a fixed tunneling current, the i 101 .
voltage drop remains unchanged when bias voltage in- g 8- .
creases. = -
The evolution of this voltage drop as a function of tunnel- o 67 =m®
ing current is shown in Fig. (6). These experiments have % i) "
been conducted with; ranging from 2 to 10 nA for a bias I3 “
voltage set at 2.3 V. An increase in emission yield is clearly '§ 2 . ’ i i ; . i ;
shown but emission wavelengths do not change when the o o 1 2 3 4 5 6 7 8

tunneling current varies: a peak centred at 1.4 eV clearly Surface (104 nm2)

appears on the different spectra. Moreover, high-energy cut-

offs of spectra remain unchanged and can be observed at FIG. 7. Conductance variations in terms of island surface de-
1.75 eV. On thick gold layers, such thresholds are observeduced from photon spectroscopy measurements.

045401-5



A. CARLADOUS et al. PHYSICAL REVIEW B 66, 045401 (2002

140

ol MandA
120}

_120p
B 2 100}
S 100} 'g
=
S sof 2 8r
St -] 3
G =]
< e0f & 6o0f
£ B
2 4f T 40f
2 3
= 20f = 20r

0- 1 1 1 1 1 1 1 1 J 0- " . 4 ¢ N N N N y

How I3 W 5 36 W LF 1 % LI 12 13 14 15 16 17 18 19 20

Energy (eV) Energy (eV)
(c) (d)

FIG. 8. (a) STM topography of a 5-nm-thick gold layer deposited on M@S=2 nA). (b) Simultaneous photon map. Two island noted
A andB in the topography give different emission yields) Emission spectra performed on islaAdat three different bias voltages. From
the high-energy cutoffs, a voltage drop of 0.7 V has been obtaihedl6 nA). (d) Same experiments carried out on islddn this case,
the measured voltage drop is 0.6 415 nA).

Schottky junction with a threshold voltage of 0.6 V. This is bolized by a square and a circle have been obtained from two
confirmed by the fact that tunneling is impossible for biasdifferent gold tips on the same 8-nm-thick film, the result
voltages below this value. The measured threshold voltageepresented by a triangle has been acquired on another 8-nm-
can be compared to the Schottky barrier height of thehick gold deposit. The measured conductance is propor-
Au/MoS, contact given by Moch® and is equal to 0.8 V. tional to the island surface whatever the tip and provided the
The threshold voltage is logically found to be lower than thegold thickness is 8 nm. Its value is typically 4
Schottky barrier heighf x 10" 2 Mohm™? per 1¢ nn? and typical resistance values
The presence of an interface resistance has been demaare in the 100 Mohms range. This surface-dependent resis-
strated on the 8-nm-thick film for islan@ (Fig. 1). As dif-  tance also accounts for the fact that each island yields a
ferent emission yields have been observed on various islandharacteristic emission rate.
for the same tunneling condition&ig. 1(b)], one can mea- The second study performed on 5-nm-thick layers demon-
sure the resistance of the metal/semiconductor interface fatrates that the junction behaves as a Schottky contact and
each island. It appears that the resistance value is strongthen, each nanojunction can be studied separately. On a few
dependent on island area. Figure 7 shows the evolution of thehoton maps, the emission rate is found to depend on the
interface conductance with island area. While the data symebserved islands. An example is given in Fig. 8. Tunneling
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topographyfFig. 8(@)] and photon mapFig. 8b)] have been
acquired at 2.1 V and 2 nA. Two islands, one hexagonal in
shape and another ellipsoidal are denofednd B, respec-
tively. On a photon map, a contrast between these two is-
lands can be observed: 300 photons/s are recorded on island
B, whereas only the dark count rate of the photomultiplier is
observed when the tip scans islaAd The lack of photon
emission on this island is due to the low tunneling current
and the local voltage drop. To understand this difference in
light intensity, the spectral analysis of emitted light has been
performed on islandé andB using a higher tunneling cur-
rent (15 nA). Due to the rectifying behavior of these nano- (a)
contacts, the voltage drop remains the same. Figu®s8d
8(d) present the spectrum evolution with bias voltage on is-
landsA andB, respectively. Bias voltage varies between 2.1
and 2.3 V for the hexagonal-shaped island and between 2.0
and 2.2 V for island. Spectrum acquired at 2.0 V on island
B corresponds to the one obtained on isl@nat a bias volt-
age fixed at 2.1 V. Then, for the isla#d a voltage drop of
0.7 V can be measured whereas a 0.6 V drop appears for
islandB. On each island, this drop is found to be independent
of the tunneling current. Therefore, both islands exhibit a
Schottky behavior and two different threshold voltages are
observed. As the islands have similar areas, this difference 40 nA/V
can be explained by two different Schottky barrier heights at ®)
the metal/semiconductor interface. An effect of the island
height has also to be rejected because Fig). 8early dem-
onstrates that a greater part of the islands surroundlieg- FIG. 9. (@ Topography of the 8-nm-thick gold layer (120
hibits the same height but a constant voltage drop of 0.6 <120 nnf) performed at a bias voltage of 0.650 nt) AI(AV)
These observations cannot be accounted for by a diﬁereﬁpectroscopic im_agg _of the same area. The bias voltgge modulation
crystallographic orientation at the nanometer scale. The pre$s_ 0.150 mV. A significant contrast appears on the triangular gold
ence of localized defects on the molybdenite substrate suf$'and-
face below islandA can therefore be put forward to explain
the different Schottky barrier heights. Indeed, unlike suggest(V) curve calculated for a smaller tip-sample distance. At
tions by previous studies using transmission electron microdow voltage, the slope of thé(V) curve increases as the
copy, Ichinokawaet all” have shown by scanning tunnelling distance decreases because, for a given distance, the voltage
microscopy that very few defects exist on a molybdenite surthreshold at which the tunneling current flows in the STM
face cleaved in air. That could explain why different barrierjunction is smaller when the tip is close to the sample. At
heights have seldom been observed in this study. high voltage, thel (V) curves are almost parallel and the
Spectroscopic imaging experiments on these thin goldontrast disappears. However, it is impossible from these ex-
layers have also been performed. Diré€V) plots are not periments to obtain the voltage drop at the interface or the
usable because the voltage drop at the interface prevengdectrical characteristics of the nanocontacts. Photon emis-
from knowing exactly the bias voltage applied between thesion experiments remain the unique tool to perform such
tip and the island. Then, spectroscopic imaging can be usemeasurements.
to observe the peculiar behavior of each contact. Fig(ae 9 The behavior of small Ag and Au particles has been al-
shows a topography of the gold layer 8 nm in thickness at aeady studied using photon emission experiments by Kinnon
bias voltage of 650 mV. The central part exhibits a triangularet al'® and Ueharaet all* In this last reference, small volt-
island surrounded by larger ones. Figui®)%as been ob- age drops of about 50 meV in the photon spectra of small Au
tained using a constant modulation of the bias voltage of 15@articles deposited on oxidized Al surfaces have been
mV during the scan and representing the induced variationpresented? The authors suggest that this effect is related to
of the tunneling current shown in gray levélsli(AV) im-  Coulomb blockade due to the small capacitance of the tip-
agingl. This image clearly demonstrates that the small islangbarticle and particle-substrate junctions. Then, they demon-
behaves differently from the surrounding layer because thetrate that single-electron charging effects can be observed
induced current variations are larger on this triangular struceven at room temperature using photon emission spectros-
ture. It should be noted that this effect disappears at higleopy. This interpretation could also be used in the case of Au
voltage(typically above 1 V. The voltage drop at the inter- islands on Mo$. Further experiments using thinner gold
face again explains this observation because it induces fdms with very small gold islands are in hand to comprehend
slight decrease of the tip-sample distance when the tip scarbis intriguing behavior and particularly the large voltage
the island. Then, the current variations are measured on @ops that have been obtained. More generally, these results

40 nA/V
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also suggest that light emission can be used to study thindings on both thicknesses and to explain the transition
electrical characteristics of nanoobjects without physicabetween the contact resistance and the Schottky junction.
contact. Besides, in the case of a Schottky behavior it will be inter-
esting to study the influence of surface defects on the thresh-
CONCLUSION old voltage value and then, the evolution of the Schottky
) ) ] ] _ barrier height. Indeed, defects can easily be created By Ar
By conducting a spectral analysis of the light emitted injo;n hombardment as already performed by Lince, Gamel

the STM junction, it has been demonstrated that currentgigischauet® The study of these current-voltage characteris-
voltage characteristics of Au/Mg$ianojunctions can be ob- tics at the nanometer scale can be also extended to other
tained. On 8-nm-thick deposits, an interface resistance hag

ered substrates such as W@ad WS. Indeed, Retten-
been observed. It has equally been shown that the measu_rgé/rgeret al?° have shown that growth of gold on these sub-

conductance is proportional to the island area and that resigyrates also follows the Volmer-Weber mode.

tance values are about 100 Mohms. On 5-nm-thick deposits,

each island exhibits a Schottky junction behavior at the in-

terface. Different barrier heights have been observed and

molybdenite surface defects are invoked to account for these

observations. The authors would like to thank S. Reyjal for her techni-
Further studies are planned to comprehend the differental assistance.
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