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The paper deals with the investigation of the electrical conductivity, the 
electron and the light emission in the system involving gold islands and 
organic stearon molecules (C,,H35)2 CO. The conduction current-voltage curve 
acquires a non-monotone character: there appears a section of the voltage 
controlled negative resistance (VCNR). The current-voltage characteristics of 
the conduction current strongly change in passing from the constant operation 
mode to the alternating one. The growth of the conductivity in the alternating 
mode may occur owing to the contribution of additional channels and to 
reduction of the Coulomb blockade. The highest light intensity is observed in 
the VCNR region. The light intensity changcs in this region corrclatc with thc 
changes in the conduction current. The light emission in the VCNR region 
from organic molecules may be excited by hot electrons. 
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2 R. D. FEDOROVICH A N D  0. E. KIYAYEV 

INTRODUCTION 

The electron and light emission are observed from an ensemble of metal 

nanoparticles coupled by tunneling’11. This emission is caused by the non- 

equilibrium heating of electrons in small metal particles on insulating 

substrates’”. The deposition of adsorbed films lowering the work function 

(example BaO) results in a pronounced increase of the conduction current. The 

electron emission current and the intensity of photon emission are 

considcrably increased as well. The shape of the voltagc-current characteristics 

of the electron emission current as well as the shape of the voltage 

dcpcndcncc of thc light intensity remain unchanged. 

The deposition of an organic film on metal islands in the strong clcctric 

field leads to both the increase in the conduction and emission current and the 

appearance of a section of the voltage-controlled negative resistance (VCNR) 

on the current-voltage characteristic of the conduction current. At the same 

time the shape of the voltage dependence of the emission current and of the 

light intensity changed3]. 

The aim of this work was to investigate the electrical conductivity, 

electroluminescence and electron emission in the system containing gold 

nanoparticles covered with a stearon (C,,H,,),CO layer. 

EXPERIMENTAL 

Planar structures were used in our experiments. They were quartz substrates 

with metal film electrodes separated by a narrow gap (Fig. 1). The gold island 

films were deposited by the thermal evaporation in vacuum. The mass 

thickness of the island films comprised 60-70 A. After the deposition island 
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ELECTROLUMINESCENCE FROM ORGANIC FILMS 3 

films were subjected to a forming procedure by the passage of electrical 

current through it that resulted in the formation of current channels in the gap 

between film electrodes. One emission centre arises in any current channel. 

Several tens of the emission centres of this kind were formed at a usual sample 

geometry shown in Fig. 1, inset. After a forming procedure, organic 

adsorbates of the mass thickness equal to 10-30 A were deposited on the 

formed island films in vacuum. Measurements were performed in high vacuum 

conditions in the continuous operation mode as well as in the alternating one 

(50 Hz-20 kHz). The film structure was investigated both by transmission and 

scanning electron microscopes. Spectral characteristics of the photon emission 

were mcasurcd in the range between 0.4 and 0.7 pm. 

RESULTS AND DISCUSSION 

Initial metal island planar structures subjected to a forming procedure had 

smooth current-voltage characteristics of the conduction current and electron 

cmission current, and of voltage dependence of light intensity. Electrons and 

photons are emitted from separate sites of submicron size. The centres of the 

electron and photon emission coincide. 

The adsorption of some organic molecules on island films with formed 

current channels results in appearance of voltage-controlled negative resistance 

(VCNR). Simultaneously the voltage dependences of the electron and light 

emission are also changed (Fig. 2, inset). These findings are ascribed to the 

influence of organic molecules on the conductivity of interisland gaps within 

emission sites. The electromigration of the polar molecules to these sites 

where the electric field is the highest can enhance the conductivity and impart 

qualitatively new features to the film. 
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FIGURE 1 Conduction current ( I )  and light intensity (2) as functions of the 
voltage applied to the specimen. The light intensity was measured at 
k=615 nm. Inset: schematic diagram of sample. 

FIGURE 2 Light emission spectra in rising ( I )  and falling (2) section of the 
lc-V curve. Inset: conduction current I,, emission current I, and light intensity 
I, versus voltage applied to an Au island film covered with stearon. 
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ELECTROLUMINESCENCE FROM O R G A N I C  FILMS 

As the voltage applied to the film is increased, the molecules can be 

evaporated by resistive heating and the conductivity regains its initial value. 

The process can be reversibly repeated many times. 

The measurements were carried out both in the continuous and in the 

alternating (50 Hz-20kHz) operation mode. The current-voltage characteristics 

of the conduction current strongly change in passing from the constant 

operation mode to the alternating one. This manifests itself in a sharp increase 

(by a factor of ~ 2 0 )  of the ratio of resistances in high ohmic and low ohmic 

states. The growth of the conductivity in the alternating mode may occur 

owing to the contribution of additional channels and to reduction of the 

Coulomb blockade. 

The highest light intensity is observed in the VCNR region. The light 

intcnsity changes in this region correlate with the changes in the conduction 

current (Fig. 1). The spectral characteristics of light emission were measured 

in various regions of the electrical conductivity I-V curve. There is a 

differcncc bctwcen the light spectra corresponding to the rising and falling 

(VCNR) sections. In the former case the spectrum is nearly structureless, but 

shows an intensity growth in  the red and infrared region (0600 nm). In the 

latter case there are two broad maxima at A d 1 0  nm and he610 nm, and the 

intensity strongly increases at b 7 0 0  nm. The light emission in VCNR region 

is caused by excitation of organic molecules by hot electrons. 

CONCLUSIONS 

1. VCNR appearance can be caused by two competing processes. On the one 

hand, organic molecules, migrating in a region of the strong electric field 

within current channel, increase the channel conductivity, and on the other 
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6 R .  D. FEDOROVICH A N D  0. E. KIYAYEV 

hand, the influence of the joule heating, evolving in the current channel at 

sufficiently large current density, results in distruction of a high- 

conductivity state. 

2. The current-voltage characteristics of the conduction current strongly 

change in passing from the constant operation mode to the alternating one. 

The growth of the conductivity in the alternating mode may occur due to 

the contribution of additional conductive channels and to reduction of the 

Coulomb blockade. 

3. The highest light intensity is observed in the VCNR region. The light 

intensity changes in this region correlate with changes in the conduction 

current. 

4. The obtained experimental finding may be explained by the 

electroluminescence of organic bridges which are excited by hot electrons 

injected into them from adjacent metal islands. It would now be premature 

to suggest a more exact model for this process. 
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