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This paper utilizes the brightness-voltage waveform curve to investigate the primary electron in solid state cathodo-

luminescence. The results indicate that the primary electron is from the interface state of SiO2/MEH-PPV (Poly[2-

methoxy-5-(2-ethylhexyloxy)-1,4-phenylenevinylene]) under the lower electric field which contributes to the 580-nm

emission. With increasing the electric field, the 405-nm emission is obtained, and under this condition, the origin of the

primary electron is mainly from tunneling.
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1. Introduction

Solid-state cathodoluminescence (SSCL) is a kind

of luminescence mechanism in the organic–inorganic

heterostructure light emitting diodes family. Com-

pared with traditional cathodoluminescence ray tube

(CRT), the process of electron acceleration is in the

SiO2 layer rather than in vacuum.[1−4] The lumines-

cence mechanism of SSCL is confirmed,[1] the origin of

the long wavelength is believed to be exciton lumines-

cence and the exciton is from the impact excitation.

The short wavelength emission comes from the direct

band–band radiative recombination of carriers caused

from exciton dissociation.[5,6]

In the luminescence of SSCL, the impact excita-

tion is an important process which is dominated by the

primary electron,[7−10] but there is no direct evidence

to identify the origin of the primary electron. So the

confirmation on the origin of the primary electron is

essential to optimize and improve the SSCL.

In this paper, the origin of the primary electron

in SSCL is confirmed by means of brightness-voltage

waveform curves.

2. Experimental

The devices ITO/MEH-PPV (120 nm)/Al (de-

vice A), and ITO/SiO2 (200 nm)/MEH-PPV

(120 nm)/SiO2 (200 nm)/Al (device B) have been

fabricated. The SiO2 layer was prepared by elec-

tron beam evaporation (EVA450, Alliance Concept

Co. Ltd., France). In this process, the substrate

temperature was kept at 160 ◦C, the vacuum was

2×10−6 Torr (1 Torr=133 Pa) and the growth rate

was 0.3 nm/s and the thickness was controlled by a

quartz crystal thickness monitor. The MEH–PPV was

dissolved in chloroform and then it was fabricated by

the spin-coating method. The top Al electrode was

prepared by thermal evaporation under the vacuum

10−6 Torr. The electroluminescence was measured

by SPEX Fluorolog-3 spectrometer. The brightness-

voltage waveform curves were obtained by an oscillo-

graph (Tektronix TDS 540D).

3. Results and discussion

Figure 1(a) shows the normalized electrolumines-

cence spectrum of device A driven by AC voltage of

500 Hz, and there is only one peak located at 580 nm.

The electroluminescence spectrum of device B driven
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by AC voltage of 500 Hz is shown in Fig. 1(b), and two

emission peaks, the long wavelength 580 nm and short

wavelength 405 nm, are obtained. The spectrum is

characterized by the appearance of short wavelength

emission after the applied voltage is over a certain

value. Figure 1(c) shows that there is only the long

wavelength emission when the voltage is low. With

increasing applied voltage, both long and short wave-

length emissions can be obtained, and then the long

wavelength peak disappears completely and the short

wavelength is achieved only.

Fig. 1. Electroluminescence spectrum of the devices A

(a), B (b), and (c) electroluminescence intensity of wave-

length versus voltage of the device B.

To our knowledge, the origin of the long wave-

length is exciton luminescence caused from hot elec-

tron impact excitation. The short wavelength emis-

sion comes from the direct band–band radiative re-

combination of carriers caused from exciton dissocia-

tion. In this luminescence mechanism, the process of

impact excitation is dominated by the primary elec-

tron.

In order to assure the origin of the primary elec-

tron, we apply the luminescence-voltage waveform

curve. Figure 2(a) is the luminescence–voltage wave-

form curve for the long wavelength emission 580 nm

of device B under sinusoidal AC voltage 20 V. The

emission peak is detectable in both directions and the

intensities of both directions are similar (ITO elec-

trode connected with the anode). For comparison,

the luminescence–voltage waveform curve of device A

for the 580-nm emission under AC voltage 13 V is ob-

tained (Fig. 2(b)). There is only one emission peak

when the ITO is anode. This implies that the emis-

sion mechanism of the 580-nm emission in these two

devices is completely different. Compared with tradi-

tional injection luminescence in device A, we find that

the long wavelength emission is exciton luminescence

in device B caused by hot electron impact excitation.

Because there is no obvious difference in long wave-

length luminescence intensity between forward and in-

verse voltages in device B, that is to say the effect of

potential barrier on the origin of primary electron can

be neglected. So the primary electron comes from the

interface state of SiO2/MEH-PPV. In injection mech-

anism, however, potential barriers are the dominant

factor in the luminescence of device A. So the lumi-

nescence intensity is different when the device is driven

by forward and inverse voltage.

Figure 2(c) shows the luminescence–voltage wave-

form curve for short wavelength emission 405 nm of

device B under AC voltage 50 V. The emission is weak

under inverse voltage in comparison with forward volt-

age. Because the impact excitation is the important

process in the SSCL luminescence mechanism in de-

vice B, so the luminescence intensity depends on the

number of the primary electron. Figure 2(c) indicates

that the number of the primary electron is different

for forward and inverse voltage. The energy band dia-

gram of all material used is shown in Fig. 2(d). It can

be seen that there is a 1.0 eV for electron injection

from ITO to SiO2, but the injection barrier is 0.6 eV

from Al to SiO2, so the electron injection under for-

ward voltage is easier than that under inverse voltage,

which is in agreement with the luminescence intensity.

So with the increase of the electric field, the origin of

primary electron is mainly from tunneling.
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Fig. 2. (a) Luminescence–voltage waveform curve of device B for the 580-nm emission under AC 20 V. (b)

Luminescence–voltage waveform curve of device A for the 580-nm emission under AC 13 V. (c) Luminescence–

voltage waveform curve of device B for the 405-nm emission under AC 50 V, (d) The energy band diagram of

SiO2, MEH–PPV, ITO and Al.

4. Conclusions

In summary, based on traditional SSCL structure, the origin of the primary electron is studied by means of

a brightness–voltage waveform curve. The results indicate that the primary electron is from the interface state

under lower electric field, and tunneling is the main source of primary electron under increasing electric field.
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