
Extended Abstracts of the 2002International Conference on Solid State Devices and Materials, Nagoya, 2002, pp. 268-269

D.6-5
The Characteristics of Light Emission by Ballistic Electron Excitation in

Nanocrystalline Silicon Device Formed on a p-type Substrate

Yoshiki Nakajima, Hajime Toyama, Akira Kojima and Nobuyoshi Koshida

Departnnent of Electrical and Electronic Engineering, Faculty of Technolory

*J:ffi yl'i',tffJ*s.TillH,#ifi?:Hif,%*
Phone: +81-42-388-7128, For: +81-42-385-5395, E-mail: koshida@cc.nat.acjp

l. Introduction
Nanocrystalline porous silicon (no-PS) diodes operate

as surface-emitting ballistic electron sources in vacuum
Il,2l. This cold emission is presumably caused by
generation of energetic electrons via multiple-tunneling
hansport through interconnected Si nanocrystallites. As
previously reported [3], this effect is applicable to a novel
solid-state light emission using ballistic electrons as an
excitation souroe for a deposited fluorescent film without
emitting into vacuum [3]. We have demonstrated that
nanocrystalline porous poly-Si (no-PPS) films are
available for fabrication of this device [4].

In this worlq it is shown that the light emission by
ballistic electron excitation can be obtained from the
device fabricated on a p-type Si substrate. The
fundamental optoelectronic behavior is presented in
comparison to that in the case of n-type substrates.

2. Experimental
A nc-PS layer was formed by anodizing a heavily

doped (0.01-0.02 Ocm) single crystalline p-type Si wafer
with an ohmic back contact in an ethanoic IIF solution
(55 wf/o llF:ethanoFl:1). The nc-PS layer structure was
controlled by periodically modulating anodization curent.
The anodized nc-PS layer was further fieated by rapid
thermal oxidation (RTO). The thickness of the nc-pS
layer is about 2 pm.

After the anodization, a thin film of organic
fluorescent material (Alq3: tris (8-hydroryquinoline)
aluminum) was deposited onto the nc-PS layer by
vacuum evaporation. The thickness of this layer is about
120 nm. Finally, a thin Au film (10 nm thick) was
deposited on the Alq, film as a top semitransparent
electrode. The active area of the device was 5 mm in
diameter. The schematic device shrcfure is shown in Fig.
1.

The fundamental optoelectronic properties of the
prepared device were evaluated under the forward and
reverse bias conditions at room temperature in a N2 gas
ambient in terms of the current-voltage (I-V)
characteristics, the luminescence intensity, the spatial
uniformity of luminescence, and the emission spectnrm.

3. Results and Discussion
As shown in F'ig. 2, the fabricated devices exhibit a

rectiffing behavior at room temperature. When a
sufficient positive bias voltage beyond 20 V is applied to
the top electrode with respect to the substrate, a uniform
green light emission is observed. No light emission is
observed in the negative bias voltage region. At positive
voltages hrgher than 40 V, the luminescence is clearly
discernible in the daylight. The uniform luminescence
comes from the whole area of a semitransparent Au film
without any local bright spots and fluctuations as shown
in Fig. 3.

According to the results of luminescence spectra
measurementso as shown in Fig. 4, both the peak
wavelength and the bandwidth coincide well with the
original photoluminescence (PL) spectrum of Alq3. The
voltage dependencies of both the luminescence intensity
and the spectra strongly suggest that the light emission is
caused by direct excitation of the fluorescent Alq3 film
by hot or ballistic elecftons generated in the nc-PS layer.

'We 
can assume that minority electrons are accelerated

in the nc-PS layer toward the outer surface and excite the
Alq, film in a way similar to the case of n-type substrates.
In contrast to that case, however, a hysteresis behavior is
seen in the current-voltage and luminescence-voltage
characteristics of Fig. 3. This effect suggests that a
feedback effect is induced through elecfron generation by
photoexcitation inside the nc-PS layer. It is consistent
with the fact that the photoconduotion spectra of nc-PS
peaks at about 550 nm t5l close to the PL peak
wavelength ofAlq.

4. Conclusions
It has been demonsfrated that a solid-state

lighremitting device can be fabricated on p-type Si
subsfrates in the same way as previously reported on
n-type Si substrates. The- visible light emission
characteristics support the hlpothesis of ballistic electron
excitation. An optical feedback effect suggested from a
hysteresis behavior is potentially useful for applications
to functional silicon optoelectronic devices.
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Fig.3. Photograph of the device under the off
and on states. At a positive biased condition,
uniform light emission is observed.
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Fig.4. Emission spectrum (the solid curve) of the
device. The PL spectoum of a fluorescent film
(Alq:) is also shown (the dashed curve).
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Fig.l. A schematic stucture of the fabrioated
devioe based on ballistic electron excitation
forrred on a p-t1pe Si subshate.
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Fig.2. Current-voltage characteristic
oorresponding luminescence intensity
device.
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