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This paper describes novel approaches to fabricate electron devices using porous silicon. It is
proved that pyramidal structured porous silicon exhibits the light emitting property, and also the
field emitter of an anodized silicon tip shows the superior electron emitting characteristic. New
process for both light and electron emitting devices is also proposed.
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PL is still controversial. It seems that the rea-
son stems from poor control of surface states in

Since the first report of visible photolumines- porous silicon. Because all of those studies have
cence (PL) from anodized porous silicon?, many been carried out by using sponge-like porous
studies have been done extensively. But the PL silicon with nanometer-size pores which spread
is unstable and the physical mechanism of the over porous silicon, it is very difficult to control

1. Introduction
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whole surface states of all pores. For the appli-
cation of porous silicon to the light emitting
device, it is desirable that the structure of
porous silicon is susceptible of accurate surface
state control. From such point of view, it is
considered that the silicon surface with simple
morphology is more suitable than that with the
pore. We modified conventional porous silicon
to the pyramidal structure, and expected that
the apexes and edges among edges of the pyra-
mids acted as quantum dots and wires, respec-
tively. As described in chapter 2, our expecta-
tion was confirmed by the observation of the
electroluminescence (EL) originated from
pyramidal structured porous silicon incorpo-
rated to the heterojunction.

On the other hand, it is supposed that require-
ment for control of surface states in porous
silicon is not so severe if its device is operated
in vacuum condition, because contamination
from atmosphere is very little. The field emit-
ter using silicon is widely examined as the
electron emitting device, and the major con-
cerns are increase of emission current and
stable operation. According to Fowler-Nord-
heim theory? for field emission, increase of the
emission site, decrease of radius at the emission
site and reduction of the work function are
substantial to increase the emission current.
The conventional silicon field emitter is usually
fabricated by using the microfabrication tech-
nology. We expected that pores produced by an
anodization on the conventioal silicon tip of the
field emitter result in formation of subsidiary
tips on the initial tip, which may contribute to
both increase of the emission site and decrease
of radius at the emission site. As shown in
chapter 3, test devices were fabricated and the
expectation was confirmed by the observation
of increase of the emission current.

In chapter 4, we propose that pyramidal
porous silicon followed by an additional anod-
ization to form pores on it may be used for both
light and electron emitting devices. The shape
of the proposed structure is obtained without
the expensive microfabrication technology.

2. Light emitting device”

The porous silicon/conducting polymer heter-
ojunction was fabricated as follows. An n-type
(100) silicon (3-6Q * cm) back-metallized with
gold was anodized in a 1:3:4 mixture of HF, H,
O and C,H;0OH at a current density of 75 mA/cn’
for 3 min under light irradiation. The cross-
sectional view of the resulted porous silicon
layer is shown in Fig.1, in which many pores
exist. In case of a conventional EL, a thin metal
film is successively evaporated on it. In this
study, the porous layer was etched with a 1:7:17
mixture of HF, HNO; and CH;COOH for 3
min. Then the silicon surface became the
pyramidal structure as seen in Fig.2. This
structure is due to the interface structure
between the original porous silicon layer and
substrate silicon. Apexes of pyramids and edges
among apexes were expected to act as quantum
dots and quantum wires, respectively. A chloro-
form solution of poly (2-methoxy-5-dodecylox-
y-1, 4-phenylene vinylene) (MDDO-PPV) was
spin coated onto the pyramidal porous silicon.

Fig.1 Micrograph of porous silicon after anodiza-
tion.

Fig.2 Micrograph of pyramidal porous silicon
obtained by etching anodized porous silicon.
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Fig.3 Schematic structure of the heterojunction of
Au/pyramidal porous silicon/MDDO-PPV/
Au.

MDDO-PPV works as both a conducting layer
and a planarizing material for the pyramidal
surface. Then the half-transparent gold film
was evaporated. The schematic structure of the
resulted heterojunction is shown in Fig.3. Size
of the active area was 3x3 m.

Electrical and optical characteristics of this
device were measured in vacuum at room tem-
perature. Definition of forward bias is that
MDDO-PPV is positively biased as shown in
Fig.4. As shown in Fig.4 of the current-voltage
characteristic, the device showed a diode char-
acteristic with a rectification ratio of more
than 10%, as seen in the inset.

Above +6V, a red emission was observed
easily with the naked eve. Emission intensity
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Fig.4 Current-voltage and light emission intensity

-voltage characteristics of a Au/pyramidal
porous silicon/MDDO-PPV/Au structure.
Inset shows the semi-logarithmic plot of the
current-voltage characteristic.
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Fig.5 Light emission spectra of Au/pyramidal
porous silicon/MDDO-PPV/Au (solid line)
and Mg-In/MDDO-PPV/ITO (dotted line)
structures.

versus applied voltage is also shown in Fig.4. A
light emission spectrum of the device is shown
in Fig.5 with a solid line. In this spectrum, a
broad peak was observed at around 660 nm.
The observed spectrum is similar to that of EL
devices with conventional porous silicon. In
Fig.5, the light emission spectrum of the Mg-
In/MDDO-PPV/ITO is also shown with a dot-
ted line for reference to clarify that EL of our
device originates from pyramidal porous silicon
and not from MDDO-PPV.

Based on the above mentioned data, it is
concluded that pyramidal porous silicon is a
promising candidate for the light emitting
device.

3. Electron emitting device?

The structure of the conventional field emit-
ter using silicon is shown in Fig.6. Fig.6 (a) is a
micrograph of a scanning electron microscope
(SEM) and Fig.6 (b) is its schema. The sharp
silicon tip was fabricated by using the microfa-
brication technology, which was widely applied
to the integrated circuit. Then we modified the
surface of the silicon tip by an.anodization and
or tungsten deposition, and fabricated several
test devices. These schematic structures based
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Fig.6 Cross-sectional view of conventional field emitter using silicon fabricated by the microfabrication

technology.
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Fig.7 Schematic tip structures of various field
emitter.

on SEM micrographs are shown in Fig.7. Fig.7
(a) is a conventional tip, hereafter called device
(a). In case of Fig.7 (b) (device (b)), the surface of
a tip was anodized to form porous silicon for
the purpose of both increase of the emission site
and decrease of radius at the emission site.
Thickness of the porous layer measured at
separate plain position was 80 nm. In case of
Fig.7 (c) (device (¢)), the surface of a tip was
covered by tungsten for the purpose of reduc-
tion of the work function. Reported values® of
the work functions of bulk silicon and tungsten
are 4.80 and 4.55 eV, respectively. Tungsten
was deposited by sputtering and its thickness
was 6 nm. In case of Fig.7 (d) (device (d)), an
anodization of a tip was followed by tungsten
sputtering for the purpose of synergetic effect.
Thicknesses of the porous layer and tungsten
were the same as ones mentioned above.

Emission currents of these devices were
measured in vacuum of 1.3x10-% Pa. Circuitry
arrangement for the measurement is shown in
Fig.8. The emission current from a silicon tip
flowed into both the anode plate and the gate
electrode. Because the gate current Ig was

Anode Elate

Va
=Vg+200V V

g
la(le) Ig 1k
gﬁ 2/4 7

Fig.8 Circuitry arrangement for the emission cur-
rent measurement.
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Fig.9 Emission characteristics of field emitters
with various tip structures.
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negligible in this study, the emission current Ie
was to be equal to the anode current Ia.

Observed emission currents versus gate
voltage Vg are shown in Fig.9. At Vg=120 V,
Ies of devices (a), (b), (¢) and (d) were 0.7, 2.8, 2.4
and 9.5 pA, respectively. Ie of device (b), device
(c) and device (d) were about 4 times, 3.4 times
and 14 times larger than that of device (a),
respectively. The value of 14 is nearly equal to
13.6 (=4x3.4), which suggests that synergetic
effect of devices (b) and (¢) occurred at the
device (d).

It is confirmed that that the modification of
the surface of the field emitter tip is effective to
increase the emission current.

4 . Proposal of novel process

The shape of pyramidal porous silicon is very
similar to that of the field emitter fabricated by
the microfabrication technology, as seen in
Fig.2 and Fig.6. Therefore pyramidal porous
silicon may be used for the electron emitting
device as well as the light emitting device. An
additional anodic process after the process for
pyramidal porous silicon may result in the
structure similar to the device (b) in chapter 3.

The process is very simple and does not
require the expensive microfabrication technol-
ogy.

5. Conclusion

Applications of porous silicon to both the
light and the electron emitting devices are
described. The new anodic process, which is
useful to both the light and the electron emit-
ting devices, is also proposed.
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