Electron emission from porous silicon planar emitters
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Porous silicon planar emitters were fabricated by depositing a thin Au film on a conventional porous
Si and their emission characteristics were examined. The emission currents and energy distributions
were measured for the emitters with various Au thicknesses and for cesiated ones. The experimental
results suggest that the emission mechanism of the porous silicon emitter studied in this work is
conventional field emission, in which electrons are emitted from nanocrystals in the porous silicon
directly into a vacuum. ©2003 American Vacuum SocietyDOI: 10.1116/1.1584470

[. INTRODUCTION sults suggest that the electron emission occurs from the
nanocrystals in the porous Si by conventional field emission.
Many types of cold cathodes have been developed for
applications to vacuum microelectronic devices including)| EXPERIMENTS
high-frequency and environment hard electronic devices, and
a flat panel cﬂsplay. The cathpdes are expected to have h!%h*-single crystalline S(100) wafers with a resistivity less
current density at low extraction voltage and to be stable Ny

. . 2 an 0.05Q cm. The anodization was carried out in the so-
operation for the aforementioned applications. Lately, the POl tion of HE (50%:ethanok=1:1 at current densities of 50—

rous Si planar emitter, which is composed of an Au contacty 54 A jent for 5-10 min under the illumination of a 500 W
a porous Si layer, am ) _S' substra_te, and an ohmic back halogen lamp positioned above the substrate. The thickness
c_ontact, ha_ls been recewmg much interest from _the ex.pectq)-f the porous Si was several tens @ under these condi-
tion to satisfy these reqU|remer§_When_a positive bias  tions. An atomic force microscop@FM) image of the po-
voltage.around a few tens of volts is applied to the Au elecyq s Si anodized at 100 mA/Gor 10 min is shown in Fig.
trode with respect to the back contact of the substrate, eleq The surface of the porous Si is composed of many par-
trons are uniformly emitted into a vacuum without spike ticles with a diameter from several nm to several tens of nm.
noises. In addition, the emitter has some advantages, such [S15) Significant difference was observed for the porous Si an-
a narrow emission angle and insensitivity to gas pressure. fdized at 50 mA/crhy but the diameter of the particle be-
large-scale polycrystalline silicon based porous Si planacomes slightly larger with decreasing current density of the
emitter also has been fabricated on a quartz glass substrad@odization. After anodization, a semitransparent Au film
and its emission characteristics have been investigated for gtypically, the thickness was 5 nnwas deposited on the
application to a flat panel display. The emission current fronporous Si to form an extraction gate electrode of a planar
the emitter is stable, uniform over the emitting area, ancemitter structure. The area of the Au film was about 12.6
almost independent of the gas pressufitne model, based mn?. The Au film is probably discontinuous, because AFM
on a quasi-ballistic transport in the nanometer size crystallinénages revealed that the similar surface morphology was
Si and a cascade tunneling through the potential barriers dept for the Au-deposited porous Si. An ohmic electrode was
SiO, formed on the nanosilicon surface, is proposed as onérmed on the back side of the Si wafer. The emitters were
of the emission mechanisms of the porous Si planar eriittermounted into a high-vacuum chamber{40~2 Torr) for the
The details of the emission mechanism, however, are not stilneéasurements of the emission characteristics. A schematic
clear. setup for the emission measurement of the planar emitter is
As the first step to understanding the emission mechanis®noWn in Fig. 2. The extraction voltage was applied on the
of the porous Si planar emitter, we fabricated the emitters by?U €lectrode of the emitter, and the diode curreij) (and

a conventional anodization technique of porous Si and depdl€ corresponding emission curremt)(were measured as a
sition of a thin Au film on the porous Si, and investigatedfuncuon of the extraction voltage. An Al anode was located 5

their emission characteristics. The porous Si used in thi§?M away from the cathode, and the anode voltage was 200
work was a single layer: different from a multilayer or a V. When we measured the energy distribution of emitted

graded multilayer studied previougthe porous Si was not electrons, the Al anode was replaced with a parallel-plate

thermally oxidized to examine the emission characteristics O§Iectron energy analyzer.

a bare porous Si emitter. The emission currents and ener

distributions were measured for several emitters with variou$- RESULTS AND DISCUSSION

Au thicknesses and for cesiated ones. The experimental re- Figure 3 shows a typical current—voltage characteristic of
the porous Si planar emitter using a porous Si anodized at

¥Electronic mail: mimura@riec.tohoku.ac.jp 100 mA/cnt for 10 min. Emission current is observed at the

Porous Si was formed by electrochemical anodization of
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Fic. 1. AFM image of the porous Si anodized at 100 mAdior 10 min. 0 5 10 15 20 25 30
Bias voltage (V)

voltage of 13 V. Since no rapid thermal oxidation was Per o oical | o <t of th <o _
formed on the porous Si, the emission current is rather low'S: 3 Typical current-voltage characteristic ofthe porous Si planar emitter

. . using a porous Si anodized at 100 mAfcfar 10 min.
as compared with the diode currént.

Figure 4 shows the energy distributions of electrons emit-

ted from the porous Si planar emitter for the various voltagegpplied to the gate electrode with respect to the back contact
applied on the Au electrode. The porous Si used here wagf the substrate, electrons tunnel through both the, Sim
formed by the anodization at 100 mA/érfor 5 min. The  gate electrode of the MOS structure, and some of them with
zero energy in the abscissa indicates the vacuum level of the energy larger than the work function of the gate electrode
Au electrode. The energy distribution is broad and stronglyare emitted into a vacuufif Therefore, the emission current
depends on the applied voltage. The peak and maximum efy the MOS cathode drastically decreases with increasing the
ergies move to higher values with increasing applied voltagethickness of the gate electrode, due to strong electron scat-
Figures %a) and 3b) show the emission characteristics tering inside the gate electro@eHowever, the porous Si
and energy distributions of three emitters with various Auemitter shows no significant reduction in the emission cur-

thicknesses, respectively. Each porous Si used here wagnt, even when the Au thickness is increased. In addition,
formed at the current density of 100 mA/&fior 10 min. The

energy distributions were measured at the extraction voltage

of 30 V. Even when we increase the Au thickness up to 40 0.045

nm, no significant reduction in the emission current is ob- 3

served and high-energy electrons are still emitted from the 0.04 20V
porous Si emitter. In metal-oxide—semiconduct{MOS) 3
tunneling cathodes, when a sufficient positive bias voltage is 0'035—5'
E 0.03-§
Anode 5 0.0253
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1 Al
— Fic. 4. Energy distributions of electrons emitted from the porous Si planar
emitter for the various voltages applied on the Au electrode. The porous Si
Fic. 2. Schematic experimental setup for electron emission from a porous Sias formed by the anodization at 100 mAfcfar 5 min. The zero energy in

planar emitter. the abscissa indicates the vacuum level of the Au electrode.
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(b) Fic. 6. Emission characteristi¢g) and energy distribution) for the po-
rous Si planar emitter before and after the deposition of Cs. The porous Si
Fic. 5. Emission characteristio®) and energy distributiongb) of three was formed by the anodization at 50 mA&iior 10 min. The energy dis-
emitters with various Au thicknesses. Each porous Si was formed at thé&ibutions were measured at the extraction voltage of 40 V.
same anodization current density of 100 mAfcfar 10 min. The energy
distributions were measured at the extraction voltage of 30 V.

an entire surface of the porous Si planar emitter. The porous

Si used here was formed by the anodization at 50 mA/cm
high-energy electrons should drastically decrease with infor 10 min. The energy distributions were measured at the
creasing Au thickness due to the strong electron scattering, géxtraction voltage of 40 V. The Cs deposition causes a con-
electrons pass through the inside of the Au electrode. Howsiderable increase in the emission current, but no significant
ever, the high-energy electrons are still emitted from the poehange in the energy distribution, as shown in Figa) énd
rous Si planar emitter with the sufficiently thick electrode of 6(b). On the other hand, it is well known that cesiation dras-
40 nm. Therefore, these results suggest that the emitted eletically increases not only the emission current, but also low-
trons do not pass through the inside of the Au electrode. energy electrons in the energy distribution for the MOS cath-

Figures 6a) and 6b) show the emission characteristics ode, because the cesiation lowers the work function of the

and energy distributions for the porous Si planar emitter begate electrode. These experimental results suggest that elec-
fore and after the deposition of Cs. The Cs was deposited otmons are directly emitted from nanocrystals in the porous Si

J. Vac. Sci. Technol. B, Vol. 21, No. 4, Jul /Aug 2003



1615 Mimura, Miyajima, and Yokoo: Electron emission from porous silicon planar emitters 1615

into a vacuum by conventional field emission and not emit-emission mechanism of the porous Si planar emitter, the pla-
ted from the Au electrode after passing through the inside ohar field emitters using nanoparticles, not only porous Si but
the Au electrode, which is contrary to the previously pro-also many other semiconductor and metal particles, may be
posed model.In addition, the structure of the porous planar promising candidates for the fine emitter with a high current
emitter is similar to the triple junction proposed by Geis density, a low extraction voltage, and stable emission.

et al® However, the emission mechanism is probably differ-

ent from that of the triple junction, because the energy spreadCKNOWLEDGMENTS
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