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This paper analyses the relationship between the distribution of a dielectric layer on the
apex of a metal field electron emitter and the distribution of electron emission. Emitters
were prepared by coating a tungsten emitter with a layer of epoxylite resin. A high-
resolution scanning electron microscope was used to monitor the emitter profile and
measure the coating thickness. Field electron microscope studies of the emission current
distribution from these composite emitters (Tungsten-Clark Electromedical Instruments
Epoxylite resin [Tungsten/CEI-resin emitter]) have been carried out. Two forms of image
have been observed: bright single-spot images, thought to be associated with a smooth
substrate and a uniform dielectric layer; and multi-spot images, though to be associated
with irregularity in the substrate or the dielectric layer.
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INTRODUCTION

Field electron emission is the emission of electrons from the
surface of a cathode under the influence of a high applied
electrostatic field (typically about 3 V/nm) (Forbes et al.,
2004; Mousa, 1996). The field electron emitter is particularly
attractive as an electron source, due to its suitable emission
properties and simple operating principle (Fischer et al.,
2013). Tungsten is still one of the materials that are most
frequently used for manufacturing field emitter tips (Latham,
1981; Marrese, 2000; Marulanda, 2010).

Theoretically, cold field electron emission is the regime where
(i) the electrons in the emitting region are effectively in local
thermodynamic equilibrium (Mousa et al., 2012), and (ii)
most electrons escape by deep tunneling from states close to
the emitter’s Fermi level (Forbes et al., 2013). The first scientist
to attempt to develop theory for cold field emission was
Schottky (1923). Fowler and Nordheim (1928) developed the
first appropriate theory for explaining field emission related
phenomena. The first observation of what appears to be a field
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electron emission initiated electric discharge had been made
by Winkler long before (Winkler & Gedanken, 1744).

Electron emitter fabrication technology based on electrolytic
etching (Melmed, 1991) has long been investigated and
enhanced. This technology makes it possible to prepare
electron emitters with a diameter in the nanometre range
(Golubev & Shrednik, 2003). A wide range of composite
micropoint cathodes has been manufactured in the authors’
group. The role of epoxylite resin in manufacturing
composite emitters (Tungsten-Clark Electromedical Instru-
ments Epoxylite resin [Tungsten/CEI-resin emitter]) have
been to avoid degradation of the electron emitter tip due
to ion sputtering processes during emission, to obtain an
electron emitter with long lifetime, and improve the emission
characteristics for the emitter (Mousa & Share, 1999; Mousa
etal., 2001, 2012).

In this work, various composite microemitters (Tungsten/
CEl-resin emitter) with different apex radii ranging from
112 to 287 nm were prepared. Scanning electron microscope
(SEM) images were used to extract tip profiles (i.e., apex
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radii) and emission images were photographed directly from
the phosphor screen of a field electron microscope (FEM),
using a digital camera.

MATERIALS AND METHODS

The tungsten emitter used here were electrolytically etched
from 0.1 mm high purity (99.95%) tungsten wires (produced
by Good fellow Metals Company) using a 2 M solution of
sodium hydroxide (NaOH). The tip (anode) and the carbon
rod (cathode) were connected to a power supply that provides
the bias voltage necessary to generate the etching current. In
our case, 10~12 V were used. The micro-ammeter monitors
the current between the anode and the cathode, in order to
quickly switch off the voltage when the etching is completed.
The latter point is extremely important, as the cut-off time
of the etching circuit greatly affects the sharpness of the tip.
The etched sample was then cleaned from any remains of the
NaOH solution on the surface of the tip by being immersed
in distilled water and subjected to an ultrasonic bath for some
minutes (Al-Qudah et al., 2015; Madanat et al., 2015). The
setup used for etching our W tips is shown in Fig. 1.

Coating the emitters with epoxylite resin (Clark Electro-
medical Instruments, CEI-resin) involves two steps. First, a
tip is dipped into the resin very slowly, in the following way.
A sample holder that keeps samples vertical is mounted on
a trolley that moves vertically and lowers/withdraws the
sample into/from a flask of epoxylite resin, whilst keeping
the 90° angle between the surface of epoxylite resin and the
tip. Second, the coated emitters are carefully transferred to
an oven, and subjected to a curing cycle of thirty minutes at
100°C to drive off the solvents, followed by another thirty
minutes at 185°C to complete the curing of the resin (Al-
Qudah et al., 2015; Latham & Mousa,1986). The composite
emitter is then mounted in a standard FEM with an emitter-
screen distance of 10 mm (Alnawasreh et al., 2015; Latham &
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Fig. 1. Electrolytic etching system.
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Salim, 1987; Meza et al., 2015).

The emission images were photographed directly from a
phosphor screen coated by tin-oxide layers. All experiments
were performed under pressures ~10~° mbar, obtained by
baking the ultra-high vacuum system to ~ 200°C for 12 hours.
An oil diffusion pump system was used, connected to a liquid
nitrogen (LN,) trap, as shown in Fig. 2. The radius of each
emitter apex was measured from images taken in a 20 kV
SEM, at magnifications up to ~30,000x.

RESULTS AND DISCUSSION

The composite microemitters (Tungsten/CElI-resin emitters)
that were prepared have various apex radii, ranging from 112
to 287 nm. The presented results include SEM (FEI Company;,
2010; Hitachi S-4700 SEM, 2007; Mousa, 2007) and FEM
images taken by digital camera.

Fig. 3 presents a SEM image for emitter 1 which has an
approximately hemispherical apex, with a measured radius
7gem Of 158 nm and a resin-layer thickness g, of 30 nm. The
resin layer was uniformly distributed on the emitter apex.
The FEM image primarily consists of a single bright spot, as
shown in Fig. 4. The SEM image for emitter 2 (Fig. 5) has an
approximately hemispherical apex with rg;,=116 nm and
teem=53 nm. The resin layer was uniformly distributed on
the emitter apex. The FEM image (Fig. 6) again consists of a
single bright spot.

Emitter 3 has an approximately hemispherical apex, with
reem=112 nm and fg;=35 nm. Fig. 7 shows a SEM image.
The FEM image (Fig. 8) again consists of a single bright
spot. Note that all of the above emitters have a homogeneous
distribution of the apex resin layer and generate FEM images
with a single bright spot.

Emitter 4 has radius rg;=141 nm and fg;,=21 nm. Fig. 9
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Fig. 2. Schematic diagram of the ultra-high vacuum system.
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Fig. 7. SEM image for emitter 3 at magnification (x30,000).
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Fig. 3. SEM image for emitter 1 at magnification (x30,000).
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Fig. 4. FEM image structure for emitter 1, at emission current 1.5 pA, and Fig. 8. FEM image structure for emitter 3, at emission current 1.4 pA, and
applied voltages: (A) 2,400V, (B) 2,300 V, (C) 2,200 V. Time separation applied voltages: (A) 1,500 V, (B) 1,400 V, (C) 1,300 V. Time separation
between consecutive images is 15 minutes. between consecutive images is 15 minutes.

Fig. 5. SEM image for emitter 2 at magnification (x30,000).

.

Fig. 6. FEM image structure for emitter 2, at emission current 1.5 pA, and Fig. 10. FEM image structure for emitter 4: (A) 8 pA at 2,500 V; (B) 7.4 pA
applied voltages: (A) 1,500 V, (B) 1,400 V, (C) 1,300 V. Time separation at 2,400 V; (C) 6.8 pA at 2,300 V. Time separation between consecutive
between consecutive images is 15 minutes. images is 15 minutes.
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Fig. 12. FEM image structure for emitter 5: (A) 1.5 pA at 9,700 V; (B) 6.8
pA at 9,600 V; (C) 6.8 pA at 9,300 V. Time separation between consecutive
images is 15 minutes.

TR

Fig. 14. FEM image structure for emitter 6: (A) 8.4 pA at 9,000 V; (B) 8.1
HA at 8,900 V; (C) 8.2 pA at 8,800 V. Time separation between consecutive
images is 15 minutes.
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shows a SEM image. The FEM image (Fig. 10) shows multiple
spots. Emitter 5 has radius rg;=287 nm and fs;,,=196 nm.
Fig. 11 shows a SEM image. The FEM image (Fig. 12) again
shows multiple spots. Emitter 6 has radius 7g;=219 nm and
tsen=135 nm. Fig. 13 shows a SEM image. The FEM image (Fig.
14) again shows multiple spots.

The FEM images of the composite emitters studied in this
work divide into two classes: (1) images consisting of a single
bright spot; (2) images containing multiple spots.

The single-spot images appear to be associated with uniform
distribution of the resin layer on the emitter apex, and are
thought to be associated with the formation of a “conducting
channel” through the resin, as illustrated schematically in
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Fig. 15. Schematic representation of an emitting channel formed in the
dielectric layer.

Channel

Fig. 16. Schematic illustration of how the irregularities of the substrate
tungsten emitter could lead to a non-uniform surface film and formation
of more than one channel.
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Fig. 15. The multi-spot FEM images appear to be associated
with an inhomogeneous resin-layer distribution and/or with
substrate irregularities that could give rise to the formation of
multiple emitting channels, as illustrated schematically in Fig.
16. The experimental conclusion is that the combination of
a smooth emitter and a uniform resin layer generates a single
bright emission spot. This makes these emitters interesting as
potential electron sources. But there remains work to be done
to confirm that the emission mechanism does indeed involve
the formation of a conducting channel (or filament).

CONCLUSIONS

It can be concluded that an electron source producing a single
bright field emission spot has been produced employing a
combination of a smooth emitter tip apex and a uniform
epoxvlite resin controlled layer such behavior makes these
emitters interesting as potential electron sources. The physics
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of this behavior can be explained in the context of forming
a conductive semi crystalized channel between the tip apex
and the resin/vacuum surface. This channel will act as a
conductive medium but well protect the core emitting tip
from ion back bombardment which normally damages this
emitting tip after sometime.
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