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Abstract:

In this paper, the current stability analysis wasfgrmed on the cold-emission cathode covered thynaepoxy
film. Non-destructive spectroscopic method, whislbased on measuring current fluctuations, has bset to
determine cathodes’ quality, which directly inflegrthe stability of the emission current. Our irtigegtions
have been performed on tungsten cathodes with-sRfxgp nanotip, operating under the HV (high-vacuum
conditions, usually in vacuums of 1®a order. All the cathodes used for this expertrhene been prepared in
our lab by improved electrochemical etching methatlich is based on the presence of increased surfac
tension allowing reaching the geometrically precibape of the cathodes’ tip. After the two phasshieg
method, the tip was cleared and covered by thinkegitm, which prevents the tip to be destroyed ibp
bombardment that is caused by ions attracted badk the cathode surface. A comprehensive invegiigavas
carried out to determine particular noise souraes t@ compare clean cathodes with the resin-coated in
order to describe the influence of the oxide anelediric epoxy layer on to the emission currenbititg.
Spectra obtained, for various emission currentdifigérent voltages, are described and explainea: msults
suggest that the resin-layer changes cathode psafare and extends its durability.

effect in which electron is considered as a wave.

INTRODUCTION Wavelength of electron moving with average thermal

. . . velocity v, = 10 m/s isA =h/myvy, 01 nm, whereh
_The analy5|s of charge carrier transport in polymer;s pjanck constaninuvi, is electron momentum.
insulating layer covered by polymer layer was cyrrent can be described as electron traveling wave
performed at _temperature 300 K. The main goal ofyiih an amplitude; in cathode and amplitud®, in
our research is to assess the parameters of thie bae conduction band of polymer insulating laggee
diagram MIS structure [1], [2], [3] and [6]. _ Fig. 1.). The wave amplitude exponentially decrsase
Insulating films always contain impurities like \yith the thicknesg of the potential barrier between
oxygen vacancies and traps. These_ impurities formeathode and insulating layer. The energy of the
localized states for charge carriers in the forbidd electron and the electron wave lengtare assumed
energy gap. When the localized electronic wave, pe constant during the transport. The barrigh hi
functions of the localized states overlap, an ebect U, depends on the work function, or W, of the

. . a C

bound to one impurity state can tunnel 10 ananqaqe or cathode material and the electron affivity
unoccupied state without involving activation i@ the insulating layer (the epoxy coating). Scheenati

conduction band. This tunneling process betweengyresentation of quantum tunneling for a triangula
impurity sites is referred to as impurity conduntio potential barrier is shown in Fig 1, wheW is

The m(_)b|I|ty of an ele_ctron moving through impurity electron total energy amde@; is the Schottky barrier
states s sm_all espemally at .lOW tgmpe_ratures.njl’he lowering. For electric field intensitfe = 1 mV/cm
the conduction mechanism is mainly influenced bythiS value isdeds = 60 meV for electron tunneling

electron hopping between neighboring impurity site. ! .
This type of the conduction process depends Org‘rom cathode to insulating layer.

impurity concentration and the energy depths of the
impurity states. The concept of the hopping transpo Uy
has been used for a long time in connection witficio
conduction; ions move essentially by hopping,
whether through interstices or vacancies. %

TUNNELING CURRENT

The emission current is at low temperatures
and high electric fields mainly influenced by etect
tunneling through a potential barrier. Electron

tunnelling through thin insulating layer is a quant Figure 1. Schematic representation of quantum tunneling tjfrou
the triangular potential barrier




(down) during the etching procedure. The curvature
For the tunneling probability it holds [2] radius of the tip apex, at the moment of the drffp-o
can be expressed as [8]:

ar’¢
D = D, ex —T’Tj\/zm*\/u —Wdx | () r=Ry(p, -p)LIC (5)
0

whereD, is constant and in first approximati®= 1,  \yhere theR and L are the dropping part radius or
X4 is the insulating |ayesz thicknesey* is effective  |ength, s is the ultimate tensile strength amgandpe
electron mass) = 6.6x10™ Jsis Planck constant and - gre the tungsten and electrolyte densities. Thiansie

U is the barrier energy antlV is electron total that the resulting tip sharpness depends on the
energy After integration we have for tunneling dropping part dimensions which should be as snsall a

probability: possible (see Fig. 2). Small mass of the dropparg p
minimizes some negative effects connected with
_ 87/ 2m* (e(t{a)gl2 sudden release of the stored elastic energy when th
D= Do exp - 3ehE ) wire is broken. If the energy release increasdsgh
value, it may cause the tips to recoil, melt orden

causing blunting and tip apex deformation [8].

It is important that tunneling is in first approxation
temperature independent and then from experiment i
low temperature the barrier high can be estimabed f
given value of effective electron mass. For the
tunneling current density vs. electric field strength
E one can write [1]

3
J=G,E? exp{— EETJ

where Gy and E; are the tunneling current density
constants. The tunneling paramet& can be
expressed for the enerbarrier 60, as

8”— v2m (ed,) 5 (4)
3eh

The value of tunneling current depends on the TR T
electron effective mass and then the potentialidrarr e L LODK L SE Ll D L3tk Sl ==t
energye@, (in eV)vs. tunneling paramet&

E =

Figure 2. Manufactured sample cathode, with the epoxy coating
Note the surface impurities caused by presencarbba

CATHODE FABRICATION

Basic review, of various etching methods intended f
the sharp-tip cathode fabrication, was published in
1991 by Melmed [7]. All of these methods are based
on the same principles.

Usually the initial length of the wire, immersedtm

a solution, is used as the parameter determiniag th
length of the drop-off part. If the wire is not
completely immersed, this leads to complete tip
. dissolution whereas if the wire is immersed too
In our experiment, - we took the adv_antage Ofdeeply, it leads to the premature neck breaking. In
computer processing, and_let wh(_)le etching ProCesSSynin “cases, the sharpness of the fabricated tip
to be driven and analyzed in real time. Whole pssce becomes blunt. After the electrochemical etching

of sample manufacture was designed and driven fronbrocess the tip is unavoidable covered by a rekidua

the Matlab, V.Vh'Ch offers comfort |n.strument layer of tungsten oxides and with other contamisant
programming without t.he need of accession to IOW(hydrocarbons and carbides for example).

Ieve_I functions of used Instruments. . While the tip apex sharpness dependent on the
Basically, the etched metal wire is inserted inato electrochemical etching, the tips clarity deterriite

glroutndled c_?_/lri]ndetr hwhich is Jilled_ V\;irt]h a "z;;id effort. For the cathode fabrication, polycrystadlin
electrolyte. The etching procedure Is then pro Ssetungsten wire with the diameter of 0.2mm immersed

in the cylinder where the etched wire acts like an. . the solution of NaOH was used. The NaOH

anode during the process of anodic dissolution. Thesolution was present in two molar concentrationd (2

name of the method (drop-off) is derived from the : ;
bottom part of the etched wire which drops-off and 0.2M) for the first and second etching phase.



The laboratory fabrication consists of eight basic8. Step - additional technological stepsthese steps
steps which are described further in the text. are implemented in order to reach the required
clearance and to increase the tip's chemical
1. Step - mechanical cleaning of the wirethe wire  immunity. Firstly the tip is immersed in to the
is cleaned by the abrasive paper of high granylarit distilled water in order to remove solution residua
(2000 gr/cm) which removes surface oxide layers.  Then the tip is immersed in to the chloroform to
remove rest of carbon contaminants, which are
2. Step - electrochemical cleaning of the wire present in the tungsten wire, because of the
before the first etching phase, the wire is cleamgd manufacture technology. Finally, the tip is covelgd
the AC current of defined frequency and amplitudethe thin epoxy coating, heated (to finish the
which makes the surface smooth and improves itolymerization) and placed in the vacuum chamber in
wettability. order the measurement could be performed.

3. Step - electrolyte surface detection and wire The moving part of the etching installation was mad
immersion on to the surface- during the wire  of micrometric stepper motor controlled device vbhic
immersion, the current value is continually meadure allowed us to perform defined reproducible
and in the moment of reaching defined value, themovements. The static part of the etching insialfat
micrometric lifter stops. By this method we can setcontained the chemically resistant cylinder made of
the position of the wire exactly on the solution’s corrosion-proof steel in which the liquid solutiams
surface (fig. 3.a). located, however Petri plate with immersed steel
electrode can be used as well.
4. Step — the first etching phase in this phase the For the ultra-sharp cold-cathode tip fabricatiome t
immersed wire is etched in the 20% solution of tungsten wire immersed in to the NaOH solution,
NaOH and connected to the DC voltage of 6.9V. Thecarries an electron flow (less than 10 mA) under th
first phase runs until the current threshold iche@l  voltage of 6.9V. Both the anode (tungsten wire) and
(usually around 3.5mA). After first phase the wire the cathode (steel cylinder) were connected to the
thins near the surface. Here the etching runs rfasteprecise DC voltage laboratory power source. The
thanks to the surface tension which is pressing theurrent owing through the wire was changing
tungsten wire. (fig. 3.b) according to the thickness of the tungsten wiree Th
current value decreases as the wire becomes thinner
5. Step - resetting the wires positiorr this is the  (in the range of miliamperes to the approximately 5
most critical part of whole fabrication. The microamperes) when the bottom part drops off.
constricted region must be set 0.2mm higher under
the solution surface. The surface tension makes th¢ /| EASUREMENT METHOD

final shape of the tip apex and leads to the difpfo ]
the wires bottom part. (fig. 3.c) The cathode was tested in two-stage vacuum

chamber, under the high-vacuum (HV) conditions,

6. Step — the second etching phasen this phase, when the pressure was aboull@® Pa (see Fig. 8).
the final tip shape is prepared. Etching takeseplac  This level of vacuum was reached by common means
the 5% solution of NaOH with exponentially of turbo-molecular pump and ion pump, which are
lowering voltage which is continually set up by the able to reach such a quality vacuum. The extraction
computer. Lowering the voltage lowers current voltage was set to -5000 V.

density before the tip is drawn up from the solutio

(fig. 3.d)
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Figure 3. Etching procedure: a) immersing tungsten wirenin t
the electrolyte b) surface tension forming theggometry during
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7. Step — the drop-off detectionr during the etching, '

the current values are continually measured aneldsav % 200 200 0 P 1000
after discrete time intervals. In exact currentggn time /5

the drop-off detector is activated waiting for tlapid Figure 4. Emission current mean value and standard deviation
current decrease which occurs just after the bottom intime at the beginning of cathode lifetime

part drops off.



The acceleration voltage was manually increased tdnly limited amount of atoms is taking place in the
the level, where the noise trace became apparenemission process (about hundreds of atoms) and
Immediately, after the electron beam appeared en thadsorption of next few electrons causes significant
faceplate (green spot), the cathode’s noisechange of the work function.
characteristic was recorded. Each of the realimatio
took 8 minutes and during this period, 80.000 Figure 6. summarizes long-time noise measurement,
samples were recorded. which was performed on the cold emission cathode
sample for 24 hours. The measurement results
Recently, it has been pointed out many times to thesuggest presence of diffusion, which is evideninfro
presence of the emission current fluctuations,the mean value and standard deviation in time. The
occurring in the investigated structure that causesmission current is slowly increasing, that is eaus
electrical noise on both thermionic and on cold Or by ion movement. lons are moving inside and causing
Schottky cathodes. Together with the chemicalcreation of spatial charge, which has essential
activation, which is connected to work functiondév influence on the charge transport. During this
change, there is also relation to the noise priseof  process, so called the defect band, which is ldcate
the particular cathode. For the cold emissionapproximately 0.8eV under the electron affinitydev
cathodes, the prevailing noise component originatess created.
from the local changes on the cathode surface,
because of surface inhomogenities, that affectk wor
function.

|o’;

mean; 328837 0
sdev; 680508 [
o
2 |0;
=] ¢
n t
|o'i
ot b
NI it
T‘?“*J“rr\ywm"sﬁ‘rﬂ Ly J”'hﬂ. o T o e
! ] krj-.-v' ILI—”‘L“I{J‘ 1V k‘J‘i . f/Hz
g
Figure 7. Power spectral density of the emission currenbuer

f1ee e part of the frequency spectra

time /s

Figure 5. Emission current mean value and standard deviation

time o short before its end Figure 7 deals with the spectral analysis of the

emission current. On the basis of reached results,

Current fluctuations, caused by these changes, havavident that measured noise has characteristic® of
significant amplitude (until 30%) and low frequency called 1/f (flickering) noise.

especially for cathodes working under the room _ et s ,
temperature, where frequencies decrease < 1 Hz ?cicmaton M\ anode

voltage

mean value

extraction voltage

3%

Figure 8. Cold emission cathode measurement set-up (placed in
the vacuum chamber)

standard deviation

emissioncurrent / nA

The 1/f noise is a process with a frequency spectru
such that the power spectral density is proportitma

the reciprocal of the frequency. The 1/f n noise
(where n > 1) originates from the superposition of
Figure 6. Current mean value and standard deviation in time particular 1/f and generation-recombination (G-R)
processes, which originates from adsorption and

time/s



desorption of various atoms belonging among[6] C. A. Mead, “Electron transport mechanisms in
residual gas in the vacuum chamber. thin insulating films”, Phys. Rev. 128 (1962),
088.

CONCLUSIONS [7]1 A.J. Melmed, J., The art and science and other

aspects of making sharp tips, Fifth international

The experimental fabrication resulted in creatidn o conference on scanning tunnelling
active Schottky cathodes with very sharp tip (8. microscopy/spectroscopy, Vol. 9, No. 2. (1991),
using the computer controlled electrochemical p. 601-608.

etching technique. This method can be extended f0[8]
other metal wires as well. Anodic oxidation, used t
prepare thick oxide layers with thicknesses of abou
30 to 100nm, can be modified further to achieve the

Z.Q. Yu, et al. Reproducible tip fabrication and
cleaning for UHV STM. Ultramicroscopy
[online]. 2008, s. 873-877.

optimal value of tunneling current. [9] L. Eckertova, L. Frank, Methods of surface

analysis - the electron microscopy and
Our research shows that the isolation coating-layer  di_raction, chapt. 2(p. 68-77), chapt. 3(p. 84-89)
has to be as thin as possible, in order to prepate Academia, Prague, 1996.

balanced cold emission cathode with long stability, ) )
however too thin layer reduces cathode lifetimet as [10]O. L. Golubev, V. N. Shrednik, Heat-Field

is bombarded by ions. The tunneling paramdgr Treatment of Tips Made of Tungsten-Hafnium
(equation 3) should be lowest as possible in otder Alloy, Technical Physics Vol. 48, No. 6, 2003,
reach low effective mass of the electrons whiclpel pp. 776-779.

them to tunnel through the barrier. From the noise[11];. sjaidins, Accuracy of Noise Measurements for
measurement (figs. 4 and 5.) we can identify tims,io 1/f and GR Noise, Advanced Experimental
bombarding the cathode surface, which proves itself Methods For Noise Research in Nanoscale

by sudden burst noise. The bombardment reduces the  glactronic Devices, vol. 151, 271-278, Springer
epoxy layer which leads to its complete destruction 978-1-4020-2169-5, ISBN: 978-1-4020-2169-5.
after 1 - 10 days. The noise spectral density (aher

the 1/f noise prevails), changes to"livhere n is [12]N. S. Xu, H. S. Ejaz, Novel cold cathode
located between 1 and 2. The higher the n is, the  materials and applications, Materials Science

more significant G-R is. and Engineering: R: Reports, Volume 48, Issues
2-5, 31 January 2005, Pages 47-189, ISSN 0927-
796X.
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