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The Fabrication and Characteristics of YBayCu307—«/W and Y;03/W
Field Emitters

Jiang, Xiang—Qi; Yang, Xi-Liang; and Xu, Hui
(Modern Physics Institute, Fu-Dan University, Shanghai, China)

(Manuscript received in May, 1988, revised inWovember, 1988)

Abstract: * The Y:ZO},/W and YBaZO.1307_x/W field emitters have been
fabricated and the carresponding field emission patterms have been
obtained. For the same dimensions and parameters, the field emission
current of Y«20\3/w is higher and more stable than that of W tip. By
measuring field emission currents and voltages and plotting the data in

accordance with the Fowler—Nordheim equation, the work function of

YBayCuz07—x/W was found to be 4.leV at room temperature.

I. Introduction

-Thermal Field Emission (TFE) can be applied to obtain high intensity
brightness ard. therefore, has been under scientific study in recent
years. [1] fI‘he choice of appropriate materials for the fahrication of the
field emitter is an important topic in the study of thermal field emission. . -
Rare earth metallic compound is & new area in the selection of the
materials for the emitter. These compounds have the characteristics of high
melting points, high ionic impact toughnesses, toxicant resistances, high
voltage tolerances, low work functions and the capability of operation
under somewhat less perfect vacuum conditions. Among them, Y,03 has been
proved(2:3] to be one of the best thermal field emitters. However, sc far
there has been very little report on its application in the field emission.

In this paper, we will report the fabrication of the Y>03/W thermal field




emitter and the characterization of its field emission properties. This
will serve as an introduction of the application of rare earth metallic
oxides in the thermal field emission.

In 1987. a worldwide research heat of superconductors was triggered amd
an entire set of high-temperature oxide superconductors were fabricated.
The electrical and magnetic properties, crystal structure and other related
physical and chemical properties of YBasCui07/W sSuperconductor were
studied extensively. In this paper. the falrication ard testing of
YBaoCuzO7_«/W thermal field emitter are reported and the related thermal

field emission characteristics data are given.

I1I. Fabrication of Thermal Field Emitters

In order to fabricate the YBapCu3zOy—x/W and Y203/W field emitters, the W
needle tip should be fabricated first. The geometrical dimension, shape.
surface cleanliness, and crystal structure of the tungsten needle tip have
import effect on the emission characteristics of the two field emitters
made from the tungsten needle tip. In this experiment, the electrolytic
corrosion technique was used to fabricate the tungsten needle tip. The tip
radius was on the order of 103} and the height was about 60um.

The tungsten needle tip was cleaned in the solution, baked dry, and heat
treated in the ultra-high vacuum system with a purpose to clean up the
surface of the needle tip and recystallize the tungsten at the needle tip.
The crystal at the needle tip grew and eventually a single crystal was
formed so that the various typical field emission patterns of tungsten can
be obtained.

The YBapCu30;_,/W and Y503/W emitters were fabricated by plating a small

quantity of YBajCu307— and Y03 powders on the surfaces of tungsten




needles which had the field emission patterns with (110) plane in the
center. The fahrication process was followed by some adequate treatments.
The Y-Ba—Cu-0 superconductor was fabricated according to the method

introduced in reference [4].

III. Experiment and Results

The tungsten needle was placed in the vacuum chamber with anode plate
installed. The tungsten ancde was then pre-heated electrically in vacuo
until the temperature of 1600C was reached (with a carresponding current of
2.5A in this experiment). If a negative high voltage were applied to the
cathode and the zero electrical potential was connected to the anode, then
the emission pattern of tungsten can be seen on the luminescence screen.
Different voltages, temperatures, and residual gas enviromments will result
in different emission patterns. If the voltage is 7.5kV (negative) and the
instantaneous pre-heat current is 2.0A and the steady state heating current
is 1.3A, then the field emission pattern and the corresponding
crystallographic diagram are shown in figure 1 in which the two hrightest
lighted spots correspond to the emission of (130) and (010), and (310) ard
(100) crystal planes, the other lighted spots correspond to the emission of
{111} and {122} families of crystal planes. The field cuwrrent was 1.2uA.
The tungsten emission current was very unstable; with pulse-like
fluctuations and was decreasing with time.

After plating the tungsten needle with small quantity of Y03 powders,
it was also necessary to conduct the heat treatment in vacuo. The
temperature for this heat treatment was between 1600 and 1750C and the time
was about 1 minute. The field emission pattern (after heat treatment) is

shown in figure 2 where the lighted spots correspond to the emission of




Figure 1: The tungsten field emission pattern and the corresponding
cyrstallographic diagram (V=7.5kV, ip=2.0A, ig~1.3R).

Figure 2: The field emission pattern of Y;03/W cathode and its
correspording crystallographic diagram (V=3.ekV.isj=].2A)




(130) and (310) planes. The voltage was 3kV and the heating current was
1.2A and the field current of Y,03/W was 0.66uA. Under the same parameters.
the field current of tungsten anode was less than 10~83. The change in
Y-03/W field current with time was measured under a vacuum of 4x107%Pa, a
voltage of 4kV, and a heating current of 1.5A. The results are shown in
figure 3. There is no pulse-like fluctuations in the current but the
current increases ‘slightly with time. )

After the YZ03/W field cathode was used for some time, its field current
tended to decrease. It was necessary to heat treat the anode for a short
time period in 10~6Pa vacuum to resume its characteristics.

Figures 4 (a) and (c) show the scanning electron micrographes of a
tungsten needle and its tip, whereas (b) and (d) are the corresponding
micrographes after plating of YBajyCus307_y powders. The treatment was
carried out by heating in ultra-high vacuo or in small quantity of oxygen
flow. During the treatment process, various pattens were seen on the
luminescence screen and, finally, the field emission pattern shown in
figure 5 was produced (with voltage of 6.5 — 9.0kV, heating current 2.0A
and field emission cuwrrent between 0.2 and 0.6pA). When the vacuum is below
107Pa. the results are shown fiqure 6. The YBayCuzOy_x/W field anode
follows the Fowler—Nordheim equation; namely, the relationship between
logIl/V2 and I/V is linear. The slope of this line and the needle diameter
can be used to calculate the work function of the cathode and it was found

to be 4.1eV.

IV. Discussions
After the treatment at 1600C, crystals with large dimensions will form

at the tip of the tungsten needle. Since the tip radius is much smaller
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Figure 3: The time-variation of the emission current of Y203/W cathode.
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Figure 4: The micrographes of tungsten needle tip before ((a) and (c)) and
after ((b) and (d)) plating of YBayQus30;._,/W powder.
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Fiqure 5: The field emission pattern (left) amd its corresponding
crystallographic diagram of YBayQu307.4/W cathode.

r av)
e.0 7.0 | X
"w— ~ -
1 xw%
a

IV GAAYY)
5

d

n‘i.n “3 &M &8 0N 7

W av)

Figure 6: The relationship between logI/VZ2 and 1/V for YBajCus07—y/W
cathode at room temperature.




than the dimension of the crystals, the single crystal field emission
patterns will be generated. Different crystal planes will have different
work functions. Generall , the work functions of (310), (111) and (100)
planes are small and bright spots in the emission patterns are associated
with these planes, whereas the work functions of (110) and (211) planes are
somewhat higher and dark spots are associated with these planes. [S]
However. under the conditions of thermal field emission, since the surface
atoms will migrate and agglomerate towarus certain crystal planes, the re-
structuring of these planes or formatinn of convex edges will be resulted.
On the other hand, due to the diffusion of the dying agent in the tungsten
needle and the evaporation from the surface, various surface phases will
form at various temperatures on various planes. (61 Therefore, the
brightnesses of the spots of the emission patterns are not singly
determined by the work functions of the original crystal planes and
different patterns will form at differenf: temperatures ard different field
strengthes.

The atoms on the surface of the tungsten needle are different from the
atoms in the body. The surface atoms have unsaturated hanging chains and
very strong chain-forming forces. This will result in the adsorption of
most foreign atoms on the surface. The adsorbe.. atoms on the various
crystal planes of tungsten surface are adsorbed selectively and the work
functions of various crystal plangs are modified. The adsorption of Y203 oh
(310) and (130) planes results in the enhanced emission of electrons from
the nearby crystal planes and the emission of electrons from other crystal
planes was restricted. This is similar to the discovery described in
reference (7] where the tungsten needle was immersed in the Mg(NO3);

solution and then treated at high temperature in an oxygen environment to




obtain enhanced electron emission from (100) planes of the Mg/O/W (100)
cathode. The explanation of this enhanced emission lies with the
cooperation of the electrons from the adsorbed atoms and the electrons from
the tungsten atoms of the substrate so that the emission electrons can be
supplied contirmously.

One aof the important reasons for the instability of the tungsten field
emission current was due to the adsorption and decomposition of the
residual gas atoms on the surface of the tungsten needle. If a foreign atom
is firmly att _‘hed to the surface of the tungsten needle ard the
unsa urated chain is made saturated, then the residual atoms can no longer
be attached to the surface easily. Even if there is some adsorption, the
effect on the field emission will still be insignificant. This is the
reason why the field emission current of Y03/W is more stable than the
tungsten field emission.

From the symmetiy of the YBapCu30;_/W field emission patterns, it can
be judged that the tip of the needle has the cubic crystal structure.
However, most researches believed trat there are three phases (A, B and C)
of the Y-Ba—Cu—-O material. The A and B phases have the simple orthogonal
structures where the C phase has the body center cubic structure but with a
much arger crystal constant than tungsten. [8.9] Hence, the reasons for the
formation of the field emission patterns mentioned above is still unknown
and further study is required.
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