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The Fabrication and Characteristics of YBa2Cu307_x/W and Y203/

Field Emitters

Jiang, Xiamg-Qi; Yang, Xi-Liang; and Xu, Hui

(Modern Physics Institute, Fu-Dan University. Shanghai, China)

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

Abstract: '-The Y203/W and YBa2Cu3OT7x/W field emitters have been

fabricated and the corresponding field emission patterns have been

obtained. For the same dimensions and parameters, the field emission

current of Y203/W is higher and more stable than that of W tip. By

measurirn_ field emission currents and voltages and plotting the data in

accordance with the Fowler-Nordheim equation. the work function of

YBa2 Cu3O7x/W was found to be 4.1eV at room temperature.

I. Introduction

.Thermal Field Emission (TFE) can be applied to obtain high intensity

brihtness and. therefore, has been under scientific study in recent
C

years. [1 The choice* of appropriate materials for the fabrication of the

field emitter is an important topic in the study of thermal field emission.

Rare earth metallic compound is a new area in the selection of the

materials for the emitter. These compounds have the characteristics of high

meltinr 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, Y203 has been

proved [2 ,3] to be one of the beet thermal field emitters. However, so far

there has been very little report on its application in the field emission.

In this paper, we will report the fabrication of the Y203/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 and

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 YBa2Cu307-x/V superconductor were

studied extensively. In this paper, the fabrication and testing of

YBa 2 Cu3O7_x/W thermal field emitter are reported and the related thermal

field emission characteristics data are given.

II. Fabrication of Thermal Field Emitters

In order to fabricate the YBa2Cu3O-x/W an-d Y2 03/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 6011m.

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 co that the various typical field emission patterns of tungsten can

be obtained.

The YBd2Cu3O7_x/W and Y20%/W emitters were fabricated by plating a small

quantity of YBa2Cu307-x and Y2O3 powders on the surfaces of turnsten
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needles which had the field emission patterns with (110) plane in the

center. The fabrication process was followed by some adequate treatments.

The Y-Ba-Cu-O superconductor was fabricated according to the method

introduced in reference [4].

III. Experiment and Results

The tungsten needle was placed in the vacum chamber with anode plate

installed. The tungsten anode was then pre-heated electrically in vacuo

until the temperature of 1600C was reached (with a corresponding 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 tuncrsten can be seen on the luminescence screen.

Different voltages, temperatures, and residual gas environments 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 didgram are shown in figure 1 in which the two brightest

lighted spots correspond to the emission of (130) and (010), and (310) and

(100) crystal planes, the other lighted spots correspond to the emission of

(111) and {122} families of crystal planes. The field current was 1.2pA.

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 Y203 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
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Figure 1: The tungsten field emission pattern and the correspordirg

cyrstallcgraphic diagram (V-7.5kV, im-2 .OA, ij.-1.3A).

OAt

Figure 2: The field emission pattern of Y20)3/W cathode and its

coresporiincT crystal logrraphic diagrram (Vt3.OkV~jIg- A)
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(130) and (310) planes. The voltage was 3kV and the heating current was

1.2A and the field current of Y203/W was 0.66pA. Under the same parameters,

the field current of tungsten anode was less than i0-8. The change in

Y203/W field current with time was measured under a vacuum of 4xlO-6Pa, 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 Y2)03/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.

Fic ures 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 Y]a2Cu30>7_x powders. The treatment was

carried out by heating in ultra-high vacuo or in small quantity of oxycgen

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.OA

and field emission current between 0.2 and 0.6PA). When the vacuum is below

10-SPa, the results are shown figure 6. The YBa2Cu307_x/W field anode

follows the Fowler-Nordheim equation; namely, the relationship between

logI/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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Ficure 3: The time-vdriation of the emission current of Y203 /W cathode.

)(b)

Figure 4- The micrographes of tungsten needle tip before ((a) and (c)) and

after ((b) and (d)) plating of YBa2Cu3O7Tx/W powder.
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Fioure 5: The field emission pattern (left) and its corresponding

crystal l ographic diagram of YBa2Cu307x/W cathode.
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Fic ure 6: The relationship between logI/V2 and 1/V for YBa2Cu307 x/W

cathode at room temperature.
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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. [1]

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 formatio)n of convex edges will be resulted.

On the otner hand, due to the diffusion of the dying agent in the tungsten

needle and the evaporation from the sarface, various surface phases will

form at various temperatures on various planes. [6] 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 different temperatures and different field

stre rgthes.

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 planes are modified. The adsorption of Y20 3 on

(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 imersed in the M(N0A3) 2

solution and then treated at high temperature in an oxygen environment to
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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 ad the electrons from

the tungsten atoms of the substrate so that the emission electrons can be

supplied continuously.

One of the importanc 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 _ted to the surface of the tungsten needle and the

uns 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 Y20 3/W is more stable than the

tungsten field emission.

From the symmetry of the YBa2Cu3O7_x/W field emission patterns, it can

be judged that the tip of the needle has the cubic crystal structure.

However, most researches believed tr at 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 Larger crystal constant than tungsten. [8,91 Hence, the reasons for the

formation of the field emission patterns mentioned above is still urnown

and further study is required.

This work was supported by Mr. Wei-On Luo and Mr. Guo-Tai Jurg. The

authors wish to express their sincere thanks to them.
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