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Significant improvement of the emission property of Spindt-type platinum
field emitters by operation in carbon monoxide ambient
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The emission property of a Spindt-type platinum field emitter was greatly improved by operating in
carbon monoxide ambient with appropriate operating parameters. After sufficient aging, the emitter
was operated in carbon monoxide ambient up to31Ba, at the emission current of dA. The
emission current first decreased in accordance with the gas introduction, but turned to show rapid
increase when the gas pressure was increased t® BA. The current stability, as well as the
operating voltage, was improved by this treatment. The apex of the emitter was examined with the
Seppen—Katamuki analysis technique, in which detailed information on the emission area and
effective work function can be read from the diagram plotted with the intercept and slope of a
Fowler—Nordheim plot. The analysis suggested reduction of the effective work function is a major
reason for the improvement of the emission property. 2@0 American Institute of Physics.
[S0003-695(100)02430-X]

Nowadays, developments of flat-panel displays haveéncrease of the emission current. Also, improvement was
been enthusiastically performed with plasma display panelseen for a molybdenum emitter in hydrogen ambfevite
and organic electroluminescence devices, as well as fieldttempted to improve the Spindt-type Pt field emitters and
emission displaysFEDS." Among these displays, FED is found a significant improvement.
one of the promising candidates that has high brightness, Platinum one-tip emitters were fabricated by our
wider view angle, and high endurance against the operatioprocess;’ which is based on the process developed by Spindt
circumstances, owing to the fact that the electron is taken ot al” The sample was mounted on TO-5. The gate electrode
to the vacuum and accelerated easily. Although there ar&as grounded and the negative bias was applied to the emit-
some new cathodes, the Spindt-type catAstié locates ata  fer- The emission current was monitored by an external col-
closer position to the commercially available flat-panel dis-lector settled at 5 mm above the sample. The collector was
play. One of the difficulties in realizing the FED is such thatbPiased to positive 200 V. All the measurements were per-
the field-emission device is generally unstable in poorformed in dc mode. The entire system was installed in the
vacuum conditions. Thus, development of a Spindt-type/acuum vessel, which was pumped by a sputter ion pump
cathode with low-voltage operative and low-current fluctua-2nd @ titanium sublimation pump. The base pressure of the
tion is a most important subject for the development ofvacuum vessel is 10 Pa.

FEDs. Since the current fluctuation is mainly due to adsorp- ~ Prior to detailed measurement, the emitter was first aged
tion and desorption of the residual gas molecdlése sta- N ultrahigh vacuum{(UHV) for about 6—12 h to stabilize the

bility of the cathode is primarily dependent on the reactivity EMiSSion current. We repeated the current—voltage character-

of the emitter surface. Studies have been made to obtain iatics measurement and the current fluctuation measurement
cathode material which exhibits a superior property for

alternatively. In this sequence, we increased the maximum
Spindt-type cathodesWe have also fabricated Spindt-type currgnt in the current—voltgge characteristics g.ra.ldually. A
field emitters with different cathode materials and showed aX!Mum current of approximately 20A was sufficient to
that platinum(Pt) exhibits a superior property among the

stabilize the emission current.
element metals such as low-current fluctuation and low op- After the aging was performed, the emitter was operated
erating voltage. However, from circuitry requirements, fur-

in UHV for about 150 h. Although the characteristics slightly
ther reduction of operating voltage is necessary. AIthougrigvr'ﬁe:ljrign?mmer voltage of 58 V was necessary to extract

Lr;rp;f\éigegt _Vr\:g:ttheed:;ﬁzggg ogsmezarlfgrr rf%: ggpsog,?%ma' After the above operation, the emission current was ad-
: P! yp was p IS justed to be 1uA, and carbon monoxidéCO) gas was in-

consuming. Itoh, Nilyama, and Yokoyama have shown tha{roduced to the measurement vessel. First, CO gas was intro-
the emission property of the Spindt-type molybdenum cathy .o o 105 Pa. At this stage, only a slight decrease of the

odeswas improved by operation in carbon monoxi@o) , emission current was observed during the 30 min operation.
gas. The improvement reported was approximately & 10%ager the above exposure, CO gas was once evacuated and
the current—voltage characteristics were measured. Second,

¥Electronic mail: ygotoh@kuee.kyoto.ac.jp CO was introduced to 10 Pa, and the emission current fell
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FIG. 1. Current—voltage characteristics of one-tip Spindt-type Pt field emit /G- 3. Analysis of the surface state of Pt emitters with the Seppen—
ter before and after exposure to CO gas. Katamuki chart.

down to 0.1uA, also during the 30 min operation. Finally, CO, and after exposure to 10 Pa CO. All measurements of

CO gas was introduced to 18 Pa, and the emission current the current—voltage characteristics mentioned in the present
tended to increase rapidly, exceeding the initial current of $Study were done after evacuation of the CO gas. It is clearly

wA. The operation was then interrupted and the CO gas waseen that the emission current significantly improved by a
evacuated. factor of 2 orders of magnitude. The operating voltage for 40

Figure 1 shows the current—voltage characteristics of th@” extraction was reduced to 40 V, which is approximately a
Pt emitter before exposure to CO, after exposure t6*1a 30% reduction. The effect of the improvement was larger
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FIG. 2. Current fluctuation of the Pt emitt&) before andb) after exposure

to CO gas.
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than the case of the molybdenum emitter with mettsfiee
effect of this modification lasted more than 200 h. The im-
provement of the molybdenum cathode in hydrogen ambient
did not continue for such a long tinfeReduction of the
operating voltage significantly reduces the difficulty in the
design of the driving circuit.

As well as reduction in the operating voltage, the current
fluctuation was lowered by this treatment. Figuréa) 2nd
2(b) show the current fluctuation before and after the CO
exposure. Before exposure, the current fluctuation was seen
but after exposure, the fluctuation was lowered. We esti-
mated the current fluctuation with the normalized noise
power, which can be calculated by integrating the power
spectral density of the current fluctuation between 0.2 and 2
Hz! The noise power before exposure wasXl14° (-49
dB) and after exposure was @80 © (-58 dB. These im-
provements were seen for the initial current gk A, but not
for that of the other currents.

The reason for reduction of the operating voltage was
analyzed with a Seppen—Katamu&K) chart, in which the
intercept(Seppen and the slopéKatamukj of the emission
characteristics in a Fowler—NordheiiaN) plot are taken for
the abscissa and ordinate. Generally, the evaluation of a field
emitter is performed with the slope of the FN plot using a
well-defined emitter as the standard. However, it is difficult
to evaluate a deposited field emitter because we do not have
a standard that can be obtained, for example, by flashing. We
have found an empirical relatiéh'® between the slope and
the intercept of the FN plot for emitters of the same materi-
als: The characteristics distribute along a line downward to
the right. We can estimate the relative change of the surface
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