Active control of the emission current of field emitter arrays
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The current control and the stabilization in field emission of gated field emitter dFF&yss) are the
highest demand for applications to a flat panel display and other beam devices. The concept of the
field-effect-controlled field emission cathode is very useful for these purposes. We carried out
preliminary experiments of the idea and showed that the controllability and the stability of emission
current of FEA were significantly improved by an actively controlled FEA. Additionally, we
discussed beam focusing of FEA for a flat panel display application19@5 American Vacuum
Society.

[. INTRODUCTION compensated by feeding back the fluctuation signals to
respective pixels through memory devices.

Matrix-addressed field emitter displdfED) is the most  (3) Since the current of an individual emitter or a block of

attractive application of field emitter arrdf*EA), because emitters is limited by an active device, a short circuit

the display promises high speed, large viewing angle, full  between emitter and gate does not result in a fatal dis-

color capability with high resolution and high brightness, and  play fault.

low-power consumption. The LETI derr_]o_nstrgted 6 In. We examined the controllability and the stability of the

monochrome and full color FEDs as television displays and

as computer monitorsHowever, the specific difficulty in the emission current from 1010 Si-FEA by using a commer-

development of FEDs is that the emission current from FEAClaIIy available FET, as a first step of the investigation of the

. . . iIdea. The emission was well controlled at current above sev-
must be uniform and stable over the whole size of the d'Spla\éral tenths of nA by changing a gate voltage of the FET and
in large dimensions. The resistive layer is deposited und

h . s in the LETI disol q ltidi Ghe stability of emission current was significantly improved
the emitter tips in the ISplays and a multidiameter g, 4 pressure of 16 Torr compared with the resistive

array structure is examined in the FED developed in Fujitsqayer stabilization

Labqratory to improve emiss_ion uniformi_%y_n addition, the Regarding the cross talks between pixels in a display, we
matnx emitters should be driven by suff!C|entIy low voltage oyamined a FEA structure with guard rings as focusing elec-
in order to reduce the power consumption and to allow th§oges, which surrounded an individual emitter or a block of
use of low-voltage complementary —metal—-oxide—emitter arrays on the same plane of the gate electrode of
semiconductofCMOS) circuit for addressing pixels. Emitter Fga_ Simulation results showed that the beam focusing in
protection for a short circuit between emitter tips and gates ighe FEA was sufficient for FED application. This FEA struc-
very important in a display application because any shorfure significantly simplifies the fabrication process compared
circuit due to processing problems of FEA in large dimen-with that of a triode structure of FEA and enables the fabri-

sions or a tip failure during operation results in a full row or cation to be reliable and the FEA in large dimensions to be
column error in a display. Reduction of cross talk in emittedyniform.

electrons from FEA is another requirement in a high-

resolution display. Although a triode structure has been ex-

amined for beam focusinghighly reliable fabrication pro- Il. STRUCTURE OF FEC FIELD EMISSION

cess is necessary and it seems to be difficult to satisfy thig;ATF|ODE

requirement by the fabrication process, especially in large Figure 1 shows the basic concept of the FEC field emis-
dimensions of display. The field-effect-controll@eEC) field ~ sion cathode and its equivalent circuit. The FEA is fabricated
emission cathode reported by Timg al. of the Naval Re- monolithically with FET or TFT. The emission current from
search Laboratory satisfies most of the above requiremen@ individual emitter tip or a block of emitter arrays is con-
for a display applicatio. Because the FEC field emission trolle_d and stabilized_by the constant current cha_racterisf[ic of
cathode constructed monolithically with a FEA and an active"ET in the case of Fig. 1. The emission current is only fixed
device, such as a field-effect transist6ET) and a thin-film by the gate voltage of the FET and the series resistance con-

transistor(TFT), has intrinsic advantages for the display ap-"€cted to the source electrode of the FET and disparity in the
plication as they pointed out. emission current between emitters is eliminated by adjusting

the gate voltages of FETSs for respective emitters, though the
(1) Emission current for each pixel is controlled and stabi-driving voltage of FEA increases slightly.
lized by applying a few volts on the gate of FET or TFT.  For a display application, the addressing voltages are ap-
Then, a well-developed low-voltage integrated circuit isplied on the gate and source lines of FETs matrix and are
available for addressing the pixels due to sufficiently lowsufficiently low compared with that of usual gate or anode
addressing voltage. addressings, which results in use of well-developed low-
(2) Fluctuation in brightness between pixels in the display isvoltage CMOS integrated circuits for addressing the pixels.
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Fic. 1. Basic concept of the FEC field emission cath¢Ref. 4 and its
equivalent circuit.
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in brightness between the pixels are occurred, the compen-
sation signals can be fed back to the gate of FETs of the
respective pixels through the memory devices.

In addition, a short circuit between emitter tip and gate
due to processing problems of FEA in large dimensions or a
tip failure during operation does not result in a fatal display
fault, since the total current of an individual emitter or a
block of emitters is governed by the constant current charac-
teristic of the FET.

These advantages of the FEC field emission cathode will
overcome most of the difficulties in the development of high-
definition high-quality FEDs.

lll. PRELIMINARY EXPERIMENTS

Figure 2 shows scanning electron microsc¢pEM) mi-
crograph of the gated Si-FEA fabricated by reactive ion etch-
ing and thermal oxidation techniqde.

10X10 tips gated Si-FEA with gate aperture ojueh has
been used for preliminary experiments, and a commercially
available FET is connected to the FEA as shown by the
equivalent circuit in Fig. 1. Figure (8 shows a typical
current—voltage characteristic of used FEA. The emission
current is generated near the gated voltage of 100 V. Figure
3(b) shows emission current driven by the gate voltage of

Emission current of each pixel can be measured and com-
pared with a desired current by addressing the pixels and
then a compensation signal for each pixel can be calculated
and stored into memory devices. Therefore, when fluctuation
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Fic. 2. SEM micrograph of gated Si-FEA.
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Fic. 3. Current—voltage characteristic of 00 tips gated Si-FEA@a), a
typical emission characteristic controlled by the gate voltage of GET
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Fic. 4. Current fluctuation of the FET-controlled and the resistance-block of emitter arrays and is fabricated on the same plane of
controlled FEAs. the gate of FEA. Figure 6 shows one of simulation results of
electron trajectories emitted from a single emitter with a

nqguard ring. When an opposite polarity of voltage close to the
gate potential is applied on the guard ring, the electron tra-
by the gate voltage of the FET ranging from 1 to 2 V, aSJector_les become almost pa_rallel 'Fo_ the beam axis and the
shown in Fig. 8b). focusing of elegtron _beam is sufficient t(_) overcome Cross

talks between pixels in a FED, as shown in Fig. 6. The fab-

Current stabilization was examined by applying a Con'r'cation rocess of the structure is simple and reliable com-
stant voltage on the gate of FET. Figure 4 shows the current b P

fluctuation of a FET-controlled FEA measured at the pressurgaer with th‘f’“ .Of a triode Structure for bea_m focu_smg.

of 71077 Torr. A current fluctuation of 1 M) resistance- The m onolithic FEA. strgcture W'th an actlye_ device a_md a

controlled FEA is plotted in the figure for the comparison in guard ring, as shpwn n Fig. 5 m_|ght be definitely a suitable

improvement of current fluctuation. The emission current Ofstructure of FEA in FED applications.

the resistance-controlled FEA increases gradually with th‘?/ CONCLUSION

time by a forming process, as reported by many researchers;

and the high current fluctuation continue afterwards. On the We have carried out preliminary experiments of the FEC

other hand, the emission current of the FET-controlled FEAfi€ld emission cathode proposed by the group of the Naval

was nearly constant from the beginning to the end of théXesearch Laboratory and verified that the proposed structure

measurements and the improvement in the current stabiliz&0uld significantly improve the controllability and the stabil-

tion was significant as shown in Fig. 4. These characteristic8y Of emission current from FEA which were essential for a

are inherent in the FEC field emission cathode and are espéisplay application. In addition, we examined a FEA struc-

cially important for FED applications as described before. ture with a guard ring for beam focusing by the simulation
and showed that the beam focusing was sufficient to reduce

IV. BEAM EOCUSING cross talks between pixels in a FED. We are intending to

] . . _ fabricate the monolithic FEA structure with FET and guard
Electrons are emitted from FEA with a relatively wide g,

angle of 20° or 30°. Then, some focusing technique of elec-

tron beam is necessary for a high-resolution display to reACKNOWLEDGMENTS
duce cross talk between pixels. Figure 5 shows a schematic
drawing of a FEA structure with a guard ring for beam fo-
cusing. The guard ring surrounds an individual emitter or

FET at a constant gate voltage of FEA. The emission curre
was well controlled at the currents above several tenths of n
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