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GATE-AND EMITTER ARRAY ON FIBER 
ELECTRON FIELD EMISSION STRUCTURE 

FIELD OF THE INVENTION 

The present invention relates to ?eld emission in triodes 
or more complex structures such as tetrodes. This invention 
is the result of a contract With the Department of Energy 
(Contract No. W-7405-ENG-36). The government has cer 
tain rights in the invention. 

BACKGROUND OF THE INVENTION 

In the area of ?brous ?eld emitters, special coatings are 
sometimes applied to a base conductive ?ber to form an 
especially good emitter. These ?brous ?eld emitters are then 
used in diode or triode structures for the purpose of extract 
ing electrons in operation of a ?eld emission device. 

In the preparation of typical triode ?eld emitter designs, 
an emitter tip has been initially fabricated upon a conductive 
layer and a gate layer is formed upon an insulating layer 
upon the conductive layer. Examples of such construction 
can be seen in US. Pat. No. 5,229,331 and US. Pat. No. 
5,243,252. Conventionally, When a ?eld emission device has 
incorporated a ?brous ?eld emission element (cathode), a 
gate electrode has been fabricated as a separate structure. 
For example, US. Pat. No. 5,578,901 describes several 
embodiments including a ?brous cathode as a ?eld emission 
element and a separate gate electrode spaced apart from the 
?brous cathode. 

It is an object of the present invention to combine the gate 
electrode With a ?eld emission structure as a uni?ed solitary 
structure. 

It is a further object of the present invention to combine 
the gate electrode upon a ?brous ?eld emitter into a ?eld 
emission structure having a uni?ed solitary structure. 

Another object of the present invention is to provide a 
?eld emission structure having a uni?ed solitary structure 
With a gate electrode layer and insulating layer directly upon 
a ?brous core substrate Where the emitter structure has 
emission longitudinally along the length of the ?ber struc 
ture. 

Yet another object of the present invention is to provide a 
?eld emission structure having a uni?ed solitary structure 
having separately controllable and addressable emitting 
regions. 

Still another object of the present invention is to provide 
a ?brous ?eld emission structure having a longitudinally 
sectioned gate electrode thereon Whereby the ?brous ?eld 
emission structure has separately controllable and address 
able emitting sections. 

SUMMARY OF THE INVENTION 

To achieve the foregoing and other objects, and in accor 
dance With the purposes of the present invention, as embod 
ied and broadly described herein, the present invention 
provides a uni?ed ?brous ?eld emission element including 
a conductive ?brous central core element having an insu 
lating material directly thereon the conductive ?brous cen 
tral core element and a gate electrode directly thereon the 
insulating material, the conductive ?brous central core ele 
ment further including emission sites situated longitudinally 
along the length of the conductive ?brous central core 
element. 

The present invention further provides a ?brous ?eld 
emission element including a conductive ?brous central core 
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2 
element having an insulating material layer directly thereon 
the conductive ?brous central core element and a gate 
electrode layer directly thereon the insulating material layer, 
the conductive ?brous central core element having emission 
along the longitudinal length of the conductive ?brous 
central core element and the gate electrode material layer 
characteriZed by multiple longitudinally discontinuous sec 
tions of gate electrode material separated by sections of 
insulating material along the conductive ?brous central core 
element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a typical prior art structure involving a 
?brous ?eld emitter and a gate electrode. 

FIG. 2 is shoWs an embodiment of the present invention 
Wherein a ?brous emitter includes a gate electrode Within a 
single solitary uni?ed structure. 

FIG. 3 shoWs a grid arrangement of anode strips and 
?ber/gate/emitters in a ?eld emission device. 

FIG. 4 shoWs another vieW of the grid arrangement shoWn 
in FIG. 3. 

FIG. 5 shoWs an embodiment of a Wiring diagram for an 
addressable pixel design. 

FIG. 6 shoWs a lengthWise sectional vieW of a solitary 
?brous emitter. 

FIG. 7 shoWs another lengthWise cross-sectional vieW of 
a solitary ?brous emitter. 

FIG. 8 shoWs a top vieW of a sectioned gate electrode. 

FIG. 9 shoWs an embodiment Wherein the voltage of 
individual sections of gates can be regulated. 

FIG. 10 shoWs a cross-section longitudinal vieW of the 
embodiment seen in FIG. 9. 

FIG. 11 shoWs linkage of several sections of gate elec 
trodes through one contact line. 

FIG. 12 shoWs another embodiment Wherein a conductive 
?brous central core element is combined With non 
conformal insulating material and gate electrode material. 

DETAILED DESCRIPTION 

The present invention is concerned With a cold ?eld 
emission structure based on ?bers With an insulating layer, 
gate electrode and emission layers built on or fabricated 
directly on the ?ber. 

FIG. 1 shoWs a typical prior art structure 10 involving a 
?brous ?eld emitter 12 and a gate electrode 14 together With 
cathode 16 and anode 18. The cathode 16 is spaced apart 
from gate electrode 14 by insulating layer 20. An emission 
enhancing coating 13 is shoWn on ?brous ?eld emitter 12. 

FIG. 2 shoWs the cold ?eld emission structure 30 of the 
present invention. Aconductive ?ber 32 acts as the substrate 
itself, i.e., the conductive ?ber 32 serves as the cathode. An 
insulating material layer 33 is upon conductive ?ber 32 With 
a gate electrode layer 34 upon the insulating layer 33. Upon 
the conductive ?ber 32 is emission site 36 that can optionally 
be coated With an emission-enhancing material 37 (not 
shoWn). An anode 38 is spaced apart from structure 30. 
Insulating material layer 33 is generally of a thickness from 
about 10 nanometers (nm) to about 10,000 nm (10 microns), 
preferably from about 200 nm to about 1000 nm. Gate 
electrode layer 34 is generally of a thickness from about 1 
mn to about 500 nm, preferably from about 200 nm to about 
500 nm, although thinner layers are typically most preferred. 
Edge 37 of gate electrode layer 34 is shoWn here as 
essentially straight. 
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The ?ber in the present invention should be of a material 
With a relatively loW Work function, i.e., the material easily 
gives up electrons upon application of an electrical ?eld, and 
the material should have a high melting point, i.e., a melting 
point of at least about 600° C. Generally, the ?ber can be 
made of a conducting material such as molybdenum or 
doped silicon, i.e., metals or semiconductors. Metals like 
molybdenum (M0) or tungsten are especially suitable as 
the ?bers as they are commonly used in previous ?eld 
emitter designs. HoWever, speci?c emitter tips or emission 
sites upon the ?ber may be fabricated of another material 
that is electrically, chemically, and mechanically compatible 
With the base ?ber material. 

In some instances, selected ?ber material may have a 
sufficiently high emission such that emitter tips need not be 
fabricated as a separate structure out of or upon the ?ber and 
the emission can simply occur from edges or roughness 
upon the ?ber. Diamond-coated, diamond-like carbon 
coated, or amorphic diamond coated ?bers may have the 
necessary emission Without the need for fabrication of 
speci?c emitter tips. 

The design of the emitter tips can generally be of any 
desired design. For instance, any of the existing emitter tip 
designs such as seen in US. Pat. No. 3,755,704 by Spindt et 
al. for “Field Emission Cathode Structures and Devices 
UtiliZing Such Structures”, US. Pat. No. 5,229,331 by Doan 
et al. for “Method to Form Self-Aligned Gate Structures 
Around Cold Cathode Emitter Tips Using Chemical 
Mechanical Polishing Technology” and US. Pat. No. 5,243, 
252 by Kaneko et al. for “Electron Field Emission Device” 
can be used. Other designs may be incorporated into the 
solitary structure design of the present invention as Well. 
Fabrication of the emitter tips or sites can be by any method 
compatible With the chosen materials of the ?ber, tip, 
insulator and gate. Emitter tips can be fabricated by Well 
established semiconductor microfabrication techniques. 
Such techniques can produce highly regular arrays of pre 
cisely shaped ?eld emission tips. For example, emitter tips 
can be formed as so-called “Spindt” tips in the method 
described by Spindt in an article entitled “A Thin-Film Field 
Emission Cathode” in the Journal Of Applied Physics, Vol. 
39, No. 7, pp. 3504—3505 (1968) or the method described in 
US. Pat. No. 3,755,704. 

The emitter tips can be fabricated of materials such as 
silicon, silicon carbide, Zirconium carbide, titanium carbide, 
tungsten, molybdenum, lanthanum hexaboride, carbon, 
graphite, diamond, diamond-like carbon (DLC), or compos 
ites of such materials. Composites may be in the form of 
mixed phases, layered materials and the like. 

In some cases, the emitter tips can include an emitter 
coating as an emissionenhancing component to obtain the 
desired loW Work function. Such emitter coatings can be of 
materials such as cermet (a ceramic/metal mixture such as 
chromium silicide and silicon dioxide), cesium, rubidium, 
tantalum nitride, barium, chromium silicide, titanium 
carbide, nickel silicide, molybdenum, niobium and the like. 

Insulator materials in the present ?eld emission structure 
can be of silicon dioxide, alumina, silicon oxynitride, silicon 
nitride, tantalum oxide and the like. Generally, silicon diox 
ide and alumina are preferred as the insulator material. 

Gate materials can be formed of materials such as molyb 
denum disilicide, tantalum disilicide, tungsten disilicide, 
titanium disilicide, chromium disilicide, and the like. These 
materials are exemplary and are not considered limiting as 
numerous other materials are Well knoWn to those skilled in 
the art for use as gate materials. Generally, molybdenum 
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4 
disilicide, tantalum disilicide and tungsten disilicide are 
preferred as the gate material. 

The shape of the gate electrode is not considered critical 
to the present invention. That is, the edges of the gate 
electrode may be straight, angled, curved or the like. 

Generally, numerous other materials are knoWn for use as 
emitter substrates, emitter tips, emission-enhancing 
components, gate materials, and insulator materials. The 
present invention is concerned With a neW design for the 
cold ?eld emission structure and should not be considered to 
be limited to any particular materials. 
A variation on the cold ?eld emission structure can be 

considered. As described bove, the cold ?eld emission 
structure is limited to roW-and-column addressing trategies. 
That is, to achieve emission at selected emission sites as 
required for the articular ?eld emission display application, 
the ?ber/gate/tip structure often needs to be arranged per 
pendicular to the anode structure. Comb-geometry ?eld 
emitter array structures do not need to be arranged in this 
manner. FIG. 3 shoWs an assembly 40 including multiple 
?ber/gate/emission tip structures 42 and multiple anode 
strips 44 arranged perpendicular to one another. Both the 
anode strips 44 and ?ber/gate/emission tip structures 42 are 
connected to separate voltage supplies (not shoWn). FIG. 4 
shoWs another vieW of the structure in FIG. 3 along an axis 
of the assembly 40 alloWing the vieW of the ?ber/gate/ 
emission tip structures 42, each With the structure shoWn in 
FIG. 2. 

To operate assembly 40, anode strips 44, and both the gate 
and cathode ?ber voltages on ?ber/gate/emission tip struc 
tures 42 Would need to be sWitched separately producing the 
correct combination voltage at a particular point on the grid. 
In a “Wiring diagram” form it Would look like FIG. 5. FIG. 
5 shoWs vertical anode lines 52, horiZontal gate lines 54 and 
horiZontal cathode lines 56. Typically, a voltage on a cathode 
line 56 may be around —20.0 volts, a voltage on a gate line 
54 may be in the range of about 5 to about 20 volts, and a 
voltage on an anode line 52 may be in the range of about 
1000 to about 10,000 volts. 
By ?xing a line of cathodes and gates at their operating 

voltages and activating only a single anode strip at its 
operating voltage, the number of active sites can be limited 
(in the sample grid 50 of FIG. 5 to three active sites 58). 
Activating just a single site on this sample grid 50 Would 
require turning off either the gate voltage or the cathode 
voltage or both gate and cathode voltages on the other 
?ber/gate/emission structures shoWn. For example, When the 
cathode voltage is set to the gate voltage, an emission site 
can be inactivated. 

A problem or limitation With this described design is that 
it is necessary to sWitch large voltage over long lengths of 
electrical elements to operate the device. This leads to large 
increases in the driver circuitry costs and designs. 

It is desirable to address the gates separately to achieve 
sWitching in the emission current. With this basic structure 
there is at least one strategy to achieve this end. Avariation 
in design of the present invention can involve fabricating 
breaks in the gate electrode to provide electrical isolation 
from neighboring sections of gate electrode. The sections are 
grouped and placed in contact With a ?at or grooved elec 
trode to control the voltage or the gate. 

FIG. 6 shoWs a lengthWise sectional vieW of a solitary 
?brous emitter 60 including a central conductive core 62 and 
a sectioned gate electrode 64. Insulator material is shoWn at 
66. Voltages can be maintained as before. Emitter tips are 
then situated in the regions betWeen the gate and the 
conductive central core ?ber. 
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FIG. 7 shows another lengthwise cross-sectional vieW of 
a solitary ?brous emitter 70 including a central conductive 
core 72 and a sectioned gate electrode 74 but also shoWing 
emitter tips 78 on both the top and the bottom of the ?ber or 
central conductive core. Insulator material is shoWn at 76. 
While not shoWn in this ?gure, it is generally preferred that 
the emitter sites, in this case emitter tips 78, should eXtend 
near to the plane of gate electrode 74 for best emission 
results. 

FIG. 8 shoWs a top vieW of a sectioned gate electrode 74 
from FIG. 7. Emitter tip 78 is shoWn upon the visible portion 
of central conductive core 72. Also seen in this top vieW is 
insulator material 76. Preferably, emission tips Would 
include the emission-enhancing coatings. There is no limi 
tation to the pattern of emitter tips imposed on the gate 
insulator-?ber structure of the present invention. The anode 
is not shoWn. 

With the design shoWn in FIGS. 6—8, the voltage of 
individual sections of gates can noW be regulated. This, 
addressable emission sites can be obtained. This can be 
accomplished by depositing electrical contact lines With 
separate voltage regulators. One embodiment of this design 
is shoWn in FIG. 9. The top vieW shoWs gate electrode 
sections 92 and insulator sections 94 separating gate elec 
trode sections. The tiny circles Within the gate electrode 
sections denote emission sites Within the structure. Voltage 
contact lines V1—V6 can be controlled at separate voltages. 
It should be realiZed that the tiny circles could be of other 
general shapes such as squares, rectangles, ovals, stars and 
the like so long as the path of electrons from the emitter tips 
are not blocked from reaching the anode by the gate elec 
trode material. 

A cross-section longitudinal vieW of this embodiment is 
shoWn at FIG. 10. FIG. 10 shoWs gate electrode sections 92 
and insulator sections 94 separating gate electrode sections. 
Also seen are the central conductive core or ?ber 91 and the 
emission sites 93 off of the core 91. Again, the tiny circles 
Within the gate electrode sections denote emission sites 
Within the structure. Voltage contact lines V1—V6 are shoWn 
as 95, 96, 97, 98, 99, and 100. For added protection, 
insulating deposits 102 can be added betWeen the voltage 
contact lines 95—100. 

The Width of the contact lines should preferably be less 
than one half of the Width of the insulator bands separating 
the gate electrode sections to prevent the contacts from 
touching tWo regions at once. The Width of the contact line 
is the horiZontal dimension shoWn above. The contact line 
material may be any suf?ciently conductive material such as 
copper, aluminum or molybdenum. 

The cross-sectional shape of the core ?ber of the present 
invention may be other than circular. For eXample, it may be 
rectangular in shape as Would be common in a tape structure. 
All of the above teachings also apply to tape forms or ?bers 
having a groove or pie-piece shaped section removed (a 
Pac-man shaped ?ber as in the shape of a character in the 
once common video game). One method for patterning the 
contact lines is to fabricate the emitter structure and then to 
deposit the contacts and associate insulating material on one 
side of the assemblage using screen printing techniques or 
electro-less deposition used in the fabrication of plasma 
emission displays. 

The pattern of array tips in the ?ber, de?ned by its aspect 
ratio of one dimension being greater than the other tWo, not 
in terms of its transverse cross-section, can be tailored to the 
applications. For instance, prior art patterns and tip base 
diameters are knoWn on the order of several tens of thou 
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6 
sands per square millimeter and sub-micron respectively. 
For instance, in light bulb applications utiliZing ?eld 
emission, all aZimuthal orientations may be desirable. 

Finally, it is possible to link several sections of gates 
electrode each or different ?bers through one contact line. 
Such a linkage is shoWn in FIG. 11 Wherein the features 
(gate electrode sections 92 and insulator sections 94 sepa 
rating gate electrode sections With the tiny circles denoting 
emission sites and voltage contact lines V1—V4 controllable 
at separate voltages) are the same as those in FIG. 9 eXcept 
that multiple ?bers are shoWn. The number of ?bers and the 
connectivity of gate electrode sections is not limited to those 
depicted in the present ?gures. The voltages V1—V4 are not 
necessarily the same values and the mechanism for their 
regulation is not shoWn. 
To establish electrical contact betWeen the gate electrode 

and the contact lines it may be necessary to solder the tWo 
together. The current design alloWs for this possibility. The 
soldering material must be suf?ciently electrically conduct 
ing and compatible, both electrically and chemically, With 
both the gate electrode material and the contact line material 
and the contact line material. 
As for the transverse cross-section shape of contact line 

and insulating material, the conducting contact line may be 
?at, boWl-shaped, or angular depending upon support, sta 
bility and electrical contact needs. Examples Would include 
a circular transverse section and a cross-sectional core ?ber. 

It is noted that the gate electrode material and the insu 
lating material in the ?eld emission element structure need 
not be conformal, that is, the gate electrode material and the 
insulating material need not be of the same shape in different 
cross-sections. In a transverse direction, for eXample, for 
contact (electrical), mechanical stability and structural sup 
port reasons, it may be desirable to fabricate a structure of 
the form of FIG. 12. In FIG. 12, conductive ?brous central 
core element 120 With emitter tip 121 has an insulating 
material 122 surrounding a major portion of the central core 
element and a generally planar gate electrode layer 124 on 
the opposing side of emitter tip 121 from central core 120. 
Thus, it is clear that similar shapes need not be employed. 
Associated contact lines, if any, and the anode are not 
shoWn. In a longitudinal direction, one might undulate, that 
is, change the thickness of the insulating material layer, the 
gate electrode layer or both for ?eld enhancement purposes 
related to better performance. 

Again, the general nature of the present invention for 
gate/emitter/?ber structure must be emphasiZed. Thus, a 
comb-geometry ?eld emitter array structure can also be 
considered Wherein a conducting ?ber serves as the sub 
strate. These structures (minus the ?ber as the substrate) are 
Well-knoWn in the art as described by MatsuZak, et al., J. 
Electrochem. Soc., v. 144, no. 7, pp. 2538—2541 (July 1997). 
Such comb-geometry or lateral ?eld emitter arrays are as 
amenable to fabrication on conducting ?bers as are the 
vertically oriented arrays. In accordance With the present 
invention, a conducting ?ber Would be substituted for the 
substrate. 

Although the present invention has been described With 
reference to speci?c details, it is not intended that such 
details should be regarded as limitations upon the scope of 
the invention, eXcept as and to the eXtent that they are 
included in the accompanying claims. 
What is claimed is: 
1. A uni?ed ?brous ?eld emission element comprising a 

conductive ?brous central core element having an insulating 
material layer directly thereon said conductive ?brous cen 
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tral core element and a gate electrode layer directly thereon 
said insulating material layer, said conductive ?brous central 
core element further including ernission sites situated lon 
gitudinally along the conductive ?brous central core ele 
rnent. 

2. The uni?ed ?brous ?eld ernission element of claim 1 
Wherein said ernission sites further include an emission 
enhancing coating. 

3. A uni?ed ?brous ?eld ernission elernent comprising a 
conductive ?brous central core element having an insulating 
material layer directly thereon said conductive ?brous cen 
tral core element and a gate electrode layer directly thereon 
said insulating material layer, said conductive ?brous central 
core element having ernission along the longitudinal length 
of said conductive ?brous central core element. 

4. The uni?ed ?brous ?eld ernission element of claim 3 
Wherein said conductive ?brous central core element further 
includes an ernission-enhancing coating. 
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5. A uni?ed ?brous ?eld ernission elernent comprising a 

conductive ?brous centr core element having an insulating 
material layer directly thereon said conductive ?brous cen 
tral core element and a gate electrode layer directly thereon 
said insulating material layer, said conductive ?brous central 
core element having ernission along the longitudinal length 
of said conductive ?brous central core element and said gate 
electrode material layer characteriZed by multiple longitu 
dinally discontinuous sections of gate electrode material 
separated by sections of insulating material along the con 
ductive ?brous central core element. 

6. The united ?brous ?eld ernission element of claim 5 
Wherein said rnultiple longitudinally discontinuous sections 
of gate electrode material have separate electrical connec 
tions Whereby emission from separate sections of the ?brous 
?eld ernission element can be independently controlled. 


