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A METHOD OF MAKING ELECTRON EMITTERS

BACKGRQUND OF THE INVENTION

Field of the invention
[01] The present invention is related to the field of electron emitters and more particularly,
relates to a method for making stable, electron emitters and devices therefrom in diamond using

an ion implantation technique.

Background of the invention

[02] There has been a great deal of research with respect to the physics of, and improved
methods for fabricating, stable, modulatable electron (fiéld) emitters (a type of cathode) having
high current densities. Electron emitters are commonly used in such devices as power switches,
microwave amplifiers, traveling wave tubes and the like.

[03] Electron emitters emit electrons from structures at their ends, commonly referred to as
“tips.” The “tips” of emitters have a very small radius of curvature i.e. the tips are very pointed.
The application of relatively sr.nall voltages in close proximity. to an emitter extracts
disproportionately large electron flows from its tip because the small radius of curvature of a tip
concentrates the electric ‘field.

[04] The electric field extracts electrons from the conduction band and/or the valence band
and/or Fermi level of the emitter material.

[05s]  Devices of this type using tips and gates are commonly referred to as Spindt cathodes.
A Spindt cathode is usually comprised of a micron-size cone or other structure with a sharp tip

at the apex that is centered in a small-diameter hole. The size of the cone or other structure can
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vary. Furthermore, the shape of the cone can vary, as long as the structure contains a sharp tip.
The cone is usually electrically conducting. Typically there is an electrically conducting film at
or near the top of the cathode, usually in the shape of an annulus centered around the tip. The
electrically conducting film may be used to apply an electrical potential near the tip of the cone
and is called a “gate”. The tip of the cone typically lies in or below the plane of the "gate" and
is centered in a hole in the gate. When the cone has a sharp tip, an applied voltage between the
cone and the gate causes electrons to emit from the cone tip into the surrounding media (typically
a vacuum) and to be collected by a third electrical conductor, the anode. The design of the Spindt
cathode allows a small applied voltage between the gate and the tip over a sub-micron distance
to extract a comparatively large amount of electrons. Spindt cathodes are typically fabricated in
large arrays. Spindt cathodes are typically treated with a material having a low work function
such as Cs. This treatment of the cathodes lowers the work function of the cathodes, thereby
facilitating emission of the electrons.

[06] Spindt cathodes often suffer tip instabilities. These instabilities are brought about by
processes such as heating of the cathode, electromigration and ion sputtering from the gas phase.
Ton sputtering occurs as the electrons ejected from the tip ionize background gas molecules near
the tip. The ionized gas molecules are accelerated back towards the substrate containing the tip
by the same electric field used to extract the electrons from the tip. The momentum damage from
the ion colliding with the tip sputters and blunts the tip of each electron emitter. As the tip is
blunted, the radius of curvature of the tip increases. This lowers the enhancement of the electric

field at the tip. Furthermore, such processes change the surface composition of the tip by
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furthering undesirable processes at the tip such as oxidation. This can increase the work function
of the tip and lower the electron emission for a given applied voltage.

[071  Another problem inhibiting development of arrays of these devices is making uniform
the voltage applied to, and current extracted from, the individual tips. These non-uniformity
problems often occur because of variations in the morphology, form and structure of individual
tips. These problems can also occur because of differences in the distance between the
individual tips and their gates, and because of variations of the effective work function of the
individual tips due to differences in surface chemistry. The results of this lack of uniformity
among the individual tips within the array are most commonly: poor overall emission frorﬁ the
array, or emission of most of the current from only a small number of tips in the array. Emission
from a small number of tips leaves the tips which are emitting most of the current prone to
overheating and to catastrophic failure.

(081 To address these problems, diamond has received much attention as an emitter surface
because under some conditions diamond has negative electron affinity. Because of this negative
electron affinity, the vacuum level falls below the conduction band minimum, and an electron
in the conduction band encounters little or no energetic barrier to emission into the vacuum.
However, for diamond to work here, the electrons must be transmitted thru the diamond.
Further, in some applications the electrons must be able to move through the diamond lattice
from the point of injection to the front surface of the lattice, and then cross the front
surface/vacuum interface and exit the interface into the vacuum or be collected by a conducting

film on the surface.
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[09] Because of these electron transport problems, it would be beneficial to minimize the
thickness of the lattice through which the electrons move and to create a lattice (or material)
which causes minimal or no energy loss to the electrons as they move through the lattice. Further,
it is desirable to minimize the work function of the emitting surface, and to minimize any energy
losses that occur at the surface during emission.

[010] There have been attempts in the prior art to address some of the issues discussed above.
Prior art patents of interest includes U.S. Patent No. 5,990,604 to Geis et al.; U.S. Patent No.
5,945,778 to Jaskie; U.S. Patent No. 5,857,882 to Pam et al.; U.S. Patent No. 5,757,344 to
Miyata et al.; U.S. Patent No. 5,670,788 to Geis; U.S. Patent No. 5,258,685 to Jaskie et al.; U.S.
Patent No. 5,202,571 to Hirabayashi et al.; U.S. Patent No. 5,141,460 to Jaskie et al.; and U.S.
Patent No. 5,129,850 to Kane et al.

[011] The Geis et al. (‘604) patent discloses a field emittef of Wide-bandgap materials |
composed.of a doped diamond film emitter formed by chemical vapor deposition combined with
a metal compound through annealing, etching or ion bombardment. The Jaskie (“778) patent
discloses an enhanced electron emitter composed of a diamond bond structure with an electrically
active defect at the emission site which is said to act like a very thin election emitter with a very
low work function and improved current characteristics. The Pam et al. patent discloses a
method for the processing of materials for uniform field emission. The field emitters are
composed of a polycrystalline film on a substrate formed by carbon ion implantation, annealing
and then conditioning by scannirig with an electrode. The Miyata et al. patent discloses a cold
cathode emitter element composed of a diamond film emitter and a diamond insulating film. The

Geis (“788) patent discloses a diamond cold cathode composed of a carbon ion implanted n-type
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conductivity diamond region and a doped homoepitaxial p-type conductivity diamond region
with a junction between. The Jaskie et al. (‘685) patent discloses a field emission electron source
employing a diamond coating grown from carbon nucleation sites selectively disposed on a
selectively shaped substrate. The Hirabayashi et al. patent discloses an electron emitting device
with a diamond emitter layer formed on a semiconductor substrate. The Jaskie et al. (‘460)
patent discloses a method of making a field emission electron source employing a diamond
coating. The diamond coated emitter is formed by ion implantation creating nucleation sites for
diamond formation. The Kane et al. patent also discloses a method of making field emitters with
a diamond coating disposed on a C(;nductive or semiconductive material, wherein the field
emitters are formed by‘ion implantation of carbon into a selectively shaped substrate to facilitate

diamond formation, depositing the conductive layer, and then removing the substrate.

SUMMARY OF THE INVENTION

[012] Inaccordance with the invention, a method for fabricating an electron emitter is provided.
In one embodiment, the method comprises the steps of: implanting one or more ions into the
surface of a diamond substrate including a diamond lattice including sp® bonded carbon so as to
damage the diamond lattice and to change at least a portion of the sp> bonded carbon in fhe
diamond lattice to a mixture of sp> bonded carbon and sp’ bonded carbon, the damage to the
diamond lattice material forming one or more emitter tips at or near the surface of the diamond
lattice material tapering to a corresponding number of wider bases within the diamond lattice

material; providing electrical contact to the base of the emitter tips; possibly growing one or more
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additional advantageous layers on the diamond substrate; and providing at least one gate on or
under the surface of the diamond lattice or other additional advaﬁtageous layers.

[013] Preferably, at least one gate is deposited or otherwise created on or below the surface of
the protective layer.

[014] Advantageously, at least oné gate is deposited or otherwise created on or below the
surface of the diamond substrate material before the protective layer is growﬁ, or the gate can be
subsurface.

[015] Preferably, a mask having one or more holes therein is placed or formed over the surface
of the diamond lattice material prior to implantation; and the mask may be removed after
implantation.

[016] Advantageously, the surface of the diamond substrate is terminated so as to lower the

work function of the surface. Preferably, the surface is chemically modified with moieties

containing one or more of the following: hydrogen, cesium, oxygen, fluorine, potassium,

rubidium, lithium or any other alkali metal.

[017] Preferably, at least a portion of carbon from the damaged area résulting from the

implantation is electrochemically or otherwise etched out so as to leave a hollow mold formed

from etched out portions of the damaged area, and the mold so formed is ﬁlléd with a conductive

filler material. Prior patents of interest include: U.S. Patent No. 5,269,890 to Marchywka; U.S.

Patent No. 5,587,210 to Marchywka et al., U.S. Patent No. 5,702,586 to Pehrsson et al.

[018] Advantageously, the filler material comprises a metal, amorphous carbon, or silicon.

[019] Preferably, the protective layer comprises a thin homoepitaxial layer.
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[020] In another embodiment, a conductive material is deposited or otherwise created on or-
under the thin protective layer so as to provide a gate structure. Advantageously, the conductive

material is amorphous carbon.

(0211 In yet another embodiment, the method comprises the steps of: implanting one or more
jons into the surface of a doped diamond substrate including a diamond lattice including sp>

bonded carbon , so as to damage the diamond lattice and to change at least a portion of the sp®

bonded carbon in the diamond lattice to a mixture of sp>bonded carbon and sp*bonded carbon,

the damage to the diamond lattice material forming one or more tips at or near the surface of the

diamond lattice material tapering outwardly to a continuous, electrically conducting base within

the diamond lattice material; providing an electrical contact to the implanted region; and if
necessary, providing a diamond layer or layers on the diamond substrate; and providing at least

one gate.

[022] Preferably, the diamond substrate is doped with nitrogen.

[023] Advantageously, the upper protective layer can be doped with boron.

[024] Advantageously, the thin protective layer or layers are comprised of one or more

homoepitaxial diamond layers, either doped or undoped.

[025] Inafurther embodiment, the method comprises the steps of: implanting one or more ions
into the surface of a diamond substrate including a diamond lattice including sp’ carbon, so as

to damage the diamond lattice and to change at least a portion the sp® bonded carbon in the

diamond lattice to a mixture of sp> bonded carbon and sp? bonded carbon, the damage to the

diamond lattice material forming one or more implantation areas at or near the surface of the

diamond lattice material tapering outwardly to a single base within the diamond lattice material;
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providing an electrical contact to the implanted regions; possibly providing an additional
diamond layer or layers on the diamond substrate; implanting one or more ions into the surface
of the diamond layer including a diamond lattice including sp’ bonded carbon so as to damage
the diamond lattice and to change at least a portion of the sp’ bonded carbon in the diamond
lattice to a mixture of sp’ bonded carbon and sp® bonded carbon, the damage to the diamond
lattice material forming one or more tips at or near the surface of the diamond lattice material
tapering to a corresponding plurality of wider bases within the diamond lattice material, wherein
the plurality of wider bases are in conductive contact with the continuous, electrically conducting
base within the diamond substrate; possibly growing a thin protective layer on the diamond layer;
providing at least one gate; and providing at least one electrical contact to the implanted regions,
and extending from the conductive base layer.

[026] Advantageously, a mask is used over at least a portion of the surface of the diamond layer
before implantation.

[0271 The arrays of electron emitters fabricated from the method of the invention are stable,
modulatable, and have a high current density. The devices can operate in either a continuous
(DC) or a pulsed mode. Further, the field emitting arrays can be fabricated using a group of
standard techniques such as lithography, implantation, patterning and etching.

[028] Other features and advantages of the invention will be set forth in, or will be apparent
from, the detailed description of preferred embodiments which follows.

[029] Advantageously, conductive or metallic material is deposited or otherwise created on or

under the surface of the diamond or any of its protective layers. The resulting structure acts as
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an anode for the capture of electrons emitted from the tips. Its performance in this regard may
be enhanced by applying a positive voltage with respect to the tip(s) or gate(s).

BRIEF DESCRIPTION OF THE DRAWINGS

[030] Figure la is a schematic side elevational view of a substrate illustrating one step in a
preferred embodiment of the method of the invention.

[031] Figure 1b is a schematic side elevational view of the substrate of Figure 1a, illustrating
a further step of the method.

[032] Figure lc is a schematic side elevational view of the substrate of Figure 1a illustrating

a further step of the method.

[033] Figure 1d is a schematic side elevational view of the substrate of Figure la illustrating

yet another step of the method.

[034] Figure le is a schematic side elevational view of the finished product resulting from the
steps of the method. |

[035] Figure 1fis a schematic side elevational view of a further finished product resulting from
the steps of an alternative embodiment of the method.

[036] Figure 1gis a schematic side elevational view of a finished product having an alternative
gate structure.

[0371 Figure 1h ié a schematic side elevational view of a substrate produced during an

alternative embodiment of one step of the method of the invention.

[038] Figure 2 is a schematic side elevational view of é finished product resulting frqm yet

another embodiment of the method of the invention.
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[039] Figure 3a is a schematic side elevational view of a substrate illust’rating one step in a
further preferred embodiment of the method of the invention.

[040] Figure 3b is a schematic side elevational view of the substrate of Figure 3a illustrating
a further step of the method.

[041] Figure 3c is a schematic side elevational view of the substrate of Figure 3a illustrating
another step of the method.

[042] Figure 3d is a schematic side elevational view of the substrate of Figure 3a illustrating
a further step of the method.

[043] Figure 3e is a schematic side elevational view of a finished product resulting from the

steps of the further preferred embodiment of the method of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[044] Several preferred embodiments of the method of the invention will be discussed with
reference to the drawings.

[045] Referring to Figure 1a, a diamond substrate 10 having a diamond lattice is shown. The
diamond lattice within the material is comprised of a lattice of sp® bonded carbon atoms. As
indicated by the arrows in Figure la, a quantity of carbon or other ions are implanted into the
diamond lattice material, as depicted by the arrows immediately above the diamond lattice
substrate 10. The quantity of ions are implanted into the diamond substrate 10 at a rate of speed
sufficient to pass into part or all of the diamond lattice. The ions are implanted into the diamond

substrate 10 so as to selectively damage specific volumes of the diamond lattice. The diamond
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Jattice within the diamond material 10 is converted to a mixture of sp® and sp’ or pure sp2 carbon
by the ions passing through the diamond material 10.

[046] - Turning to Figure 1b, the diamond lattice substrate 10 is shown as having a damaged
portion 11 caused by the ion implant operation and an undamaged portion 12. Little energy is
deposited into the lattice near the surface during the ion implant and because of the small amount
of energy deposited at the surface of the diamond material 10, most of the damage is
concentrated at the lower end of the damaged portion 11 below the surface. In this regard, as
illustrated, the area of damage of the damaged portion 11 is generally conical and tapers to a
point at or near the surface of the diamond substrate 10. This damage pattern results in high
conductance regions with a broad base and comparatively narrow sharp tips at the surface of the
diamond material 10. The base of the damaged portion 11 can be laterally continuous (i.e., with
the bases of adjacent cones joined together) depending on the nature of the conductive area being
fabricated.

[0471 In Figure 1b, the damaged portion 11 is in the form of a group of individual cones, with
a representative cone being denoted 11a. As illustrated, cone 11a extends downwardly from a
point of impact at or near the surface to a wider base within the substrate material. Similarly, in
Figure 1b, the undamaged portion 12 separates the individual cones of the damaged area 11 from
each other so that, as viewed in cross section, portions of the undamaged portion 12, denoted 12a
and 12b, isolate cone 11a between them. The damage to the lattice from the ion implantation
results in changes to some of the bonds between the carbon atoms of the lattice in the damaged
portion 11. More specifically, the sp’ bonds between the carbon atoms are converted by the

damage to the lattice to a mixture of sp* and sp’bonds. Because of the changes in bond structure,
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the damaged portion 11 is more electrically conductive than the undamaged and unchanged
portion 12 of the diamond substrate 10.

[048] Sharp emitter tips are created at the tips of the cones of the damaged portion 11, with a
representative tip at the top of cone 11a being denoted 13. Tﬁe tips may be so small as to be
atomically sharp. The sharpness and higher conductivity of cone 11a enable the cone to function
effectively as a field emitter.

[049] The distribution of the damage to the diamond substrate 10 and, hence, the shape of the
damaged area 11, can be adjusted by changes in implantation energy, angle of implantation and
jon mass of the implantation ions. The locations of the emitters relative to each other can be
controlled by controlling the location of the points of ion implant at the surface of the substrate
10.

[050] For example, the locations of the points of ion impact on the surface of the diamond
substrate 10 can be adjusted by use of a mask (not shown). By varying the energy of the
implanted ions, the borders of the damage can be adjusted so that the damage begins precisely
at the surface of the diamond material 10. Because of this ability to control the location of the
damage area 11, all of the tips of the cones of the damaged area 11 created by the ion implant
operation can be made to be coplanar té the extent permitted be the smoothness of the starting
surface. If desired, the energy can be adjusted such that the damage begins away from the étarting
surface.

0511 Damage to the tip 13 at or near the beginning of the ion implant region may be
discontinuous or conduct insufficiently for efficient electron conduction, and hence subsequent

processing steps may be required. Poor electron conduction near the tip can be minimized or

12




PATENT APPLICATION Serial No. Unassigned
Inventor(s): Pehrsson et al. Navy Case No. 80,023

eliminated by use of the mask to implant multiple ions through small lithographically-created
openings in the mask 10. The use of a mask helps ensure that the tip 13 is damaged from
multiple ions such that there is ensured continuity of the damage and electrical contact near the
surface to the emitter tips. The mask can be removed after the implantation is finished.

[0521 Tuming to Figure lcv, in the step illustrated, a contact 14 is added beneath the diamond
material for providing connection of a voltage source or other electrical circuit to the bases of the
emitter tips contained in the diamond substrate 10. The contact can also be m'flde from the side
or top of the diamond substrate, if necessary by opening a hole to the bases through any
insulating diamond. The contactis typically comprised of a metal and the metal, or other suitable
material of the back contact, may be selected to have a low work function. Referring to Figure
1d in the illustrated step, a series of gates, denoted 16, are deposited on the surface of the
diamond substrate 10. The gates 16 are used to turn the emitter array on and off. In this
embodiment, the gates 16 are formed by depositing a metal or other conducting material on the
surface of the diamond substrate 10. Alternatively, the gates can be created by an additional ion
implantation step to form gates beneath the surface of the diamond, but still near or coplanar with
the emitter tips. -

[053] Because of the planar alignment of the tips of the cones 11 of the damaged regioﬁ with
each other, the distances between the tips of the cones 11 and the gat;:s 16 are uniform. The
degree of uniformity is primarily a function of the smoothness of the starting surface of the
diamond substrate 10.

[054] Referring to Figure le, layer 18 of homoepitaxial diamond is grown on the diamond

substrate 10 as a next step. Layer 18 can be more than one layer and can consist of variously
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doper and/or undoped layers. This results in the thin protective diamond layer 18 overlying a set
of coplanar points at a highly uniform distance from the lower surface of the thin diamond layer
18. Layer 18 protects the emitter tips from oxidation and backsputtexfing, while providing a low
energy pathway for electrons to reach the surface/vacuum or surface/anode interface at the
surface of the layer 18. If the implantation energy was sufficiently high, the emitter tips are
subsurface even without the growth of a further layer, and thus also have a protective diamond
layer over them.

[055] In an alternative embodiment shown in Figure 1f, the metal gates 16 are deposited after
growth of the homoepitaxial layer 18 onto the layer 18 itself.

(0561 In yet another embodiment, shown in Figure 1g, an alternative gate structure 16’ is
fabricated b& the deposition of a continuous layer of a conductive material onto the diamond
layer 18. In this embodiment, the gate material is typically not a metal, but rather another
conductive material, such as amorphous carbon, through which electrons will pass.
Altgmatively, the resultant array may have no gates or gate layer, as such, but rather use an anode
(not shown) positioned on or above the diamond surface to fulfill the function of the gate.
Alternatively, the résultant array may have gates or a gate layer below the surface, with an anode
(not shown) positioned on or above the diamond surface to collect the emitted electrons.

[057]1 Referring to Figure 1h, another embodiment is shown wherein an electrochemical etch
or other type of etch is used to etch out the carbon in the damaged areas 11. The etching leaves
a mold recess 11a corresponding to the removed cone 112’. The mold from the etching is filled

with metal, Si, or other suitable material. This process results in an emitter array with a very
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clean material/diamond interface at the emitter tip. Electrical contact to the emitters is made in
the ways described above.

[058] The emitter array of the invention allows electrons to move through the diamond lattice,
from the tip 13, and to transit a diamond/vacuum or diamond/anode or protective layer/anode
interface at the surface of the diamond Substrate 10 with little or no energy loss. It has been
found that diamond may exhibit ballistic electron transport through the lattice. This is especially
true for electron transport over short (sub-micron) distances and for single crystal diamonds. An
electron in the conduction band of properly-terminated diamond may encounter little or no
energy barrier to prevent emission thereof into the vacuum.

[059] | In an additiqnal alternative step, some or all of the diamond surfaces involved in
fabrication of the emitter array are chemically modified by a hydrogenation or cesiation or other
process. This chemical modification or surface termination can be carried out with or without
prior oxidation of the surface. Properly terminated diamond surfaces exhibit low work functions,
and a high secondary electron emission coefficient which are both advantageous in a field emitter
array. |

[0601 Turning to Figure 2a, another embodiment of the invention using doped diamond layers
is shown. In this embodiment, doping is used to assist the electron emission and transport
process and in particular, a layer 22 of N-doped diamond material is provided. This layer is
typically Inm or more thick. The layer 22 can be modified by (multiple) ion implantation(s) to
create a region 23 with cone shaped patterns with emitter tips and a continuous electrically
conducting damage region. A continuous electrically conducting pathway exists between the

emitter tip(s) and the electrically conducting layer. At least one electrical connection between
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the continuous conducting layer and the emitter tips is provided. Electron injection and transport
are assisted by doping the diamond layer 22 into which the ions are implanted, or by implanting
into an undoped diamond substrate at low enough energy so as to create the emitter tips at or near
the diamond surface, followed by growth of a N-doped diamond layer immediately on top of the
undoped diamond. This results in a steep, but very narrow and downward band bending region
through which the electrons can tunnel into the conduction band of diamond or to the surface.
Turning to Figure 2b, a layer of undoped diamond 25 may be below the emitter tips provided
there is a continuous, electrically conducting pathway from the contact to the implanted region.
For example, such might be accomplished by implantation at sufficient implantation energies that
the ions pass through the N-doped layer and into the undoped material underneath.

0611 In addition, a layer 24 of undoped diamond material can be deposited on the n-doped
diamond layer 22. The undoped layer 24 minimizes carrier scattering while protecting the
emitter tips.

[062] Further, a layer 26 of B-doped diamond material can be deposited on the surface of the
undoped diamond layer 24. The B-doped layer 26 is grown to maximize emission of both
primary and secondary electrons from the surface by altering the band-bending. The B-doped
layer 26 also provides a pathway for electron replenishment through lateral electron movement
on the surface thereof. Accordingly, the electron injection and transport processes are further
assisted by the B-doped diamond layer 26.

(0631 Turning to Figures 3a-3d, a further embodiment of the invéntion is illustrated. In Figure
3a, implantation is used t.o create a buried, continuous conducting layer in a diamond substrate

10. The substrate 10 is damaged by implantation as discussed in connection with previous
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embodiments to create a subsurface damage area 28. A photoresist 10a can be used during
implantation to define the emitter tips . If the photoresist is used, the photoresist can be removed
afterimplantation. The implantations result in a buried continuous damage layer 28, rather than
a damage area of isolated cones with tips as in previous embodiments. As illustrated, only the
areas of initial impact are separate from each other. As in previous embodiments, contact 14 is
made between the continuous conducting layer and the emitter tips.

[064] In the next step, shown in Figure 3b, a homoepitaxial layer 10’ can be deposited on the
surface of the diamond substrate 10 containing the subsurface damage area 28.

[065] As shown in Figure 3c, a mask 32 consisting of photoresist , metal, other material or
combinations thereof may be placed on the surface of the homoepitaxial layer 10°. Ion
implantation is carried out and a damage area comprising a series of cones 32 with sharp tips
formed in the diamond layer 10’ generally as shown in Figure 1b. Implantation is carried out
with a low flux of higher energy ions so as to create isolated tips in contact with the continuous
damage layer. If a mask is used, the mask can be removed after implantation.

[066] In the next step, illustrated in Figure 3d, a homoepitaxial layer 18 can be grown over the
homoepitaxial layer 10'. Gates 16 are deposited on or under the surface of the layer 18.

[0671 Referring to Figure 3e, at least one electrical connection between the continuous
conducting layer and the emittef tips is provided and in this embodiment, a side connection 36
and a bottom connection 38 are shown. Connections can be made on the side or via a hole on
the top or bottom of the device, for example by removing the unimplanted diamond 14 to expose
the underlying conductive layer. Altematively, further implantation can be used to create a

conductive path from the surface to the buried subsurface conducting layer and emitting tips.
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[068] Although the invention has been described above in relation to a preferred embodiment
thereof, it will be readily understood by those skilled in the art that variations and modifications

can be effected without departing from the scope and spirit of the invention.
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ABSTRACT OF THE DISCLOSURE

A method for fabricating an electron emitter is provided. This emitter structure may be
used to form individual emitters or arrays of emitters. The method is comprised of implanting
energetic ions into abdiamond lattice to form cones or other continuous regions of damaged
diamond. These regions are more electrically conducting than the surrounding diamond lattice,
and have locally sharp tips at or near the point of entry of the ion into the diamond. The tips may
then also be additionally coated with a layer of a wide band-gap semiconductor. An electrically
conducting material may also be placed in proximity to the tips to generate an electric field
sufficient to extract electrons from the conducting tips into either the region above the surface,
or into the wide band-gap semiconductor layer in contact with the tips. Electrical contactis made
to the electrically conducting damage tracks and the electrical circuit may be completed with an
electricallyconductin g material on the surface of the wide band-gap semiconductor or diamond,
or in the ambient above the surface of the emitter. The surface of the wideband gap
semiconductor or diamond may be chemically modified to enhance the emission of electrons

from the surface.
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