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Description

This invention relates to a field emission cathode
for use as in flat panel displays and a method for the
production thereof.

In recent years, the development of field emission
cathodes has come to be promoted energetically owing
to the conspicuous advance of the technology for man-
ufacture of microminiaturized LSI's. C. A. Spindt et al.,
for example, have disclosed in Journal of Applied Phys-
ics, Vol. 47, No 12, December 1976, pages 5248-5263
a method for the manufacture of a field emission cath-
ode by the use of the thin-film technique and the electron
beam microlithography.

The method of this kind proceeds sequentially
through the steps of manufacture shown with a model
in Fig. 6A, Fig. 6B, and Fig. 6C, for example. First as
shown in Fig. 6A, a SiO, layer 3 is superposed on a sil-
icon (Si) single crystal substrate 1, a gate electrode ma-
terial layer 9 and a separating layer 6 are sequentially
superposed further thereon, and then pin holes 4 of a
diameter of about 1.5 um are bored through the super-
posed layers. Then, an emitter material 8 destined to
effect field emission is formed in the form of a conical
body 8a as by the vacuum deposition method on the
substrate 1 as shown in Fig. 6B.

To be more specific, the SiO, layer 3 is superposed
as by the CVD method and the Mo layer 9 and the Al
layer 6 are further superposed sequentially as by the
sputtering method on the Si single crystal substrate 1.

Subsequently, the SiO, layer 3 mentioned above,
the Mo layer 9 as a gate electrode layer, and the Al layer
6 as a separating layer are selectively etched to bore a
pin hole having a diameter of about 1.5 um as shown in
Fig. 6A.

The Si single crystal substrate 1 is disposed sub-
stantially horizontally and rotated and, in the meanwhile,
a material such as, for example, Mo which has the func-
tion of an emitter is vacuum deposited on the surface of
the substrate from a direction perpendicular thereto as
shown in Fig. 6B. In consequence of the vacuum depo-
sition of Mo, the Mo is accumulated inside the pin hole
and on the Al layer 6. Since the mouth of the pin hole 4
is gradually closed with the progress of the accumula-
tion, the Mo is deposited in the shape of a sharply point-
ed cone on the substrate 1 inside the pin hole 4. Thus,
a conical body 8a of Mo is obtained.

After the conical body 8a with a sharply pointed tip
has been formed on the substrate inside the pin hole in
consequence of the deposition of a pertinent emitter ma-
terial as described above, the Mo layer 8 deposited on
a gate electrode layer 9a is selectively removed and the
Al layer 6 is subsequently removed to give rise to such
a field emission cathode as shown in Fig. 6C.

The conventional field emission cathode described
above, however, entails the following drawbacks from
the practical point of view.

In the first place, the field emission cathode of the
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construction described above obtains the conical body
8 of an emitter material inside the pin hole 4 bored in the
SiO, layer by the rotary vacuum deposition of the emitter
material which makes use of the phenomenon that the
mouth of the pin hole 4 gradually dwindles. The conical
body 8a of the emitter material finished in the shape of
a cone having a sharply pointed tip is at a disadvantage
in being deficient in uniformity of field emission because
the height of the conical body 8a and the shape of the
tip thereof tend to be dispersed by such factors as the
material and thickness of the gate electrode layer 9a,
the shape and state of the pin hole 4 bored, and the
conditions set for the rotary vacuum deposition. It par-
ticularly encounters the problem that the shape of the
tip lacks sharpness and, therefore, the efficiency of field
emission is degraded and the consumption of electric
power is aggravated. Besides, the problem of the dis-
persion of the height of the conical body 8a and the
shape of the pointed tip thereof mentioned above heav-
ily affects the repeatability and yield of the products.
When a multiplicity of field emission cathodes are man-
ufactured on the surface of one same substrate at one
same step, for example, the dispersion mentioned
above entails an appreciable increase of cost.

As the second place, since the SiO,, layer as a sep-
arate layer 3 is formed in a relatively large thickness as
by the CVD method, the distance between the gate and
the emitter greatly affects the efficiency of field emission
and is not easily controlled with high accuracy. Thus, the
SiO, layer 3 is deficient in uniformity of field emission
and consequently susceptible of dispersion of the field
emission. Generally, the field emission cathode (ele-
ment) can be driven at a low voltage by closely approx-
imating the gate and the emitter to each other. Actually,
however, the efficiency of field emission is markedly dis-
persed and- the theoretically attainable effect is not ob-
tained because the distance between the gate and the
emitter cannot be controlled with high accuracy as de-
scribed above.

This invention has been produced in association
with the true state of prior art described above. An object
of this invention is to provide a field emission cathode
which has an emitter formed uniformly in shape and has
a gate separated by an accurately controlled distance
from the emitter and which, therefore, generates uni-
form field emission, drives effectively at a low voltage,
effects the field emission efficiently, and permits further
integration easily.

Another object of this invention is to provide a meth-
od for producing the field emission cathode mentioned
above with high efficiency enough to warrant satisfacto-
ry productivity.

The field emission cathode structure of this inven-
tion is defined in claim 1.

A first method of this invention for the production of
a field emission cathode structure is defined in claim 9.

A second method of this invention is definedin claim
16.
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The invention further comprises a third method for
the production of a field emission cathode structure as
defined in claim 17.

The field emission cathode of this invention has
originated in the interest drawn to the fact that a pyram-
idal or conically hole having a sharp pointed tip can be
formed on the surface of a supporting substrate such
as, for example, a Si single crystal substrate by harness-
ing the anisotropy of etching, the fact that a layer having
an impurity diffused therein functions as an etching stop-
per layer, the fact that the impurity diffusion layer also
functions as a gate electrode layer depending on the
magnitude of resistance thereof, and the fact that an ox-
ide layer (insulator layer) having a sharp pointed tip part
is formed along a prescribed surface by the use of the
thermal oxidation method.

In an embodiment of the method for the production
of the field emission cathode structure contemplated by
the present invention, the first supporting substrate may
be made of any material which satisfies the condition
that it should permit a hole of a sharp pointed tip to be
selectively formed therein and exhibit a selective etch-
ing property with respect to an insulating layer and a
high-concentration impurity diffusion layer to be inte-
grally joined thereto. It is, however, desired to be a Sior
Ge single crystal substrate in due respect of the ease
with which the high-concentration impurity diffusion lay-
er is formed and the ease with which the formation of
an insulator layer rich in accuracy of film thickness and
shape is controlled.

Silicon (Si) containing boron (B) as a p-type impurity
at a concentration of not less than 3 x 1019 cm=3 may be
cited as one example of the material for the high-con-
centration impurity diffusion layer. When the concentra-
tion of this impurity is as high as about 1020to 1021 ¢m-3,
the high-concentration impurity diffusion layer can be
used concurrently as a gate electrode layer because the
electric resistance is as low as about 104 Q.cm. It
should be noted, however, that the material for the im-
purity diffusion layer does not need to be limited to the
particular substance mentioned above. It is only re-
quired to be such that the impurity diffusion layer may
function as an etching stopper layer when the first sup-
porting substrate is removed by etching. It may be an n-
type material or an i-type material instead of the p-type
material mentioned above.

Further, the insulator layer may be formed by de-
positing SiO, on the surface of the impurity diffusion lay-
er mentioned above by the use of the CVD method, for
example. The insulator layer, however, is desired to be
formed by subjecting the surface of the impurity diffusion
layer mentioned above to the process of thermal oxida-
tion because this process imparts a dense texture to the
produced layer and permits easy control of the thickness
of the layer and allows the insulator layer having a sharp
pointed tip to be formed along the wall surfaces of a py-
ramidal hole, for example.

In an embodiment of the method for the production
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of the field emission cathode according to this invention,
since the high-concentration impurity diffusion layer
destined to serve as an etching stopper layer and the
insulator layer such as, for example, a thermally oxi-
dized insulating layer are superposed on the surface of
the first supporting substrate such as, for example, a Si
single crystal substrate including the hole formed there-
in and the emitter material layer is subsequently super-
posed thereon, the thermally oxidized insulation layer
can be formed as easily controlled and, therefore, the
distance between the gate and the emitter can be con-
trolled with high accuracy. Even when the insulator layer
is formed in the smallest possible thickness for the pur-
pose of closely approximating the gate and the emitter
to each other, the supporting substrate can be removed
by etching without exposing the insulator layer and the
emitter material layer to the possibility of corrosion be-
cause the impurity diffusion layer functions as an etch-
ing stopper layer. Since the thermally oxidized insulation
layer and the emitter material layer are protected
against the corrosion by the etching liquid as described
above and also since the distance between the gate and
the emitter is decreased, the field emission efficiency
and the uniformity of the field emission cathode are im-
proved to a great extent.

Besides, since the emitter material is disposed as
embedded (filled) in the hole formed in the supporting
substrate and the hole is formed with high accuracy as
well, the emitter which is uniform in height, shape, and
sharpness of sharp pointed tip is manufactured with high
repeatability. In the hole formed in the supporting sub-
strate, the tip of the hole gains in sharpness because
the growth of the thermally oxidized insulation layer on
the inner wall surfaces of the hole advances toward the
interior of the hole. As a natural consequence, the tip
part of the emitter formed by filling the emitter material
in the hole becomes sharp (refer to Fig. 2B).

In a preferred embodiment the high-concentration
impurity diffusion layer primarily functions as an etching
stopper layer. When it has a high p-type impurity con-
centration and enjoys high electric conductivity, it can
be used directly as a gate electrode layer. When the
etching stopper layer is concurrently used as a gate
electrode layer, this layer and the insulator layer which
has been formed as ideally controlled cooperate to per-
mit accurate control of the distance between the gate
and the emitter and the mutual approximation thereof
and, at the same time, obviates the necessity of the step
for the formation of the gate electrode layer. The omis-
sion of this step naturally results in reducing the labor,
man-hour, and material cost involved in the production
of the field emission cathode of this invention.

Fig. 1 is a partially sectioned perspective view
showing the construction of the essential part of a field
emission cathode as one embodiment of this invention.

Figs. 2A, B, C, D, E, F, G, and H are a series of
model explanatory diagrams showing the first embodi-
ment of the method for the production of a field emission
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cathode according to this invention.

Fig. 2Ais a cross section showing the state of a hole
having a sharp pointed tip formed on the surface of a
supporting substrate.

Fig. 2B is a cross section showing the state of hav-
ing an impurity diffusion layer, an insulator layer, an
emitter material layer, and an electroconductive layer
sequentially formed on the surface of the supporting
substrate containing the hole.

Fig. 2C is a cross section showing the state of hav-
ing an insulating supporting substrate joined in place.

Fig. 2D is a cross section showing the state of hav-
ing the surface of the substrate layer removed by etch-
ing until the projection corresponding to the hole is ex-
posed.

Fig. 2E is a cross section showing the state of hav-
ing the surface including the exposed projection
masked.

Fig. 2F is a cross section showing the state of hav-
ing the tip of the gate electrode layer of the projection
exposed.

Fig. 2G is a cross section showing the state of hav-
ing the exposed tip part of the gate electrode layer re-
moved to form an opening.

Fig. 2H is a cross section showing the state of hav-
ing the tip parts of the impurity diffusion layer and the
insulator layer showing through the opening of the gate
electrode layer removed to expose the tip of the projec-
tion of the emitter material layer.

Figs. 3A, B, C, D, E, and F are a series of model
explanatory diagrams showing the second embodiment
of the method for the production of the field emission
cathode according to this invention.

Figs. 4A, B, C, D, E, and F are a series of model
explanatory diagrams showing the third embodiment of
the method for the production of the field emission cath-
ode according to this invention.

Figs. 5A, B, C, D, E, and F are a series of model
explanatory diagrams showing the fourth embodiment
of the method for the production of the field emission
cathode according to this invention.

Figs. 6A, B, and C are a series of model explanatory
diagrams showing the procedure for the production of a
conventional field emission cathode.

Fig. BA is a cross section showing the state of hav-
ing an insulator layer incorporating therein a pin hole for
the deposition of an emitter material and a gate elec-
trode layer sequentially superposed on the surface of a
Si substrate.

Fig. 6B is a cross section showing the state of hav-
ing the emitter material superposed by sputtering.

Fig. 6C is a cross section showing the construction
of the field emission cathode.

Now, embodiments of the present invention will be
described below with reference to the accompanying
drawings.
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Embodiment 1:

The first embodiment of this invention will be de-
scribed with reference to Fig. 1 and Figs. 2A, B, C, D,
E, F, G, and H.

Fig. 1 is a partly sectioned perspective view sche-
matically showing an example of the construction of a
field emission cathode according to this invention. In this
diagram, 17 stands for an insulating supporting sub-
strate such as, for example, a Pyrex glass sheet, 18 for
an emitter material layer superposed on the surface of
the insulating supporting substrate 17 and provided in-
tegrally with a projection (main body part of the emitter)
18a pointed sharply in the tip thereof and made of an
emitter material such as, for example, an emitter mate-
rial layer made of such a metallic material as W, Mo, or
Ta and provided with a pyramidal projection 18a having
a sharp pointed tip, and 13 for an insulator layer such
as, forexample, a SiO, layer covering the projection 18a
of the main body of the emitter while exposing the tip
part thereof. Then, 12 stands for a high-concentration
impurity diffusion layer such as, for example, a boron
(B) doped Si layer covering the surface of the insulator
layer 13 while exposing the tip part of the projection 18a
of the main body of the emitter and 19a for a gate elec-
trode layer covering the surface of the impurity diffusion
layer 12 while exposing the tip part of the projection 18a
of the main body of the emitter.

As described above, the field emission cathode of
this invention is essentially constructed by forming as
the main body part of an emitter the projection 18a of
an emitter material in the shape of a pyramid, for exam-
ple, as superposed on the surface of the insulating sup-
porting substrate (structural substrate) 17, then expos-
ing the tip part of the pyramidal projection 18a in such
a manner as to effect required emission of electrons in
a direction substantially perpendicular to the surface of
the insulating supporting substrate 17, and further dis-
posing the electrode layer capable of functioning as a
gate electrode so as to be opposed across a gap to the
tip part of the projection 18a of the main body of the emit-
ter.

The field emission cathode constructed as de-
scribed above can be easily manufactured by the steps
shown with a model in Figs. 2A, B, C, D, E, F, G, and H,
for example.

First, a Si single crystal substrate (first supporting
substrate) 11 is prepared. One main surface of this sup-
porting substrate 11 is anisotropically etched to form a
hole 11a (in the shape of an inverted pyramid) having a
tip part pointed at a prescribed angle as shown in Fig.
2A.

To be more specific, a thermally oxidized film (SiO,
film) about 0.1 um in thickness is formed as by the dry
oxidation method on the main surface of a p-type Si sin-
gle crystal substrate 11 having a crystal face orientation
of (100) and a resist is applied by the spin coating meth-
od to the surface of the thermally oxidized film.
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Then, the resist is patterned so as to obtain an
opening of the shape of the square of 0.8 um, for exam-
ple, through the treatments of exposure and develop-
ment with the aid of a stepper, the exposed area of the
oxide film (SiO, film) is selectively etched with a mixed
solution of NH,4F-HF, the resist is removed, and the an-
isotropic etching is carried out with an agueous 30%
KOH solution to give rise to the hole 11a of the shape
of an inverted pyramid 0.56 pm in depth on the main
surface of the Si single crystal substrate 11.

Subsequently, the thermally oxidized film which has
served as the mask is removed with the mixed solution
of NH,-HF and the Si layer 12 containing a P-type im-
purity at a concentration of not less than 3 x 1019 cm-2
such as, for example, a B-diffused Si Layer 12 having a
thickness of 0.3 um, is superposed in a substantially uni-
form thickness on the surface of the Si single crystal
substrate 11 containing the hole 11a of the shape of an
inverted pyramid. The B-diffused Silayer 12 in this case
functions as an etching stopper layer (sacrifice layer)
during the removal of the Si single crystal substrate 11.
This layer 12 can be used in its unmodified form as a
gate electrode layer when the concentration of the p-
type impurity is so high as to fall in the range of from
1020 to 1021 cm and the electric resistance is so low
as to fall in the neighborhood of 104 Q.cm. In this case,
the number of man-hours can be decreased and the dis-
tance between the gate and the emitter can be short-
ened to permit desirable mutual approximation.

Then, the Si single crystal substrate 11 provided
with the p-type impurity diffusion Si layer 12 is subjected
to a treatment of thermal oxidation to effect thermal ox-
idation of the surface of the p-type impurity diffusion Si
layer 12 and give rise to the insulator layer 13 having a
thickness of 0.2 um.

After the insulator layer 13 has been formed as de-
scribed above on the surface of the p-type impurity dif-
fusion Si layer, an emitter material such as, for example,
W, Mo, or Ta is sputtered on the surface of the insulator
layer 13 so as to fill the pyramidal hole covering the p-
type impurity diffusion SiLayer 12 and the insulator layer
13, form the emitter projection 18a conforming to the
hole mentioned above, and also form the emitter mate-
rial layer 18 having a smoothly finished surface and a
thickness of about 0.8 pm.

Further on the surface of the emitter material layer
18, an electroconductive layer 15 such as, for example,
an ITO (indium-tin type oxide) layer 15 having a thick-
ness of about 1 um, is superposed as by sputtering to
produce such a laminate as shown in Fig. 2B. Here, the
ITO layer 15 may be omitted, depending on the material
used for the emitter material layer 18. When this omis-
sion is made, the emitter material layer 18 goes to play
the part of a cathode electrode layer concurrently.

The second supporting substrate (structural sub-
strate) such as, for example, a Pyrex glass sheet 17 hav-
ing the rear surface (back surface) thereof coated with
an Al layer 16 destinedto serve as an electrostatic bond-
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ing electrode and having a thickness of about 0.4 um is
superposed on the laminate mentioned above. The ITO
layer 15 and the Al layer 16 are interjoined by the so-
called electrostatic bonding method which resides in ap-
plying a voltage of the order of some hundreds of V be-
tween the layers (Fig. 2C). Though this union of the two
layers may be accomplished by the use of an adhesive
agent, the electrostatic bonding method proves more
advantageous from the viewpoint of providing the pro-
duced field emission cathode with greater reduction in
weight and thickness.

After the Pyrex glass sheet 17 as the structural sub-
strate has been joined to the laminate, the rear coat (Al)
layer 16 of the Pyrex glass sheet 17 is removed by etch-
ing as with a mixed acid solution of
HNO3-CH3COOH-HF, for example.

Then, the Si single crystal substrate 11 as the first
supporting substrate is removed by etching by the use
of an aqueous solution containing the mixture of ethyl-
ene diamine, pyrocatechol, and pyrazine (mixing ratio
75cc: 12 g: 3 mg: 10 cc) to give rise to a laminate
composed of the insulator layer 13 and the emitter layer
18 provided with the pyramidal projection 18a (conform-
ing to the aforementioned pyramidal hole 11a) and cov-
ered by the p-type impurity diffusion Si layer 12 as
shown in Fig. 2D. During this process of etching, the p-
type impurity diffusion Si layer 12 functions as an etch-
ing stopper layer for the Si single crystal substrate 11
and discharges the role of protecting the insulator layer
13 having a small film thickness and the pyramidal pro-
jection 18a of the main body of the emitter having a
sharp pointed tip against corrosion by the etching solu-
tion mentioned above.

Then, on the surface of the p-type impurity diffusion
Si layer 12 which has been exposed by the removal by
etching of the Si single crystal substrate 11, W is depos-
ited in the form of a coat in a thickness of about 0.5 um
as by the sputtering method, for example. Tothe surface
of the W coat layer 19 formed as described above, a
photoresist layer 20 is applied as by the spin coating
method in a thickness such as, for example, about 0.9
pm which is enough to conceal a tip part 19t of the pro-
jection on the surface of the W coat layer 19 embracing
therein the pyramidal projection 18a of the emitter as
shown in Fig. 2E.

Thereafter, by the dry etching treatment using oxy-
gen plasma, part of the photoresist layer 20 is removed
so that the tip part 19t of the projection of the W coat
layer containing the projection 18a of the emitter may
be exposed in a thickness of about 0.7 um through the
surface as shown in Fig. 2F.

Subsequently, by the reactive ion etchingtreatment,
the tip part 19t of the projection of the W coat layer 19
which has been exposed by the removal by etching of
part of the photoresist layer 20 is selectively removed to
formthe gate electrode layer 19a provided with an open-
ing 19b exposing the tip part of the projection covering
the impurity diffusion layer 12 and the insulator layer 13
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as shown in Fig. 2G.

The remainder part of the photoresist layer 20,
namely the part which has functioned as a mask for the
selective etching of the tip part 19t of the W coat layer,
is subsequently removed. Then, the impurity diffusion
layer 12 and the insulator layer 13 covering the tip part
18t of the projection 18a of the emitter are selectively
removed by etching with the mixed solution of NH4F-HF
s0 as to expose the tip part 18t of the projection 18a of
the emitter 18.

As a result, the field emission cathode is obtained
which is so constructed as to expose the tip part 18t of
the pyramidal projection 18a of the main body of the
emitter through the opening 19b of the gate electrode
layer 19a as shown in Fig. 2H.

In accordance with the method of production de-
scribed above, the high-concentration impurity diffusion
layer 12 doped with an impurity is formed on the surface
of the supporting substrate 11 provided with the hole
formed by anisotropic etching and pointed sharply in the
tip (bottom surface side) thereof, the insulator layer 13
is further formed thereon by the thermal oxidizing meth-
od, and subsequently the emitter material layer 18 is
formed in such a manner as to fill the hole mentioned
above. During the course of this process, the hole hav-
ing a sharply pointed tip is formed in a prescribed shape
with high repeatability by the anisotropic etching. Fur-
ther, since the formation of the insulator layer 13 by the
thermal oxidation permits growth of SiO, of high density
and since the high-concentration impurity diffusion layer
12 provides effective protection of the insulator layer 12
and the emitter material layer 18 against corrosion by
etching, the emitter function part is formed which pos-
sesses a sharp pointed tip part uniform in height and
shape and also excels in uniformity of quality.

Thus, the provision of field emission cathodes with
stabilized quality can be realized. Further, since the in-
sulator layer 13 can be formed in a fully accurately con-
trolled thickness by the thermal oxidizing method, the
distance between the emitter function part mentioned
above and the gate electrode layer 19a (emitter-gate
distance) is controlled with high accuracy. Thus, the field
emission cathode is capable of operating at a relatively
low voltage to effect highly efficient emission.

The embodiment described above represents a
case of having the gate electrode layer 19a superposed
on the surface of the impurity diffusion layer 12. The op-
eration and effect of the embodiment under considera-
tion are similarly attained by causing the impurity diffu-
sion layer 12 to function as a gate electrode layer when
this impurity diffusion layer 12 has a high impurity con-
centration and a high electric resistance or by removing
the impurity diffusion layer 12 participating mainly in the
selective etching of the supporting substrate 11 thereby
exposing the insulator layer 13 and superposing the
gate electrode layer 19a on the surface of the exposed
insulator layer 13.

The effect manifested by the embodiment is invari-
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able when the impurity mentioned above is a p-type B,
Al, Ga, orIn, an n-type P, As, or Ti, or an i-type Ge or Sn.

It is allowed in this invention to use as the material
for the first supporting substrate such substance as
GaAs in the place of Si single crystal and as the emitter
material Mo, Ta, Si, or other substance having a low
work function in the place of W.

The operation and effect of the present embodiment
are obtained invariably when a soda glass plate is used
in the place of the Pyrex glass plate as the second sup-
porting substrate (structural substrate).

Further, the embodiment described above repre-
sents a case of handing the field emission cathode as
a unitary article. As a matter of course, a group of such
field emission cathodes may be arrayed in the form of
a matrix, for example, on one Si single crystal sheet to
produce a planar field emission cathode.

As described above, the field emission cathode of
the first embodiment of this invention has originated in
the interest drawn to the fact that a pyramidal or conical
hole having a pointed tip can be formed on the surface
of a supporting substrate by utilizing the anisotropy of
etching, the fact that a region converted into an impurity
diffusion layer functions as an etching stopper layer, the
fact that the impurity diffusion layer functions concur-
rently as a gate electrode layer when it has low resist-
ance, and the fact that an acute oxide layer (insulator
layer) is formed in a highly accurately controlled shape
along a prescribed surface by the use of the thermal ox-
idation method. The field emission cathode of the
present invention always enjoys excellent qualities of
constantly displaying ideal uniformity of field emission,
providing an effective operation at a low voltage, and
obtaining high field emission efficiency.

Further, in accordance with the method for the pro-
duction of the field emission cathode of the present in-
vention, the field emission cathode which is endowed
with such functional characteristics as mentioned above
and is easily adapted for high integration can be manu-
factured with highly satisfactory yield and productivity
(ability of quantity production). Thus, the method of pro-
duction contemplated by this invention may well be rat-
ed as contributing greatly to the utilization of field emis-
sion cathodes of this type in practical applications.

Embodiment 2:

Figs. 3A, B, C, D, E, and F are a series of diagrams
showing a process for the production of a field emission
cathode as the second embodiment of this invention.
The method of production according to the second em-
bodiment will be described below with reference to
these diagrams. In these diagrams, like parts found in
the first embodiment are denoted by like reference nu-
merals.

First, as shown in Fig. 3A, the Si single crystal sub-
strate 11 offering low resistance and having a crystal
face orientation of (100) is prepared as afirst supporting
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substrate.

Then, the hole 11a sharply pointed toward the bot-
tom part thereof is incised on one flat surface of the Si
single crystal substrate 11 (hereinafter referred to as the
first main surface) as shown in Fig. 3B. For the incision
of the hole 11a of such a shape as described above, the
method which utilizes the anisotropic etching of Sito be
described hereinbelow may be adopted. To be specific,
on the first main surface of the Si single crystal substrate
11 made of a Si single crystal having a crystal face ori-
entation of (100), a thermally oxidized film of SiO, is su-
perposed in a thickness of about 0.1 um by the dry ox-
idizing method. Then, the photoresist is patterned so as
o obtain an opening of the shape of the square of 1 um,
for example, through the treatments of exposure and de-
velopment with the aid of a stepper and the thermally
oxidized SiO, film is etched by the use of the mixed so-
lution of NH4F-HF as an etchant. The photoresist is re-
moved and the first main surface of the Si single crystal
substrate 11 is subjected to the anisotropic etching by
the use of an aqueous 30 wi% KOH solution as an etch-
ant. As a result, the hole 11a of the shape of an inverted
pyramid 0.71 um in depth is incised on the first main
surface side of the Si single crystal substrate 11. Then,
the thermally oxidized SiO, film remaining on the sur-
face of the Si single crystal substrate 11 is removed by
the use of the mixed solution of NH4F-HF, for example.

Subsequently, the thermally oxidized layer 13 is
formed as shown in Fig. 3C on the first main surface of
the Si single crystal substrate 11 including the inner wall
surfaces of the hole 11a by subjecting the surfaces men-
tioned above to a treatment of thermal oxidation. In the
present embodiment, the thermally oxidized layer 13 is
formed by the wet method of thermal oxidation so as to
acquire a thickness of 0.5 um. Then, on this thermally
oxidized layer 13, the emitter material layer 18 using W
or Mo is formed. This emitter material layer 18 is so
formed as to cover the upper surface of the thermally
oxidized layer 13 while filling the hole 11a. Inthe present
embodiment, the emitter material layer 18 is deposited
by the sputtering method so as to form a film 2 um in
thickness on the thermally oxidized layer 13 excepting
the hole 11a.

Then, as a second supporting substrate, the glass
substrate 17 made of such a highly heat-resistant ma-
terial as Pyrex glass and provided on the rear surface
thereof with the Al layer 16 of a thickness of 0.3 um as
a coating as shown in Fig. 3D is prepared. This glass
substrate 17 is superposed on and joined fast to the sur-
face of the emitter material layer 18 opposite to the sur-
face thereof on which the projection 18a of a sharp point-
ed tip. For this union, the electrostatic bonding method
may be adopted, for example. Then, the Al layer 16 on
the rear surface of the glass substrate 17 is removed
with the mixed acid solution of HNO5;-CH5;OOH-HF.

Then, the substrate in its entirety is inverted (upside
down) so that the second main surface of the Si single
crystal substrate 11 opposite to the first main surface
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thereof may fall on the upper side and the second main
surface side of the Si single crystal substrate 11 oppo-
site to the first main surface is removed by etching by
the use of the so-called EDP, i.e. a mixed aqueous so-
lution of ethylene diamine, pyrocatechol, and pyrazine
(the ratio of ethylene diamine : pyrocatechol : pyrazine :
water=75ml:12g:0.45g: 10 mlin the present em-
bodiment), as an etchant. In this case, the etching time
is so controlled that the Si single crystal layer 11 may
remain in a thickness allowing the tip part of the projec-
tion 18a of the emitter material layer 18 to be finally ex-
posedand, atthe sametime, the lower part of the emitter
material layer 18 to be coated with the Si single crystal
layer 11 through the thermally oxidized layer 13 as
shown in Fig. 3E. Thus, the Si single crystal substrate
11 is not wholly etched evenly in the direction of thick-
ness thereof. The Si single crystal layer 11 is used as a
gate electrode. Thus, the thermally oxidized layer 13
covering the sharply pointed tip part of the projection
18a of the emitter material layer 18 is exposed from the
Si single crystal layer 11.

Now, the part of the thermally oxidized layer 13
which covers the tip part of the projection 18a of the
emitter material layer 18 is removed by etching with the
mixed solution of NH,4F-HF as an etchant to expose the
sharp pointed tip part of the projection 18a partly from
the Si single crystal layer 11 as shown in Fig. 3F. Thus,
the emitter is obtained.

The method of production described above has the
effect of enabling the field emission cathode contem-
plated by this invention to be formed with ease in addi-
tion to the effect manifested by the method of production
of the first embodiment.

Embodiment 3:

Figs. 4A, B, C, D, E, and F are a series of diagrams
showing a process for the production of the field emis-
sion cathode of the third embodiment of this invention.
The method production of the third embodiment will be
explained below with reference to these diagrams. In
these diagrams, like parts found in the first and the sec-
ond embodiment are denoted by like reference numer-
als.

The present embodiment is characterized by super-
posing the etching stopper layer 12 having boron (B) dif-
fusedtherein at a high concentration and having a small
thickness on the Si single crystal substrate 11 and caus-
ing the advance of the etching of the Si single crystal
substrate 11 from the second main surface side thereof
to be stopped by this etching stopper layer 12. It, there-
fore, finds no use for such complicate control of the etch-
ing time as is encountered in the second embodiment
and facilitates the formation of the field emission cath-
ode of this invention to a greater extent.

First, the etching stopper layer 12 of a small thick-
ness is formed on the first main surface of the Si single
crystal substrate 11 having a crystal face orientation of
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(100) by diffusing on the surface mentioned above the
ions of such an impurity as boron (B) at a high concen-
tration of not less than 1019 cm™3, for example. This high-
concentration impurity diffusion is effected by the ther-
mal diffusion method or the ion injection method, for ex-
ample.

Then, as shown in Fig. 4B, the hole 11a pointed
sharply toward the bottom part thereof is incised in the
Si single crystal substrate 11 from the etching stopper
layer 12 (first main surface) side in the same manner as
in the first embodiment. For the incision of this hole 11a,
the method which resorts to the anisotropic etching of
Simay be adopted similarly to the second embodiment.
To be specific, the treatment of thermal oxidation by the
dry method is performed on the surface of the etching
stopper layer 12 to form a thermally oxidized SiO, film
in the etching stopper layer 12 to a depth of about 0.1
pm. The photoresist (not shown) is further applied to the
thermally oxidized SiO, film by the spin coating method.
Then, the photoresist is patterened as by the treatments
of exposure and development by the use of a stepper,
for example, so as to obtain an opening in the shape of
the square of 1 um. The thermally oxidized SiO, film is
subsequently patterned by the use of the mixed solution
of NH4F-HF as an etchant. Then, the photoresist men-
tioned above is removed and the anisotropic etching is
carried out with the pattern of the thermally oxidized SiO
film as an etching mask and the aqueous 30 st% KOH
solution as an etchant. Thus, in the etching stopper layer
12, the hole 11a having the shape of an inverted pyramid
is incised in a depth of 0.71 um reaching beyond the first
main surface of the Si single crystal substrate 11. Then,
the thermally oxidized SiO, film remaining on the sur-
face of the etching stopper layer 12 is removed by the
use of the mixed solution of NH,F-HF, for example.

Here, an ideal etching speed is obtained even when
the etching stopper layer 12 is formed on the Si single
crystal substrate 11 because the aqueous KOH solution
manifests a practically equal etching rate on the etching
stopper layer 12 having boron (B) diffused at a high con-
centration therein and the Si single crystal. Even when
the etching stopper layer 12 is formed on the Si single
crystal substrate 11 as in the present embodiment,
therefore, the hole 11a can be ideally incised. Naturally,
some other etchant may be used herein on the condition
that it should be capable of etching the etching stopper
layer 12.

Then, the treatment of thermal oxidation is per-
formed on the wall surfaces of the etching stopper layer
12 and the Si single crystal substrate 11 which are ex-
posed through the hole 11a and on the flat surface of
the etching stopper layer 12 to form the thermally oxi-
dized layer 13. During the course of the thermal oxida-
tion, the etching stopper layer 12 gains in thickness. The
thickness of the etching stopper layer 12 is set prepar-
atorily during the formation of the Si single crystal sub-
strate 11 so that the part of the thermally oxidized layer
13 covering the tip part of the pyramidal projection 18a
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may protrude from the etching stopper layer 12 even af-
ter the etching stopper layer 12 is inflated as described
above. Then, in the same manner as in the second em-
bodiment described above, such a material as W or Mo
which makes an ideal emitter material is deposited on
the thermally oxidized layer 13 to give rise to the emitter
material layer 18.

Now, similarly to the second embodiment, the glass
substrate 17 made of such a highly heat-resistant ma-
terial as Pyrex glass and provided on the rear surface
thereof with the Al layer 16 having a thickness of 0.3 um
as a coating is prepared as shown in Fig. 4D. This glass
substrate 17 is superposed on and attached fast to the
surface of the emitter material layer 18 opposite to the
surface thereof on which the pyramidal hole 18a pointed
toward the tip thereof is formed. For this union, the elec-
trostatic bonding method may be adopted similarly to
the second embodiment. Then, the Al layer 16 on the
rear surface of the glass substrate 17 is removed with
the mixed acid solution of HNO4-CH;OOH-HF.

Then, as shown in Fig. 4E, the Sisingle crystal sub-
strate 11 is removed by etching from the second main
surface side opposite to the first main surface by the use
of the so-called EDP, i.e. a mixed aqueous solution of
ethylene diamine, pyrocatechol, and pyrazine (the ratio
of ethylene diamine : pyrocatechol : pyrazine : water =
75ml:12g:0.45g: 10 mlin the present embodiment),
as an etchant.

Here, since the etching stopper layer 12 is formed
of a Si material having boron (B) diffused at a high con-
centration, the etchant like EDP which is used inthe sec-
ond embodiment manifests a considerably lower eich-
ing rate on the etching stopper layer 12 than on the sin-
gle crystal of Si. As a result, the etching advancing in
the Si single crystal substrate 11 from the second main
surface side thereof is stopped by the etching stopper
layer 12, with the result that the etching stopper layer
12 will remain practically intact. Thus, the thermally ox-
idized layer 13 covering the sharp pointed tip part of the
projection 18a of the emitter material layer 18 can be
partly exposed from the etching stopper layer 12.

Then, as shown in Fig. 4F, the part of the thermally
oxidized layer 13 covering the tip part of the projection
18a of the emitter material layer 18 is removed by etch-
ing with the mixed solution of NH4F-HF as an etchant to
obtain partial exposure of the sharp pointed tip part of
the projection 18a through the etching stopper layer 12.
Thus, the emitter is obtained.

Incidentally, since the etching stopper layer 12 is
formed of a Si material having boron (B) diffused therein
at a high concentration and consequently enjoys high
electric conductivity, it may be left in its unmodified form
and used as a gate electrode.

The method of production of the third embodiment
described above obviates the necessity of ensuring
complicate control of the etching depth during the etch-
ing of the Si single crystal substrate 11 from the second
main surface side thereof as involved in the second em-
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bodiment. It, therefore, brings about the effect of ena-
blingthe field emission cathode to be formed with further
increased ease in addition to the effects obtained by the
methods of production of the first and the second em-
bodiment.

Embodiment 4:

Figs. 5A, B, C, D, E, and F are a series of diagrams
showing a process for the production of the field emis-
sion cathode of the fourth embodiment of this invention.
The method of production of the fourth embodiment will
be explained with reference to these diagrams. In these
diagrams, like parts found in the first and the second
embodiment are denoted by like reference numerals.
This fourth embodiment will be described below with
emphasis centering on the characteristic parts thereof
which differentiate this embodiment from the embodi-
ments described above.

The method of production of the present embodi-
ment is characterized by using an etching stopper layer
12a formed of an n-type Si material in the place of the
etching stopper layer 12 of the third embodiment de-
scribed above and causing the etching advancing in the
Sisingle crystal substrate 11 from the second main sur-
face to be stopped by applying a reverse voltage to the
etching stopper layer 12a.

First, as shown in Fig. 5A, the Silayer 12a is formed
in a small thickness as by the thermal diffusion method
or the ion injection method on the Si single crystal sub-
strate 11 made of a p-type Sisingle crystal having acrys-
tal face orientation of (100) and the Si single crystal sub-
strate 11 and the Si layer 12a are joined by the pn junc-
tion across the interface.

The subsequent steps shown in Figs. 5B through
5D are practically the same as the corresponding steps
used in the third embodiment described above.

The present embodiment is then characterized by
adopting the electrochemical etching method at the step
of removing the Si single crystal substrate 11 shown in
Fig. 5E.

This method resides in applying reverse voltage to
the pn junction produced in the interface between the
etching stopper layer 12a and the Si single crystal sub-
strate 11 in an aqueous KOH solution, for example,
thereby selectively etching the p-type Si single crystal
substrate 11 exclusively and allowing the n-type Si layer
12a to remain intact in spite of the etching.

Thus, the Si single crystal substrate 11 is progres-
sively etched from the second main surface side thereof
until the Si single crystal substrate 11 is corroded out
practically throughout the entire thickness thereof and
only the tip part of the projection 18a of the emitter ma-
terial layer 18 is exposed through the etching stopper
layer 12a.

The steps which follow are identical to the corre-
sponding steps involved in the embodiments described
above. Specifically, the part of the thermally oxidized
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layer 13 covering the tip part of the projection 18a of the
emitter material layer 18 is removed by etching with the
mixed solution of NH4F-Hf as an etchant as shown in
Fig. 5F. Thus, the sharp pointed tip part of the projection
18a is partly exposed through the Si single crystal layer
12a. The emitter is obtained as a result.

Similarly to the embodiments described above, the
fourth embodiment under consideration offers the meth-
od of production which enables the gap between the
emitter and the gate electrode to be formed accurately
and easily.

In the second and the fourth embodiment described
thus far, the etching stopper layer 12 having boron (B)
diffused therein at a high concentration or the n-type Si
layer 12a may be preparatorily formed by epitaxial
growth on the first main surface of the Si single crystal
substrate 11 at the step of Fig. 4A or Fig. 5A.

Naturally, the materials for the component layers,
the formation of the layers in the form of film, the method
of patterning, and the like may be variously altered with-
in the scope of the present invention as defined by the
claims.

As clearly described in detail above, this invention
has been perfected for the purpose of realizing the fact
that a pyramidal or conical hole pointed toward the tip
thereof can be formed in a supporting substrate by uti-
lizing the anisotropy of etching, the fact that a region
converted into an impurity diffusion layer functions as
an etching stopper layer, the fact that this impurity diffu-
sion layerfunctions concurrently as a gate electrode lay-
er depending on the magnitude of resistance thereof,
and the fact that an acute oxide layer (insulator layer)
can be formed accurately along prescribed surfaces by
utilizing the thermal oxidation method.

The field emission cathode according to this inven-
tion is endowed with excellent qualities of constantly
manifesting ideal field emission uniformly, operating ef-
fectively even at a low voltage, and obtaining high effi-
ciency in field emission. Then, the method of this inven-
tion for the production of a field emission cathode allows
field emission cathodes which are furnished with such
functional characteristics as mentioned above and are
readily adapted for further integration to be manufac-
tured in a highly satisfactory yield with an ability of quan-
tity production (mass production).

Claims

1. A field emission cathode structure comprising an
emitter provided with a sharp pointed tip for emis-
sion of electrons and a controlling gate electrode,
said structure comprising a second supporting sub-
strate (17), an emitter material layer (18) made of
an emitter material, provided with a projection
(18a), and formed on said second supporting sub-
strate, an insulator layer (13) formed on the surface
of said emitter material layer (18) so as to expose
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a tip (18t) of said projection (18a) therethrough.

A field emission cathode structure according to
claim 1, wherein an impurity diffusion layer (12) is
formed on the surface of said insulator layer (13)
and enabled to function as an etching stopper layer
when a first supporting substrate (11) formed on
said impurity diffusion layer is removed by etching,
said impurity diffusion layer (12) may be a gate elec-
trode layer.

Afield emission cathode according toclaim 1, which
further comprises a gate electrode layer (19a)
formed on the surface of said impurity diffusion lay-
er (12) and along the contour of said projection
(18a) of said emitter material layer (18) and provid-
ed with an opening (19b) encircling said tip of said
projection (18a).

A field emission cathode according to claim 1,
wherein said supporting substrate (17) is a glass
plate.

Afield emission cathode according to any of claims
1 to 4, wherein said impurity diffusion layer (12) is
a silicon layer containing a p-type impurity.

Afield emission cathode according to any of claims
110 5, wherein said p-type impurity is boron (B) and
is diffused at a concentration of not less than 3 x
1019 cm3.

Afield emission cathode according to any of claims
110 6, wherein said impurity diffusion layer (12) has
electric resistivity of not more than 10-3 Q.cm.

Afield emission cathode according to any of claims
1107, wherein said insulator layer (13) is athermal-
ly oxidized insulating layer formed of SiOs,.

A method for the production of a field emission cath-
ode structure comprising an emitter provided with a
sharp point for emission of electrons and a control-
ling gate electrode, comprising a step of forming a
hole (11a) having a sharp pointed tip on a first sup-
porting substrate (11), a step of forming an impurity
diffusion layer (12) on the surface of said first sup-
porting substrate (11) including the wall surface of
said hole (11a), a step of forming an insulator layer
(13) on the surface of of said impurity diffusion layer
(12) including the wall surface of said hole, a step
of depositing an emitter material layer (18) on the
surface of said insulator layer (13) including said
hole while filling said hole with the emitter material,
a step of integrally joining a second substrate (17)
to the surface of said emitter material layer (18), a
step of removing by etching said first substrate (11)
thereby exposing the surface of said impurity diffu-

10

15

20

25

30

35

40

45

50

55

10

10.

11.

12.

13.

14.

15.

16.

sion layer (12) provided with a projection corre-
spondingto said hole (11a), and a step of selectively
removing said impurity diffusion layer (12) and said
insulator layer (13) thereby exposing a tip (18t) of
the projection (18a) of said emitter material layer
(18).

A method according to claim 9, wherein said impu-
rity diffusion layer (12) is formed as a gate electrode
layer.

A method according to claim 9, which further com-
prises a step of forming a gate electrode layer (19a)
on the surface of said impurity diffusion layer (19)
after the step of removing by etching said first sup-
porting substrate (11) thereby exposing the surface
said impurity diffusion layer (19) provided with a
projection corresponding to said first hole (11a) and
the step of selectively removing said impurity diffu-
sion layer (12) and said insulator layer (13) thereby
exposing the tip (18t) of the projection (18a) of said
emitter material layer (18).

A method according to any of claims 9 through 11,
wherein the integral union of said emitter material
layer (18) and said second supporting substrate
(17) is carried out by the electrostatic bonding meth-
od.

A method according to any of claims 9 through 12,
wherein the formation of said insulator layer (13) is
effected by thermally oxidizing said impurity diffu-
sion layer (12).

A method according to any of claims 9 through 13,
wherein said impurity diffusion layer (12) is formed
by doping at least one element selected from the
group consisting of B, Al, In, P, As, Ti, Ge, and Sn
as an impurity into Si.

A method according to claim 14, wherein the con-
centration of said impurity is not less than 3 x 1019
cms,

A method for the production of a field emission cath-
ode structure comprising an emitter provided with a
sharp point for emission of electrons and a control-
ling gate electrode, comprising a step of forming a
hole (11a) having a sharp point on a first supporting
substrate (11), a step of forming an insulator layer
(13) on the surface of said first supporting substrate
(11) including the wall surface of said hole (11a), a
step of depositing an emitter material layer (18) on
the surface of said insulator layer including said
hole while filling said hole with an emitter material,
a step of integrally joining a second supporting sub-
strate (17) to the surface of said emitter material lay-
er (18), a step of etching said first supporting sub-
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strate (11) through the exposed surface thereof until
the end of a tip (18t) of the projection (18a) of said
emitter material layer (18) provided with the projec-
tion (18a) corresponding to said first hole (11a) falls
flush with the surface of said supporting substrate
(11) after completion of said etching, and a step of
selectively removing said insulator layer (13) there-
by exposing the tip (18t) of the projection (18a) of
said emitter material layer (18).

A method for the production of a field emission cath-
ode structure comprising an emitter provided with a
sharp point for emission of electrons and a control-
ling gate electrode, comprising a step of forming an
etching stopper layer (12) on the first main surface
of afirst supporting substrate (11), a step of forming
a hole (11a) having a sharp pointed tip on said first
main surface side of said supporting substrate (11)
through said etching stopper layer (12) to a depth
reaching halfway along the thickness of said first
supporting substrate (11), a step of forming an in-
sulator layer (13) on the surface of said etching
stopper layer (12) including the wall surface of said
hole (11a), a step of depositing an emitter material
layer (18) on the surface of said insulator layer (13)
including the hole while filling said hole with an emit-
ter material, a step of integrally joining a second
supporting substrate (17) to the surface of said
emitter material layer (18), a step of removing by
etching said first supporting substrate (11) from a
second main surface side thereof until said etching
stopper layer (12) thereby exposing an end part of
said insulator layer (13) of a protruding part of cor-
responding said hole (11a), and a step of selectively
removing said insulating layer thereby exposing a
tip (18t) of a projection (18a) of said emitter material
(18).

Patentanspriiche

1.

Feldemissionskatodenkonstruktion mit einem Emit-
ter mit einer scharfen Spitze fir die Emission von
Elektronen und einer steuernden Gateelektrode,
wobei die Konstruktion aufweist: ein zweites Tra-
gersubstrat (17), eine Emittermaterialschicht (18)
aus einem Emittermaterial, die mit einem Vor-
sprung (18a) versehen ist und auf dem zweiten Tra-
gersubstrat gebildet wird, eine Isolatorschicht (13),
die auf der Oberflache der Emittermaterialschicht
(18) so gebildet wird, daB3 eine Spitze (18t) des Vor-
sprunges (18a) durch diese hindurch freigelegt
wird.

Feldemissionskatodenkonstruktion nach Anspruch
1, bei der eine Stérstellendiffusionsschicht (12) auf
der Oberflache der Isolatorschicht (13) gebildet
wird und als Atzsperrschicht funktionieren kann,
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wenn ein erstes Tragersubstrat (11), das auf der
Stérstellendiffusionsschicht gebildet wird, durch At-
zen entfernt wird, wobei die Storstellendiffusions-
schicht (12) eine Gateelekirodenschicht sein kann.

Feldemissionskatode nach Anspruch 1, die auBer-
dem eine Gateelektrodenschicht (19a) aufweist, die
auf der Oberflache der Stérstellendiffusionsschicht
(12) und l&ngs der Kontur des Vorsprunges (18a)
der Emittermaterialschicht (18) gebildet wird, und
die mit einer Offnung (19b) versehen ist, die die
Spitze des Vorsprunges (18a) umschlief3t.

Feldemissionskatode nach Anspruch 1, bei der das
Tragersubstrat (17) eine Glasplatte ist.

Feldemissionskatode nach einem der Anspriche 1
bis 4, bei der die Stérstellendiffusionsschicht (12)
eine Siliciumschicht ist, die eine p-Stérstelle ent-
halt.

Feldemissionskatode nach einem der Anspriche 1
bis 5, bei der die p-Stérstelle Bor (B) ist und mit einer
Konzentration von nicht weniger als 3 x 1019 ¢cm3
diffundiert wird.

Feldemissionskatode nach einem der Anspriche 1
bis 6, bei der die Stérstellendiffusionsschicht (12)
einen spezifischen elektrischen Widerstand von
nicht mehr als 10-3 Q.cm aufweist.

Feldemissionskatode nach einem der Anspriche 1
bis 7, bei der die Isolatorschicht (13) eine thermisch
oxydierte Isolationsschicht ist, die aus SiO, gebildet
wird.

Verfahren fur die Herstellung einer Feldemissions-
katodenkonstruktion mit einem Emitter mit einer
scharfen Spitze fur die Emission von Elekironen
und einer steuernden Gateelektrode, das die fol-
genden Schritte aufweist: Bildung eines Loches
(11a) mit einer scharfen Spitze in einem ersten Tréa-
gersubstrat (11), Bildung einer Stérstellendiffusi-
onsschicht (12) auf der Oberflache des ersten Tra-
gersubstrates (11), die die Wandflache des Loches
(11a) umfaBt, Bildung einer Isolatorschicht (13) auf
der Oberflache der Stérstellendiffusionsschicht
(12), die die Wandflache des Loches umfaft, Abla-
gern einer Emittermaterialschicht (18) auf der Ober-
flache der Isolatorschicht (13), die das Loch umfaBt,
wéahrend das Loch mit dem Emittermaterial gefullt
wird, vollstindiges Verbinden eines zweiten Sub-
strates (17) mit der Oberflache der Emittermaterial-
schicht (18), Entfernen des ersten Substrates (11)
durch Atzen, wodurch die Oberflache der Storstel-
lendiffusionsschicht (12) freigelegt wird, die mit ei-
nem Vorsprung entsprechend dem Loch (11a) ver-
sehen ist, und selektives Entfernen der Storstellen-
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diffusionsschicht (12) und der Isolatorschicht (13),
wodurch eine Spitze (18t) des Vorsprunges (18a)
der Emittermaterialschicht (18) freigelegt wird.

Verfahren nach Anspruch 9, bei dem die Stérstel-
lendiffusionsschicht (12) als Gateelektrodenschicht
gebildet wird.

Verfahren nach Anspruch 9, das auBerdem die fol-
genden Schritte aufweist: Bildung einer Gateelek-
trodenschicht (19a) auf der Oberflache der Stérstel-
lendiffusionsschicht (19) nach dem Entfernen des
ersten Tragersubstrates (11) durch Atzen, wodurch
die Oberflache der Stérstellendiffusionsschicht (19)
freigelegt wird, die mit einem Vorsprung entspre-
chend dem ersten Loch (11a) versehen ist, und se-
lektives Entfernen der Stérstellendiffusionsschicht
(12) und der Isolatorschicht (13), wodurch die Spit-
ze (18t) des Vorsprunges (18a) der Emittermateri-
alschicht (18) freigelegt wird.

Verfahren nach einem der Anspriiche 9 bis 11, bei
dem das vollstandige Verbinden der Emittermateri-
alschicht (18) und des zweiten Tragersubstrates
(17) mittels des Verfahrens der elektrostatischen
Bindung durchgeflhrt wird.

Verfahren nach einem der Anspriche 9 bis 12, bei
dem die Bildung der Isolatorschicht (13) durch ther-
misches Oxydieren der Stérstellendiffusionsschicht
(12) bewirkt wird.

Verfahren nach einem der Anspriche 9 bis 13, bei
dem die Stérstellendiffusionsschicht (12) durch Do-
tieren mindestens eines Elementes, das aus der
Gruppe ausgewahlt wird, die aus B, Al, In, P, As, Ti,
Ge und Sn besteht, als eine Stérstelle in das Si ge-
bildet wird.

Verfahren nach Anspruch 14, bei dem die Konzen-
tration der Stérstelle nicht kleiner ist als 3 x 1019
cm3.

Verfahren zur Herstellung einer Feldemissionska-
todenkonstruktion mit einem Emitter mit einer
scharfen Spitze fur die Emission von Elekironen
und einer steuernden Gateelekirode, das die fol-
genden Schritte aufweist: Bildung eines Loches
(11a) mit einer scharfen Spitze in einem ersten Tra-
gersubstrat (11), Bildung einer Isolatorschicht (13)
auf der Oberflache des ersten Tragersubstrates
(11), die die Wandflache des Loches (11a) umfaft,
Ablagern einer Emittermaterialschicht (18) auf der
Oberflache der Isolatorschicht, die das Loch um-
faBt, wahrend das Loch mit einem Emittermaterial
geflllit wird, vollstandiges Verbinden eines zweiten
Tragersubstrates (17) mit der Oberflache der Emit-
termaterialschicht (18), Atzen des ersten Trager-
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substrates (11) durch dessen freigelegte Oberfla-
che, bis das Ende einer Spitze (18t) des Vorsprun-
ges (18a) der Emittermaterialschicht (18), die mit
dem Vorsprung (18a) entsprechend dem ersten
Loch (11a) versehen ist, mit der Oberflache des Tra-
gersubstrates (11) nach AbschluB des Atzens biin-
dig ist, und selektives Entfernen der Isolatorschicht
(13), wodurch die Spitze (18t) des Vorsprunges
(18a) der Emittermaterialschicht (18) freigelegt
wird.

Verfahren zur Herstellung einer Feldemissionska-
todenkonstruktion mit einem Emitter mit einer
scharfen Spitze fur die Emission von Elekironen
und einer steuernden Gateelektrode, das die fol-
genden Schritte aufweist: Bildung einer Atzsperr-
schicht (12) auf der ersten Hauptflache eines ersten
Tragersubstrates (11), Bildung eines Loches (11a)
mit einer scharfen Spitze in der ersten Hauptfla-
chenseite des Tragersubstrates (11) durch die Atz-
sperrschicht (12) bis zu einer Tiefe, die bis zur Half-
te der Dicke des ersten Tragersubstrates (11)
reicht, Bildung einer Isolatorschicht (13) auf der
Oberflache der Atzsperrschicht (12), die die Wand-
flache des Loches (11a) umfafBt, Ablagern einer
Emittermaterialschicht (18) auf der Oberflache der
Isolatorschicht (13), die das Loch umfaBt, wahrend
das Loch mit einem Emittermaterial gefillt wird,
vollstdndiges Verbinden eines zweiten Tragersub-
strates (17) mit der Oberflache der Emittermaterial-
schicht (18), Entfernen des ersten Tragersubstrates
(11) von dessen zweiten Hauptflachenseite durch
Atzen bis zur Atzsperrschicht (12), wodurch ein
Endabschnitt der Isolatorschicht (13) eines heraus-
ragenden Abschnittes des entsprechenden Loches
(11a) freigelegt wird, und selektives Entfernen der
Isolatorschicht, wodurch eine Spitze (18t) des Vor-
sprunges (18a) der Emittermaterialschicht (18) frei-
gelegt wird.

Revendications

Structure de cathode a émission de champ compre-
nant un émetteur muni d'une extrémité acérée pour
I'émission d'électrons et une électrode de grille de
commande, ladite structure comprenant un second
substrat de support (17), une couche de matériau
d'émetteur (18) réalisée en un matériau d'émetteur,
munie d'une protubérance (18a) et formée sur ledit
second substrat de support, une couche isolante
(13) formée sur la surface de ladite couche de ma-
tériau d'émetteur (18) afin de metire a nu une ex-
trémité (18t) de ladite protubérance (18a) au tra-
vers.

Structure de cathode & émission de champ selon la
revendication 1, dans laquelle une couche de diffu-
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sion d'impureté (12) est formée sur la surface de
ladite couche isolante (13) et est amenée a fonc-
tionner en tant que couche d'arrét de gravure lors-
qu'un premier substrat de support (11) formé sur la-
dite couche de diffusion d'impureté est 6té par gra-
vure, ladite couche de diffusion d'impureté (12) pou-
vant é&tre une couche d'électrode de grille.

Cathode a émission de champ selon la revendica-
tion 1, laquelle comprend en outre une couche
d'électrode de grille (19a) formée sur la surface de
ladite couche de diffusion d'impureté (12) et le long
du contour de ladite protubérance (18a) de ladite
couche de matériau d'émetteur (18) et munie d'une
ouverture (19b) encerclant ladite extrémité de ladite
protubérance (18a).

Cathode a émission de champ selon la revendica-
tion 1, dans laquelle ledit substrat de support (17)
est une plaque en verre.

Cathode & émission de champ selon I'une quelcon-
que des revendications 1 & 4, dans laquelle ladite
couche de diffusion d'impureté (12) est une couche
en silicium contenant une impureté de type P.

Cathode & émission de champ selon I'une quelcon-
que des revendications 1 & 5, dans laquelle ladite
impureté de type P est du bore (B) et est diffusée
selon une concentration non inférieure & 3 x 1019
cmS,

Cathode & émission de champ selon I'une quelcon-
que des revendications 1 & 6, dans laquelle ladite
couche de diffusion d'impureté (12) présente une
résistivité électrique non supérieure & 103 Q.cm.

Cathode & émission de champ selon I'une quelcon-
que des revendications 1 & 7, dans laquelle ladite
couche isolante (13) est une couche isolante oxy-
dée thermiguement formée en SiO,.

Procédé de fabrication d'une structure de cathode
a émission de champ comprenant un émetteur muni
d'une pointe acérée pour I'émission d'électrons et
une électrode de grille de commande, comprenant
une étape de formation d'un trou (11a) comportant
une extrémité acérée sur un premier substrat de
support (11), une étape de formation d'une couche
de diffusion d'impureté (12) sur la surface dudit pre-
mier substrat de support (11) en incluant la surface
de paroi dudit trou (11a), une étape de formation
d'une couche isolante (13) sur la surface de ladite
couche de diffusion d'impureté (12) en incluant la
surface de paroi dudit trou, une étape de dépébt
d'une couche de matériau d'émetteur (18) sur la
surface de ladite couche isolante (13) en incluant
ledit trou tout en remplissant ledit trou avec le ma-
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tériau d'émetteur, une étape de jonction d'un seul
tenant d'un second substrat (17) sur la surface de
ladite couche de matériau d'émetteur (18), une éta-
pe d'enlévement par gravure dudit premier substrat
(11) pour ainsi metire a nu la surface de ladite cou-
che de diffusion d'impureté (12) munie d'une protu-
bérance correspondant audit trou (11a) et une éta-
pe d'enlévement sélectif de ladite couche de diffu-
sion d'impureté (12) et de ladite couche isolante
(13) pour ainsi mettre & nu une extrémité (18t) de
la protubérance (18a) de ladite couche de matériau
d'émetteur (18).

Procédé selon la revendication 9, dans lequel ladite
couche de diffusion d'impureté (12) est formée en
tant que couche d'électrode de grille.

Procédé selon la revendication 9, lequel comprend
en outre une étape de formation d'une couche
d'électrode de grille (19a) sur la surface de ladite
couche de diffusion d'impureté (19) aprés I'étape
d'enlévement par gravure dudit premier substrat de
support (11) pour ainsi mettre & nu la surface de
ladite couche de diffusion d'impureté (19) munie
d'une protubérance correspondant audit premier
trou (11a) et I'étape d'enlévement sélectif de ladite
couche de diffusion d'impureté (12) et de ladite cou-
che isolante (13) pour ainsi mettre & nu l'extrémité
(18t) de la protubérance (18a) de ladite couche de
matériau d'émetteur (18).

Procédé selon I'une quelconque des revendications
94 11, dans lequel 'union d'un seul tenant de ladite
couche de matériau d'émetteur (18) et dudit second
substrat de support (17) est mise en oeuvre au
moyen du procédé de liaison électrostatique.

Procédé selon I'une quelconque des revendications
9 a 12, dans lequel la formation de ladite couche
isolante (13) est réalisée en oxydant thermique-
ment ladite couche de diffusion d'impureté (12).

Procédé selon I'une quelconque des revendications
9 4 13, dans lequel ladite couche de diffusion d'im-
pureté (12) est formée en dopant au moins un élé-
ment choisi parmi le groupe comprenant B, Al, In,
P, As, Ti, Ge et Sn en tant qu'impureté dans du Si.

Procédé selon la revendication 14, dans lequel la
concentration de ladite impureté n'est pas inférieure
a3x101%ems.

Procédé de fabrication d'une structure de cathode
a émission de champ comprenant un émetteur muni
d'une pointe acérée pour I'émission d'électrons et
une électrode de grille de commande, comprenant
une étape de formation d'un trou (11a) comportant
une pointe acérée sur un premier substrat de sup-
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port (11), une étape de formation d'une couche iso-
lante (13) sur la surface dudit premier substrat de
support (11) en incluant la surface de paroi dudit
trou (11a), une étape de dépébt d'une couche de ma-
tériau d'émetteur (18) sur la surface de ladite cou-
che isolante en incluant ledit trou tout en remplis-
sant ledit trou avec un matériau d'émetteur, une éta-
pe de jonction d'un seul tenant d'un second substrat
de support (17) sur la surface de ladite couche de
matériau d'émetteur (18), une étape de gravure du-
dit premier substrat de support (11) au travers de
sa surface mise a nu jusqu'a ce que le sommet
d'une extrémité (18t) de la protubérance (18a) de
ladite couche de matériau d'émetteur (18) munie de
la protubérance (18a) correspondant audit premier
trou (11a) en vienne a affleurer la surface dudit
substrat de support (11) aprés la fin de ladite gra-
vure et une étape d'enlévement sélectif de ladite
couche isolante (13) pour ainsi mettre a nu I'exiré-
mité (18t) de la protubérance (18a) de ladite couche
de matériau d'émetteur (18).

Procédé de fabrication d'une structure de cathode
a émission de champ comprenant un émetteur muni
d'une pointe acérée pour I'émission d'électrons et
une électrode de grille de commande, comprenant
une étape de formation d'une couche d'arrét de gra-
vure (12) sur la premiére surface principale d'un
premier substrat de support (11), une étape de for-
mation d'un trou (11a) comportant une extrémité
acérée sur ledit cbté de premiére surface principale
dudit substrat de support (11) par l'intermédiaire de
ladite couche d'arrét de gravure (12) jusqu'a une
profondeur atteignant le mi-chemin de I'épaisseur
dudit premier substrat de support (11), une étape
de formation d'une couche isolante (13) sur la sur-
face de ladite couche d'arrét de gravure (12) en in-
cluant la surface de paroi dudit trou (11a), une étape
de dépbt d'une couche de matériau d'émetteur (18)
sur la surface de ladite couche isolante (13) en in-
cluant le trou tout en remplissant ledit trou avec un
matériau d'émetteur, une étape de jonction d'un
seultenant d'un second substrat de support (17) sur
la surface de ladite couche de matériau d'émetteur
(18), une étape d'enlévement par gravure dudit pre-
mier substrat de support (11) depuis son cbté de
seconde surface principale jusqu'a ladite couche
d'arrét de gravure (12) pour ainsi mettre & nu une
partie d'extrémité de ladite couche isolante (13)
d'une partie en protubérance dudit trou correspon-
dant (11a) et une étape d'enlévement sélectif de la-
dite couche isolante pour ainsi mettre a nu une ex-
trémité (18t) d'une protubérance (18a) dudit maté-
riau d'émetteur (18).
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