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Description

This invention relates to an element which may
be used either as an electron emitting device or as
a light emitting device. In particular one or more
elements may be used as thermionic cathodes in
a thermionic valve such as a cathode ray tube or
as light emitting devices in, for example, a dis-
play.

The physical phenomenon of thermionic emis-
sion is exhibited by a metal heated above a
characteristic threshold temperature. When a
metal is heated such that the energy of electrons
within the metal exceeds the value of the ther-
mionic work function characteristic of the metal,
electrons escape from the metal and form a space
charge. A thermionic valve utilises the space
charge to set up a current flow, in the form of
electrons travelling in a vacuum, from a hot metal
(a thermionic cathode) to a relatively positively
charged anode. The flow of electrons may be
altered by means of a control grid interposed in
the electron flow.

The advent of semiconductor technology and
circuit integration has led to a marked reduction
in the general use of thermionic valves. Particular
forms of thermionic valve are however much
used in special applications.

One such particular form is the cathode ray

“tube.

The cathode ray tube is an image forming
thermionic valve which has commercial applica-
tion not only in the domestic market as the major
component of television receivers but also in
research and industry as the major component of
oscilloscopes.

In broad terms a cathode ray tube comprises an
evacuated glass envelope, one end of which is
formed into a screen. At the opposite end of the
tube is located an assembly for producing a
stream of electrons (”a cathode ray”). This
assembly is commonly known as an electron gun
and comprises a thermionic cathode, a control
grid and at least one anode. The thermionic
cathode produces a space charge of electrons,
which electrons are accelerated away from the
cathode by the positive charge of the accelerating
anode. The speed and therefore the kinetic energy
of the electrons may be controlled by a negatively
biased control grid. A fine beam of electrons is
required and further anodes are usually provided
which create an anisotropic electrostatic field
tending to focus the electron beam in a manner
analogous to the focusing of light rays by a lens.
After leaving the electron gun, the beam of
electrons is subjected to a deflecting force. This
may be an electrostatic force, in which case the
beam is caused to pass between two mutually
perpendicular pairs of plates. The plates may be
charged in order to deflect the beam of electrons
in one or both of two perpendicular axes. This
method of deflecting the electron beam in a
cathode ray tube is commonly used in oscillos-
copes.

In an alternative arrangement, the electron
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beam is caused to pass through the field of
electromagnets capable of creating perpendicular
electromagnetic fields. The electromagnets are
usually located outside the glass envelope of the
cathode ray tube. The application of current to the
electromagnets allows deflection of the electron
beam in one or both of two perpendicular axes.
This method of deflection is commonly used in
cathode ray tubes where a continuous raster scan
is required (as, for exampile, in a television picture
tube).

The electron beam finally impinges upon a
phosphor screen where the kinetic energy of the
electrons comprising the beam is converted into
light.

The conventional miniature thermionic cathode
structure is generally a coil of metal wire of high
melting point. The coil is supported at either end
by its electrical connection to the electron gun
assembly. Typically, such a miniature cathode is
constructed from a wire of 20 microns in diameter
and 10 millimeters in length. The cathode is
commonly made of tungsten which requires to be
heated to about 1100 K in order to produce a
satisfactory flux of electrons. The operating
temperature may be reduced to about 900 K by
adding a coating which reduces the effective
thermionic work function of the wire. A
commonly used coating is a mixture of car-
bonates.

A miniature thermionic cathode of the type
described immediately above consumes a con-
siderable amount of power at its operating
temperature. For example, a coated tungsten
thermionic cathode of the dimensions given will
consume about 50 mW at 900 K. Only a fraction of
this power goes directly to provide the energy to
liberate electrons from the cathode material. The
majority of the power taken by the cathode is
dissipated as heat by conduction and radiation.
An object of the present invention is to reduce the
power losses and also to provide a cathode of
reduced overall size.

Patents Abstracts of Japan, Vol. 7, No. 72 (E-
166} (1217) describes the construction of a ther-
mionic cathode comprising an alumina-ceramic
substrate having an overlying glass glaze. A
conductor and filaments are formed on the glass
glaze such that the filaments overlie gaps in the
glaze.

Recent advances in solid state circuitry have
provided the technology to produce layer struc-
tures of intricate, yet well defined, physical shape.
In particular, it is possible to produce complex
multi-layered structures, by known miniconduc-
tor fabrication techniques (such as material oxida-
tion, deposition and selective etching) which may,
for example, operate as complete electronic cir-
cuits. This technology has been adapted to pro-
duce the element of the present invention.

The element of the invention may be used as a
thermionic cathode replacing the known cathodes
in thermionic devices as described above, or as
we have now discovered, by increasing the power
supplied to the element, it may be used as an
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incandescent light source providing a light emit-
ting device of small dimensions for use, for
example, in a direct display device.

According to a broad, first aspect of the present
invention, we provide an element for use as a
thermionic cathode and/or light emitting device
comprising a substrate, a metal layer and an
electrically insulating support layer interposed
between the substrate and the metal layer,
wherein a part of the metal layer, having a cross-
sectional area smaller than elsewhere in the metal
layer, extends across a recess, characterised in
that the substrate is of a semiconductor material
and is provided with the said recess, across which
extends a bridge structure comprising a part of the
insulating support layer and the said part of the
metal layer.

In use, an electrical currentis passed through the
metal layer, the current resistively heating the
metal to a temperature at which thermionic emis-
sion and/or light emission occurs.

The recess is formed such that the bridge
structure is physically separated from the semi-
conductor substrate. As examples, the recess may
be in the form of a hollow or groove formed in the
surface of the semiconductor substrate, or a hole
passing through the semiconductor substrate.

The bridge structure may take the form of a
narrow linear strip of the metal layer attached to a
support layer of similar shape, a broad band of
support material to which is attached a metal layer
in the form of a sinuous strip or a region of support
material having attached thereto a metal layer in
the form of a sinuous strip, the region of support
material overlying the recess and being supported
by three or more support arms.

The bridge structure is preferably formed such
that is does not compietely occlude the recess in
the semiconductor material. In this way, when the
element of the present invention is used as a
thermionic cathode, in an evacuated envelope, a
vacuum surrounds the bridge structure reducing
conduction of heat from the heated metal layer.
Energy losses due to conduction of heat to the
semiconductor substrate are minimised due to the
preferred construction of the bridge.

When the element is used as a light-emitting
device, it may be enclosed in an evacuated
envelope or in an envelope containing a low
pressure gas or an inert gas.

The metal layer is preferably nickel or tungsten.

Most preferably when the element is used as a
thermionic cathode, the metal layer is provided
with coating capable of reducing the effective
thermionic work function of the metai layer.

Preferably, the metal layer of the bridge struc-
ture is about 5 microns wide and hence, in order to
maintain mechanical stability of the metal layer,
the support material must not only be physically
strong but must also be capable of remaining
mechanically stable at the temperatures required
to cause the metal layer to exhibit thermionic
emission. Where the metal layer is tungsten, the
support layer must remain mechanically stable up
to at least 1100 K.
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Preferably the semiconductor substrate is sili-
con. Preferably the support material is silicon
dioxide or silicon nitride. These materials may be
readily formed in a {ayer structure using processes
known per se in the art. The bridge structure may
be formed using the process of anisotropic etch-
ing, or chemical milling.

Preferably, the element of the present invention
includes integrated circuitry upon the semicon-
ductor substrate. For example when used as a
thermionic cathode, the element may have circuit
elements for providing cathode drive inciuded on
the semiconductor substrate. Similarly, when the
element is used as a light emitting device the
substrate may include circuitry for providing a
current supply to the element.

In a second aspect of the invention, we provide a
thermionic valve including a thermionic cathode
the thermionic cathode comprising at least one
element of the present invention. Most preferably
the thermionic valve is a cathode ray tube. The
element of the present invention may be made in
such a way that its overalli size is of the order of 50
microns square and having a very low power
consumption. It is therefore of great utility for
small size, low power consumption cathode ray
tubes.

Preferably, therefore, we provide a display
device comprising a thermionic cathode assembly
provided with at least one element of the first
aspect of the invention a screen coated with a
substance capable of converting the kinetic energy
of electrons impinging on the screen into light, a
grid assembly interposed between the cathode
assembly and the screen, and an anode for
accelerating eiectrons from the cathode to the
screen.

Preferably the screen is a phosphor screen.

The cathode assembly, grid assembly, screen
and anode are enclosed in a vessel at reduced
pressure, preferably substantially evacuated.

Preferably the display device is further provided
with cathode ray deflection means for deflecting a
beam of electrons produced by the cathode to a
predetermined point on the phosphor screen. The
deflection means may be electromagnetic or
electrostatic means, such as those known in the
art. In addition one or more focusing anodes may
be provided.

In this preferred embodiment, the cathode
assembly may comprise a single element of the
invention, to act as a thermionic cathode in the
display device. If required, a number of elements
may be closely packed to afford an increased flux
density of thermal electrons. Multibeam display
devices for use for example in dual beam oscillos-
copes and three electron gun colour television
tubes may be produced using either two or more
cathode assemblies or one cathode assembly
provided with suitably spaced elements of the
invention.

A plurality of elements of the invention may
together form a matrix of elements, on a single
wafer of semiconductor material. The term “mat-
rix”’ as used herein refers to a number of elements
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of the invention arranged in a geometric pattern,
preferably as one or more rows and/or columns
most preferably linear rows and columns. Such a
matrix may be formed using, for example the
anisotropic etching process mentioned above.

In a third aspect of the invention we provide a
display device comprising a thermionic cathode
assembly provided with a matrix of elements of
the invention, a screen coated with a substance
capable of converting the kinetic energy of elec-
trons impinging on the screen into light and an
anode for accelerating electrons from the cathode
assembly to the screen.

Preferably the display device includes a grid
assembly interposed between the screen and the
cathode assembly. )

Preferably the screen is a phosphor screen.

A particular and great advantage of this aspect
of the invention is that a matrix of electron beams
may be produced by a cathode assembiy, each
element in the matrix producing thermal elec-
trons which may be accelerated towards a phos-
phor screen such that each electron beam thus
produced forms a picture eilement (pixel} upon
the screen. In this way the need for deflection
means is obviated. In conventional cathode ray
tubes the distance from the cathode to the screen
must be sufficiently large for the deflection
applied to the beam to produce a significant
displacement of the point at which the beam
impinges upon the screen. This has in the past
limited the reduction in ‘front to back’ dimensions
of cathode ray tubes. A cathode ray tube of this
embodiment, by negating the need for deflection
of the beam provides a tube of greatly reduced
‘front to back’ dimension relative to a conven-
tional cathode ray tube.

Preferably the matrix of elements forming the
cathode assembly is arranged such that each
element in the matrix is provided with an inde-
pendent current flow. For exampie, the matrix of
elements may be addressed by a digital logic
circuit and suitable drive circuits. The drive cir-
cuits cause a current to flow through each
addressed element thereby heating the element
by means of resistance heating. The hot element,
acting as a thermionic cathode, wili then melt
thermal electrons which may be accelerated
towards the phosphor screen, past the grid. The
grid is, in this embodiment, preferably provided
with an even potential over its surface. Therefore
light produced by electrons impinging upon the
phosphor screen will be produced in a matrix of
pixels corresponding to the elements which are
addressed. An image may therefore be built up by
addressing those elements in the cathode
assembly which correspond to the pixels it is
desired to produce on the phosphor screen. The
low thermal mass of the individual elements in
the cathode assembly ensures that the individual
cathodes heat up and cool down very rapidly
thereby allowing a rapid change in the image
produced on the phosphor screen. The intensity
of each pixel produced on the phosphor screen
may be controlled by adjusting the current sup-
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plied to the relevant element in the cathode
assembly. Preferably however the intensity of
each pixel is adjusted by adjusting the potential
difference between the grid and the cathode
assembly. Colour images may be built up by
providing a matrix of different phosphors on the
phosphor screen. For example adjacent elements
in the cathode assembly may correspond to
phosphors producing red, green or blue light in
response to energy supplied by impinging elec-
trons.

Preferably the matrix of elements is addressed
such that each element in a row of the matrix is
supplied with an equal current flow and the grid
assembly comprises a number of independent
grid elements each corresponding to a column of
the elements forming the cathode assembly. Each
grid element may be addressed separately such
that the combined effect of addressing the
elements in rows of the cathode assembly and the
grid elements in columns of the grid assembly
provides a method of selecting, for example, the
intensity of each point produced by the matrix of
elements. The terms row and column are of
course interchangeable in respect of the cathode
assembly drive and the grid assembly drive.

In a further preferred embodiment, each
element in the cathode assembly is provided with
substantially equal current flow, the grid
assembly forming a matrix of grid elements, to
each element of which may be applied an inde-
pendent bias potential. Each grid element corre-
sponds to a thermionic cathode in the cathode
assembly, whereby by addressing the grid, e.g.
using digital circuitry and, if necessary, drive
circuits, the kinetic energy of electrons produced
by each cathode in the cathode assembly may be
individually adjusted thereby adjusting the inten-
sity of light produced on the phosphor screen.

The display devices may be used in for example
so called flat screen televisions or alphanumeric
displays.

In a fourth aspect of the invention we provide a
display device comprising one or more light
emitting devices the or each light emitting device
consisting of an element of the first aspect of the
invention. Preferably the display device com-
prises a plurality of light emitting devices most
preferably arranged to provide a matrix of light
emitting devices. Preferably the light emitting
devices are enclosed in a suitable envelope. A
suitable envelope may include for exampie an
evacuated envelope or an envelope having an
inert atmosphere.

Individual light emitting devices in the matrix
may be addressed using, for example, digital
circuitry and drive circuitry. The light emission
from each light emitting device may be controlled
by the current passed to each device. Each device
has a low thermal mass which allows moduiation
of the emitted light intensity at a relatively high
frequency. '

A matrix may be used for example to produce a
flat screen television or an alphanumeric display.

The various aspects of this invention are now
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described, by way of example, with reference to
the accompanying drawings, in which:—

Figure 1 is a plan view of one embodiment of a
single element of the invention,

Figure 2 is a section on the line A-A of Figure 1,

Figure 3 is a plan view of a second embodiment
of a single element of the invention,

Figure 4 is a section on the line B-B of Figure 3,

Figure 5 is a plan view of a third embodiment of
a single element of the invention,

Figure 6 is a side elevation of a thermionic
cathode in combination with a control grid
assembly,

Figure 7 is a schematic isometric view of a
display device of the third aspect of the invention,

Figure 8 is a schematic isometric view of a
further embodiment of a display device of the
third aspect of the invention, and

Figure 9 is a schematic isometric view of yet a
further embodiment of a display device of the
third aspect of the invention.

Referring to the simple embodiment of the
invention shown in Figures 1 and 2, a silicon
substrate 1 provides mechanical support for the
element, which may be a cathode or a light
emitting device. The substrate is of a type now
well known in the electronics industry as a semi-
conductor substrate upon which integrated cir-
cuits are constructed. The silicon substrate 1 is
provided with a recess 3 in the form of a
depression etched into the surface of the sub-
strate by anisotropic etching. A layer of silicon
dioxide {or silicon nitride) 5 overlies the surface of
the silicon and is so shaped as to form a narrow
bridge 7 over the recess 3. A layer of tungsten
metal 9 lies over the silicon dioxide layer such
that the cross sectional area of the layer is at its
lowest in that part of the layer overlying the
silicon dioxide layer forming the bridge 7. This
ensures that the maximum resistive heating of
the metal layer is concentrated in the bridge
region.

The layer of silicon dioxide (or silicon nitride) 6
shown in Figure 1 is shaped to correspond to the
shape of the layer of tungsten metal 9. In practice
the silicon dioxide layer may cover the surface of
the silicon substrate 1 except for regions adjacent
the bridge structure, which allow communication
between the recess 3 and the surroundings.

In use, the element, if it is to be a thermionic
cathode, is placed within an evacuated envelope
and a current is passed through the metal layer 9.
Resistive heating of the metal layer in the bridge
area occurs and the metal is heated to a tempera-
ture sufficient to cause thermionic emission. This
will typically be 1100 K for a tungsten conductor
or 900 K for a carbonate coated tungsten conduc-
tor. The recess 3 reduces the loss of energy by
conduction into the substrate and the low cross
sectional area made possible by the supported
conductor, reduces conduction and consequent
heat loss through the conductor itself.

Figures 3 and 4 show a second embodiment of
the first aspect of the invention in which the
techniques of anisotropic etching have been used
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to form a silicon substrate 11, provided with a
recess 13. A layer of silicon dioxide (or silicon
nitride) 15 overlies the silicon substrate forming a
bridge 17 over the recess 13 such that the recess
is not completely enclosed. A conductor 19 of
tungsten has been deposited upon the silicon
dioxide (or silicon nitride) layer and has been
etched to provide a narrow sinuous conductor
portion 21 on the bridge 17. in this embodiment,
the recess is square in plan with an edge measur-
ing about 50 microns. The narrow conductor
portion has a width of about 5 microns. The
advantage of an etched conductor pattern of this
type is that the operating voitage of the element
can be tailored to a convenient value.

Figure 5 shows a third embodiment of the first
aspect of the invention. The third embodiment
comprises a silicon substrate provided with a
recess (these being substantially as described
above). The silicon substrate is overlain with a
support layer 75 of silicon dioxide or silicon
nitride. The support layer 75 is provided with
apertures 77 communicating with the recess
formed in the silicon substrate, such that a sus-
pended region 79 of the support layer 75 is
formed. The region 79 is suspended above the
recess by four arms 81, 83, 85 and 87 formed of
the support layer 75. A conductor 89 has been
deposited upon the support layer 75 and has been
etched to provide a relatively narrow, sinuous
conductor portion 91 on the suspended region 79
of the support layer 75. Electrical connection to
the conductor portion 91 is made by way of
connector portions 93 and 95 passing over arms
81 and 83 respectively. Connector portions 93 and
95 pass over opposed arms 81 and 83 in order to
reduce mechanical distortion which may other-
wise occur during resistive heating of conductor
portion 91. Arms 85 and 87 may be provided with
dummy strips 97 and 99 (shown in broken line
outline) of the same material as the connector
portions 93 and 95 in order further to reduce
possible mechanical distortion. It will be appreci-
ated that connector portions 93 and 95 could pass
over different arms from those shown, and that
the number of arms may be different, although at
least three should be provided for adequate
support.

Figure 6 shows a thermionic cathode of the
present invention (shown generally at 25) in
combination with a control grid assembly (shown
generally at 27) and exemplifies a possible
mounting technique for the thermionic cathode of
the present invention. The control grid assembly
27 comprises a ceramic plate 29 having a metal
coating on its front and rear faces. The ceramic
plate 29 is provided with an aperture 31 passing
through both the plate and metal coatings, per-
pendicular to the general piane of the plate. The
thermionic cathode 25 is provided with electric-
ally conductive protrusions 33, e.g. of solder or
conductive paste, which can be used to connect
the thermionic cathode 25 to the grid assembly 27
and which make electrical contact between the
metal layer of the thermionic cathode 35 and the
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rear metal coated face 37 of the grid assembly 27.
The rear metal coated face 37 of the grid
assembly 27 therefore is at the same potential as
the thermionic cathode in use. The thermionic
cathode 25 is aligned such that, in use, electrons
emitted by the thermionic cathode pass through
the aperture 31 under the influence of a positive
potential provided by an anode (not shown). The
front metal coated face 39 of the grid assembly 27
forms a control grid which may be used to alter
the flow of electrons from the cathode. In use, the
front metal coated face 39 would normally be
negatively biased with respect to the cathode. The
advantage of this mounting system is that the
cathode and grid are maintained at a fixed spac-
ing and alignment. This has attendant advantages
not only in terms of the mechanical strength of
the arrangement but aiso in terms of ease of
manufacture.

Referring to Figure 7 there is depicted a display
device of the invention. The display device com-
prises a cathode assembly 39, as phosphor screen
41, and a grid assembly 43 interposed between
the cathode assembly 39 and the phosphor
screen 41.

The cathode assembly 39 comprises a silicon
substrate 45 upon which is formed a piurality of
elements of the invention (for example 47). Each
element of the invention acts as a thermionic
cathode. The thermionic cathodes 47 are
arranged in an array or matrix. The matrix
depicted in Figure 7 has only nine rows and
twelve columns for the purpose of ready illus-
tration. In practice the matrix may possess a large
number of rows and columns limited only by
physical constraints of manufacture.

The grid assembly 43 comprises a perforate
plate. The construction of the grid assembly is as
shown in Figure 6, an insulating plate being
provided with a metal coating {not shown) on its
front and rear faces. The grid assembly is pro-
vided with a plurality of grid apertures (for
example 48) capable of allowing passage of elec-
trons. Each aperture 49 in the grid assembly 43
corresponds spatially with a thermionic cathode
47 in an equivalent row and column in the
cathode assembly 39.

The phosphor screen 41 comprises a trans-
parent support material to the side facing the grid
assembly of which is affixed a coating of a
phosphor material capable of converting electron
kinetic energy into visible light. The phosphor
coating is either of one type, capable of generat-
ing the same colour of visible light over the
surface of the phosphor screen 41 or is comprised
of regions of a number of different phosphors
each different phosphor being capable of generat-
ing a different colour of visible light. Such phos-
phor screens are well known in the art and are
therefore not further described.

The cathode assembly 39, the grid assembly 43
and the phosphor screen 41 are enclosed in an
evacuated envelope (not shown). The envelope
also enclosed an accelerating anode (not shown}
disposed between the grid assembly 43 and the
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phosphor screen 41. The phosphor screen 41 may
form part of the envelope. The transparent
support material of the phosphor screen may
comprise a transparent electrically conducting
material and may form the accelerating anode. A
suitable material is, for example, a coating of tin
oxide.

In use, the accelerating anode is maintained at
high positive potential relative to the cathode
assembly 39. Each thermionic cathode 47 in the
cathode assembly 39 is capable of being
separately supplied with an electrical current by
means of address logic and drive circuitry which
may be located outside the envelope or may be
included within the envelope, for example, upon
the silicon substrate 45 of the cathode assembly.
When a current is passed through the thermionic
cathodes 47, they are heated to a temperature at
which thermionic emission of electrons occurs.
The electrons are accelerated away from the
cathode assembly 39 by the high positive poten-
tial of the accelerating anode. Electrons produced
by each thermionic cathode 47 pass through the
corresponding aperture 49 in the grid assembly
43 and onwards to the phosphor screen 41 where
their kinetic energy is converted into visibie light
by the phosphor. In this way each thermionic
cathode 47 when supplied with current produces
a point of light on the phosphor screen 41, each
point of light forming a picture element or pixel of
an image to be formed on the phosphor screen
41. An image may therefore be produced on the
phosphor screen 41 by selectively addressing and
supplying current to those thermionic cathodes in
the cathode assembly 39 corresponding to the
desired pixels of the image. The intensity of each
pixel may be individually altered by varying the
voltage between the grid 43 and the selected
thermionic cathode. For example the thermionic
cathodes may be sequentially addressed and a
synchronous video signal may be applied to the
grid to produce a picture. The thermionic
cathodes are about 5 microns across and may be
spaced as little as 10 microns apart. In this way a
high definition image may be produced on the
phosphor screen 41. Suitably the display device
of the invention may be used to display a rapidly
changing, high definition image, for example a
television picture. . :

In the schematic arrangement depicted in Fig-
ure 7 considerable spacing of the cathode
assembly 39, the grid assembly 43 and the phos-
phor screen 41 is shown. In practice the cathode
assembly 39 and the grid assembly 43 are in close
proximity and may be in actual physical contact
as depicted for one thermionic cathode and one
grid assembly in Figure 6. The grid assembly 43
and the phosphor screen 41 are separated. How-
ever in order to minimise the cross sectional area
of the pixels formed upon the phosphor screen 41
it is desirable to reduce the distance between the
cathode assembly 39 and the phosphor screen 41
as much as possible. The electron beam produced
by each thermionic cathode will tend to spread as
it passes from the cathode assembly 39 to the
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phosphor screen 41 and it is desirable to obviate
the need for separate focussing anodes if possible
although they may be included if necessary. The
grid assembly 43 tends to reduce the cross sec-
tional area of each electron beam. If however the
cathode assembly and the phosphor screen are
close together the requirement for a grid
assembly may be obviated. Such a construction
may be preferred for alphanumeric displays.

Referring now to Figure 8 there is depicted a
further embodiment of the display device of the
invention. In general arrangement this embodi-
ment resembles the display device described
above with reference to Figure 7. The display
device again comprises a cathode assembiy 51, a
phosphor screen 53 and a grid assembly 55
interposed between the cathode assembly 51 and
the phosphor screen 53. Differences arise how-
ever in the addressing of the thermionic cathodes
57 of the cathode assembly 51 and in the con-
struction of the grid assembly 55. The remaining
common features are as described above with
reference to Figure 7. In the embodiment of
Figure 8 each row of thermionic cathodes 57 is
linked such that in use the same current flows in
each thermionic cathode of a row. The grid
assembly 55 comprises a number of electrically
separate grid elements 59 each grid element 58
being common for a column of grid apertures 61.
Each row of thermionic cathodes in use is
separately supplied with an electrical current by
means of address logic and drive circuitry. Each
grid element 59 may be separately supplied with
an electricai potential. By supplying current
successively to each row of thermionic cathodes
57 and appropriate bias to each grid element 59 a
scanned image may be formed upon the phos-
phor screen 53. The intensity of each pixel form-
ing the image may be adjusted by varying either
the current passing through each row of ther-
mionic cathodes 57 or preferably by varying the
negative potential applied to each grid element
59. In a particular embodiment the display device
is used to produce a television picture, the grid
elements 59 being scanned at line scan speed, the
rows of thermionic cathodes being scanned at
frame scan speed, pixel intensity being varied by
the value of negative potential applied to each
grid element 59.

Referring now to Figure 9 there is depicted a
further embodiment of the display device of the
invention. In general arrangement this embodi-
ment resembles the display device described
above with reference to Figure 7. The display
device again comprises a cathode assembly 63, a
phosphor screen 65 and a grid assembly 67
interposed between the cathode assembly 63 and
the phosphor screen 65. Differences arise how-
ever in the addressing of the thermionic cathodes
69 of the cathode assembly 63 and in the con-
struction of the grid assembly 67. The remaining
common features are as described above with
reference to Figure 7. In the embodiment of
Figure 9 in use each thermionic cathode 69 is
provided with the same current flow such that
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each thermionic cathode produces substantially
the same flux of thermal electrons. The grid
assembly 67 comprises a number of electrically
separate grid elements 71 each grid element 71
being associated with a single grid aperture 73.
Each grid element 71 may be separately supplied
with an electrical potential by means of address
logic and if necessary suitable drive circuitry. In
this way the intensity of each pixel formed on the
phosphor screen 65 may be independently varied
by varying the negative potential applied to each
grid element 71.

In a final embodiment, the elements of the
invention are employed as individual light emit-
ting devices. A direct display device of the fourth
aspect of the invention comprises a matrix of
elements of the invention resembling for exampie
the structure shown generally at 39 in Figure 7.
The matrix of light emitting devices is enclosed in
a suitable envelope filled with a low pressure inert
gas and provided with a transparent window in
front of the matrix. The individual light emitting
devices comprising the matrix may be separately
supplied with an electrical current by suitable
address logic and drive circuits. The intensity of
light produced by each light emitting device may
thereby be independently varied such that an
image may be produced by the composite light
emitting devices forming the matrix. The pre-
ferred method of forming each light emitting
device is anisotropic etching as described above.
This advantageously provides a mirror surface
behind each light emitting device reflecting most
of the light produced by the incandescent element
in a forward direction. The low thermal mass of
light emitting devices of the invention allows for a
rapid modulation of the light intensity of the
device. This enables a rapidly changing image to
be produced by the direct display device. Line and
frame storage techniques may also be used to
reduce the number of and/or speed of switching
cycles for the light emitting devices.

The direct display device may therefore be
useful as a display for a television picture. A
coloured display may be produced by providing
colour filters in or on the window of the direct
display device.

Claims

1. Element for use as a thermionic cathode and/
or a light emitting device comprising a substrate
{1), a metal layer {9) and an electrically insulating
support layer (5) interposed between the sub-
strate (1) and the metal layer (9), wherein a part of
the metal layer (9), having a cross-sectional area
smaller than elsewhere in the metal layer (9),
extends across a recess, characterised in that the
substrate (1) is of a semiconductor material and is
provided with the said recess, across which
extends a bridge structure (7) comprising a part of
the insulating support layer (5) and the said part
of the metal layer (9).

2. An element according to claim 1, wherein the
bridge structure (7) is in the form of a narrow
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linear strip of the metal layer (9) attached to a
support layer of similar shape.

3. An element according to claim 1, wherein the
bridge structure comprises a broad band (17) of
support material to which is attached a metal
layer in the form of a sinuous strip (21).

4, An element according to claim 1, wherein the
bridge structure comprises a region of support
material {79) having attached thereto a metal
layer (19} in the form of a sinuous strip {91), the
region of support material overlying the recess
(17) and being supported by three or more
support arms (81, 83, 85 or 87). -

5. An element according to any one of claims 1
to 4, wherein the bridge structure (7) is formed
such that it does not completely occiude the
recess (3) in the semiconductor material (1).

6. An element according to any one of claims 1
to 5, said element being enclosed in an evacuated
envelope.

7. An element according to any one of claims 1
to 5, said element being enclosed in an envelope
containing a low pressure gas or an inert gas.

8. An element according to any one of the
preceding claims, wherein the metal layer is
nickel or tungsten.

9. An element according to any one of the
preceding claims, wherein the metal layer is
provided with a coating capable of reducing the
effective thermionic work function of the metai
layer.

10. An element according to any one of the
preceding claims, wherein the metal layer of the
bridge structure is about 5 microns wide.

11. An element according to any one of the
preceding claims, wherein the support layer is
such as to remain mechanically stable up to at
least 1100 K.

12. An element according to any one of the
preceding claims, wherein the semiconductor
substrate (1) is silicon.

13. An element according to any one of the
preceding claims wherein the support material is
silicon dioxide or silicon nitride (15).

14. An element according to any one of the
preceding claims and including integrated cir-
cuitry upon the semiconductor substrate.

15. A thermionic valve including a thermionic
cathode (25) which comprises at least one
element as claimed in any one of claims 1 to 14.

16. A cathode ray tube including a thermionic
cathode (25) which comprises at least one
element as claimed in any one of claims 1 to 14.

17. A display device comprising, in an
envelope, a thermionic cathode assembly (25)
provided with at least one element as claimed in
any one of claims 1 to 14, a screen coated with a
substance capable of converting the kinetic
energy of electrons impinging on the screen into
light, a grid assembly (27) interposed between the
cathode assembly (25) and the screen, and an
anode for accelerating electrons from the cathode
to the screen.

18. A display device according to claim 17,
wherein the screen is a phosphor screen.
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19. A display device according to claim 17 or 18,
which is further provided with cathode ray defiec-
tion means for deflecting a beam of electrons
produced by the cathode to a predetermined
point on the phosphor screen.

20. A display device according to claim 19,
wherein the deflection means comprises elec-
tromagnetic or electrostatic means.

21. A display device according to any one of
claims 17 to 20, wherein one or more focusing
anodes is/are provided.

22. A display device comprising a thermionic
cathode assembly (39) provided with a matrix of
elements (47) as claimed in any one of claims 1 to
14 formed on a single wafer of semiconductor
material (45), a screen (41) coated with a sub-
stance capable of converting the kinetic energy of
electrons impinging on the screen into light and
anode for accelerating electrons from the cathode
assembly {39) to the screen (41).

23. A display device according to claim 22,
which further includes a grid assembly (43} inter-
posed between the screen (41) and the cathode
assembly (39).

24, A display device according to claim 23,
wherein the screen is a phosphor screen.

25. A display device according to claim 22, 23 or
24, wherein the matrix of elements (47) forming
the cathode assembly {39} is arranged such that
each element in the matrix is provided with an
independent current flow.

26. A display device according to claim 25,
wherein the matrix of elements (47) is addressed
by a digital logic circuit and suitable drive circuits,
whereby the drive circuits cause a current to flow
through each addressed element thereby heating
the element by means of resistance heating, so
that each hot element acts as a thermionic
cathode and emits thermal electrons which may
be accelerated towards the phosphor screen (41)
past the grid {43).

27. A display device according to claim 26,
wherein the grid (43) is provided with an even
potential over its surface so that light produced by
electrons impinging upon the phosphor screen
(41) will be produced in a matrix of pixels corre-
sponding to the elements which are addressed.

28. A display device according to claim 27,
wherein the intensity of each pixel produced on
the phosphor screen (41) is controlled by adjust-
ing the current supplied to the relevant element
(47) in the cathode assembly (39).

29. A display device according to claim 27,
wherein the intensity of each pixel is adjusted by
adjusting the potential difference between the
grid (49) and the cathode assembily (39).

30. A display device according to any one of
claims 22 to 29, wherein colour images may be
built up by providing a matrix of different phos-
phors on the screen.

31. A display device according to any one of
claims 22 to 25, wherein the matrix (51) of
elements (57) is addressed such that each
element (57) in a row of the matrix is supplied
with an equal current flow and the grid assembly
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comprises a number of independent grid
elements (59) each corresponding to a column of
the elements forming the cathode assembly (51).

32. A display device according to claim 31,
wherein each grid element (59) is addressed
separately such that the combined effect of
addressing the elements (57) in rows of the
cathode assembly (51) and the grid elements (59)
in columns of the grid assembly (55) provides a
method of selecting the intensity of each point
produced by the matrix (51) of elements (57).

33. A display device according to any one of
claims 22 to 25, wherein each element {69) in the
cathode assembly (63) is provided with sub-
stantially equal current flow, the grid assembly
{67) forming a matrix of grid elements (71), to
each element of which is applied an independent
bias potential, the arrangement being such that
each grid element corresponds to a thermionic
cathode in the cathode assembly, whereby by
addressing the grid (67) the kinetic energy of
electrons produced by each cathode in the
cathode assembly may be individuaily adjusted
thereby adjusting the intensity of light produced
on the phosphor screen (65).

34. A display device comprising one or more
light emitting devices, the or each light emitting
device consisting of en element as claimed in any
one of claims 1 to 14.

35. A display device according to claim 34
which further comprises a plurality of light emit-
ting devices arranged to provide a matrix.

36. A display device according to claim 35,
wherein the light emitting devices are enclosed in
a suitable envelope which is evacuated or has an
insert atmosphere.

37. A display device according to claim 35 or 36,
wherein individual light emitting devices in the
matrix are addressed using digitai circuitry and
drive circuitry.

38. A display device according to claim 35, 36 or
37, wherein the light emission from each light
emitting device is controiled by the current
passed to each device.

Patentanspriiche

1. Eine Vorrichtung zum Gebrauch als thermio-
nische Kathode und/oder eine lichtemittierende
Vorrichtung mit einem Substrat (1), einer Metall-
schicht (9) und einer elektrisch isolierenden Tra-
gerschicht (5), die zwischen dem Substrat (1) und
der Metallschicht (9) angeordnet ist, wobei ein
Teil der Metallschicht {9), die ein kleinere Quer-
schnittfliche besitzt als andere Bereiche der
Metallschicht (9), sich Uber eine Aussparung
erstreckt, dadurch gekennzeichnet, dal? das Sub-
strat (1) aus einem Halbleitermaterial besteht und
mit der besagten Aussparung versehen ist, tiber
die sich eine Brickenstruktur (7) erstreckt, die
einen Teil der isolierenden Tragerschicht (5} und
den besagten Teil der Metallschicht (9) umfal3t.

2. Eine Vorrichtung im Einklang mit Anspruch 1,
wobei die Brickenstruktur (7) einen schmalen
linearen Streifen der Metallschicht (9) bildet, der
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an einer Tragerschicht &hnlicher Form ange-
ordnet ist.

3. Eine Vorrichtung im Einklang Anspruch 1,
wobei die Brickenstruktur ein breites Band (17)
von Tragermaterial umfaflt, an dem eine Metall-
schicht in der Form eines geschiadngelten Strei-
fens (21) angebracht ist.

4. Eine Vorrichtung im Einklang mit Anspruch 1,
wobei die Brickenstruktur einen Bereich von
Tréagermaterial (79) umfaBlt, an dem eine Metall-
schicht (19) in der Form eines geschlangelten
Streifens (91) angebracht ist, wobei der Bereich
des Tragermaterials (iber der Aussparung (17)
liegt und durch drei oder mehr Stiitzarme (81, 83,
85 oder 87) abgestiitzt ist.

5. Eine Vorrichtung im Einklang mit einem der
Anspriiche 1 bis 4, wobei die Brickenstruktur (7)
so ausgebildet ist, da sie die Aussparung (3} in
dem Halbleitermaterial (1) nicht v6ilig abdeckt.

6. Eine Vorrichtung im Einklang mit einem der
Anspriiche 1 bis 5, wobei die besagte Vorrichtung
in einer luftleer gemachten Hille eingeschlossen
ist.

7. Eine Vorrichtung im Einklang mit einem der
Anspriiche 1 bis 5, wobei die besagte Vorrichtung
in einer ein Niederdruckgas oder ein triges Gas
enthaltenden Hiille eingeschlossen ist.

8. Eine Vorrichtung im Einklang mit einem der
vorstehenden Anspriiche, wobei die Metall-
schicht aus Nickel oder Wolfram besteht.

9. Eine Vorrichtung im Einklang mit einem der
vorstehenden Anspriiche, wobei die Metall-
schicht einen Uberzug hat, der in der Lage ist, die
wirksame thermionische Arbeitsfunktion der
Metallschicht zu reduzieren.

10. Eine Vorrichtung im Einklang mit einer der
vorstehenden Anspriche, wobei die Metall-
schicht der Briickenstruktur etwa 5 Mikron breit
ist.

11. Eine Vorrichtung im Einklang mit einem der
vorstehenden Anspriche, wobei die Tréager-
schicht so beschaffen ist, da® sie bis mindestens
1100 K mechanisch stabil bleibt.

12. Eine Vorrichtung im Einklang mit einem der
vorstehenden Anspriiche, wobei das Halbleiter-
substrat (1) aus Silizium besteht.

13. Eine Vorrichtung im Einklang mit einem der
vorstehenden Anspriiche, wobei das Tragermate-
rial Siliziumdioxid oder Siliziumnitrid (15) ist.

14. Eine Vorrichtung im Einklang mit einem der
vorstehenden Anspriiche und mit einer integrier-
ten Schaltung auf dem Halbleitersubstrat.

15. Eine thermionische R&hre mit einer ther-
mionischen Kathode (25), die mindestens eine
Vorrichtung im Einklang mit einem der Anspri-
che 1 bis 14 umfalt.

16. Eine Kathodenstrahlrdhre einschlieRlich
einer thermionischen Kathode (25), die minde-
stens eine Vorrichtung im Einklang mit einem der
Anspriiche 1 bis 14 umfal3t.

17. Eine Darstellvorrichtung mit einer in einer
Hlle befindlichen thermionischen Kathodenbau-
gruppe (25), die mit mindestens einer Vorrichtung
im Einklang mit einem der Anspriiche 1 bis 14
versehen ist, sowie mit einem Schirm, der mit
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einem zur Umformung der kinetischen_ Energie
von auf den Schirm auftreffenden Elektronen in
Licht féhigen Stoff (iberzogen ist, einer zwischen
der Kathodenbaugruppe (25) und dem Schirm
angeordneten Gitterbaugruppe (27) und einer
Anode zur Beschleunigung von Elektronen von der
Kathode zum Schirm.

18. Eine Darstellvorrichtung im Einklang mit
Anspruch 17, wobei der Schirm ein Leuchtstoff-
schirm ist.

19. Eine Darstellvornchtung im Einklang mit
Anspruch 17 oder 18, die auflerdem mit einem
Kathodenstrahl-Ablenkungsmittel zum Ablenken
eines durch die Kathode erzeugten Elektronen-
strahsl an einen im voraus bestimmten Punkt am
Leuchtstoffschirm versehen ist.

20. Eine Darstellvorrichtung im Einklang mit
Anspruch 19, wobei das Ablenkmittel elektroma-
gnetische oder elekstrostatische Mittel umfaf3t.

21. Eine Darstellvorrichtung im Einklang mit
einem der Anspriche 17 bis 20, wobei eine oder
mehrere Fokussieranoden vorgesehen ist/sind. -

22.Eine Darstellvorrichtung mit einer thermioni- -

schen Kathodenbaugruppe (39), die mit einer
Matrix von Elementen (47) im Einklang mit einem
der Anspriiche 1 bis 14 auf einer einzigen Scheibe
von Halbleitermaterial (45) versehen ist, sowie mit
einem Schirm (41), der mit einem zur Umformung
der kinetischen Energie von auf den Schirm auf-
treffenden Elektronen in Licht fahigen Stoff {iber-
zogen ist, und einer Anode zur Beschleunigung
von Elektronen von der Kathodenbaugruppe (39)
auf den Schirm (41).

23. Eine Darstellvorrichtung im Einklang mit
Anspruch 22, die aufderdem eine Gitterbaugruppe
{43) umfaBt, die zwischen dem Schirm {41) und der
Kathodenbaugruppe (39) angeordnet ist.

24. Eine Darstellvorrichtung im Einklang mit
Anspruch 23, wobei der Schirm ein Leuchtstoff-
schirm ist.

25. Eine Darstellvorrichtung im Einklang mit
Anspruch 22, 23 oder 24, wobei die Matrix von
Elementen (47), die die Kathodenbaugruppe (39)
bildet, so angeordnet ist, da jedes Element in der
Matrix mit einem unabhéngigen Stromfluf? verse-
hen ist.

26. Eine Darstellvorrichtung im Einklang mit
Anspruch 25, wobei die Matrix von Elementen (47)
durch eine digitale Logikschaitung und entspre-
chende Treiberschaltungen angesprochen wird,
wobei die Treiberschaltungen dafiir sorgen, daf?
ein Strom durch jedes angesprochene Element
flief3t, was zur Folge hat, da’3 das Element durch
Widerstandserhitzung erhitzt wird, so daf} jedes
heiRe Element als eine thermionische Kathode
wirkt und Thermalelektronen emittiert, die an dem
Gitter (43) vorbei auf den Leuchtstoffschirm (41) zu
beschieunigt werden kénnen.

27. Eine Darstellvorrichtung im Einklang mit
Anspruch 26, wabei das Gitter (43) mit einem (iber
dessen Oberflache gleichmafiigen Potential verse-
hen ist, so dal’ durch auf den Leuchtstoffschirm
(41) auitreffende Elektronen erzeugtes Licht in
einer Matrix von Bildelementen erzeugt wird, die
den angesprochenen Elementen entsprechen.
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28. Eine Darsteilvorrichtung im Einklang mit
Anspruch 27, wobei die auf dem Leuchtstoff-
schirm (41) erzeugte Intensitét jedes Bildelements
durch Einstellen des dem betreffenden Element
{47) in der Kathodenbaugruppe (39) zugefiihrten
Stroms geregelt wird.

29. Eine Darstellvorrichtung im Einklang mit
Anspruch 27, wobei die Intensitédt jedes Bildele-
ments durch Einstellen des Potentialunterschieds
zwischen dem Gitter (49) und der Kathodenbau-
gruppe (39) eingestellt wird.

30. Eine Darstellvorrichtung im Einklang mit
einem der Anspriiche 22 bis 29, wobei Farbbilder
durch Erstellung einer Matrix verschiedener
Leuchtstoffe auf dem Schirm aufgebaut werden
koénnen.

31. Eine Darstellvorrichtung im Einklang mit
einem der Anspriche 22 bis 25, wobei die Matrix
(51) von Elementen (57) so angesprochen wird,
daB jedes Element (57) in einere Reihe der Matrix
mit einem gleichen Stromfluf} vorsorgt wird, und
die Gitterbaugruppe eine Reihe von unabhéngi-
gen Gitterelementen (53) umfal3t, von denen jedes
einer senkrechten Reihe der die Kathodenbau-
gruppe {51) bildenden Elemente entspricht.

32. Eine Darstellvorrichtung im Einklang mit
Anspruch 31, wobei jedes Gitterelement (59)
getrennt angesprochen wird, so daR die gemein-
same Wirkung des Ansprechens der Elemente (57)
in Reihen der Kathodenbaugruppe (51) sowie der
Gitterelemente (59) in senkrechten Reihen der
Gitterbaugruppe (55) eine Methode zur Wahi der
Intensitat jedes durch die Matrix (51) von Elemen-
ten (57) gebildeten Punktes bietet.

33. Eine Darstellvorrichtung im Einklang mit
einem der Anspriiche 22 bis 25, wobei jedes
Element (69) in der Kathodenbaugruppe (63) mit
im wesentlichen gleichem Stromflul versehen ist,
die Gitterbaugruppe (67) eine Matrix von Gitterele-
menten (71) bildet, indem jedes Element der
besagten Matrix ein unabhéngiges Vorspan-
nungspotential erhélt, und zwar ist die Anordnung
so beschaffen, daRR jedes Gitterelement einer
thermionischen Kathode in der Kathodenbau-
gruppe entspricht, wobei durch Ansprache des
Gitters (67) die kinetische Energie von durch jede
Kathode in der Kathodenbaugruppe erzeugten
Elektronen individuell eingestelit werden kann,
wodurch die Intensitdt von auf dem Leuchtstoff-
schirm (65) erzeugtem Licht eingestelit wird.

34. Eine Darstellvorrichtung mit einer oder
mehreren  lichtemittierenden  Vorrichtungen,
wobet die oder jede lichtemittierende Vorrichtung
aus einem Element im Einklang mit einem der
Anspriiche 1 bis 14 besteht.

35. Eine Darstellvorrichtung im Einklang mit
Anspruch 34, die auBerdem eine Mehrzahl von
lichtemittierenden Vorrichtungen umfaf3t, die so
angeordnet sind, daf® sie eine Matrix bilden.

36. Eine Darstellvorrichtung im Einklang mit
Anspruch 35, wobei die lichtemittierenden Vor-
richtungen in einer geeignete Hilse eingeschlos-
sen sind, die luftleer gemacht wurde oder eine
trége Atmosphare enthalt.

37. Eine Darstellvorrichtung im Einklang mit
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Anspruch 35 oder 36, wobei einzelne lichtemittie-
rende Vorrichtungen der Matrix mit Hilfe einer
Digitalschaltung und einer Treiberschaltung
angesprochen werden.

38. Eine Darstellvorrichtung im Einklang mit
Anspruch 35, 36 oder 37, wobei die Lichtemis-
sion jeder lichtemittierenden Vorrichtung durch
den jeder Vorrichtung zugefliihrten Strom gere-
gelt wird.

Revendications

1. Elément destiné & étre utilisé en tant que
cathode thermionique et/ou dispositif lumines-
cent et comportant un substrat (1), une couche
métallique (9) et une couche de support (5)
électriqguement isolante, qui est interposée entre
le substrat (1) et la couche métallique (9), et dans
lequei une partie de la couche métailique (9), qui
posséde une surface en coupe transversale plus
petite que partout ailleurs dans la couche métalli-
que (9), s'étend en travers d'un renfoncement,
caractérisé en ce que le substrat {1) est réalisé en
un matériau semiconducteur et est muni dudit
renfoncement, en travers lequel s'étend une
structure en forme de pont (7) comprenant une
partie de la couche de support isolante (5) et
ladite partie de a couche métallique (9).

2. Elément selon la revendication 1, dans
lequel la structure en forme de pont (7) posséde
la forme d'une bande linéaire étroite de la
couche métallique (9), fixée a une couche de
support de forme semblable.

3. Elément selon la revendication 1, dans
lequel la structure en forme de pont comporte
une bande large (17) d’'un matériau de support, a
laquelle est fixée une couche métallique se pré-
sentant sous la forme d'une bande sinueuse (21).

4, Elément selon la revendication 1, dans
lequel la structure en forme de pont comprend
une région du matériau de support (79), a
laquelle est fixée une couche métailique (19)
sous la forme d'une bande sinueuse (91), la
région du matériau de support recouvrant le
renfoncement (17) et étant supportée par trois ou
un plus grand nombre de bras de support (81,
83, 85 ou 87).

5. Elément selon I'une quelconque des reven-
dications 1 a 4, dans lequel la structure en forme
de pont (7) est conformée de telle maniére
qu’elle ne ferme pas compiétement le renfonce-
ment {3) ménagé dans le matériau semiconduc-
teur (1).

6. Elément selon I'une quelconque des reven-
dications 1 a 5, ledit élément étant renfermé dans
une enceinte dans laquelle le vide est établi.

7. Elément selon l'une quelconque des reven-
dications 1 a 5, ledit élément étant renfermé dans
une enceinte contenant un gaz a basse pression
ou un gaz inerte.

8. Elément selon I'une quelconque des reven-
dications précédentes, dans lequel la couche
métallique est formée de nickel ou de tungsténe.

9. Elément selon I'une quelconque des reven-
dications précédentes, dans lequel la couche
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métallique comporte un revétement apte a
réduire la fonction de travail thermoionique
effectif de la couche métailique.

10. Elément selon I'une quelconque des reven-
dications précédentes, dans lequel la couche
métallique de la structure en forme de pont
posséde une largeur d’environ 5 microns.

11. Elément selon I'une quelconque des reven-
dications précédentes, dans lequel la couche de
support est apte & rester mécaniquement stable
jusgu’a au moins 1100°K.

12. Elément selon l'une quelcongue des reven-
dications précédentes, dans lequel le substrat
semiconducteur (1) est constitué par du silicium.

13. Elément selon I'une quelconque des reven-
dications précédentes, dans lequel le matériau
de support est du bioxyde de silicium ou du
nitrure de silicium (15).

14. Elément selon I'une quelconque des reven-
dications précédentes et comportant un circuit
intégré au-dessus le substrat semiconducteur.

15. Valve thermoionique comportant une
cathode thermoionique (25) qui comprend au
moins un élément tel que revendiqué dans 'une
quelcongue des revendications 1 a 14.

16. Tube cathodique comportant une cathode
thermoionique (25) qui comporte au moins un
élément tel que revendiqué dans l'une quelcon-
que des revendications 1 a 14.

17. Dispositif d'affichage comportant, dans une
enceinte, un ensembie a cathode thermoionique
(25) possédant au moins un élément tel que
revendiqué dans |'une quelconque des revendi-
cations 1 a 14, un écran recouvert d'une subs-
tance apte & convertir I'énergie cinétique d’'élec-
trons heurtant [‘écran en lumiére, un ensemble
formant grille (27) interposé entre I'ensemble a
cathode (25) et I’écran, et une anode servant &
accélérer les électrons de la cathode en direction
de I'écran.

18. Dispositif d'affichage selon la revendication
17, dans lequel l'écran est un écran luminescent.

19. Dispositif d'affichage selon la revendication
17 ou 18, qui est en outre équipé de moyens de
déviation des rayons cathodiques, qui servent a
dévier un faisceau d'électrons produit par la
cathode vers un point déterminé situé sur I'écran
luminescent.

20. Dispositif d'affichage selon la revendication
19, dans lequel les moyens de déviation com-
prennent des moyens électromagnétiques ou
électrostatiques.

21. Dispositif d’affichage selon {'une queicon-
que des revendications 17 a 20, dans lequel il est
prévu une ou plusieurs anodes de focalisation.

22. Dispositif d'affichage comportant un
ensemble 3 cathodes thermoioniques (39) équipé
d'une matrice d'éléments (47), tel que revendi-
qué dans I'une quelconque des revendications 1
a 14, et formé sur une seule pastille constituée
en un matériau semiconducteur (45), un écran
(41) recouvert par une substance apte a convertir
I"énergie cinétique d’électrons heurtant l'écran
en lumiére, et une anode servant a accélérer les

N

électrons depuis I'ensemble a cathodes (39) en
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direction de I"écran {(41).

23. Dispositif d'affichage selon la revendication
22, qui comporte en outre un ensemble formant
grille {43) interposé entre 'écran (41) et 'ensem-
ble a cathodes (39).

24. Dispositif d'affichage selon la revendication
23, dans lequel I'écran est un écran luminescent.

25. Dispositif d'affichage selon la revendication
22, 23 ou 24, dans lequel la matrice d’éléments
(47) constituant I'emsemble & cathodes {39) est
disposé de telle sorte que chaque élément de la
matrice regoit une intensité de courant indépen-
dant.

26. Dispositif d"affichage selon la revendication
25, dans lequel la matrice d'éléments (47) est
adressée par un circuit logique numérique et par
des circuits appropriés de commande, ce qui a
pour effet que les circuits de commande pro-
voquent le passage d'un courant dans chaque
élément adressé, pour ainsi chauffer I'élément au
moyen d’un chauffage a résistance, de sorte que
chague élément chaud agit en tant que cathode
thermoionique et émet des électrons thermiques,
qui peuvent étre accélérés en direction de I'écran
luminescent {41), situé au-dela de la grille {43).

27. Dispositif d’affichage selon la revendication
26, dans lequel la grille (43) est placée & un
potentiel uniforme sur toute sa surface, de sorte
que la lumiére produite par des électrons heurtant
I"écran fuminescent {41) sera engendrée dans une
matrice d'éléments d'image correspondant aux
éléments qui sont adressés.

28. Dispositif d‘affichage selon la revendication
27, dans lequel lintensité de chaque élément
d'image produit sur {'écran luminescent (41) est
commandée en réglant le courant envoyé 3 I'élé-
ment concerné {47) situé dans |'ensemble a
cathodes (39).

29. Dispositif d’affichage selon la revendication
27, dans lequel l'intensité de chaque élément
d'image est réglée en réglant la différence de
potentiel entre la grille (49) et I'ensemble &
cathodes (39).

30. Dispositif d'affichage selon 'une quelcon-
que des revendications 22 a 29, dans lequel les
images en couleurs peuvent étre formées en
prévoyant une matrice de substances iumines-
centes différentes sur I’écran.

31. Dispositif d’affichage selon 'une quelcon-
que des revendications 22 & 25, dans lequel la
matrice (51) d’éléments (57) est adressée de telle
sorte que les différents éléments (57} de chaque
rangée de la matrice sont alimentés par une
méme intensité de courant et que I'ensemble en
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forme de grille comporte un certain nombre
d'éléments de grille indépendants (59), qui cor-
respondent chacun a une colonne des éléments
constituant I'ensemble & cathodes (51).

32. Dispositif d'affichage selon la revendication
31, dans lequel chaque élément de grille (59) est
adressé séparément de telle sorte que ['effet
combiné de l'adressage des éléments (57) dans
des rangées de {'ensemble & cathodes (51) et des
éléments de grille (569) dans des colonnes de
'ensemble formant grille (55) fournit un procédé
de sélection de I'intensité de chaque point produit
par la matrice (51) des éléments (57).

33. Dispositif d’affichage selon i‘'une queicon-
que des revendications 22 3 25, dans lequel les
différents éléments (69) situés dans I'ensemble a
cathodes (63) sont alimentés par des intensités de
courant sensiblement égales, I'ensemble formant
grille (67) constituant une matrice d'éléments de
grille (71), a chacun desquels est appliqué un
potentiel de polarisation indépendant, 1'agence-
ment étant tel que chaque élément de grille
correspond a une cathode thermoionique située
dans I'ensemble & cathodes, de telle sorte qu’en
adressant la grille (67), |'énergie cinétique des
électrons produits par chaque cathode de |'en-
semble a cathodes peut é&tre réglée individuelie-
ment, pour ainsi régler I'intensité de la lumiére
produite sur I"écran luminescent (65).

34. Dispositif d'affichage comportant un ou
plusieurs dispositifs luminescent, le ou chaque
dispositif luminescent étant constitué par un éié-
ment tel que revendiqué dans I'une quelconque
des revendications 1 a 14.

35. Dispositif d'affichage selon la revendication
34, qui comporte en outre une pluralité de dispo-
sitifs luminescents, agencés de maniére a former
une matrice.

36. Dispositif d'affichage selon la revendication
35, dans lequel les dispositifs luminescents sont
renfermés dans une enceinte appropriée, dans
laguelle le vide est établi ou bien qui possede une
atmosphere inerte.

37. Dispositif d’affichage selon la revendication
35 ou 36, dans lequel des dispositifs luminescents
individuels situés dans la matrice sont adressés
moyennant l'utilisation d’un circuit numérique et
d'un circuit de commande.

38. Dispositif d'affichage selon la revendication
35, 36 ou 37, dans leque! I"émission de lumiére
provenant de chaque dispositif luminescent est
commandée par le courant transmis a chaque
dispositif.
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