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@ Element.

An element for use as a thermionic cathode and/ or a light
emitting device comprising a semiconductor substrate {1}
having a recess (3) therein with a bridge structure extending
across the recess and comprising a metal layer (9) on a sup-
port layer (5). The bridge structure may be in the form of a
narrow linear strip or alternatively it may comprise a broad
band of support material with a metal layer in the form of a
sinuous strip (21) or {91) supported thereon. The element may
be enclosed in an envelope and in a preferred construction the
metal layer is only about 5 microns wide but the support layer
is mechanically stable up to about 1100 K.

Preferably the semiconductor substrate is silicon and the
support material is silicon dioxide or silicon nitride {15).

In one construction the element can be used as a ther-
mionic cathode (25) and the element may form part of a
thermionic cathode assembly forming part of a display device
with a phosphor screen, a grid assembly (27) between the
cathode assembly (25) and the screen and an anode for
accelerating electrons from the cathode to the screen. Prefer-
ably, therefore, cathode ray defiection means are also pro-
vided. The elements may be closely packed in matrix form to
provide a cathode assembly on a single wafer of semiconduc-
tor material {45) to form part of a display device with a screen,
accelerating anode, grid assembly 43, etc. The matrix of ele-
ments may be addressed by a digital logic circuit and suitable
drive circuits and the grid {43) may be provided with an even
potential over its surface so that light produced by electrons

impinging upon the screen (41) will be produced in a matrix of
pixels corresponding to the addressed elements. The inten-
sity of each pixel may be controlled by adjusting the current
supplied to the relevant cathode element or by adjusting the
potential difference between the grid (49) and cathode
assembly (39).

As an alternative, the matrix may be addressed by apply-
ing equal current flowto each element in a row of the matrix in
which case each grid element in a corresponding row of the
grid would be addressed separately. Alternatively, equal cur-
rent may be supplied to each cathode element and the grid
assembly may be inthe form of a matrix of elementsto each of
which is applied an independent bias potential.

ltis envisaged that the or each element instead of provid-
ing a thermionic cathode may each provide a light emitting
device and the elements can again be provided in the form of a
matrix and the amount of light emitting from each element
would be controlled by the current passed to each element.

In some simple cathode structures, the supportlayer may
be etched away so that the bridge across the recess in the
substrate is formed just of a metal layer.
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ELEMENT

This 1nvention relates to an element whlch may
be used either as ‘an electron enitting dev:.ce 0T as a

'llght emittlng dev1ce. In partlcular one ‘Or more
"elements may ., be used as thermionic cathodes in a

thermionic valve such as a cathode ray tube oxr as

"li.ght em:.tt:mo dev:.ces 1n, for example, a display.g

- The physn_cal phenomenon ‘of  thermionic. emission.
1s exhi.bited ‘by a metal heated above a character:.stlc

-t:hreshold temperature. ‘Vhen a metal is heated. such‘

. -that the energy of electrons within the metal exceeds

the value : of ',the - .thermionic . work functlon'
characterlstz.c o:E the metal, electrons escape from
the metal “and form a space charge. A therm:.on:.c,

Valve utlllses the space charge to set up a current

.flow, in ‘the. forx_n. of electrons travelling din a .

vacuum, from a hot metal- (a thermionic ecathode).to a

'relatlvely posit:.vely charged anode. '.['he flow -of'~
'electrons may be altered by means of a control grx.d

:!.nterposed :!.n ‘the electron flow.

The advent “of semlconductor ' technology '_an,d‘

- ‘-_ci.rcult J.ntegratlon has led to a marked reduction in
..the™~ general ~use of thermlonlc ' valves. - Particular -
"gforms of - thermlon:.c valve are ‘however - much used in

pec:Lal appllcatlons. _7 :

~ One such part:l.cular form is the cathode ray tube-
The' cathode ray tu'be ‘is an - image forming

- thermlom.c valve, which has commerc:Lal appllcatlon not
“ only in the domest:.c market ‘as the majox component of
-telev:.s:.on recelvers but also in research and

industry as. the maJor component of osc:.lloscopes.
In broad terms a cathode ray tube comprlses an

‘evacuated glass envelope,, one end of which is formed
into. a. screen. At the oppos:n.te end of the tube 1s

located - aﬁ: assembly for pro_duc:.ng a stream of -
electrons ("_a ) .catho_de . _r_ay").‘ ~ This assembly is
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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 bDeanm. of:.
electrons is required and further anodes- are’ usually " -
provided which creat:e ‘an anisotropic eleetrostat:lc. .:
' fleld tending to. focus the electron beam in a’ manner:. .

analogous to the focusing of light rays by a. lens.

After leaving the electron gun, thie 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 paﬁ:s of =

plates. The plates may be charged in- order to o

deflect the beam of electrons in one or both of two
perpendicular axes. This .method -of deflecting the
electron beam in a cathode ray t:ube ‘is: comonly used

in oscilloscoPes. R X . e

.In an alternative arrangement, the electton bean ,'

is caused to pass through the field of electromagnets

capable of creating perpendi.cular elect:tomagneti.c P
fields. - The electromagnets " are usually located .

outside the glass envelope of the cathode ray. tube

in a television picture tube) .

The electron beanm finally -inpinges- upon o a_ )

phosphor screen where - the kinetic energy- of - the
electrons comprising the beam is ‘converted into light.

" The conventional miniature. thermionic cathode.
structure iz generally a coil of metal wire of high

Do

..The application of current to the electromagnets S
allows deflection of the ‘electron beam in one or hoth -
of tivo perpendicular axes. This method of deﬂectinn ‘
is commonly used in .cathode ray tubes where a -
continuous raster ‘scan i.s requi.red (83, £or emPle:.":A
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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 3in 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 temperatm:e: 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 carbonates.

A miniature. .- thermionic . cathode of the' typer
describ.ed'_ immed:iately above consumes K a considerable .

"amount of power ‘at its operating temperature. -For

example, a coated tungsten thermionic cathode of the
dimensions glven will consume about SOmW at 900 K..
"Only "a £fraction of - this ’power goes d::.rectly to
provide the energy to 1liberate electrons £rom the
cathode material. The majority of the poWer-.; ‘taken by
the catliode 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.

Recent advances in solid st,ate c:t.rcultry have

provided the’ technology to produce Iayer ‘structures

of intricate, yet well defined, phys:i.cal shape: - In .

. particular, dit- is possible to produce - complex

multi-layered structures, by known niniconductor -
fabrication techniques (such as material oxidation,’ '_
deposition and selectlve etching) vhich may, ,fou: .

example, = operate as complete electronic ecircults. = .’
This technology ‘has been adapted to produce the o

element of the present invention. . _
The element of - the 1nvention nay . be used as a

thermionic cathode replacing the known cathodes in
thermionic devices as described above, oxr, as we have



- 10

15

20

25

30

. 35

: 0125859

-4~
now discovered, by increasing the power supplied to
the element, it may be used as an incandescent light
source providing a 1light emitting device .of small

dimensions for use, for example, in a direct display .

device. _ 7 -
According to a broad, first, aspect of the

present invention, we provide an element for use as a. =
thermionic <cathode andfor a 1ight emitting device- S
' comprising a -semiconductor substrate,. a metal layer, ’

and a  support . 1ayer " interposed between _ the _
"semiconductor  substrate and the metal layer, ‘wherein - ’ )
the sem:.conductor' substrate is provided with .2 recess. . _
 across which . recess extends a bridge structure -
. ce mprising the support 1ayer a.nd/ or the metal 1ayer. ) ._
. In use, an electrical current: is passed throug& o
the metal layer, the . current resistively heating the c

metal to a temperature at which thermionic em:.ssmn
andf/or light emission occurs.

The recess 1s - formed such that -the. bridge -
structure is ~ " physically separated  from . the .

s .
e o o

semiconductor 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 L

Ppassing through the’ semiconductor substrate- _

“The 'bridge structure may “take ‘the form of a" .
“ narrow lz.near stri.p "of the metal layer attachéd to ‘a
_ support layer of similar shape, ‘& broad band o'f B
support mater:T.al to which is attache& a meta}. 13:7&:
. in the form of a sinuous strz.p or a region-of support:"

material having attached thereto a metal Iayer in the D

form of a sinuous strip, the region of snppor:
mat:erial overlying the Tecess and be:t’.ng supported by R

three or more support arms.
The bridge structure "is prefera'bly formed such

that it does not completely occlude the’ recess in the'
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semiconductor material. In this way, wvhen the
element of the present invention is wused 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 Jight-emitting . -

device, it may be enclosed in an evacuated envelope
or in an envelope contaim.ng a. 1ow pressure gas or- an
inert gas. B '

The met‘alr ,layer is 'prefe‘rably‘ nickel ‘or

g tungsten.

Most preferably when the element is used as a

thermionic  cathode, the metal ]._ayer_ is prov.x_gled with

a coating capable ".of,‘ redﬁci'ng " the effective
thermionic work function of the metal layer. "

" Preferably, the metal '.laye.rb cof the-. bridge
structure is sbout 5 microns wide and “hence, in order
to maintain mechanlcal stability of the metal layer, -
the support :Amaterial must mnot only be physically
strong but must also be capable . 0f remaining
m’eehani.callyl.stable at the temperatures “required to ’
cause -the metal ' layer .to ‘exhibit thermionic
emi.ss:Lon..' Where the metal layer is tungsten, the

: support 1ayer must remaln mechanlcally stable up to
at least 1100 K. ) B

Preferably - the - s‘emicondui:tor . -snbsti‘ate ' -__is>

silicon. Preferably the suppoft material iIs silicon
dioxide or silicon nitride. These materials may be
readily formed in a layer structure using processes
known per se in the art. 'The bridge structure may be

formed using the process of anlsotroplc: etching, or
chemical milling. ' ' '



. 10

15

20

25°

30

35

6 0125859

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

element. o : . - : . : N

.- - - ~

In a second aspect of the :I.nvention, we provide
a thermionic valve:- inclu&ing a thermionic cathoder the;

thermionic cathode comprising at least- one- e—lement" off
the . present  ~invention.  Most preferably * the = .
thermionic valve is a cathode ray tiube. The elemem:, ';".'7

of the present .z.nvention may be made -in such a way
that its overall size is of the order of 50 microns.:
square and having a .very low power _consumption. .~ Ie

is therefore of great utility for small si.ze,_ 10# .

power consumptlon cathode ray tubes. T OLRs

.4

Preferably, . therefore, we prov:.de ) a . display

device comprising a thermionic cathode assembly ~ -

provided with at least one element - of the .ﬁ:!.rst .
aspect of .the invention a screen coated with -a
substance capable .of converting the kinetic energy o:E )

electrons impinging on the screen into light; .a: gri.d _
assembly :mterposed ‘between the cathode assembly aad-. ..
. the screen, and an anode’ for accelerating elec:l:rans L .
. from the cathode to the screen. ) NS

Preferably the screen is a phosphor sc:een SRR
The cathode assem'bly, grid ass%ly, se‘::een an&

anode are enclosed in a wvessel at. reduced pressure, ._.'--;-Q' -
preferably substantially evacugted. - . S "":-' S

Preferably the - display device is fm:t:her
provided with cathode ray deflection means for -

- deflecting a- beam of electrons pro&uced by the
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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 embodiﬁent, the cathode
assembly may comprise a single element of the
invention, to -act as a thermionic cathode in the. _
display device.. If required - a numbexr— of elements' '
may be close].y packed to afford an increased flux
density of _thermal. electrons.. Multibeam’ display'

. devices for - ‘use. - for: ~ example "in  dual bean. L

oscilloscopes’ ‘.and - three €lectron gun  colour

television tubes may be produced using either two ox o

more cathode assemblles or one cathode assembly g

.provided wi.th sultably ‘__s'peeed . elements of -

invention. A ; ) ST o
A plurality. of ‘elements of the invention wmay
together form a matrix of elements, on .3. single
wefe':é:"' of semiconductor material. The term “matrix"
as used hereln refers to a number of elements of the .
invention arranged in a geometric pattern, preferably
as one OY mOre TOWS and/or columns most preferably' .
linear rows and ‘columns. Such a matrix @ may be ;
formed. us:mg, -. for example the anisotropic etchz.ng

- In a third.aspect of the invention we provide a
'display device ' comprising a  thermionic - cathode . _
.assembly prov:.ded with a matrix of elements of tﬁe_,
- invention, a screen coated Wlth a substance capable

of converting the kinetic energy of 'electrons -

impinging on the screenm into light and an anode for :; -

accelerating electrons from the cathode assembly to
the screen.

Preferably the dlsplay device 1nc1udes a grld
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assembly interposed ©between the screen and the
cathode assembly.

Preferably the screen is a phosphor scret_—:-'n.

A particular and great advantage of this aspect
of the invention is that a matrix of electron beams
may be produced by a cathode assembly, each element
in the matrix producing thermal electrons which may

be accelerated towards a phosphor screen. such. that:
each electron beam ' thus- produced forms a picture’’
.element (pizel) .upon the screen. - In. this -way the .
need for deflectior  means: 4is  obviated. T .

conventional cathode ray - tubes the. distance from the

..cathode to the’ screen must be sufficiently large for
the. deflection appli.ed to the beam .to produce. a i
significant di.splacement -of the point ‘at whlch the- S

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 tﬂe need for dehe;iinn of
the beam provides a’tube of greatly reduced 'front: to
back! d:.mension relative to a convent:.onal 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 independent cm:reut
- flow. ° For example, .the matrix of elements’ may be :
" addressed by a. digital 10°1c circuit and suita'ble, _: !

dri'_ve circuits. The drive ‘circuits cause a . currem:

to flow.  through each addressed element  thereby

heating the element. by meauns of resistance heating.
The hot element, acting as a thermionic cathode, will
then emit thermal electrons which may be .accelerated

towards the phosphor screen, past the grid. The grid .

is, in this embodiment preferably provz.ded with an
even potential over its .surface. Therefore 1light )
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produced by electrons impinging wupon 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 1low thermal. mass . of the
individual elements in the. cathode- assembly ensures

" that the individual cathodes heat up and cool down
. very rapidly- there'by allowing a rapid change in the

image produced on the phosphoxr: screen. The. 1nten31ty
of each pixel produced on the phosPhor screen may be-
controlled by adjusting the current suppla.ed to.the

relevant element in the_ cathode assembly. Preferably'
however the intensity of each pixel is adjusted by
.'adjust'ing 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"'élements =
in the cathode. assembly may (':orvrespondv to pﬂosphors L
producing red, green or blue light in response to’
. energy supplied by impinging electrons- o o
Preferably the matrix of elements is addressed.‘. S

such . that each element in a row of ‘the matrix is

" supplied. with an -eqixai current f}.ow and . the grid .
“assembly comprises a number of independent.. gr:.d
" ‘elements. each eorresponding to’ a column ~of  the’

elements forming " the . cathode assembly. Each ' gnd

" element may be addressed separately such that - the
_ combined effect of addressn.ng 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 poimt 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-
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In -2 further preferred embodiment, each -element

in the cathode assembly is provided with
substantially equal current f£flow, the grid-.assem'bly
forming a matrix of grid elements, to each element of
wvhich may be applied an independent bias potential.
Each grid element corresponds to a thermionic cathode

‘in the cathode assembly, whexreby by addressing the.”
grid, e.g. using digital circuitry and,. If necessary;. - : i
drive circuits, the kinetic energy of elechons ) : L

produced by each cathode in the cathode assem'oly may-
be. 1ndiv1dua11y adjusted thereby- adjusting: . . the.e
:I.ntensi.ty of light produced on the phosphor screen.
The display devices may be uséd in for example
so .called f£lat _sc:ee_n te]_.evisions- or alp_hanumeric'

) d:l.splays -

In a fourth aspect of the invention we ymﬁ.&e a
display device comprlsing one or more light em:’r.tt:r.ng
devices the or each light emittlng dev:.ce consisting

w > e

of an element of the first aspect of the. inventiom:

Preferably the display device comprises a plurelity -

of light emitting devices most preferably arranged to-
provide a matrix of 1light enitting devices..

Preferably the light 'emitting ‘devices are enclosed in o -

a suitable envelope- "A suitable envelope may incln&e )
for - example an evacuated envelope or am enve}.ope

'having an inert atmosphere.

. Individual’ light emz.tting devices in the matriz

may - be addressed using, for example, 'digital-

circuitry and drive Acircui.try. The 1light 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 modulatiom of the
emitted light intemsity at 4 relatively high
frequency. The display device may be provided with a
screen of colour filters thereby . allowing a coloured
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image to be prodﬁced. A matrix may be used for
example to produce a flat screen television or an
alphanumeric display. -

The varlous aspects of th:.s :anenti.on “are now
described, by way of example, with reference to the
accompany:.ng drawings, in whichi- . '

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

Figure 2 is. a sect:t.on on the. line A-—A oﬁFlcrure«

'..’1: ; o [ ) '.~f e _.;-_.:'_.",
~Figure 3. :’Ls a plan view o£ a. second embodiment '

" of a single- element of the inventiom,  -. .-
‘ Flgure 4 is a secti.on on’ the 11ne B—B of F:Lgure

".'F:Lgure 5 is a plan view of a. tT:u.:cd em’oodz.ment: of.
" a single element of. the 1nventlon, ST, g ST
- F:Lgure 6 is a. side. elevatlon of a therm:.on:v.c
- cathode in com‘b:matn.on w:.th a cont::ol gnd
assembly, LS T - 2.

e - .,‘,._';_'

~display devz.ce of the. thlrd aspect of the
: _inventlon 5

e ——
- o - e . .-
[ . S PR ae =2l .-
ST IRCERTY L see s _f‘.!-'

.3 ’

: Figure 8 is a schematlc 1sometr1c view of a- EF

‘ --—V

".__further embodlment of a dlsplay dcv;.c:e of the - |

7 'third aspect of the :!_nventz.ona an_c'{ R

e maaeTete

B o further embodiment of a dlSplay dence of t'he‘
.- third aspect of the invention. -

'Referr:mg : .'to_- the' simple em'bodment -ef.'..--.e_the-

'1nvent19n shown -in I‘igures 1 and 2, a - silicon
substrate 1 provz.deS‘ mechanical support for - the

. element, vhich may be a cathode or a Iight em:.tt::’_no-.

device. The substrate is of a type now well known in
the electronics industry as a semlconductor substrate
upon which integrated circuits are constmcted- 'Ihe

siln.con su’ostrate 1. :I.s prov:.ded .with & xecess -3 in

..




10

15

20

25

0125859

- 12 -

the form of a depression etched into the surface of
the substrate by anisotropic etching. A layer of
silicon dioxide (or silicon nitride) 5. overlies the
surface of the silicon and is 80 shaped as to form a
narrow bridge 7 over the recess 3. A 1layer of
tungsten metal 9 lies over the silicon dioxide layer
such that the cross sectional area of the layer is. at.

dts lowest in that part of the laye:- overly:mg the:
silicon .dioxide Iayer 'forming the bridge 7-.. * This _"-

ensures that the maximum resistive heatz.ng of the-
metal layexr is ¢oncentrated in the. bridge reg:.on..

.The -layer .of silicon dioxide .(or - silicon- '_'. ;
nitnde) 5 shown in Figure 1 is shaped to correspond ‘
" to the shape of the layer. of tungsten metal. 9.. Inm.
practice the silicon’" dioxide ‘layer may cover—: the T

surface of the silicon substrate 1 except for regioms B

adjacent the bridge : structure,  which. allm? RIS

communication between the zrecess 3 and the o
surround::.ngs. o oo ' ~ o .

I 'In use, the element if it is to 'be a thermloni.c A
cathode, is placed within an evacuated. envelope and a N

current 1is  passed through the " metal” layer 9. .
,Resi.stive heating of the metal layer in .the bridge "
-area occurs and : the metal is heated to.a. temperatnre S

sufficient’ to' cause thermionic emission. This. nll

.. typically be 1100 K for a tungsten conductor or 900 K

.. for a, carbonate ,coated tungsten conductor " The

30

35

recess 3 reduces the loss of energy by conauction :_ | S
. into the substrate arnd the low cross sectional area B _.
made possible by -the supported conductor, reduces
conduction and consequent heat loss. through _the B

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 to form &
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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 wrecess is mot
completely enclosed. A conductor 19 of tungsten has
been deposited upon the silicon dioxide {or silicon
nitride) 1layer and has been  etched to™ ptovide. a

narrow sinuous.. cbnduct’or portion. 2k on the bridge .

17. 1In this embodiment, the recess is square in plan.

with an edge measur:.ng about 50 microns.. The narrow = =

conductor port:'v’.on has a width of aboutt 5 microns..

‘The ‘advantage of an etched conductor pattern of. this :
type 1is. that the operating voltage of the element .- .

can be tailored to a convenlent value.. B

Figure 5 shows a third embodiment of the ﬁrst ST

aspect of ~ the 3.nvent10n. ~ The third ‘embodiment
comprises a silicon substrate provz.ded with a recess -

(these being substantlally as descr:!.bed above) ... The
silicon substrate is overla:.n with a support Iayer 75

of silicon dioxide or silicon nltrlde-vf The support_g

layer 75 is prov1ded with apertures 97 communicating

with the recess formed in the siliconr substrate, such

that a suspended region 79 of the support layer 75 is- )
. formed. .. The reg:Lon 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 depos:«.te& upon the -
support’ layer 75 and has been etched to provide a
~ relatively narrow, s:.nuous conductor portlcn 91 on
the suspended region 79 of the support 1ayer 75.
Electrical connection to the conductor portfon 9L is .

made by way of connector portions 93 and 95 pass:'l.ng
over arms 81 and.83 respectively. Comnector portions.
93 and 95 pass over opposed arms 81 and 83 in. order
to reduce mechanical distortion which may otherwise
occur during resistive heating of conductor ﬁortion
91. Arms 85 and 87 may be provided with dummy strips
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97 and 99 (shown in broken line outline) of the same
mai:erial as the connector. portions 93 and 95 in oxrder
further to reduce possible mechanical distortion. It
will be appreciated 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.

Flgure 6- shows a thermionic cathode of . the-

-

-

present - invention (shown - genmerally . at- 25) in- 0

L

combination with a contxol grid assembly . (shom;‘.' L

generally ‘at. 27) and. exemplifies a possible. moum:ing.
tecl'mique for the -thermionic cathode- of the -present
invention. The control grid assembly 27 comprises a

ceramic plate 29 having a -metal coating on its :Eront

and . rear f£aces. ~‘The ceramic .plate 29 is pravided -

with a'n_. aperture 31 passing through both the plate

and metal coatings, perpendicular to the genexral.

plane of the plate. The thermionic cathode- 25 is
provided with electrlcally -conductive protutlions 33;
e.g. of solder or conductive paste, w'h:l.ch 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 .

be used to alter the flow of electrons £from . the

cathode. 1In use, the front metal coated :Eace 39 -

vould normally be negatively biased with. respect:. to

' rear metal coated face 37 .of the - gnd assembly 27. s
The rear metal coated faée 37 of the grid assem‘bly 27 .
therefore is at the same potential as the thermionie:--
' cathode in use. The thermionié cathode 25 is aligmed. i
such that, ..in use, electrons emitted . by - th;-,
thermionic cathode pass through the aperture 31 nmﬁe!.'
the influence of a positive potential provided by .an ,1- -
anode (oot shown). The front metal coated face 39 of +
the grid assem'bly 27 forms a control grid which may' )

," e
AR

d NN :
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the cathode. The advantage of this mounting systen
is that the cathode and grid are maintained at a
fixed spacing and alignment. This has attendant
advantages not only in terms of the mechanical
strength of the arrangement but also in terms of ease
of manufacture. : ,
Referring to Figure' 7 there is depicted a
display device of the invention.. Therdisplay device:
comprisés a cathode as’s'exiibly 39, as phosphor screen

41, and a grid assembly ‘43 interposed. - ‘between the.";:'

cathode assembly 39 and. the phosphor- screen 41.

. . The cgthode:- .assembly - -39 comprises a - silicon
substrate 45 upon which is formed. a. pluralitj of.
elements of the invention (for example 47) < Each: '

‘element of he' :anention - acts as a thermlonic .

cathode. The therm:l.oni.c .cathodes 47 are arranged in

an array or natrix. _ The. matrix deplcted in Figure. 7
. has only nine rows and twelve columns for the purpose

20

-

of xeady illustration. In practice the maérix may

possess a large number of rows and colxmns 11m:v.ted

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 prov:.ded o
wi.th a metal coat:.ng (not shown) on its front aad - .
- rear faces.' "The gr:.d assembly is provided with aﬁ_' :
- plurality of grid apertures (for example £9) capa‘ble
of allowing passage of electrons. - Each aperture 49
" in the grid assembly 43 corresponds spatially with a
. thermionic cathode 47 in an equivalent row and colmnn o

in the cathode assembly 39.

The phosphor screen 41 comprises a transparent
support mater1a1 to the side facing the grid assembly
of which is aff:.xed a coating of a phosphor material
capable of converting electron kinetic enexgy into
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visible light. The phosphor coating is either of one
type, capable of generating the same colour of
visible light over the surface of the phosphor screen
41 or is comprised of regions of a mnumber of
different phosphors each different phosphor being
capable of generating a different colour of visible
light. Such phosphor screens are well 'Icnowr_z in the
art and are therefore not further described..

. The cathode -assembly 39, t'fze grid assembly 53‘

and the phosphor -screen 41 are enclosed -in : an

'evacuated envelope - (not shown) - ’l’he envelope also B

i

encloses an accelerating anode- (not- shown)  .disposed -

between the .grid es_sembly 43 and the phosphor screen

41. ‘The phosphor screem 41 may form “part of ' the- A

envelope. The _transparent support material of . the- =
phosphor ~ screen - may comprise a transparent = -

electrically conducting material and may :Eorm the
accelerating .anode. ~ _"A suitable mater:f_al 1s, ‘for'

example, a coating of- tin oxide. T s, mme

-

~ In use, -the accelerating anode is maintained at -
high positive _poteqi:ial ‘relative -to the " cathode"
assembly 39. Each thermionic cathode £7. in the .
* cathode aésembly 39 is capa;ble of being s‘eparaﬁely'
- supplied with an electr:.cal current by means: o:E
address logic ™ and dr:!.ve circu:.try which niay 'be '-

'., '-_ within the envelope, . for example, wupom the silicnn

30

35

are heated to a ‘temperature at which therm:wnic
emission of electrons occurs. The electrons are

accelerated away ‘from the cathode assembly 39 .'by the = )
high positive potential of the accelerating anode. - - -
Electrons produced by- each thermionic cathode 47 pass o
through the corz_fesponding ape:.c'ture £9 in the grid.

-

: substrate 45 of the cathode assembly- VWhenr a current o
Cis passed through the thermionic cathodes 47, iizey

'l. .

n

. "o, R
e '
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assembly 43 and onwards to the phosphor screen 41
where their kinetic energy is converted into visible
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 1light 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: phosphox-
"screen 41 'by selectively addressing and supplylng
current to those therm::.om.c cathodes in the cathaode .
- assembly 39 correspondlng to the desired pixels: of
“the image. " The intensity of -each pixel may be

individually altered by. vary:!.ng the voltage between
the grid 43 and the selected thermionic cathode. - For: -

example the thermonic cathodes may be sequent:lal’ly

addressed and .a synchronous v1deo - signal -may. be. ;
applied to the . grid to produce " a p:x.ctnre. ’;.Che
thermionic cathodes are about 5 microns across -snd
may bé spaced as little as 10 mlcrqns apart. .In this

way a high definition image may be produced on the

phosphor screen 41. - Suitably the display device  of
the iavention inay be used to display a rapidly
changing, . high’ def:.m.tlon image,_. . for’ éxample L a.

television p::.cture. [ T ) o e SO '

S -

. In the -schematic ‘arrangement dep:.cted in }?igure

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. . However in order to minimise the

. cross sectional area 'of. the pixels ~formed upon the

phosphor screen” 41 it is desirable to reduce the

-7 ‘considerable spacing of the cathode assembly 39,
‘the grid assembly 43. and the phosphor screen 41 is o
"shown.  In practice the . cathode assembly 39 and ‘the

i
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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 phosphor screen 41 and it is desirable to obviate
the need for separate focussing anodes if possible

- although they may be i1ncluded 3if necessary.. The

grid assembly’ 43 tends to reduce the-cross.. sectfonal_
area of each. electron beam.A ‘IE" bowever the cathode

assembly and the phosphor screen are .close together

the requirement. for a grid assembly may- be obviated.- .

Such a construction may 'be preferredL for alphannmer:.c:
Referridg now to Figure 8 there is depicted.

further embodiment .of the disP].ay device of. the

invention. .. In general arrangement’ this embodiment L

resembles the 'display device descn.‘bed above:: with
reference to Figure 7. The display device again
comprises a cathode assembly 51, a phosphor s&reemn 53

and a grid assembly 55 interposed between the cathode
assembly 51 and the phosphor screen 53. Differences

arise however in the addressing "of the thermionic: -

. ecathodes 57 of the cathode assembly 51 and, in ‘the _

construction of the ‘grid assembly 55. The remainx.ng
commbn features are’ as described a'bove with reference

,'..". to Figure 7. ] In "the embodiment of ’E':Lg:rre 8 each: row-
. of themionic cathodes 57 is- linked such that In use

the same current f£lows in each thernionic cathode- of-
a row. The grid assembly 55 comprises -a ,mm‘ber of
electrically vseparate, grid- elements- 59 egch. -grid
element 59 ‘being ~common  for .- a  columm. 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

' S
LY .
. ‘,u“n’.ﬁ.'f\,; 'ﬂ,,ll?‘"‘rlh. L o
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electrical 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 phosphc;r screen
53. The intensity of each pixel forming the image
mnay be adjusted by varying either the current passing
through each row of thermionic cathodes 57 or
preferably by’ -varying the negative potential appiiec‘t.
to each grid element "59. .:In .a particular embodiment

the display device. is- used to ‘produce a telev:!.s:.on
_ _picture, the grid elements 59 being scanned at line.

scan speed the rows of  thermionic cathodes bBeing -
scanned at- frame scan speed,. pixel intensity being.

varied by the value of negat:.ve potentz.al appl:r.ed to o
each grid element 59. 1 .- ST R S |
‘ * Referring now to Figure .9 there is dep:'.cted a’ e
" further embodiment of the display device of the:

invention. 1In general arrangement this embodiment

.resembles . the .display device described -above with

reference to F:Lgure 7. The d:v.splay' 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 however in the address:.ng of the. thermz_om.c

25"‘,;"':.cathodES 69 of the cathode assembly 63 and . in"- the
. ‘construction of the grid assembly 67.. The remamz.ng‘

- common features .are as described above with reference L

30

'35

to Figure 7. 1In the embodiment of Figure 9 in use

produces ',substantialiy the same flux of thermal
electrons. The gr:Ld assembly . 67 comprn.ses a number
of electrically separate grid elements 71 each grz.d
element 71 Dbeing associated with ‘a - single grid
aperture 73. Each grid element 71 may 'be separately

; -
PO

- each thermionic cathode 69 is provided with the same
current flow such that each - thermionic | catfxode R S

|
i
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supplied with an electrical potential by means of
address 1logic and if necessary suiltable dxrive
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. . E

In a fipnal .ewmbodiment, the elements of the
invention are employed as individual. light emitting.

devices. A . direct display device of the  fourth =
- - -aspect of the ifnvention comprises a ﬁ:ata;ix . of

elements of the. invention resembling for example- the

" gtructure shown-generally at 39 in Figure -7. ~The- :
matrix of light emitting 'deﬁces is enclosed in a
"sultable envelope filled with a 1low pressure’-.._:?_neﬂ:.;__-';-
gas and provided with a transparent window in front. o o
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 ipterféity of " light 'prbiii:zce& by
each light emitting ~ device may therelﬁy‘ " be
independently <varied such. that "an dimage may' be

produeed by the composite - light emitting devices .
. forming the matrix. The preferred method of forming :
.each light emitting device is anisotropic’ etching as -
described above. ~This advantageously provides a |
- mirror surface behind each lightv' emitting . device .
" ‘yeflecting ’ most of the 1light produced by the
' incandescent element in a forward direction. : The low .
. thermal mass of light emittiﬁg devices of  the )

oo

invention allows for a rapid modulation of the lig}rt T

intensity of i_:he'_ devices. 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 andfor speed “of
switching - cycles for the 1light emitting deviqﬁes-

-
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The direct display device may therefore be useful as
a display for a television picture. A coloured
display may be produced by providing colouri. filters

in or on the window of the direct display device.

In all of the above described aspects and

embodlments of th:l.s invention, the bridge structure over the

- recess etched .in the silicon substrate has comprised W

a support layer (’e..g,-of silicon dioxide: or silicon.
nitride) which supports the metal layer. = In a modified
construction, it is - possible to dispense with the . -~ ,.

area of the recess. - Such a modified constructlon

“tould be uised for s:.mple cathode structures, especz.ally :

AT they are used ’co produce incandescent dev:.ces,_;. :
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CLAIMS:

1. An element for use as a thermionic cathode
and/or a light emitting device comprising a semiconductor
substrate (1), a metal layer (9) and a support layer

(5) interposed between the semiconductor substrate

(1) and the metal layer (9), wherein the semiconductor
substrate (1) is provided with a recess (3) across
which recess extends a bridge structure (7) comprising
the support layer (5). and/or the metal layer (9).

2. An element according to claim 1 wherein
the bridge structure (7) is in the form of a narrow
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 (77) and

being supported by three or more support arms (81,

83, 85 or 87).

5. , An element according to any one of claims
1-4 wherein the bridge structure (7) is formed such

that it does not completely occlude the recess (3)

in the semiconductor material (1).

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

g. : An element according to any one of the
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preceding claims wherein the metal layer is provided

with a coating capable of reducing the effective thermionic

work function of the metal 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 substréte
(1) is silicon. - '
13. An element according to any one of the
preceding claims wherein the support méterial‘is s;}icon_
dioxide or silicon nitride (15). R
14. An element according to any one 6fx£hé
preceding claims and including integrated ciféd{tﬁy.
upon the semiconductor substrate. o

15. .. A .thermionic valve including a'thérmidnic
cathode (25) which comprises at least one elem?ht

as claimed in any one of claims 1-14. | “; - B
16. A thermionic valve as claimed in claim

15 and which comprises a cathode ray tube. ‘:

17. A display device comprising a thermionic
cathode assembly (25) provided with at least onevélement
as claimed in any one of claims 1-14, a screen (hdtf
shown) coated with a substance capable of converﬁing

the kinetic energy of electrons impinging on the scféen,
into light, a grid assembly (27) interposed between

the cathode assembly (25) and the screen, and an anode
(not shown) for accelerating.electrons from the cathode
to the screen. | _

18. A display device according to claim

17 wherein the screen is a phosphor screen.

19. A display device according to claim

17 or 18 wherein the cathode assembly, grid assembly,

screen and anode are enclosed in a vessel at reduced
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pressure. ,

20. A display device according toiclaim

17, 18 or 19 which is further provided with cathode

ray deflection means for deflecting a beam of eleétfons
produced by the cathode to a predetermined point on
the phosphor screen. “ _

21. | A display device according to claim

20 wherein the deflection means compriseé electro-
magnetic or electrostatic means. A »

22, A display device according to any one

of claims 17-21 wherein one or more focusing anodes is/
are provided. ‘ |

23. A display device according to any one

of claims 17-22 wherein the cathode assembly has a
number of elements (47) as claimed in any one of claims
1-14 whichare closely packed to afford an increased

flux density of thermal electrons.

24, A display device comprising a thermionic
cathode assembly (39) provided with a matrix of elements
(47) as claimed in any one of claims 1-14 formed on

a single wafer of semiconductorvmaterial (45), a screen
(41) coated with a substance capable of converting

the kinetic energy of electrons impinging on the screen
into light and an anode (not shown) for accelerating
electrons from the cathode assembly (39) to the screen
(41).

25. A display device according to claim

24 which further includes a grid assembly (43) interposed
between the screen (41) and the cathode assembly (39).
26. A display device according to claim

25 wherein the screen is a phosphor screen. '

27. A display device according to claim 24,
25 or 26 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. o

28. A display device according to claim

27 wherein the matrix of elements (47) is addressed



10

15

20

25

30

35

_o5- 0125859

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). ,
29. A display device according to claim 28 . -
wherein the grid (43) is provided with an éven potential
over its surface so that light produced by electrons
impinging upon the phosphor screen (41) will be produced
in a matrix of pixels corresponding to the elements
which are addressed.

30. A display device according to claim

29 wherein the intensity of each pixel produced on

the phosphor screen (41) is controlled by adjusting -
the current supplied to the relevant element (47)

in the cathode assembly (39).

31. .. A display device according to claim

29 wherein the intensity of each pixel is adjusted

" by adjusting the potential difference betwéen the

grid (49) and the cathode assembly (39). ~

32. A display device according to any one of claims 24-31
wherein colour images may be built up by providing -

a matrix of different phosphors on the screen. =
33. A dlsplaytdevice accordlng to claim 24 25,26 or 27_
wherein the matrix (51) of elemeniS(57) is addressed
such that each element (57) in a row of the matrix

is supplied with an equél curfent‘flow and the grid
assembly comprises a number of independent-gridtelemeﬁts
(59) each corresponding to a column of the elements
forming the cathode assembly (51).

34 | A display device according to claim 33
wherein each grid element (59) is addressed separately
such that the combined effect of addre531ng the elements
(57) in rows of the cathode assembly (51) and the

grid elements (59) in columns of the grid assembly
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(55) provides a method of selecting, for example,

the intensity of each point produced by,#he matrix
(51) of elements (57). ’

35. A.display dev1ce accordlng to claﬁn 24, 25 26 or 27
wherein each element (69) in the cathode assembly

(63) is provided with substantially 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 individually

adjusted thereby adjusting the intensity of light
produced on the phosphor screen (65)

36. . A display device comprlslng one or more
light emitting devices, the or each light emitting
device consisting of an element as,claiméd in any

one of-claims 1-14.. ) -

37. A display device according to claim

36 which further comprises a plurality of light emitting
devices arranged to provide'a matrix.

38. : A display device according to claim

37 wherein the light emitting devices are enclosed

in a suitable envelope which is evacuated or has an
inert atmosphere. | |

39. A display device according to claim

37 or 38 wherein individual light emitting devices

in the matrix are addressed using digital circuitry

and drive circuitry. _ ' .
40. A display device according to claim

37, 38 or 39 wherein the light emission from each
light emitting device is controlled by the current
passed to each device. ' |

41. ' A display device according to any one

of claims 37-40 which is provided with a screen of
colour filters thereby allowing a coloured image to be
produced. A
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