
WO 03/015117 PCT/GB02/03691  FIELD EMISSION BACKPLATE FIELD OF INVENTION
The present invention relates to a field emission  backplate and to a
related arrangement and method of  manufacture. Iii particular, though not
exclusively, the  invention relates to a field emission backplate
comprising 5 a plurality of emission sites or "silicon tips" formed by
laser crystallisation and selective regrowth. The invention  finds use in
displays. BACKGROUND TO INVENTION Flat panel displays are of immense
importance in  1 0 electronics. In current developments, Active Matrix
Liquid  Crystal Displays (AMLCD) are beginning to challenge the  dominance
of Cathode Ray Tube (CRT) technology. AMLCD  devices are non-emissive and
require complex lithography.  Filters and matching spectral backlights are
required to i5 produce colour. However, there are many light losses and
inherent complexity in AMLCD devices because of the non- linear nature of
liquid crystal materials. This results in  a display that is less bright
than CRT with a Smaller  colour gamut and poorer viewing angle and
contrast. Also, 0 due to the non-emissive nature of the display,
inefficient  use of input electrical power is made often with well over
70% of the energy being lost as non-useful energy. Field emission displays,
based on conventional 'Spindt.  Tip' technology, promised a solution to
flat panel display  2`55 problems. FLeld emission displays (FEDs) are
essentially flat cathode ray rube (CRT) devices. However, rather than  one
electron gun firing electrons at a phosphor on a screen  through a shadow
mask, the FED has tens or hundreds of  individual. rips in each display
pixel. The tips are known WO 03/015117 PCT/GB02/03691  



as Spindt tips, after the inventor Cap Spindt. The process  of fabrication
re?ies on defining a pattern of holes in a  gate metal by photolithography.
An underlying insulator is  then etched in an isotropic wet etch that.
"undercuts"  leaving a well beneath the metal. A sacrificial layer
(usually nickel) is then evaporated on the surface at an  oblique angle to
ensure the well is not filled. The  emitter material (usually tungsten or
molybdenum) is then  evaporated through the holes in to the well. As the 10
evaporate metal builds up on the surface, on the  sacrificial layer, it.
closes the hole as the thickness  increases, grid has the effect of
providing an emitter tip  in the well. The top metal is then removed by
etching the  sacrificial layer, leaving the tip, the well, and the 1
original gate metal. This forms the backplate of Spindt  tips. A top plate
containing a patterned phosphor is then  placed relative to the backplate
using spacers. The final  device is evacuated to allow the emitted
electrons a long  mean free path. The principle of field emission from 20
micro-tips is well understood and is governed by Fowler - Nordheim
tunnelling. The emission current, and therefore  brightness of the display,
depends then only on the current  density, the number of tips and their
sharpness, i.e. I = J: ,ncz 2 r5 Where n - number of tips, et. the tip
sharpness and J.,, the  Fowler-Nc:ordheim tunnel current density. The tips
will provide a sharp electron source that  will provide hot electron
injection into, for example, a  phosphor. 3(' Unfortunately, the extreme
complication in fabrication  ha5 l.imir.ed the use of this technology.
Additionally,  crystal silicon emitters are limited by the wafer size.
Other thin-film materials may also be used for field  



emission. Carbon is the main contender with diamond, WO 03/015117
PCT/GB02/03691  .3 diamond like carbon and carbon nano-tubes also suitable.
The use of diamond seemed a good choice, although this is  difficult to
fabricate and also the mechanism of a supposed  negative electron affinity
which diamond was claimed to  have has now been questioned. An object of at
least one embodiment of at least one  aspect of the present. invention is
to obviate or at least  mitigate at least one of the aforementioned
problems in the  prior art. 1U SUMMARY OF INVENTION According to a first
aspect of the present invention  there is provided a method of forming a
field emission  backplate comprising: providing a planar body of amorphous
semiconductor  15 based material upon a substrate; and laser crystallising
at least a portion of the  amorphous semiconductor based material; wherein
upon crystallising the amorphous  semiconductor based material a plurality
of emitter sites  20 are formed. Preferably the planar body of amorphous
semiconductor  based material is provided by depositing a thin film of the
material upon a substrate. Conveniently, the semiconductor based material
is  25 silicon or an alloy thereof. Preferably the laser crystallising is
performed using  an excimer Laser or Nd:YAG laser. Conveniently, the
excimer laser is a KrF laser. It Will be understood that in the context of
the  3C. present invention the term "thin film" is used to define a  



film of r few nanometers, for example, 1 to 100nm, and  typically 10nm.
According to a second aspect of the invention there is WO 03/015117
PCT/GB02/03691  4 provided a field emission backplate comprising a
plurality  of emitter sil.es formed by laser crystallisation of a thin
film of amorphous semiconductor based material. Conveniently, the
semiconductor based material is  5 silicon or an alloy thereof. According
to a third aspect of the invention there is  provided a field emission
device comprising a field  emission backplate having a plurality of emitter
sites  formed by laser crystallising of a thin film of amorphous  ll)
semiconductor based material. The field emission device may be a vacuum
device  wherein the emitter sites of the backplate act as an  emission
sources in the device. Conveniently, the field emission device comprises a
substrate, a field emission backplate, and an evacuated  space and a
transparent window, e.g. thin film transparent  metal or metallised
phosphor, wherein the field emission  backplate is formed upon the
substrate and the evacuated  space is located between the field emission
backplate and  the thin film transparent metal or metallised phosphor. 20
Alternatively, the field emission device comprises a  wide band-gap light
emitting material, eg light emitting  polymer into which electrons from the
emitter sites of the  backplate are emitted. Conveniently, the field
emission device comprises a  substrate, a field emission backplate, on one
side of which  is formed a plurality of emitter sites, a light emitting  



polymer and a thin film transparent metal or metal.lised  phosphor wherein
the field emissicri backplate is formed  upon the substrate, one surface of
the light emitting  polymer is disposed on the plurality of emitter sites
of  the field emission backplate:, the thin film transparent  metal being
disposed on the oc.her surface of the light  emitting polymer. WO 03/015117
PCT/GB02/03691  Conveniently, the field emission device :s a display
device. According to a fourth aspect of the present invention  there is
provided a field emission backplate comprising a  plurality of grown tips,
r.he backplate being made  substantially from semiconductor based material.
Preferably the plurality of tips are formed on a thin  film of
semiconductor based material. Preferably the grown tips are "profiled",
that is to  10 say grown in a manner resulting in a sharp pointed shape.
Conveniently, the tips are grown and etched  simultaneously Conveniently,
the semiconductor based material is  silicon or an alloy thereof. i,5
According to a fifth aspect of the present invention  there is provided a
field emission backplate comprising a  planar member of substantially
amorphous material and a  plurality of tips of crystalline raterial
thereon. Preferably the tips are tocmed on crystalline or  2f crystallised
areas of the planar member. According to a sixth aspect! of the invention
there is  provided a field emission backplate comprising a plurality  of
grown tips, the backplate being made substantially from  a thin tilm
silicon based material. Preferably the plurality of rips are formed by the



growth of crystalline silicon on a plurality of  crystallized areas of the
thin film of amorphous silicon. According to seventh aspect of the
invention there  is provided a field emission device having a backplate
art comprising an array of (profiled) tips formed by the selective growth
of crystalline semiconductor based  material on a plurality of crystallized
areas of a thin  film of amorphous semiconductor based material. The field
emission device may be a vacuum device WO 03/015117 PCT/GB02/03691  6
where_n the emitter. tips of the backplate act as an  emission source in
the device. Conveniently, r.he field emission device comprises a
substrate, a field emission backplate, an evacuated space  and a
transparent window, e.g. thin film transparent metal,  wherein the field
emission backplate is formed upon the  substrate and the evacuated space is
located between the  field emitting back-plate and the thin film
transparent  metal. 10 Alternatively, the field emission device may
comprises  a wide band-gap light emitting material., e.g. light  emitting
polymer into which electrons from the emitter tips  of the backplate are
emitted in use. Conveniently, the field emission device comprises a  i5
substrate, a field emission backplate, on one side of which  is formed a
plurality of tips, a light emitting polymer and  a thin film transparent
metal wherein the field emission  backplate is *ormed upon the substrate,
one surface of the  light emitting polymer is disposed on the plurality of
tips '0 of the field emission backplate, the thin film transparent  metal
be disposed on the other surface of the light  emitting polymer. 



conveniently the field emission device is a display  device. 255
Preferably, the tips of the field emission backplate  of the display device
are of a density of at least. 100 per  square micron. According to an
eighth aspect of the invention there  is provided a method of forming a
field emission backplate  30 comprising: depositing a thin film of
amorphous semiconductor  based material upon a substrate; locally
cr..ysr.allizing a plurality of areas of the thin  film amorphous
semiconductor based material; and WO 03/015117 PCT/GB02/03691  7 growing
crystalline semiconductor based material upon  each of the plurality of
crystallized areas cf thin film  amorphous semiconductor based material.
Conveniently the thin film of amorphous semiconductor  based material is
deposited on a substrate e.g. by plasma  enhanced chemical vapour
deposition (PECVD). Preferably the plurality of areas of thin film
amorphous semiconductor based material are crystallized by  exposure to at
least one pulse of a laser interference  10 pattern. According to a ninth
aspect of the invention there is  provided a method of crystallizing areas
of thin film  amorphous semiconductor based material for use in a field
emission backplate comprising: forming a laser interferometer by splitting
and  recombining a laser beam; placing the thin film of amorphous
semiconductor based  material in a plane of recombination of the laser
beam;  locally crystallizing areas of the thin film of 



amorphous semiconductor based material by subjecting the  thin film to at
least one laser pulse, wherein the  crystallised areas generated in the
thin film amorphous  semiconductor based material correspond co the
interference  pattern of the laser. Preferably, for a backplate of
amorphous semiconductor  based rriaLerial wherein the semiconductor based
material is  hvdrogenated amorphous silicon, the laser operates at a
wavelength of around 532nm to maximise absorption and  preferably the laser
is a Nd:YAG laser. 3 ~; BRIEF DESCRIPTION OF DFL.AWINGS These and other
aspects of the invention will become  apparent from the following
description when taken in  combination wir.h rrhe accompanying drawings
which show: WO 03/015117 PCT/GB02/03691  8 Figures IA - IF a thin film
semiconductor crystallised  at various energies according to the  present
invention; Figure 2 field emission device according to a  first embodiment
of the present  invention; Figure 3 a graph of field emission current vs
electric field for a field emission  backp.late of the field emission
device  10 of Figure 2; Figure 4 a schematic perspective view of a thin
film of amorphous silicon onto which is  projected a laser interference
pattern  in forming a field emission backplat.e; l~ Figure 5 a
cross-section of a side profile of a  grown crystalline silicon backplate
according to a second embodiment of the  



present invention; Figure 6 a schematic side view of a field  20 emission
device having crystalline  silicon tips according to a third  embodiment of
the present invention; Figure 7 a schematic side view of a field  emission
device having crystalline  > silicon tips according to a fourth embodiment
of the present invent ion; WO 03/015117 PCT/GB02/03691  9 Figure 8 a
schematic side view of a field  emission device having crystalline  silicon
tips according to a fifth  embodiment of the present invention; Figures 9A
- 9E a series of side cross-sectioned views  showing a method of forming a
field  emission backplate according to a sixth  embodiment of the present
invention; Figures 1OA & 10B photographic images of the field  0 emission
backplate of Figures 9A - 9E;  Figures 11A - 11C a series of side
cross-sectional views showing a method of forming a field  emission
backplate formed according to  .a seventh embodiment of the present 15
invention including the use of a  planarising agent. DETAILED DESCRIPTION
OF DRAWINGS With reference initially to Figures 1A - IF there is  shown
photographic images of field emission backplates 12a  20 to 12f each formed
of an amorphous semiconductor based material, in this case n-type
hydrogenated amorphous  silicon, on the surface of which a plurality of
emitter  



sites 20e-20f are formed. The field emission backplate 12a  - 12f is formed
by the deposition of a thin film of 25 approximately 1001,int of n-type
hydrogenated amorphous  silicon onto a substrate of, for example, aluminium
by  plasma enhanced chemical vapour deposition (PECVD) . The  deposited
thin film then undergoes laser crystal].isation by  en excimer laser or.
Nd:YAG laser, in l;his case a KrF laser 30 operating, ac a wavelength of
248nm scanning at 2mm\s in an WO 03/015117 PCT/GB02/03691  10 atmosphere of
oxygen and then quenched. Alternatively a  Nd:YAG laser operating at a
wavelength of 532nm is used.  The laser is pulsed at 3 to 7 nanoseconds and
stepped and  repeated to form a pattern. This process results in the 5
surface of the silicon having a rough texture. The energy  absorbed by the
silicon influences the extent of roughening  of the surface as can be seen
in Figures 1A - IF, with  Figure 1A showing the emitter tips 20a which are
the  resultant effect of a small amount of absorbed energy i.e. i0
approximately 100 mJ\cmr. This can be compared to Figure IF  which shows
the rounded emitter tips 20f achieved by a  relatively large amount
absorbed energy, in the region of  300 mJ\cm . In each case, each of the
tips 20a - 20f acts  as an emitter site. When the bookplate 12 is
incorporated '_5 in a field emission device (not shown), each emitter site
20a - 20f emits electrons at low fields in a field emission  configuration.
The backplate 12a - 12f results in emission  currents in excess of 10-r'A
and low field threshold of  around 10V/gym. 20 An example first embodiment
field emission device 10g,  having a field emission backplate 12g formed as
described  with reference to Figures 1A - 1F, is shown in Figure 2.  The
device log shown is a triode device having a field  



emission backplate 12g with a substrate 14g of aluminium 5 and a thin film
16g of ri-type hydrogenated amorphous  silicon which has been treated by an
excimer laser and.thus  has a plurality of emitter sites 20g upon the
surface. An  i.ns .~l.~r.ing ? ayer, f.nr eX,;MP)1 e, a layer of an
insulating  material. such as silicon nitride, has been disposed on the 30
crystallised silicon, and subsequently etched thus  providing spacer
elements 22g. Upon each of these spacer  elements 22g is disposed a thin
film 26g of phosphor, e.g.  metall.i.sed phosphor and the device is
completed with a  laver of glass tog thus giving a three terminal gate WO
03/015117 PCT/GB02/03691  11 control arrangement. The area 24g between the
glass 28g  and the emit er sites 20g is evacuated which allows the
emission to be controlled using ).ow voltages and this is  important for
effective spacial control when the device 10g  is used in display
arrangements. Emission currents measured in such a device lOg having  a
vacuum below 5 x 10 mbars are shown in Figure 3 which is  a graphical
representation of the emission current vs the  electric field. It is also
estimated that the beta factor 10 for the described device lOg is in excess
of 450 with this  figure including both geometric enhancement and internal
enhancement. In Figure 4, there is shown a thin film of amorphous  silicon
16h disposed upon a substrate of aluminum 14h  -15 wherein a pattern of
dots 18h caused by a laser interference pattern can be seen upon a region
of surface  of the silicon 16h. This arrangement illustrates a  refinement
of the technique used to form a backplate such  as that of the first
embodiment, the technique being used  20 to produce a field emission
backplate. 



The thin film of amorphous silicon 16h is disposed  upon the substrate of
aluminum 14h by plasma enhanced  chemical vapour deposition (PECVD). A
Nd:YAG pulse laser,  having a pulsing duration in the region of 3 to 7
nanoseconds, is used to form an interferometer, with the  beam heiny split
and brought back together forming a  pattern of dots 18h. The thin film
silicon laver 16h is  positioned in a plane in which the interference
par.r.ern of  the laser is formed. The laser interference pattern acts 3e'J
upon the silicon 'laver 16h creating areas, or dots 13h, of
crystallization. A single pulse of an Nd:YAG laser is used  to locally
c-:rystallize the region. The laser beam is  synchronised with a step and
repeat system in the plane of  the thin film silicon 1611 resulting in the
formation of WO 03/015117 PCT/GB02/03691  1.2 laser spots, and hence the
crystallised dots 18h,  distributed over the entire surface plate of the
thin film  silicon 16h, thus allowing a high density of tips to be  made.
By using this step arid repeat system the backplate 5 12h may be made of
any chosen size. An area of 30im x 30um  is typical for an individual
pixel, and hence a micro tip  density of 300 x 300, which equals 9 x 10-
per. Red Green  Blue (RGB) pixel will be achieved. Such density of
emitters is of crucial importance as the emission current 10 of a field
emission device depends on the number of tips  and their sharpness. A
selective etch and growth process involving a dilute  silane/hydrogen
plasma forms micro crystalline silicon by  allowing strained bonds within a
silicon array, to be 15 broken by the mobile hydrogen while deposited
silicon atoms  form thermodynamically stable crystalline sites. To form
emitter tips 20h upon the laser treated thin film silicon  



16h, resulting in a cross-section of tips 20h such as those  shown in
Figure 5, the FECVD deposited thin film silicon 20 16h is subjected to a
dilute silane/hydrogen plasma in a  reactor. During this process,
deposition of silicon atoms will  only take place on a crystalline
substrate and therefore in  this case upon the crystallised dots 18h of the
thin film  silicon 16h. Amorphous or weak bonded areas of the  structure
are sirnultaneously etched. Continued growth has  the effect of profiling
the edges of the growing film where  the etching effect is more dramatic.
As each crystalline  area 18h is limited in size to less than 100nm, the
aspect 30 ratio is such that the edges converge. Therefore, each  circular
dot l8h of 100nm or less of the emitter plate 12h  effectively grows a
profile tip 20h. The growth and  etching processes are mediated by mobile
hydrogen and the  aspect ratio proFi.ling etching leading to sharp tips 20h
WO 03/015117 PCT/GB02/03691  13 over the entire gr.owi.nc surface of the
plate of thin film  silicon 16h. This profiling leads to field enhancement
of  the emission plate 12h which therefore gives a low  threshold (of
around ISv/pm)for. field emission and thus  higher emission current (i.e.
in excess of 10 amps) than  that achievable with the field emission
backplate of the  first embodiment. A Cross-section of such grown tips 20i
is shown in  Figure 5 as is a cross-section Of spacers 22i which have  10
been formed by allowing the pulsed laser to rest upon certain areas of the
thin film si..l.icon to create line or  dot crystalline structure (not
shown) that have dimensions  much bigger than those of the emitter dots
(not shown).  This results in a thicker deposited film being formed upon 



15 these crystalline areas. Thus spacers 22i are grown at  the time as the
emitter tips 20i, allowing placement of  gates for three terminal devices.
As the emission current, and therefore the brightness  of the display
depends upon the current density, the number  0 of tips, and their
sharpness, according to I=JE,N na. The tips provide a sharp electron source
that, when  incorporated within a device 10, will provide hot electron
injection into the light emitting laver of the device  either through an
evacuated space 24 or into a wide band 25 gap light erni r.r.ing material
25. Each electron gains energy  from the applied field, that is the field
which is app.l.leo  across the device 10 with aluminum substrate 12 acting
as  an electrode. A field emission device configuration 10j having  <;
rystallised silicon emitter tips 20j formed as described  with reference to
Figures 4 and 5 is shown in Figure 6. The field emission device 10j is a
vacuum device  having grown spacers 22j on the micron scale. The  substrate
14j is formed of aluminium onto which the thin WO 03/015117 PCT/GB02/03691
14 film semiconductor based material 16j, in this case thin  film
hydrogenated amorphous silicon, is disposed by PECVD.  As has been detailed
previously, a plurality of areas 18j,  21j of the hydrogenated amorphous
silicon are crystallised  by a laser interferometer and, using the growth
and etch  system, tips 20j and spacers 22j are grown. A plate of  patterned
Indium Tin Oxide (ITO) 26j, disposed on a glass  substrate 28j, is arranged
to sic on the grown spacers 22j  of the emitter backplate 12j. The area 24j
between the  10 emitter tips 201 and the ITO 26j is evacuated. An
alternative field emitting device l0k is shown in  



Figure 7. In this configuration the field emitting device  l0k is arranged
with a wide band-gap light emitting  material 25k, in this case a polymer,
disposed on top of  the field emission tips 20k for use as the light
emitting  medium. A diode configuration is fabricated with a thin  film
transparent metal, such as Indium Tin Oxide (ITO) 26k  disposed on a glass
substrate 28k. The device l0k has the  field emission backpl.ate 12k formed
of silicon 16k disposed 2U on a substrate 14k which in this case is
aluminium. The  thin film (in the order of many microns) of wide band-gap
light emitting polymer 25k is disposed upon the plate of  patterned ITO 26k
on glass substrate 28k by, for example,  screen printing. The light
-emitting polymer 25k is then 2 pressed onto the crystalline silicon tips
20k of the  backplate 12k. An Al-Si-polymer-ITO diode structure is  thus
formed with the polymer 25k being cured upon baking  the device 10k to a
temperature of approximately 100'C.  Such a device arrangement is
particularly useful in the ?(; case of The thin Film semiconductor not
being of n-type and  there being no low barrier metal that enables
electrons to  be injected. A further alternative field emission device 101,
including a metal. coated phosphor layer member 301 disposed WO 03/015117
PCT/GB02/03691  15 on a face plate .321, is shown in Figure 7. The device
101  is further adapter.; to form a triode configuration by the  deposition
of an insulator 341 with a metal gate 361 placed  above. A vet further
embodiment of a field emission backplate  12m involves constructing a three
terminal device having  self-aligned gates for each emitter 20m. This field
emission backplate is constructed in a manner illustrated  



in Figures 9A - 9E. In Figure 9A there is shown a 10 backplate 12m formed
of a substrate 14m, metal cathode 15m  and a thin film of amorphous silicon
16m. The thin film  silicon 16m is laser'crystallised in the manner
described  with reference co Figures 1A-1F using an Nd:YAG laser with
emission tips 20m formed by the crystallisation process as  1s, detailed
previously. The first step of forming the self aligned gates  involves
forming by deposition a thin SiN (Silicon Nitride)  insulator. 38m, using
PEVCD, upon the exposed surface of  crystallised silicon completely
encapsulating each of the  20 emitter tips 20m as is illustrated in Figure
9$. The second step of the process, the results of which  are shown in
Figure 9C, involves a laver of metal 40m, in  this case chromium, being
deposited on top of the SiN laver  by thermal evaporation. 2S In the third
step of the process, the plate  arrangement is then etched by plasma means,
in this case  using CF, (freon) gas. This results in the top of each
emitter tip losing its metal and the SiN insulator layer  38m being exposed
as is shown in Figure 9D. As is shown in Figure 92, the SIN insulator 38m
is  then etched leaving a supporting metal. ring 41m around the  exposed
tip 20m which acts as a gate. The resultant emission backplate 12m, which
is shown  in Figure 10A and in a close-up image in Figure 10B, can WO
03/015117 PCT/GB02/03691  16 be used to Form a field emission device 10m
that is  completely lithography free. Referring to Figures 11A 11C, this
process can be  improved by applying a planarising agent 37n, that is a
liquid which upon heating or solvent evaporation becomes a  



thin planar film, to the crystallised backplate 12n after  r.he second step
of the process resulting in an arrangement  as illustrated in Figure 11A.
This shows the planarising  agent 37n coating the backplate l2n leaving the
emitter  i0 tips 20n standing proud. The step of etching the arrangement by
plasma means  thus results in the arrangement shown in Figure 11B. The SiN
insulator is then etched as before, leaving a  space between the metal
laver and the tip as is shown in  15 Figure 11C. By utilising the
planarising agent 31n in this way the underlying silicon backplate
structure is protected  from corrosive etch effects. The planarising agent
can  then be removed resulting in a metal gate surrounding each  tip as
shown in Figures 10A and 10B. 2() Devices such as those detailed in the
previous  embodiments are suitable for many display applications due  to
their having low power consumption and being relatively  simple to
fabricate. Such devices may also be used as the  cathodes for high power
transistors for microwave 2r, amplifiers in the satellite and mobile
communication  markets. Various modifications may be made to the embodiment
of  the invention as hereinbefore described without departing  from the
scope of the invention. For example, during the 30 laser treatment of the
thin film amorphous $..t1.icon 16a - m,  the use of a single laser pulse
has been described in  locally crystallising the region, however, a number
of  pulses may alternatively be used thus allowing energies as  low as
2OmJc.m" to be used. Additionally, it has been WO 03/015117 PCT/GB02/03691
17 described how the crystallisation of larger line or dot  structures _la
- in can be used to grow spacers 22a - n  



during the selective etch and growth process of the tips  20a - m, however,
silicon can also be grown in blocks on an  insulator and thin film
transistor devices for active  address delineated in the same process. The
process of crystall.isinq the thin film amorphous  silicon 16a - n has been
described as being performed by a  pulsed laser, however, this may also be
performed by other 10 means such as intense electron. beam irradiation or
high  energy ion ream/particle impact or even thermal annealing.  The
depositing of the thin film of amorphous silicon 16a - m which may be
intrinsic or doped n-type has been  described by plasma enhanced chemical
vapour deposition.  15 However, the thin film may also be deposited by
sputtering,  evaporation or other such means. The substrate 14a - m on
which the thin film silicon  16e - m has been deposited has been described
as aluminum,  however, may alternatively be metal such as molybdenum, 20
chromium, or similar. It should be rioted that the electrode  need not be
formed integrally with the substrate 14a - m  and may indeed be formed of a
different material from the  substrate 14a - m. Also the use of a Nd: YAG
laser having  532nm wavelength chosen to maximise absorption in silicon  is
detailed, however, any other wavelength can be used and,  in particular,
other wavelengths to maximise absorption in  other appropriate
semiconductor based materials can be  Used. The use of a transparent metal
to form a diode  configuration field emission device is described, however,
30 a suitable conductiriq polymer may alternatively be used.  E'urthermore
TfT control circuitry Can by fabricated in  the same- manner. as the
described field emission backplate  12a - m either at pixel level or via
integrated peripheral  drivers. WO 03/015117 PCT/GB02/03691 



is  The thin film semiconductor in the detailed  embodiments is an N-type
hydrogenated amorphous silicon  however the semiconductor may alternatively
may be  germanium or. germanium alloy or similar. The substrate 14a r, - m
on which the thin film semiconductor 16a - m is  disposed has been detailed
as being aluminium however may  be formed of various other types of metal
such as mobidium,  chromium or similar. The use of a KrF (Krypton Fluorine)
excimer laser is described however any excimer laser may be  _C used. The
device described in Figure 8 is detailed as  including a metal coated
phosphor layer 301 disposed on a  face plate 321, however, it should be
understood that the  other device embodiments detailed may also include
this 15 feature. Furthermore, each embodiment of the device 10a - m may be
adapted to form a triode configuration by the  deposition of an insulator
34a - m with a metal gate 36a - m placed above. The silicon backplate
described with reference to  20 Figure 9 is detailed as being crystallised
using a Nd:YAG  laser, however, it. may be crystallised using an excimer
laser and may be crystallised using a laser interferometry  technique.
Furthermore, the insulator 38m disposed on the  crystallised silicon 16m is
described as being SiN however 25 it may be any suitable insulator and may
be deposited using  any conformal coating method. The laver of metal 40m
disposed upon the insulator has been described as being  deposited using
thermal evaporation, however, sputtering or  any other suitable technique
may be used. WO 03/015117 PCT/GB02/03691  19  CLAIMS 



1. A method Of forming a field emission backplate  comprising: providing a
planar body of amorphous semiconductor  based material upon a substrate;
and laser crystallising at least a portion of the  amorphous semiconductor
based material; wherein upon crystallising the amorphous semiconductor
based material a plurality of emitter sites are formed. 10 2. A method as
claimed in claim 1, wherein the planar  body of amorphous semiconductor
based material is provided  as a thin film of material deposited upon a
substrate. 3. A method as claimed in claim 1 or 2, wherein the
semiconductor based material is silicon or an alloy  15 thereof. 4. A
method as claimed in claim 2, further comprising the  step of performing
laser crystallising using an excimer  :Laser or Nd:YAG laser. 5. A method
as claimed in claim 4, wherein the excimer  20 laser is a KrF laser. 6. A
field emission backplate comprising a plurality of  emitter sites formed by
laser crystallisation of a thin  film of amorphous semiconductor based
material. 7. A field' emission backplate as claimed in claim 6,  wherein
the semiconductor based material is silicon or an  alloy thereof. WO
03/015117 PCT/GB02/03691  20 8. A field emission device comprising a field
emission  backplate having a plurality of emitter sites formed by  laser
crystallising of a thin film, of amorphous  semiconductor based material.
51 9. A field emission device as claimed in claim 8, wherein  the field
emission device is a vacuum device wherein the  



emitter sites of the backplate act as an emission source in  the device.
10. A field emission device as claimed in claim 9, further  10 comprising a
substrate, a field emission backplate, and an  evacuated space and a
transparent window, wherein the field  emission backplate is formed upon
the substrate and the  evacuated space is located between the field
emission  backplate and the thin film transparent metal or metallised  15
phosphor. 11. A field emission device as claimed in claim 8, further
comprising a wide band-gap light emitting material, into  which the
electrons from the emitter sites of the backplate  are emitted in use. 0
12. A field emission device as claimed in claim 11,  further comprising a
substrate, a field emission backplate  on one side of which is formed a
plurality of emitter  sites, a light emitting polymer and a thin film
transparent  metal or merallised phosphor, wherein a field emission 1
hackplate is formed upon the substrate, one surface of the  light emitting
polymer is disposed on a plurality of  emitter sites of the field emission
backplate, the thin  film transparent metal being disposed on the other,
surface  of the light. emitting polymer. WO 03/015117 PCT/GB02/03691  21
13. A field emission device as claimed in claim 11,  wherein the device is
a display device. 14. A field emission backplate comprising a plurality of
grown tips, the backplate being made substantially from  :j semiconductor
based material. 15. A field emission backplate as claimed in claim 14
wherein the plurality of tips are formed on a thin film of  semiconductor
based material. 



16. A field emission backplate as claimed in claims 14 or  10 15, wherein
the semiconductcr based material is silicon or  an alloy thereof. 17. A
field emission backplate as claimed any one of  claims 14 to 16, wherein
the plurality of tips are grown in  a manner resulting in each having a
sharp, pointed shape.  18. A field emission backplate as claimed in any one
of  claims 14 co 17, wherein the plurality of tips are grown  and etched
simultaneously. 19. A field emission backplate comprising a planar member
of substantially amorphous material and a plurality of tips  10 of
crystalline material thereon. 20. A field emi.ssLon backplate as claimed in
claim 1.9,  wherein the each of the tips is formed on a crystalline  area
of the planar member. 21. A field emission backplate comprising a plurality
of  crown Tips, the backplate being made substantially from a  chin film
silicon based material. WO 03/015117 PCT/GB02/03691  22 22. A field
emission backplate as claimed in claim 21  wherein the plurality of tips
are formed by the growth of  crystalline silicon on a plurality of
crystallised areas of  the thin film of silicon based material. 23. A field
emission backplate as claimed in claim 21 or  22, wherein the silicon based
material is amorphous  silicon. 24. A field emission device having a
backplate comprising  an array of profiled zips formed by the selective
growth of  10 crystalline semiconductor based material on.a plurality of
crystallised areas of a thin film of amorphous  semiconductor based
material. 25. A field emission device as claimed in claim 24,  



wherein the device is a vacuum device wherein the emitter  15 tips of the
backplate act as emission sources in the  device. 26. A field emission
device as claimed in claim 24 or 25,  further comprising a substrate, a
field emission backplate,  an evacuated space and a transparent. window,
wherein the 2() field emission backplate is formed upon the substrate and
the evacuated space is located between the field emission  backplate and
the thin film transparent window. 27. A field emission device as claimed in
claim 24,  further comprising a substrate, a field emission backplate,
wide hand-gap light emitting material and a transparent  window, wherein in
use electrons from the emitter tips of  the backplate are emitted into the
wide band gap light  emitting material. WO 03/015117 PCT/GB02/03691  23 28.
A field emission device as claimed in claim 27,  wherein the wide band-gap
light emitting material is a  light emitting polymer. 29. A field emission
device as claimed in any one of  claim 26 to 28 wherein the transparent
window is a thin  film transparent metal. 30. A field emission device as
claimed in claim 24,  wherein one surface of the light emitting material is
disposed on the plurality of the tips of the field emission '10 backplate
and the transparent window is disposed on the  other surface of the light
emitting material. 31. A field emission device as claimed in any of claims
24  to 30, wherein the device is a display device. 32. A field emission
device as claimed in any of claims 24  15 to 31, wherein the tips of the
field emission backplate are  of a density of at least 100 per square
micron. 



33. A method of forming a field emission backplate  comprising: depositing
a thin film of amorphous semiconductor  20 based material upon a substrate;
locally crystallising a plurality of areas of the thin  film amorphous
semiconductor based material; and growing crystalline semiconductor based
material upon  each of the plurality of crystallised areas of thin film  2S
amorphous semiconductor based material. 34. A tethod of forming a field
emission backplate as  claimed in claim 33, further comprising the steps of
depositing the thin film of amorphous semiconductor based WO 03/015117
PCT/GB02/03691  24 material by plasma enhanced chemical vapour deposition.
35. A method of forming a field emission backplate as  claimed in claim 33,
further comprising the steps of  crystallising the plurality of areas of
thin film amorphous  semiconductor based material by exposure to at least
one  pulse of laser interference pattern. 36. A method of crystallising
areas of thin film amorphous  semiconductor based material for use in a
field emission  backplate comprising: 10 forming a laser interferometer by
splitting and  recombining a laser beam; placing a thin film of amorphous
semiconductor based  material in the plane of the recombination of the
laser  beam; 1 locally crystallising areas of the thin film of  amorphous
semiconductor based material by subjecting the  thin film to at lest one
laser pulse wherein the  crystallised areas generated in the Chin film
amorphous  semiconductor based material correspond to the interference  



20 pattern of the laser. 37. A method as claimed in claim 36, wherein for a
backplate of amorphnus semiconductor based material wherein  the
semiconductor based material is hydrogenated amorphous  silicon, the laser
operates at a wavelength of around 532nm  to maximise absorption. 38. A
method as claimed in claim 36 or 37, wherein the  laser is a Nd: YAG laser.
39. A field :mission backplate as hereinbefore described  with reference to
Figures 1A to 3. WO 03/015117 PCT/GB02/03691  25 40. A field emission
backplate as hereinbefore described  with reference to Figures 4 to 8. 41.
A field emission backplate as hereinbefore described  with reference to
Figures 9A to 11C. 42. A field emission device as hereinbefore described
with  reference to Figures 1A to 3. 43. A field emission device as
hereinbefore described with  reference to Figures 4 to S. 44. A field
emission device as hereinbefore described with  In reference to Figures 9A
to 11C. 45. A method of forming a field emission backplate as  hereinbefore
described with reference to Figures i to 3.  46. A method of forming a
field emission backplate as  hereinbefore described with reference to
Figures 4 to S.  47. A method of forming a field emission backplate as
hereinbefore described with reference to Figures 9A to 11C.  48. A method
of crysrallising areas of thin film amorphous  semiconductor based material
as hereinbefore described with  reference to Figure 1. 


