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The present invention relates to a field em ssion backplate and to a

rel ated awoasgesent and net hod of nmanufacture. lii parti earasBo2tobedugh not
exclusively, the invention relates to a field em ssion backplate
conprising 5 a plurality of em ssion sites or "silicon tips" formed by

| aser crystallisation and selective regromh. The invention finds use in
di spl ays. BACKGROUND TO | NVENTI ON Fl at panel displays are of imense
inmportance in 1 0 electronics. In current devel opnments, Active Matrix
Liquid Crystal Displays (AML.CD)_are beginning to challenge the dom nance
of Cat hode Ray Tube (CRT) techn%EE%?——¥£@§%QHéh§E5§%§%§(3 non-em ssi ve and
require conplex lithography. Filters and matching spectral backlights are
required to i 5 produce col our. However, there are many |ight |osses and

i nherent con@®xid We TviihEPogevi ces because of the non- |inear nature of
liquid crystal materials. This results in a display that | ess bright
than CRT with a Srfiel el?re{}m’buﬁngjéﬁﬁf-oéndfedd‘&eér %A effi n@l%]rfgl gmangton
contrast. Al §0,.,0104¢ tgntha.foy-epbssive natruhgepbntheadd spleatioa of
inefficient wuse of input electrical power 'is que often with well over

70% of the emanAfasEAG -1 ost! e HokWistul PR Yy OFi 8K G 6Pt 81 6n BPEpl ays,

based on_conveRid-anal rg@gegg coThPiyd eelolaono poRbaadeacsabylkongto
flat panel dISp ay 55 bl ens. FLeld enlsS|on di spl a s"(? Esg
essentifal ly ﬁ#aﬂiﬁﬁﬂhédeOfaﬁmﬁﬁﬁéoOcﬂTfeae9F0e§l Fbﬁ%vé% Srat fet ?h one
el ectron gun i ng, eLecif 0Sc 8bn & RNQSPBEEL 08 FeiuaanN Thbroug@rﬁlsﬂadom/
mask, the FEDahas tens or hundreds of individual. rips in each display

pi xel . The tifgsdsr éSﬁnémndv\EPéemiSll? PCT/ GB02/ 03691

BACKGROUND TO INVENTION

Flat panel displays are of immense importance in
10 electronics. In current developments, Active Matrix Liguid
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 metching spectral backlights are reguired to
15 produce colour. However, there are many light losses and
inherent complexity in AMLCD devices because of the non-
lipnear nature of liquid crystal materials. This results in
2z dispiay that 1is less bright than CRT with a smaller
colour gamut and poorer viewing angle and contrast. Also,
20 due to Lhe non-emissive nature of the display, inefficient
use of input electrical power is made cften with well over

70% of the.energy being lost as non-useful energy.
Field emission displays, based on conventional 'Spindt
Tip' technology, promised & solutlon to flat panel display

problems. Field emission displays (FEDs) are essentially

[
s

tlat cathode ray rube (CRT) devices. However, rather than
cne electron gun firing electrons at a phosphor on a scrsen
through a shadow mask, the FED has tens or hundreas of

individuzl rips in each display pixel. The tips are known



as Spindt tips, after the inventor Cap Spindt. The process of fabrication
re?ies on defining a pattern of holes in a gate netal by photolithography.
An under | wiorg/ousisul ator is then etched in an isotropi c weCTatR/08évat .

"undercuts” leaving a well beneath the nmetal. A sacrificial |ayer
(usually nickel) is then evaporated on the surface at an oblique angle to
ensure the well is not filled. The emtter material (usually tungsten or

nmol ybdenum) is then evaporated through the holes in to the well. As the 10
evaporate netal builds up on the surface on the sacrificial layer, it.
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etching the oia(fralti‘mejdallulnayer‘ i elseawi nigruhenm p, péheewel bf andes hén 1a

original gate netal . This forns at net [ oppl ate
cont ai ni ng a %att Wﬁé‘l BRI B wl th‘ #a%& pl agrégj o%qlaﬂn Hngtﬁﬁg%gcl@pl ate
usi ng spacer shehheet éhad mhevazme 1|ss>tef\¢>acaatve€d tetahl dwathe“enfieredts”

el ectrqns a long. mean fr ath..Th [ e ofy fi i ongfLem 20
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tunnel | i ng. 'I?imesuemlszswam:k@uﬂram T hearmd Qmoéfedreé’ Olﬁ‘rltg‘rﬂ nfé@’sfacﬁe tde @Pspl ay,
depends theno%ql %U%n glpglé:urtren%r vﬁ&nsﬁ.g ngq nygb%rotoffup§dand their

shar pness, ren - nber of tips, et. the tip
shar pness andamlt,t,crt e T Bl er( uNelaé&dhéPﬁﬂﬁ'eﬁﬁePr copkepdeensi 19, ETHR ti ps

wi Il provide I ourge dhals WII proyd dgchat el gt roRe
injection i nte%ap Qggaerr%f’ro%aﬁ E %spkt]d’l ! LtJr?fortunateeI y, the extrene
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Addi tionally, I Lisiligon eptiergear g pld ngg,fg,i Qg the W efk$d Z8.
O her thin- flﬁﬁrﬁéﬁéq éls rr\gr Il'rsleo %e uged fc?r fiel
increases, and h=s the effect of prov101ng an &mitter Tip

in the well. The top metal is then removed by &tching 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 phospher 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 = Ja.nc
25 Where 1 = number o[ tips, & the tip sharpness and Je the
Fowler-Nordheim tunnel current density.
The tips will provide a sharp electron source that
will provide hot electron injection into, for example, a
phesphor.
306 Unfortunately, the extreme complicatien in fabrication
has limited 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. Carbor is the main contender with diameond,



em ssion. Carbon is the main contender w th di anond, WD 03/015117

PCT/ GB02/ 03691 .3 dianond |ike carbon and carbon nano-tubes al so suitable.
The use owodsamand seened a good choi ce, although this ispcdidBozosdot to
fabricate and al so the nechani sm of a supposed negative electron affinity
whi ch di anond was clained to have has now been questioned. An object of at
| east one enbodi nent of at | east one aspect of the present. invention is
to obviate or at least mtigate at | east one of the aforenentioned
problens in the prior art. 1U SUMVARY OF | NVENTI ON According to a first
aspect of the present invention there is provided a nethod of formng a
field enissioflamarkplak® EBABPIsPAY: SFrEFNdINEGCa tpPaRar L5odys ot Smsr-phous
sem conduct orrpd 5, Daser TRimsH@l s ey & sphsd e and: J@sRicrerasisalild sing
at least a portion of the anorphous seniconductor based material; wherein
upon cryst al | ¢5f hgFit He WndrpRoMS t e senfl comtfudt'Sr "Ba8aa L ARt @F i AISHWPHASH Al i ty
of enmitter sitgs,: 20 aLe-EoraRda PRk erakiy chheRlnar Hosy ok :ABBr RROUS
sem conduct or ased material is provided by depositing a thin filmof the
mat eri al upomava Ubst rEtve AN EFSERON$A -t he semi conduct or based materi al
is 25 silicon or gn @{oy tdrerpof)e Hyefgrabintddigehaset ertystealdd snrg is
performed using an exciner Laser or Nd: YAG | aser. nveniently, .the

exci mer | aser23ReGE WF FB 23RN TWHN VK 10RdePs tEo@RPRET S KXt S ¢6RtExt of
the 3C. presgit;ddveenti gaakhecteran ki afbkbrént sonsedoteb Defs ne ahe

prior art.

10 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 «crystellising at least & 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
hased marerial is provided by depositing a thin film of the
material upon a substrate.

Conveniently, the semiccnductor based materizl is

a5 cilicon 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 1in the context of the

3 present invention the term "thin film" is used to define a
film of & few nanometers, for example, 1 to 100nm, and
typiceally 10nm.

According to a second aspect of the invention there 1s



filmof r few nanoneters, for exanple, 1 to 100nm and typically 10nm
According to a second aspect of the invention there is WO 03/015117
PCT/ GB02/Ww8a8h15147 provi ded a field em ssion backpl at e conmmCTgiBIg/03691
plurality of emtter sil.es formed by |laser crystallisation of a thin
fil mof anorphous sem conductor based material. Conveniently, the
sem conduct or based material is 5 silicon or an alloy thereof. According
to a third aspect of the invention there js provided a field em ssion
device conprising a field em ssion backplate having a plurality of emtter
sites foried, by JASel, ALALLLSSNEA0. Bk N IR of s AIPTPRIUR, 11,
seni conduct or” based mat eri al field enf ssion V|ce y e a vacuum
devi ce wher eih drfie te wueﬁSSﬁpe@edfthba%atkgﬁxﬁQak&mszﬁ;qwnofeﬁl§§pOn
sources [N 1 N& 4oVl e G QRtlLonkliEe b ehals el wol op: devi ce comprises a
substrat e, e em ssion backplate, and an evacuated space and a
t ranspar ent wi ndovgoneeg i arttilryy, f|Fh@tr%ﬁ%ﬂﬁ%ﬂﬁﬂ?toﬁetéﬁbéﬁ Mt nijadedl s
phosphar, wher | d e, sshan.,kackplate is forned upon the
substrate and Jﬁhgxggggﬁaﬁé age ?s ocat ed between the field em ssion
backpl ate and theéadsizd ifid mOt Panbpafentpaet atf grhandtraeantsed phesphas. 20
Al ternativel yrotdledefa eld QLSS O0ndeyiSe GRS eS dho M gbagd- gap L oht
emtting naté?lal ht emtting polynmer into ich electrons fromthe
emtter S|te§nm‘58tm b@@ml%ﬂt% apElaf & elll W dhieni €At I§iGTRE fFeFas
em ssi on devi A %e@ csf%%t natging beehdcgihSsion backpbabgouon one
si de of \/\/mcﬁf%erm # 2 | 'ural |tylo%ngn1tter sites, a light §%1tt|ng

i0 SPmlCOﬂdUCtor 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

1t substrate, a fileld emission backplate, and an évacuated
space‘and a transparent window, e.g. thin film transparent
metal or metallise¢ phosphor, wherein the field emission
backplate is formed upon the substrate and the evacuated
space is located between the Iield emission backplate and

the thin film transparent metal or metallised phosphor.

N
o

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

~e
«

is formed a plurality of emitter sites, a light emitting
polymer and a thin film transparent metal or metallised
phosphor wherein the field emissicn backplate 1is tformed
it upon the substrate, one surface of the light emitting
polymer is disposed on the plurality of emittecr sites of
the field emission backplate, the thin film transparent
metal being disposed on the other surface of the light

emitting polymer.



polymer and a thin filmtransparent netal or netal.lised phosphor wherein
the field em ssicri backplate is formed upon the substrate, one surface of
t he |i ghtwemswisimg polyner is disposed on the plurality @CTaBRW08#91SItes
of the field em ssion backplate:, the thin filmtransparent netal being
di sposed on the oc. her surface of the light emtting polynmer. WO 03/015117
PCT/ (B02/ 03691 Conveniently, the field em ssion device :s a display
device. According to a fourth aspect of the present invention there is
provided a field em ssion backplate conprising a plurality of grown tips,

r.he backpl ate being made substantiall,y from semni tor haged.paterial.
Preferably the pl Iy < tﬁﬁrp§%§rg% &%ngggﬁﬁiggiﬁggqggirﬁ1gf 2¢p 18
sem conduct oradased material. Preferably the grown tips are "profiled",

that is to 10 say grown in_a manner_re L0y, I Oi; pe.
Conveni ently, the’t %6’5\%2}{‘@ é?oﬁnigﬁatét %ﬁé%*%%%ﬁ&%&%ﬁ@ égtri\%gﬁ?gﬁt ly,

t he seni conduatefe biasesk awatcerd al (i ldsiddicen cor PatKaIlEey rtRBPEOPLING, §

According to fifth aspect of the ent joveption)therg.isqpreykded a
field em ssi o?iuora?clklﬁlyat e“con%??ws’?ng%gapl a#ér' msnbe{rg of " substantially
anor phous naterdsdarandldy glremalketnycohduipsropagegstateiifel rateri al

t hereon. Preferably the _tips.are noerystaldide melbnceyshahl i sed
areas of the plan Feﬁgéﬁé#g Acgopgﬁgg??%yaosixfh aspect! of the invention

there is prauildedia skimglcdnemicssirohabadkpiteeiebnprising a plurality of
grown tips, the backplate,being nadg substantiabbyokiony 2 thid L4l 8y
silicon based natgFﬁgff“ } fé?&bgg the p?uralitybof rips are forned by the
¢ say grown in & 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.

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 material thereon.

preferably the tips are tormed oOn crystalline or
20 crystallised areas of the planar member .

According to a sixth aspect of the invention there 1is
provided a field emission backplate comprising a plurality
of grown tips, the backplate being made substantially from
4 thin tilm silicon based material.

Preferably the plurality of tips are formed by the

»
e ]

crowth o¢f crystalline silicon on a plurality of

crystallized areaes of the thin film cf amorphous silicon.

According to & seventh aspect of the invention there

is provided a field emission device having a backplate

mn comprising an array of (profiled) tips formed Dby the

selective qrowch of crystaliine semiconductor based

material on a plurality of crystallized areas of a thin
film of amorphous semiconductor based material.

The ficld emission device may be a vacuum device



grow h of crystalline silicon on a plurality of <crystallized areas of the
thin filmof anorphous silicon. According to seventh aspect of the

i nvent i onwohBnesi17s provi ded a field em ssion device havi rgTacERoB@at e

art conprising an array of (profiled) tips fornmed by the selective growh
of crystalline sem conductor based material on a plurality of crystallized
areas of a thin filmof anorphous sem conductor based material. The field
em ssion device may be a vacuum device W 03/015117 PCT/ GB02/ 03691 6
where n the emtter. tips of the backplate act as an em ssion source in

t he device. Conveni_en , i el.d..em §8i deyibeertarprises as an
substrat e, a%ﬂ%ﬁ%ﬁ%w#ééid%nggg%glggg" aﬁgeegéuated gpace and a
transparent wmdsyone.sgurtki anf thm tedhsparent netal, wherein the field

em ssion backplate is far upaqn .t he bst ¢ $he- evagspal eds space i s
| ocat ed bet ween t% nvfeingleg%g%'tt"ir}‘r?gh%aec%pfég’t%lgonrgn%\e thin f£|b|I m
transparent gwisratE0 Al tisenat ienalspionh&srikalaten 88i 8K2AEGFRE RRFCE
conprises a w de band- Jght it LB § 2l ot r@rGparieght me€ALL ti NG
pol ynmer™int o Shpé g%gggﬁé{g$ﬁﬁ§$%e%é2€t?ggﬁtgﬁs‘ ofctﬁ% backpl ate are
emitted i n useerGmvertieenfl§ldt RBLFPEPH OFCEBILBRdEVi c@%‘tﬁ?pr‘i‘%g% 5"%i5
subst rate, a ‘fdbesltq:a ry S8 -aor\'.kpé,'icg‘%@;@oe@ns% Sigel@&c:gﬂ@dipbet\idéexﬁorzﬁed a
plurality of ¥1ps, a light emtting olymer and_a th filmtransparent
met al wher ei rf tehial f ¢} ot brd SEREHPLBABKFIEL et 18 ’Cé‘ﬂﬁed‘%ﬁ%ntfﬁgsg%gf‘gate,
one surface o%g%_e light emtting polymer is disposed on the plurality of
tips '0 of t he Fiel d em ssion backplate, the thin filmtrans areQESPgetal
be di sppsed on t héloekestsuptscetd® Tie-d iEGHE S 18RI 3T HYF Sbﬁyyﬁé?F“P "

2 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
15 substrare, a field emission backplate, on one side of which
is formed a plurality of tips, a light emitting polymer and
2 thin film transparent metal wherein the field emission
backplate is formed upon the substrate, one surface of the
light emitting polymer is disposed on the plurality of tips
20 of the field emission backplate, the thin film transparent
retal be disposed on the other surface of the light

emitting polymer.
Conveniently the field emission device 1s a display

cdevice.

2 preferably, the tips of the field emission backplate
of the display device are of a density of at least 100 per
sguare migcron.

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

pased material upon & substrate;
locally crystallizing a plurality of areas of the thin

fiim amorphous semiconductor based material:; and



conveniently the field em ssion device is a display device. 255

Preferably, the tips of the field em ssion backplate of the display device

are of a wermsiotyiof at | east. 100 per square m cron. Acc@®CAYCRP210669AN

ei ghth aspect of the invention there is provided a nethod of formng a

field em ssion backplate 30 conprising: depositing a thin film of

anor phous sem conductor based material upon a substrate; locally
..ysr.allizing a plurality of areas of the thin film anorphous

sem conduct or based material; and WO 03/ d15117 PCT/ GB02/ 03691 7 gromﬁng

crystalline sem conduct or based terial.upo each .of the I i
crystal lized aread @ i VP Fﬁ%ggﬂ%rb%oh% TR e daeesr ™ gge f%

Conveni ent | y dzhe tdd ncHd Ipsnmzfala:rw p@f)usr\;sembhmm:bta)rewbatsédrmm ef;bm | s
deposited on a sﬁ§strate e. Q&ggeq chem cal vapour
deposition (BEEV ‘O“ﬁréfgﬁé ura? Ty of areas of thin film

anor phous sem con@wtv@mbaseg rméettnaxh i e crfy sivakkbhrzed byniespdstterto at
| east one pul se of a |aser |nterferenc 10 4P ccor di inth
aspect “of t h®3%SHPelE 6 eher& O§°°B%53|d88 a ne%%oﬁd8$ & é Q? %glﬁgyareas
of thin fil meraE@icRlOGS chenhtondnctor dbaseit imat efHEEIVor use in a field

em ssi on backpl at L,sing for ser: i nterfer t y itting
and reconbi ni ng %rF§§éF Eéanfnﬁla£1 gﬁiﬁégat%in ?&F%%ofggﬁogﬁhguséfﬁﬁ
sem conduct olzrdagpedushatet tahduotar rbaamﬁ ofe teededbienat tonsbéli heed dyer

beam  locally crystallizing,anegs fe tA DI B f il Mdfer 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 & field
emission backplate comprising:

forming & laser interferometer by splitting and

-
(&)

recombining a2 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
20 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 to the interference
pattern of the laser.
% Praferably, for a backplate cf amorphous semiconductor

(3]

based maleria)l whersin the semiconductor based material is
hvdrogenated amorphous silicon, the laser operates at a
wavelenoth of around 532nm to maximise absorption and

preferably the lasar is a Nd:YAG laser.

BRIEF DESCRIPTION OF DRAWINGS

These and other aspects of the invention will become

wl
L3
~

apparent from the following description when taken in

combination witn rthe accompanying drawings which show:



anor phous sem conduct or based material by subjecting the thin filmto at

| east one | aser pulse, wherein the crystallised areas generated in the
thin fil mwempophous sem conductor based material correspead/GRn20B®1
interference pattern of the |aser. Preferably, for a backpl ate of

anor phous sem conductor based rrialLerial wherein the sem conductor based
material is hvdrogenated anorphous silicon, the |aser operates at a

wavel engt h of around 532nm to maxi m se absorption and preferably the |aser
is a Nd: YAG | aser. 3 ~; BRI EF DESCRI PTI O§ OF DFL. AW NGS These and ot her

aspects of the invention wll becone aggﬁrent fromthe f0||§W“{L ) ‘
description whesRxeked in1fconbi dathdn MRS PP hEC AR RO TYanT if Havﬁ’ Stys

whi ch show. WO 03/015117 PCT/GBO%&O&Q&;OJiF%ﬁgg&géglﬁccéfaghahta feinlem
sem conductor crystallised at various energies accordlng to the present

invention; Figure 2 field enissi &8P tcé"¥EEbtdThg to a first enbodi nent
of the present invention; Figure 3 a graph of field enlssion current vs
electric field for a field en135|on backp.late of the field em ssion

device 10 of FFIGEE & 2: Figure 4% f$EREnEHISSHN %&??ﬂ?%ﬁQQﬁ%ﬂg &% HRin

film of. amor phous 5|I|con onto Whijgheis Rrelbesehedra baserhint grbteeance
pattern in fornming a field em ssion backplat.e; I~ Figure 5 a

cross-section of a side profile é6PhvVgnPtgPBwn crystalline silicon backplate
according to a second enbodi nment of the

Figure 3 a graph of field emission current vs
electric field for a field emission
backplate 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 backplate;

1c 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 2 schematic side view of a field
20 emission device having crystalline
silicon tips according to a third

embodiment of the present invention;

Figure 7 4 schematic side view of a field
emission device having crystalline
2% silicon tips according to a fourth

embodiment of the present invention;



present invention; Figure 6 a schematic side viewof a field 20 em ssion

devi ce having crystalline
t he presewD a3pvanti on;
devi ce having crystalline

silicon tips according to a third
Figure 7 a schematic side view of @cTi@d/o3@m ssion
> silicon tips according to a fourth enmbodi nment

enbodi nent of

of the present invent ion; WO 03/015117 PCT/ GB02/03691 9 Figure 8 a

schematic side view of a field

em ssion device having crystalline

tips according to a fifth enbodinment of the present invention; Fi
OE a series of side cross-sectioned views showi ng a nethod of fornming a
field em ssion backplate according to a sixth enbodiment qof the present

i nventi on; Fifrgwse OA & 10B phofogPf&pRié tilfragedd6r YHEYFi 8Fd 20TéRitEsi on
backpl ate of Figures 9A - 9E  Fi.guteScAlAgevlle an86hhgS @frySikdeline
cross-sectional views showng a nethod of formng a field

backpl ate formed according to

silicon
gures 9A

em ssi gQn

. #134¢8Rt ht ERDOR TR BT t T plesént to5

invention including the use of a.nBbadakhei BY QENE re SETAl LR DBESER! PTI ON

OF DRAWNGS Wth reference initially to Figures 1A -

IF there is

shown

phot ographi c i mages of field em ssion backplates 12a 20 to 12f each forned
of an amor phaus 5¥§? eanduggor based.paLerdalsidd didss CRSE RrleP&icws
ﬁbrp ous sil

hydr ogenat ed a

icon, on the surface of which a plurali

OT  Whi ¢ t¥ of
showing a method of forming & field

emtter
emission backplate according to a sixth
embodiment of the present invention;
Figures 10A & 10B photographic images of the field
10 emission backplate of Figures SA - 9E;
Figures 11A - 11C  a series of side cross-sectional views
showing a method of forming a field
emission backplate formed according to
.2 seventh embodiment of the present
1% invention including the use of a
planarising agent.
DETAILED DESCRIPTION OF DRAWINGS
With reference initially to Figures 1A - 1F there is
shown photographic images of field emission backplates lZa
20 to 12% cach 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 20a-20f are formed. The field emission backplate 12a
- 12f is formed by the deposition of a thin film of
20 spproximately 100nm  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 crystallisation by

an excimer laser or Nd:YAG laser, in this case a KrF laser

30 operating &t &

wavelength of 248nm scanning at 2mm\s in an



sites 20e-20f are forned. The field em ssion backplate 12a - 12f is forned
by the deposition of a thin filmof 25 approxinmately 1001,int of n-type
hydr ogenawedsamtunphous silicon onto a substrate of, for exargmoe/o3@ium ni um
by plasma enhanced chem cal vapour deposition (PECYD) . The deposited
thin filmthen undergoes | aser crystal].isation by en excinmer |aser or.

Nd: YAG | aser, in |I;his case a KrF | aser 30 operating, ac a wavel ength of
248nm scanning at 2mis in an WO 03/0151;% PCT/ GB02/ 03691 10 at nosphere of
oxygen and then quenched. Alternatively Nd: YAG | aser operating at a
wavel ength of 532nmis used. @ The |aser_is pulsed 3,t n onds and
st epped and ?%ﬁﬁﬁé&ﬁf?oofopﬁwgeﬁaf¥%rth%%iguéﬁbégéé ﬁéggﬁpg%fga?ﬁeqk
surface of thedsiAd cbasdavopgratingghtt exwarelefhehendr §pznabser bedkdy t he
silicon influences_the exteni_of roughening f _ rf seen
in Figures 1Aﬁ3e|1§1‘?“§\ﬁ th° FI"'—’i”tg?f"rge 1A 5ghtoc\?vi ﬂg”%rﬁoes%r]ﬁa'l sgrant%lp%stae%é%@ma?lc are
the resultantepifwnt ob dosmalal wamuawrn.of Thbsopbedeenergyuite. 1po the
approxipately_ 100 mJ\cnr_.. Thi.s.c » r Fi | F pyhi ws

t he rouﬁged et 11%7° t?fpstrfnfblgéﬁggvggvggggg ?gﬁ‘%’?. %/ée y I1‘;}ea'r gghanl)e&%tw
absorbed energysored ty régi ohlofon J0CE IMARIRS the eathntadle,r RWEIRTGMNSt he

tips 20a - 20f_acts _as.an_.emtt siles.en t he poakplat e  12pi Syieh
incorporated‘3£5tpﬁ guff§?5 §%fé§QNIHe§?ce (Rot éﬁbmm), each emtter site
20a - 20f emiirsgetectiBonshavitowthicel esittea Fiielsd 20 sgrdfd cdfd i icati on.
The backpl ate 12a . 12f, resul (§ N .ah $SLQPUCUS # SIN o Ik EXGRTY 0 . 20- 1" A
and | ow fi el dr%%‘?lets n(])tlzciaﬁorfﬁzl{arourﬁ'dsgfow gym Ll2]0 An exanple first y(Ca)nbodi ment
field e ssi orprieviice tkly, 10Rawdhgma fTel 8 @M $§ 6ATBAERDI B & Y ¥ dfned as
described with nefersnce tQ FQW&RS 1nrcddy E8pshows idefiigwe By aThe
device |l og shown i1s a triode device haV|n%a|f|ed , _

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 backplate 12 is incorporated

i5 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 107A and low field threshold of
around 10V/pm.

20 An example first empodiment field emission device 10g,
having a field emission backplate 12g formed as described
with reference to Figures 1A - 1lF, is shown in Figure 2.
The device l0g shown is & triode device having a field
emission backplate 12¢g with a substrate 1l4g of aluminium

and & thin film 16g of n-type hydrogenated amorphous

25
silicon which hes been treated by en excimer laser and thus
has a plurality of emitter sites 20g upon the surface. An
insulating ‘aver., for example., a layer of an insulating
material such as silicon nitride, has been disposed on the
30 crystallised silicon, and subsequently etcheéd thus

providing spacer elements 22g. Upon each of these spacer
slements 22g is disposad a thin film 26g of phosphor, &.9.
metzllised phosphor and the device 1is completed with &

layer of glass 28g thus giving a three terminal gate



em ssion backplate 12g with a substrate 14g of alumniumb5 and a thin film
16g of ri-type hydrogenated anorphous silicon which has been treated by an
exci mer |weas/oad’thus has a plurality of emtter sites 20g/agen3dohe
surface. An i.ns .~l.~r.ing ? ayer, f.nr eX ;MW)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

el enents 22g. Upon each of these spacer el enents 22g is disposed a thin
film26g of phosphor, e.g. netall.i.sed bhosphor and the device is
conpleted with a |aver of glass to t hus 9.2 three er nal te WO
03/ 015117 PCTIUBO 0369 NPIYnt r ol " ar T am en%cf’]t STHRSAr 835 29g°B&t WEén t he
gl ass 28¢g am%é*@%@”&ﬁl@[eﬁi%QSeBOQObSJQM&mmﬁ&Kt&mIRM1®mIe%&o&hethe

em ssion to be controlled usin volta es, and t nggngsfor

ef fective spaftdsiBnttdl- 3%‘?\‘9 %%ljuee?/l%%l 750 I'e%lg gi'spla

arrangemnents. ml%fﬂz&selr&n feur Eengst ma@sameﬂam csuchoa desn cce'lde @gsvha:\ﬁ Adg a

vacuum bel ow 5 x 10 nbars arne shown anlgure 3 which is a graphica
represehtatldﬁ(ﬁs%ﬁé”bﬁ?§§l8ﬁ BOrPBAE™S Y he electric field. It is also
estimated that th@nﬁ%tsaofnaehetaﬁesfmaMxeacde&scshbbda ddaatioee 110y heviitngexcess

of 450 with this flg 3 2%%%h% %”?PE&Q eph@# nGaent «aNd i pternal

enhancenent . %qug%ﬂﬁ AStRIRFit amor phous 71i con
16h disposed‘3ugyhghgﬁ¢nshﬁake:eh+akmuhnuﬁ11Ah emlSswher eunranpavsetheof

dots 180 caused by a laser, inter{erence pajlein £ fe 52eB uRoR,A:LEDi On

of surface 15 [fRE IS arrangenent ustrates a I nenment
of thagtechnuguetweedeEerﬁbed1aebackpl@;elsunhE\G§Sﬁh&ﬁ B0t wethi £5¢s

ﬁSEESI ment, the Lechil Gue BY N9 U5 efboklt L0 PLASMES R {d ebi eaheskam
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 arvangement 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 silicen 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

25 nanoseconds, is used to form an interferometer, with the
beam being split and brought back together forming a
pattern of dots 18h. The thin film silicon layer 16éh 1is
positioned in a plane in which the interference partern of
the laser i1s formed. The laser interference pattern acts

30 upon the silicon layer 16h creating areas, or dots 18h, of
crystallization. A single pulse of an Nd:YAC laser is used
o locally wcrystallize the region. The laser beam 13
synchronised with a step and repeat system in the plane of

the thin film silicon 16h resulting in the formation of



The thin fil
al um num 14h

m of anor phous silicon 16h is di sposed upon the substrate of

by pl asma enhanced chem cal vapour deposition (PECVD).

Nd: YAG puweasloager, having a pul sing duration in the regiPom/GE0283d%

nanoseconds,
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is used to forman interferoneter, with the beam heiny split
and brought back together formng a pattern of dots 18h. The thin film

r 16h is positioned in a plane in which the interference
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the laser is formed. The laser interference pattern acts 3e'J

icon 'laver 16h creating areb%, or dots 13h, of

ion. A single pulse of an Nd: YAG | aser Li.us d to Iog k
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wdf'%%c%'c%%@ chkhenthia £itfass lgeon Hltheesolini Aglmn t he
3015117 PCT/ GB02/ 03691 ﬁ.,z | aser oL nd hence,t he
ddtisorghl 6h di BFYF bt &8Y bYer 2t R I8nGFE *&dr fHce" Hlat e~ of "t he
'rAa' on ]@qa;stimés il OWg arli ghpdensistytefn thpsbeokpéatende.

em ssi on devigg Jdepands opithe nunherpef ddmisveand t hich skEmmidys. oA
sel ective etch and growth process involving”? dil yte silangihydroggp
arl ow d bonds w
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silicon atons fornythernndénanically stable crystalline sites. To form

emtter tips

30

ZFoh WSdt ShEPASEF “treated thin filmsilicon

A selective etch and growth process involving a dilute
silane/hydrogen plasma forms micro crystalline silicon by
allowing streained bonds within a silicon array, to Dbe
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 thoss
shown in Figure 5, the PECVD deposited thin film silicon
16h is subjected to & 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 simultaneously 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

ratio is such that the edgegs converge. Therefore, each

.~ eircular dot 18h of 100nm or less of the emitter plate 12h

sffectively grows a proflle tip 20h. The growth and
etching processes are mediated by mopile hydrogen and the

aspect ratio profiling etching leading to sharp tips 20h

OW ng straine onds within

a



16h, resulting in a cross-section of tips 20h such as those shown in
Figure 5, the FECVD deposited thin filmsilicon 20 16h is subjected to a

di | ut e siwemepsidr ogen plasma in a reactor. During this pPCocEm:/03691
deposition of silicon atons will only take place on a crystalline
substrate and therefore in this case upon the crystallised dots 18h of the
thin film silicon 16h. Anorphous or weak bonded areas of the structure
are sirnul taneously etched. Continued grgmﬂh has the effect of profiling
the edges of the growing filmwhere the étching effect is nore dramatic.
As each crystallin area 18h js. limzt i 1:Z 0 & a Onmy ot he
aspect 30 raI?YF?:ﬁﬁE%dﬁpﬁﬁﬁﬁ Q4ﬂ¥%§ gé%ﬁggﬁ%é?geé h #e?%rg? gg%ﬁ I}g}lp‘cular
dot |18h of 100nmarn lless offntikepenittiténaplages 19h £igkeaninaogrgnsws fa
profile tip 2Qh. The growth and._. etghin ce i d by 1gpbil e
hydr ogen and tTHe <SYpectt at”?lcc)i “Ero f?l i %B%?Chﬁ@%g% gg?jlt\%tsghar p tips 20h
WD 03/ 015117 G GBRA2Y 08691 2r 28ngdy erdw/hie) it r@%rd. ot e Fur £ake T45t he
plate of thin film silicaon 1 i s ;prof ijhhi ng-keads st 9ofi akgdsenhaneenent
of t he{]-t em sgﬁﬁ%‘*epﬁ aetmelszhor?‘v\h“lqclﬁe}%er(elf'gr elgr;i vggle_ggl %\fv Qtohr es%oleg &gf
around | Sv/ prgfanr . adlisdchieid seion Bhe £Rasd RMEREECRNPASKBRABRIr PENE I . e

in excess of ﬁkéynx;bgdl ~cthat achievable with the field em ssion

backpl ate of the -~ first "'enbodi nent. A Cross-section of_ such grown tips 20i
is shown in Figurle Grassis:at oset seBEPof TN s fader < 22i * wnfifvhavd 10
been formed hy, a|)Jow ng the pulsgdslaseribe bestpupensceptaiianeasvef the
thin filmsi. 1% 1con t0 create [ine or dot crystalline structure gnot

shown) 1t hat Heaen df remediony  abEdW HiGgéret Haht IHbse?dF L t e ehflt elPdbt s
(not shown). _Jhis Teslds M @nd higkerrderositegehiten beengef bimedoupon

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 221 are grown at
the time as the emitter tips 201, 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

of tips, and their sharpness, according to I=Jg na. The

o
D

tips provide a sharp electron source that, when
incorporated within a device 10, will provide hot electron
injecticn into the light emitting layer of the device
ecither through an evacuated spacae 24 or into a wide band-
25 gap lignt emitring material 25. Each electron gains energy
from the applied fiald, that 1s the field which is applied
across the device 10 with aluminum substrate 12 acting as
an electrode.
A field emission device configuration 10] having
40 crystzllised silicon emitter rtips 203 formed as described
with referance to Flgures 4 and 5 is shown in Figure 6.
The field emission device 1Cj 1s a vacuum device
heving grown spacers 22j on the micron scale. The

substrate 147 is formed of aluminium onto which the thin



15 these crystalline areas. Thus spacers 22i are grown at the tinme as the
emtter tips 20i, allow ng placenent of gates for three term nal devices.
As the enwssizemsieurrent, and therefore the brightness of POTEGEROpIIAY
depends upon the current density, the nunber O of tips, and their

shar pness, according to I=JE,N na. The tips provide a sharp electron source
that, when incorporated wthin a device 10, will provide hot electron
injection into the light emtting |aver of the device either through an
evacuat ed 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.ﬁilﬂu)5%&%%%&?%%#9rdéﬁﬁég Tﬁtﬁfgﬁﬁagﬁﬁinﬁﬂl§h Et?% & ?glécting
as an el ectrodg, rAdricelchaeridsshenprev cel cionfri guratiieposed havPRGVD<;
rystallised silicon emtter tips 20j forned as described w.th.refgrence to
Figures 4 and*s &g W@\Nﬂdleﬁa#ilgﬂr Br%Vl%52P¥’i 6l é’qélrﬁ%s,ls}?gnoée\d}l&géglgﬁﬁis a
vacuum devi ce1-had RG0rQWRogpAEEES 2P rmouhe idiicoonaseakeysThdlisedstrate

14j is f d of al , to which the, thin 0 P 03691
14111 Som Gondbt BT DaSBHene STEIS 6] 01 A S Cle i 11T e

hydr ogenat ed fpaydaiousisd | tepnandssgdesposedzhy aPECYDOWNAS Hasebven @étail ed

previously, a plurality of areas 18|, b~0f ~Lhe d, a, ous
silicon are E3REANGSERHN llnaioééﬁdienﬁé];Pgréﬁgf e?¥g%§?§§2%ﬁgatﬁg£§$ovw h

and etch sys$@fatAdtps 220, andaspacges 22jsidr @rgrden JXAWPl PRCHES pAlt er ned
Indium Tin Oxide (1TO) . 26j LSP o] o] SURStT AL e, 28laeld Sti8Er anged
to sic on th€igriovn §%h&%%§ giﬁpgggg?hgzzhitﬁgﬁ backpléﬁ% 12j.a%he area 24j
bet weery t he ok wrsst trepst 29 268 ahd IR 2§D IBjevyar@r&fuat ed. An

alternative fielCiﬁﬁﬁéfgéy%aQ§wgc%iEQE Eﬁi§h?%@ &Qvice 10k is shown in
Figure 7. In this configuration the field emitring device
10k 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

[y
LN

mediumnm. 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 10k has the
field emission backplate 12k formed of silicon 16k disposed
20 on a substrate l4k which in this case is aluminium. The
chin 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
25 pressed onto the arystalline silicon tips 20k of the
packplate 1zk. 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 1is particularly useful in the
10 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 alrernative field emission device 101,

including & metal coated phosphor layer member 301 disposed



Figure 7. In this configuration the field emtting device 10k is arranged
with a wide band-gap light emtting material 25k, in this case a polyner,
di sposed wowopsiaf the field emission tips 20k for use adrieBo2iogdvt
emtting nedium A diode configuration is fabricated with a thin film
transparent netal, such as IndiumTin Oxide (1 TO 26k disposed on a glass
substrate 28k. The device |0k has the field em ssion backpl.ate 12k forned
of silicon 16k disposed 2U on a substrate 14k which in this case is
aluminium The thin film(in the order & many microns) of wide band-gap

light emtting polyner 25k is_disposed upon the plate of rned L TO 26k
on gl ass substy &t & 38k oL &f 5rzqexgﬁpFQ?WRst?e£hg ?nf‘i ng.hé?%ébﬁicght%&

-em tting poljdves, 25k ¢ S:ddyeie @ {5 essed antoibbe copSiahtianeosi byconetips

20k of the backplate 12k. An Al -Si - pol r-1TO di ode, structuyre_ihs..jhus
formed with tdRPYFOIHAREY OﬁSR”béri‘ﬁﬁl“'cﬁredyﬂﬁgﬁ “Baki rF\”gtd]t h"édt e\f:ééepiﬁﬁet 0 a

tenperature fpapproximtely 100'C. Such a device arrangenent is

particularly useful in the E%F n‘%“ Sogdilor{)ev\r}-rcg%ft Lu f'ig.c% ar%naﬁ?i%qxngggkgﬁ_aggt

bei ng of n-type andYethérFae® arrier ne t enabl es

el ectrons to 1 e injecied. conduridiernal 4 et natévesthahal edeygstonhdsénge 101,
including a netal. coated phaosphor |ayer menber, 301 diggposed; W0 @3£045117
PCT/ GB02/ 036FF L 1% 13778 adé “fPat Zor3nqachis 2 ‘l()%eﬁlnz i g'ureu%. The devi ce
101 is furthet sadapt efackdletorim adansitodeteanfingyr a8n6/Iby LAHETYAERBsi ti on

of an insulator 341 with a, petal,gate 361 _placed g,aboye ¢ Ajuetsfdird her
enbodi ment oft™a FHeRHEERN s%zlggn b%%kpl ate F%mgiénvo ves f:%nsltructi nﬁﬁa three

term ngl devige pawtg 128el toahey et agatbstioreehéh &Hitalec2S0RASTAPE fiel d
em ssion bac@%éﬂgegﬁigop§ﬂﬁqg§egmépbﬁb@@ngffiééﬁU?&ﬁﬁte@he thin film
silicon 16m is laser crystallised in the manner described
with reference to Figures lA-1F using an Nd:YAG laser with
emission tips 20m formed by the crystallisation process as

15 detailed previously. |

The first step of forming the self aligned gates
involves ferming by deposition & 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 9B.

The second step of the process, the results of which
are shown in Figure 9C, involves 2 layver of metzl 40m, in
this case chromium, being deposited on top of the SiN layer
by thermal eveporation.

In the third step of the process, the plate

25
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 mertal and the SiN insulator layer
38m being exposed as is shewn in Figure °D.

3N As i35 shown in Figure 8E, the SiN "insulator 38m 1is

then atched lesaving a supporting metz) ring 41lm around the
exposad tip 20m which acts as 2 gate.
The resultant emission backplate l2m, which is shown

in Figure 10A and in a close-up image in Figure 10B, can



in Figures 9A - 9E. In Figure 9A there is showm a 10 backplate 12m forned
of a substrate 14m netal cathode 15m and a thin filmof anorphous silicon
16m The whiad/oisthm silicon 16mis |aser'crystallised in tPoa/cmnnsst
described wth reference co Figures 1A-1F using an Nd: YAG | aser with

em ssion tips 20mforned by the crystallisation process as 1s, detailed
previously. The first step of formng the self aligned gates involves
form ng by deposition a thin SiN (Silico? Nitride) insulator. 38m using
PEVCD, upon the exposed surface of crys &11ised si I icon conpletely

encapsul ati ng each of the 20 emt i ps. 20m as |IIu at n.Ei gure
9$. The secorRf st&f%f % hd Ppfoces l?%ﬁeggéﬁf%%no %Mﬁ fgﬁelghe

Figure 9C, invol Qﬁxa#JaQOo@&apepakréenl in this case chron1un1 belng
deposited on top of the SIiN I|av

rral ap hgthird
step of the pr oceSEIEHe NG &% [elang ‘r‘?gerrent |lsﬁ%/he§hle% ﬁpoc By p ':éérrg neans,
inthis caselmﬁyduk&}by(épgbm)ngas plhmsrnesubtsgemtthémmnﬁkﬁtea%ha

emtter_ tip losing its netal he SlN Losul - e § 038 xposed
as is shown intsgur 2 |s s owA T T—g ﬂr%%gﬁr&%m ?ﬁgﬁhgtgorg 38m

is then etchetdd eanimg af:slwrpparot iting maltalrlnngd@ﬁpéspéaﬁé the 2éxpssed

tip 20n1mh|ch acts as a ate T r t q agkpl. i ch
i s shown IGEEClGA S g g§%|§§§é%%g|ﬂ§g%ﬁﬁh |gh§§ f%%gnégﬁanh

03/ 015117 PC'I;:(sGBQZIIL(Hi&QﬂIele nbé‘l@:;le@ tld AFor mha sf |Sébﬂseﬁﬁ§spénnéévﬁééglom

that is corrpletely ithogra e f i NGt St dd AchklCrethi s
process can B&* th“p %)Q/ed g£“§€ bgngmﬁ Ilglr;%%r PLS|nnglezég‘gl{rﬂge3t7€1réL ?ﬁat t?s a

| i qui dh whi ch digen dieatsitngpdangselkeedt evapor ati on becones a
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 37n 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.

20 Devices such as those detailed in the previousl
embodiments are suitable for many display applicatiens due
to their having low power consumption and being relatively
simple to fabricate. Such devices may also be used as the
cathodas for high power Cransistors for microwave

amplifiers in the satellite and mobile communication

(AN
I

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 iaser treatment of the thin film amorphous silicon 162 - m,
the use of a single laser pulse has been described in
locally crystallising the region, however, a number of
pculses mey alternatively be used thus allowing eneérgies as

low as 20mJem” ¢ be used. Additionally, it has been



thin planar film to the crystallised backplate 12n after r.he second step
of the process resulting in an arrangenent as illustrated in Figure 11A
Thi s showwotls@ifhanari sing agent 37n coating the backpl atreTiBo2loe@ti ng t he
emtter 10 tips 20n standing proud. The step of etching the arrangenent by
pl asma neans thus results in the arrangenent shown in Figure 11B. The Si N
insulator is then etched as before, |l eaving a space between the netal

| aver and the tip as is shown in 15 Figure 11C. By utilising the

pl anarising agent 31n in this way the unh%rlying silicon backpl ate
structure is protected fromcorrosive. etch effects. The planarisi agent
can then be JaSREERF el t FRG icﬁyétﬁgllélsaﬁé?a Qgrﬁéﬁﬁ&rng%gechbgt?%t s
shown in Figwes, 04 andx19B- 4()cdevbeessstichoagrivhospatetra | &tk i n the
previous enbodinents are suitable for nmany di S€| a¥ apglécg i Ng Qlilgs to
their havi ng 4w psbweie coRsRpt T ort ard BT ng” PEH A FIRTY° s hpFétt 6
fabricate. Sugjy deyi ces.ERY:al 501 heoniseh ad sbhee gatiodes Hiorcks gh pover

transistors for mcrowave 2r, anplifiers in the satellife kle
communi tat i ot NSRS, 204r i us” m];dﬁf“i calti oS THy %gvnﬁ%é to -tggp'errbgdi ment
of the inverddgreas harieigthelone dascsebhedpwhthosit departing fromthe

scope of the invention. For ex | e ni, h 0, er.tre t he
t hi ﬁ fil m anor pho@%.?’i%ﬁsc?oﬁafrlrpgy-sc%lil'lgﬁgguggéofkgﬁsFﬁ%fnegfngggboggl se

has been descsjieshd néd ecal hyschyshalibssrhoed hes resginen peHEWSTeE, LA Aunber
of pulses may alternatively be used, { I | S 88 8%y beWeas

20mie. nt to BRLRR. TSRt TERENEY fol e gt 0%01,511,7 “PCT/ G803/ 03691
17 desgg i bed ghow 4 heuen ystalilnitsabiore lefc ticangere dn ner wad gl o5t ¢ aictéFBs | a

- in can be Lgﬁg&;;’f%#”%e%%9% E%igg@ imﬁact or even thermal annealing.

The depositing of the thin film of amorphous silicon

163 - m which may be intrinsic or doped n-type has been

described by plasma enhanced chemical vapour depositicn.

1% However, the thin film may also be deposited by sputtering,
evaporation or other such means.

The substrate l4a - m on which the thin film silicon

162 - m has been deposited has beeén described &s aluminum,

however, may altearnatively be metal such as molybdenum,

20 chromium, or similar. It should be noted that the electrode

need not be formed integrally with the substrate l4a - m
and may indeed be tormed of a different material from the

substrare 14a - m. Blso the use of a Nd:YAG lassr having

532nm wavelength chosen to maximise absorption in silicon

is detalled, however, any other wavelength can be used and,

[29]
i

in particular, other wavelengths to maximise absorption in
other appropriaté 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 conducting polymer may alternatively be used.
Furthermore LU'FT control circuitry can be fabricated in
the same manner as the described field amission backplate

124 -~ m esither at pixel level ar via integrated paripheral

crivers.



during the selective etch and gromh process of the tips 20a - m however,
silicon can also be grown in blocks on an insulator and thin film
transi st owodewiies for active address delineated in the PamsGRRO8@IS. The
process of crystall.ising the thin filmanorphous silicon 16a - n has been
described as being perforned by a pulsed | aser, however, this may al so be
performed by other 10 neans such as intense electron. beamirradiation or
high energy ion reaniparticle inpact or.,gven thermal annealing. The
depositing of the thin film of annrphous Silicon 16a - mwhich may be
intrinsic or doped,n a - pl agyma an heyg cal
vapour dep05|t|ondrhﬁ. E@ ﬂ QQEEE?Hﬁggﬁér al so bgﬂgepggﬁfgd by
sputtering, eveEDIEEiTN OF Gﬂhdﬁ %ﬂ%ﬁ hEdﬁ@geWﬁéegu@§PF@P€U$4§l HRBh

whi ch the th|h filmsiljgon, c%@gondm:lg?§ bgeD d%p_Q%IItngQ hasybeeaydese i bed
as al um num AoWeVe ver, ‘may alternative be netal such as rmltybdenurn 20

chrom um or germdﬁﬂumldr gecoka b ﬁib@%dDﬁrﬁﬂmHH%é -el EBEr DS be
fornmed Lntegrall t.ne supstrate 14a; @ln@Q@ @@btb@degaabe farnmed of a
different mater f'%/ll rorlﬁt% tl}Sﬁbst?}late 14 rg o5 Alnso the use of a Nd: YAG

| aser havi ng d532rweaehvad emggh Eosered @%ﬁ@ﬁ%ﬁ%@%ﬁ%’d}w SIPNEYSSi Mon s

detail ed, however, any Qther;wavelength can be wsediandeh 44 maildicid,ar,
ot her maveleng?hs}i maxi m se absorption in other_a pr rlat |
seni conduct orchasedimeterd diislaan behe s o Tie Ride réﬂ‘ﬁxéﬁ’te net al

to forma diode ; configurat |sogegbgkge§rﬂ&,sém aen @gcll&edess:ﬂ;beﬂhy hawever ,
30 a suitable con uctiriqg polynmer may alternatlvely be used. FE urthernore

TfT control ceseditry Can by fabricated in the same- nmanner. as the
described field emssigayhackphateridda +nm eithes & pisxelet@vbid orsvia

integrated pe{rllcplhuecgﬁlg adrr:\é/tea{‘ls COVReOdB/p%l spjﬁ qg/yce;?):ozjoq?’%glsposed on a

face plate 321, however, it should be understood that the
other device embodiments detailed may also include this
15 fearture. 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 déscribed with reference (o
20 Figure 9 is detailed as being crystallised using a Nd:YAG
laser, however, it may be crystallised using an excimex
laser and may be crystallised using a laser interferometry
technigue. Furthermore, the insulator 38m disposed on the
crystallised silicon lém 1is described as being SiN however
25 it may be any suitable insulator and may be deposited using
any conformal coating method. The layer of metal 40m
dispesed upon the insulator has been described as being
deposited using thermal evaporation, however, sputtering or

any other suitable technlque may be used.



is The thin filmsem conductor in the detailed enbodinments is an N-type
hydr ogenat ed anorphous silicon however the sem conductor may alternatively
may be gwOnveisrror. germanium alloy or simlar. The substg@tBo2lodgerr, - m
on which the thin fil msem conductor 16a - mis disposed has been detailed
as being alum ni um however may be forned of various other types of netal
such as nobidium chromumor simlar. The use of a KrF (Krypton Fl uorine)
exci mer | aser is described however any exginer | aser may be C used. The
devi ce described in Figure 8 is detailedds including a metal coated
phosphor | ayer 301 di sposed on a face plate 321, however, it should be
under st ood t hEEAEME ot her devi ce enbodi nents detailed nmay al so include
this 15 feature. Furthernore, each enbodi nent of the device 10a - m my be
adapted to forma triode configurﬁtion by thg,,ggpositjon of .an iq;QIator
34a - mwith i nethl WREPBELL hFFAced aboves The® 83T tUh BEREEE
described with reference to 20 Figure 9 is detailed as being crystallised
using a Nd: YAG 1aser, however, .it. <§§f cFystaII'sed %&%P%dﬂ%&%‘gfn”

| aser and may be cBYRYHF11%ed FiPA§Ta er Ot nfEPFEISat ryy Tt echni que.
Furthergore, the.4nsitat o) 3§Bdissposed ransthandcrystallised silicon 16mis
described as being SiN however 25 it may be .any . suitabl e i.nsul r d may
be deposited usingla%ﬁﬂ/(ﬁﬁﬁ%ﬁ%ﬁil%ﬂﬁﬂj g n&@ﬁé&. fheaoé&égnof%ﬁgtéﬁ%40m

di sposed upon,the.hasyl dprcdiamdresn ndeser nbedraslbeing deposited using

thermal evaporation, however, sputtering or_.an e i ; i que
may be used. WO 03RSy YBeTy &wy%nglghec%ﬁgié‘x ussl“gegrﬂ.@o%otu%ct%@]

based material a plurality of emitter sites are formed.

10 2. A method as claimed in claim 1, wherein the planar
body of emorphous semicenductor pased material is provided

25 a thin film of material deposited upon a substrate.

3. A method as claimed in claim 1 or 2, wherein the

semiconductor based material 1is 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 cleimed in claim 4, wherein the excimer
1

aser 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 materizal.

7. A field emission backplate as claimed in claim &,

wherein the semiconductor based material is silicon or an

Ny
It

alloy tnereotf.



1. Anethod O formng a field em ssion backplate conprising: providing a
pl anar body of anorphous sem conductor based material upon a substrate;
and | aserworogetahti sing at | east a portion of the anorpheed/caios@nduct or
based material; wherein upon crystallising the anorphous sem conduct or
based material a plurality of emtter sites are forned. 10 2. A nethod as
claimed in claiml, wherein the planar body of anorphous sem conduct or
based material is provided as a thin filmof material deposited upon a
substrate. 3. A nmethod as claimed in clatth1 or 2, wherein the

sem conductor based material is silicon or an allqﬁ 15 th r.eof .
method as cl & .med A nf 3 %d nepd 5§07 hefY eefmpfPEPhY® tHe slféﬁ Bt eBéFf’éPFﬁ ng

| aser crystalcl; %tléswgvia,n; exChiaka llgg;lse)rf (Em;]‘dd;e\%&itaessar oﬁmed\ bgt hod
as clained in 61 i'm4, wherein the exciner 531' s a.KrF_|Las
field enlsS|dﬁﬁbatkaéYét%bhb$%§$ngoé pI%raFPfQ of *'&ni tter §FPES ?orned by

| aser crystauéﬁi gmcqgratgg@@ mEkkmi gl . anor phous senlconductor based
material. 7 em ssion backplate as claimed in claim®6, wherein

t he sem conduct or based material is silicon or an alloy thereof. WO

03/ 015117 PCH GBOZ Q369Y =ROs8ioh ddelat ey sSlaﬁzmedeychelmmﬁr,l ghrgeanfi el d
em ssion backpl ate havi ng luraljty of emtter aser
crystallisingsf %%%+ﬁrﬁ@%??ﬁé) feRTHhots® s%ﬁ?con 29? nggﬁpﬁa{érlm
51 9. Afiel dg¥es eatdevbeecios d@ipiedd rocl asrra@,ewmleﬂm sovpeef {8l d

em ssion device IS a vacuum devi ce wherein the
the device.

10. A field emission device as c¢laimed in claim 9, further
10 comprising a substrate, a field emission backplate, and an
avacuated 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 Lin use.

20 12. A field emission device a&as claimed 1in claim 11,
further comprising a substrate, a field emission backplate
on ona side of which is formed & plurelity of emitter
sites, a light emitting polymer and & thin film transparent
metal or metallised phosphor, wherein a field emission

25 backplate is formed upcn the substrate, one surface of the
light emitting polymer is disposed on a pluraliry of
emitter sites of the field emission backplate, the thin
film transparent metal being disposed on the other surface

of thne light emitting polymer.



emtter sites of the backplate act as an em ssion source in the device.

10. Afield emssion device as clainmed in claim9, further 10 conprising a
subst r at ewoaspiahd em ssion backplate, and an evacuated PgacEBE@RNOGGIA
transparent wi ndow, wherein the field em ssion backplate is forned upon
the substrate and the evacuated space is |ocated between the field

em ssion backplate and the thin filmtransparent netal or netallised 15
phosphor. 11. A field em ssion device as clalned in claim8, further
conprising a w de band- gap light emittinglmaterial, into whi ch the

electrons fromthe enmtter sites of the backp IateL are emtte]C
12. A field ek ssidonfdedicess el mE@Yithecl &F meE "% r ther® ‘%H%rl |ng a

substrate, a figld enrssicyikackpl at @ispnagneeside. of which is forned a
plurality of emtter sites, alight emtting polymer and a thin film
transparent netal or neral | sed phosphor, wherein a field emssion 1

hackpl ate is {prmed ﬂ%gﬁhtékiégﬂaﬂlﬁﬁd%plgm% SWhHbaEe L @b Eh@iukaghtyewmttlng
pol ymer is disposed on a pIura ity of enltter si.tes Hglgif SS|on

backpl ate, thEEQHI ntiP$ | mtheakGsaPit et " DelRg: df s 8 8

surface; of theddtuc@F tiskg pekyresl. WO 03/ 015117 PCT/ GB02/ 03691 21
13. Afield em ssion device as claimed in claim1l, wherein the device is
a display device. 14. A field em ssion backplate conprising a plurality of
grown tips, the backplaie keiisgipadesigsizant iad| gleioad :in sehdbonddct or

based material. 15. A field enm,ssio ackp d i «clzai
wherein the prREZAIR W‘@f ptlub?q]é? gr ‘L‘% 464%%0fthq§e§1§é§]négctor

based materi ademiconductor based materlnl.

16. A field emission backplate as claimed in claims 14 or

10 15, wherein the semiconducter bhased materisl 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.

15 18. A field emission backplate as claimed in any one of

claims 14 to 17, wherein the plurality of tips are grown

and etched simultaneously.

19. A field emission backplate comprising a planar member

of sﬁbstantially amorphous material and a plurality of tips

0 of crystalline material thereon.

50. A field emission backplate as claimed in cleim 19,
wherein the each of the tips is formed on a crystalline

area of the planar member.

>1. A fiald emission backplate comprising a plurality of
crown tips, the backplate being made substantially from a

thin film silicon based material.



16. A field em ssion backplate as clained in clains 14 or 10 15, wherein
the sem conductcr based material is silicon or an alloy thereof. 17. A
field emweionisilatkpl ate as claimed any one of clains 14 poa/AEn2/0séver ei n
the plurality of tips are grown in a manner resulting in each having a
sharp, pointed shape. 18. A field em ssion backplate as clainmed in any one
of clains 14 co 17, wherein the plurality of tips are growmn and etched
simul taneously. 19. A field em ssion backpl ate conprising a planar nenber
of substantially anorphous nmaterial and a plurality of tips 10 of

crystal line mgberi gl 43q1L0Mn 20 o beekg) £ot . ssLamdbacil atecaiol dred in
claim11.9, whérein the each of the tips is forped on a cr staIIng oAl ea

of the pl anarwhemben. tRe. PAUFRELHY efif S5 Bh ﬁ%%kfﬁ%ﬁ%? iHe 2 pIUrality

of crown Tips, nglp?quéﬂﬁ.@eld}g ampder supsy ant |oarlylsyaﬂn®mea ackas df | m
silicon based teria 03/ 015117 PCT/GBOZ/0369 22 22. Afield

em ssi on backphat ehas &Earnell §hlEF MY e ditithe plurality of tips
are fornmed by the growth of crystalline silicon on a pIurallty of
crystallised areas of the thin film of §I|ICOH b sedcyqﬁg 5& Afield
eni ssi ofi backpBat eragieldi ABYSPHORI BFAFRI'OT 222 WHET i t%e 9L oH based

material is aggrphgus o shli€on. 24 1A i &adean sskenidevi te handmpals
backpl ate conprising an array of profiled zips fornmed by the selective
growth of 10s&fysPalline sem conductor based material on.a plurality of
crystallised areas of a thin filmof anorphous sem conductor based

material. 25. A flg'gigféséwfggfgauézvf§% g@uggd 'B 8L§l§1g comprising
an array of profiled tips formed by the selective growth of
10 crystalline semiconductor based material on a plurality of

crvstallised areas of a thin film of amorphous

semiconductor based material.

2. A field emission device as claimed in claim 24,
wherein the device i1is & vacuum device wherein the emitter

tips of the backplate act as emission sources in the

=
o

device.

26. A field emission device as claimed in clzim 24 or 25,
further comprising a substrate, a field emission backplate,
an evacuated space and a transparent window, wherein the

field emission backplate is formed upon the substrate and

[
o

thne evacuated space is located between the field emission

backplate and the rthin film transparéent window.

27. A field emission device as claimed in claim 24,
further comprising & substrate, 2 field emission backplate,
2% wide band-gap light emitting material and a ctransparent
window, wherein in use electrons from the emitter tips of

the backplate are emitted into the wide band gap light

emitting material.



wherein the device is a vacuum devi ce wherein the emtter 15 tips of the
backpl ate act as em ssion sources in the device. 26. Afield em ssion

devi ce aswolmion|d7in claim 24 or 25, further conprising @2c3utmkoate, a
field em ssion backplate, an evacuated space and a transparent. w ndow,
wherein the 2() field em ssion backplate is forned upon the substrate and

t he evacuated space is | ocated between the field em ssion backplate and
the thin fil mtransparent w ndow. 27. A fiseld em ssion device as clained in
claim?24, further conprising a substrate, a field em ssion backpl ate,

w de hand- gap, i gh& efrgetltcj ngm@gggg}lalc%@‘y&dcg LanspalRad W ndowirWherein in
use electronsstromthe emtter tips o t he backplate are emtted into the
wi de band gapiHéghtn eniet tie nheedragp WOIHS/ OIBHAA ECTIERB%1 6369F 23 28.

Afield emssio evj | i:rgg_dr in claim27, wherein the w de band-gap
light emtti nlgl%afe‘err%‘);ftﬁg SA&'I ight emtting polymer. 29. A field enission
device as clained in any one of c¢laim26 to 28 wherein the transparent

Wi ndow is a tfyn Ai Lt LansPad &n MBERL ¢e3Qs Acfiehdaeninsshon dew cef as
claimed in clam?24,  "wherein one surface of the |ight ,egitti,ng rratgri al is
di sposedl on tdles i u2 @l tby 28 whERihsth? ERANFPRIENEM'SEPSH 10 Dhackhl ate

and the transpar qgiﬂ/;éﬂ isposed on the other surface of the |ight
emtting mat eflﬁafm%%b A field em ssion device as clainmed in any of clains

24 to 30, wherein the device is a display device. 32. A field enission
device as cl ag.ld‘r.ed 1%(” fq@iaof eﬁké%ﬂ@nzﬁde@i%é 031, cYWheh&d N itrthecleps 024 f he
field em ssion backplate are of a density of at |least 100 per squarge
m cron. wherain one surface of the  light emitting material 1s
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 pased material upon a substrate;

locally crystallising a plurality of areas of the thin
film amorphous semiconductor based material; and

growing crystalline semicenductor based material upon
each of the plurality of crystallised areas of thin film

amorphcous semiconductor based material.

I
(]

34. A rethod of forming a field emission backplate as

claimed in claim 33, further comprising the STeps of
£

depositing the thin film of amorphous semiconductor based



33. A nethod of formng a field em ssion backplate conprising: depositing
a thin filmof anorphous sem conductor 20 based material upon a substrate;
| ocal |y cwoaBahsiizing a plurality of areas of the thin fiPOTVGBmMOP&OUS

sem conductor based material; and growi ng crystalline sem conductor based
material upon each of the plurality of crystallised areas of thin film 2S
anor phous sem conductor based material. 34. Atethod of formng a field

em ssion backplate as clained in clain1§§, further conprising the steps of
depositing the thin filmof anorphous seficonductor based WD 03/015117

PCT/ GB02/ 03691 24 nmterial by plasma _enhanced_chemni cal ur. deposition.
35. A met hod BRCFBHE gy & 14813 BINSEion HALRBPAL & °RE Lo AT REH T el ai m 33,
further conprising the steps of crystallising the plurality of areas of

thin filmanorphous seniconductor pbased materj al exXposur, t |east
one pul se of 3Pasef Wﬁﬁ@?ﬁefﬁhcéoﬁ%&?%rﬁ.q%ésﬁﬁ %%?%%ﬁggf%%%ggggnggfng

areas of thinciilmeamirpheusimsedd cofiducher based ivmtreyi ahef otteme iof a
field em ssion_ backplate conprising;,d0 farjng el TH eldsroagter by
R T e R

splitting and“*¥&td Ser I"acing a t anor phous
seni conduct or sbasedndumat@r | déséd hieeplahebyf exhesveeofbi A4t L8R SEf fife

| aser beam 1 locally, crystallisd reas.of Lhe thin filmof anorphous
sem conduct orPH %‘:édo%mjtaes’r%/rgll Jfr?l?%j%g%tei %gtt he thin filmto at |est one

| aser pul se wherein the crystallised areas generated in the Chin film
amor phous  sepi conductor, based petef]al; GPrre3R0Be i khe: intaichenence
semiconductor based material for use in a field emission
backplate comprising:
10 forming a laser interferometer by splitting and
recombining & laser beam;
placing a thin film of amorphous semiconductor based
material in the plane of the recombination of the laser
beam;

15 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 thin film amorphous
semiconductor based material correspond to the interference

20 pattern of the laser.

37. A method as claimed in <¢laim 36, wherein for a
backplate of amorphous semiconductor based material wherein
the semiconductor based material is hydrogenated amorphous

silicon, the laser operates at & wavelength of around 532nm

[

to maximise absorption.

38. A method as claimed in claim 36 or 37, wherein nLhe

sar is 2 Nd:YAG léaser.

(.
(u

39. A field emission backplate as hereinbefore described

with reference to Figures 1A to 3.

IR LT



20 pattern of the laser. 37. A nmethod as clainmed in claim36, wherein for a
backpl at e of anor phnus sem conduct or based naterial wherein the

sem conduwoas/obaised material is hydrogenated anorphous siPldraeBy2/0Béve | aser
operates at a wavel ength of around 532nm to naxi m se absorption. 38. A
method as clained in claim36 or 37, wherein the laser is a Nd: YAG | aser.
39. Afield :mssion backplate as hereinbefore described wth reference to
Figures 1A to 3. WD 03/015117 PCT/GBOZ/O%@Ql 25 40. A field em ssion
backpl ate as herei nbefore described wth reference to Figures 4 to 8. 41.

A field emssjon l;\azépel% nﬁ_lsscfrl%r einhef qr ed%&crﬁel}%qnb\gfblg @ggggnggdto

Figures 9A to T1C en155|o evi ce as hereinb e escrib

with referencen acdfagunes 1A Fog8res34 pofbPel d eni ssion device as

her ei nbefore described with reference to Figures 4 to S. 44. Afield

em ssion device as hereinbefore described with |In reference to Figures 9A
to 11C. 45. Alnet Hodiefld emiissgoa friaelkelemiessisomebadkprirseadesnsiépfbef ore

described wi L efaranee Lo Bl gupgssl b8 3o 146; A method of forming a
er

field em ssion ack ['ate as I nbef ore described with reference to
Figures 4 to S. 47. A nethod of formng a field em ssion backplate as

herei nbef ore gescr 9?91)&‘ dr hl.§§lfcﬁ'r %!%Q»%cfeOaE' QUF £5n 94 & e BbGcrid8d AifRt hod
of crysrallising areas of thi | m anmor phous  semni conduct or based materi al

as herelnbefdﬁéed@§@ﬁ|EédFWEPﬁesréﬁeF%nte to Figure 1.

43. A field emission device as hereinbefore described with

reference to Figures 4 to 8.

44. A field emission device as hereinbefore described with

L0 reference to Figures SA to 11C.

45. A method of forming a field emission backplate as

hereinbefore described with reference to Figures 1 to 3.

46. A method of forming a field emission backplate as

hereinbefore described with reference to Figures 4 to 8.

15 47. A method of forming a field emission backplate as

hereinbefore described with reference to Flgures SA to 11C.

48. A method of crystallising areas of thin film amorphous

semiconductor based material as hereinbefore described with

reference to Figure 1.



