1 FIELD EM SSI ON: BACKPLATE 9 February 2006 FI ELD OF | NVENTION 5 The present
invention relates to a nethod of formng a field em ssion backplate and to
a related device. In particular, though not exclusively, the invention
relates to a field em ssion backplate conprising a plurality of emtter
or enission sites or "silicon tips" forned by laser 10 crystallisation.
The invention finds use in displays. BACKGROUND TO | NVENTI ON Fl at panel

-di spl ays are of imense inportance in electronics. In current

devel opnents, Active Matrix Liquid 15 grystal Displays (A&¥9§%m2@906
begi nning to chal l enge the dom nance of Cathode Ray Tube (CRT) teéchnol ogy.
AMLCD devices are non-em ssive and require conplex lithography. Filters
and matchi ng spectral backl i GFeLD BMIIIAN BRERPGATEr oduce col our. However,
there are many |ight |osses and 20 i nherent conplexity in AM.CD devices
because of the nonlinear nature of liquid crystal materials. This results
in a displ ayecbadr sNVENEBIMNi ght than CRTs with a smaller col our ganmut and
poorer view ng apgle and contrast, Also due to the non-epm ssive nature of
the di splay, | nafFi BFERER 55 0EE bHoR nEOt2EPRCE? | RS pONRr OF SLAEHES G t en
with well evend 78faekibthe wak@Yahel Nthd 08 as nediusehul qenergy. field

Em ssion Di splays_ (FEDs) based on conventional "Spindt Tip" technol ogy
proni sed aP$alLdfréATt o FoAOhpaRET SHFSPRAYEPY obltéfs. ITPED ige B_5¥MT al |y

fllat Cathodg Ray £3Q15ubgy {{RDn d8Y¥L&BS st EOWRMEIr: ialher thanaqheyelgetron
gun firing electrons at a phosphor on a screen through a shadow
emitter or emission sites or "silicon tips" formed by laser

10 crystallisation. The invention finds use in displays.

BACKGROUND TO INVENTION
Flat panel displays are of immenée importance in
electronics. In current developments, Active Matrix Liquid
15 Crystal Displays (AMLCD} are beginning to challenge the
dominance of Cathode Ray Tubke (CRT) techneology. BAMLCD
devices are non-emissive and regquire complex lithography.
Filters and matching spectral backlights are required to
produce colour. However, there are many light losses and
20 inherent complexity in AMLCD devices because of the
nonlinear nature of liquid crystal materials. This results
in a display that is less bright than CRTs with a smaller
colour gamut and poorer viewing angle and contrast. Also,
due to the non-emissive nature of the disgplay, inefficient
25 use of input electrical power is made, often with well over
70% of the energy being lost as non-useful energy.
Field Emission Displays (FEDs) based on conventional
"Spindt Tip" technology promised a solution to flat panel
display problems. FEDs are essentially flat Cathode Ray
30 Tube (CRT) devices. However, rather than one electron gun

firing electrons at a phosphor on a screen through a shadow




2 9 February 2006 mask, an FED has tens or hundreds of individual tips in

each display pixel. The tips are known as Spindt tips, after the inventor

Cap Spi ndt.

The process of fabrication 5 relies on defining a pattern of

holes in a gate netal by photolithography. An underlying insulator is then

etched in
the netal.

the surface at an oblique angle to 10 ensure the well

an isotropic wet etch that "undercuts" |eaving a well beneath
A sacrificial layer (usually nickel) is then evaporated onto
is not filled. The

emtter material (usually tungsten or polybdenum is thenggy Qﬁqﬂ@g
through the holes into the well. As the evaporate netal buiI%@’ p on the

surface on the sacrificial layer, it closes the hole as the thickness

i ncreases, masdt,hasn t REDeflfasct tefs poavidiny <l anf epntiigi duigp itigsheimel | .

The top netal .is.then renove etching the sacrificial,l.ayer,, leaving
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Spi ndt ti paftArt aphepl ateeciont aCap ngpanpat t amed phesphoss ifabrheat ptaced

rel ative to the backpl ate using spacers. T 0 fipal device is evacuated
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l1tng. The em ssion current, and therefore

then evaporated onto the surface at an oblique angle to
ensure the well 1s not filled. The emitter material
(usually tungsten or molybdenum) is then evaporated through
the holes into the well, As the evaporate metal builds up
on the surface on the sacrificial layer, it closes the hole
as the thickness incgreases, and has the effect of providing
an emitter tip in the well. The top metal is then removed
by etching the sac¢rificial layer, leaving the tip, the
well, and the original gate metal. This forms a 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 micro-tips is
well understocd and is governed by Fowler—- Nordheim
tunnelling. The emission current, and therefore brightness
of the dispilay, depends on the current density, the number

of tips and their sharpness, i. e.
I = JFNnOf

where n = number of tips, o the tip sharpness, and Jp the

Fowler-Nordheim tunnel current density.

Kpfate
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3 9 February 2006 The tips will provide a sharp electron source that wll
provi de hot electron injection into, for exanple, a phosphor. 5
Unfortunately, the extrene conplication in fabrication has limted the use
of this technology. Additionally, crystal silicon emtters are limted by
the wafer size. Oher thin-filmmaterials my al so be used for field

em ssion. Carbon is the main contender with dianond, 10 dianond |ike
carbon and carbon nano-tubes al so suitable. D anond seenmed a good choice -
although this is difficult to fabricatg, and also the nec ' rg}ap%
supposed negative electron affinity which dianond was cl albrqrje%gﬁlt Ogge has
now been questioned. 15 An object of at |east one enbodi nent of at | east
one aspect of tthe ptEgentwiildvemtdoidd sat oslobwp akdeotran |wastce nichibgat e at

| east one of, .t.he_af orgerreﬂt' onqqlecj%r obl er$.| the . Ei or ;art._ 20 SUMVARY OF

| NVENTI ON K’clclc}r d?%%v o a Tirst asﬁf&rzlt ot? elopr} esent’ i nventTon - tHerd is

provi ded a pretdpebraf formng a field em ssion backplate conprising :

provi di ng a pl anar_ bod f _anor phous sem conductor .25 based material upon
5 subbtrate | andieaeBPalRySl ahrs PAGTENCI SRBPLACHEEPRonof BPRACSERGR phous

sem conductays based ceat erhal ; uwberef n ¢pon sl ildgsi.ng alae casREPhoUS
sem conductor based material a plurality of emtter sites are fornmed. 30

Pref er abl y ¥ tiilarfdr 1668y °BE t fb? photist Sehiedidudihgr wafer size.

Other thin-film materials may also be used for field
emission. Carbon 1is the main contender with diamond,
10 diamond like carbon and carbon nano-tubes alsc suitable.
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.
15 An object of at least one embodiment of at least one
aspect of the present invention 1s to obviate or at least
mitigate at least one of the aforementioned problems in the

prior art,.

20 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 c¢f amerphous semiconductorn
25 based material upon a substrate ; and
laser «c¢rystallising at 1least a portion of the
amorphous semicconductor based material;
wherein upon crystallising the amcrphous semiconductor
based material a plurality ¢f emitter sites are formed.
30 Preferably the planar body of amorphous semiconductor

based material is provided by depositing a thin £ilm of



based material is provided by depositing a thin filmof 4 9 February 2006
mat eri al upon a substrate. Conveniently, the sem conductor based materi al
is silicon or an alloy thereof. 5 Preferably the laser crystallising is
performed using an excimer laser or Nd : YAG | aser. Conveniently, the
excimer laser is a KrF laser. It wll be understood that in the context of
the present invention the term"thin filnf is used to define a filmof 10
a few nanoneters, for exanple, 1 to 100nm and typically 1Onm According
to a second aspect of the present invengion there is provgeguarfiopkd

em ssion backplate conprising a plurality of emtter sites forméd by |aser
crystallisation 15 of a thin filmof anorphous sem conductor based
materi al . n@asvénailenpby, at hebsenitonduct or based material is silicon or an

al Loy thereof . pccording.ig a third gspechsofctbe pLesent,ipyentjon; there

is provided a fi em ssi device conpri S ng em ssi on
backpl at e cdniypriosi bg anpbutali theoéomtter sites forned by | aser

tallising of a thin filmof h i conduct d,material .
The- 1fel o em sSFGA-RROPEE. (Y DS N aCOUM v Ua whor BT R CHE bmtEBY si tes

of the backpl aixeiaet assepi 68i RA : 2PasOHESS. i n the device, in use.
Conveniently, the field em ssion device further conprises a substrate, an
evacuat ed spaceCeRUcRiIERBREparkift SHFABBH, @5 thi # fFFin tedfdpar Sht

metal or ngf;ahl i ged ynderstood that in the context of the present

invention the term "thin film" is used to define a film of

10 a few nanometers, for example, 1 to 100nm, and typically
10nm.

According to a second aspect of the present invention
there is provided a field emission backplate comprising a
plurality of emitter sites formed by laser crystallisation

15 of a thin film of amorphous semiconductor based material.

Conveniently, the semiconductor based material is
silicon or an alloy thereof.

According to a third aspect of the present invention
there is provided a field emission device comprising a

20 field emission backplate comprising a plurality of emitter
sites formed by laser crystallising of a thin film of
amorphous semiconducter based material.

The field emission device may be a wvacuum device
wherein the emitter sites of the backplate act as emission

25 sources in the device, in use.

Conveniently, the field  &emission device  further
comprises a substrate, an evacuated space and a transparent
window, e. g. thin film transparent metal or metallised
phosphor, wherein the field emission backplate is formed

30 upon the substrate and the evacuated space 1is located

between the field emission backplate and the transparent




phosphor, wherein the field em ssion backplate is forned 30 upon the
substrate and the evacuated space is |ocated between the field em ssion
backpl ate and the transparent 5 9 February 2006 wi ndow. Alternatively, the
field em ssion device conprises a wide band-gap light emtting material,
e.g. light emtting 5 polyner, into which electrons fromthe emtter sites
of the backplate are emtted. Conveniently, the field em ssion device

- conprises a substrate, the. field em ssion backplate on one side of which
is formed the plurality of emtter sitesg, the wide 10 bandgg@prmbhiytitos
emtting material conmprising a light emtting polynmer, and the transparent
w ndow conprising a thin filmtransparent netal or netallised phosphor,
wherein thenfdoad.d em ssion backplate is fornmed upon the substrate, and

one surface of .ght jtti p rl L SRO : 0 . rality
of emtter si tetgﬁgielrbﬁga?]?e 8 or igiﬁéf(fger%hgss?’%ﬁﬂbg%%ﬁﬂz%t eé,bnitif%glst%rsgngpar ent
w ndow bei ngddi Sposkdiaponl 1dtet otthetrt suy fageenfal heel gghligntt emngtpofyner.
Conveniently, the fi,el d em.ssion device is a display, deviceg. 20_According
Co a Fourt PG G- OngmirBs SE L8R FORT her STL5ERF ovf ot 21 FoRd

em ssi on backdpakecampr esliifgeda. pl anar backpl ate nmenber substantially
conprising an anorphous sem conductor based nmaterial, and a plurality of
grown tips subsCRRVPREPYEEENprig ndigler ySta33ite S5V4ERT CHBICES® based

material f kg Qret herRackplate 3Qi8BABAT .backplate on one side of
which is formed the plurality of emitter sites, the wide
10 band-gap light emitting material comprising a 1light
emitting polymer, and the fransparent window comprising a
thin film transparent metal or metallised phosphor, wherein
the field emission backplate is formed upon the substrate,
and one surface of the light emitting polymer is disposed
15 on the plurality of emitter sites of the field or light
emission backplate, the transparent window being disposed

on the other surface of the light emitting polymer.
Conveniently, the field emission device 1is a display

device.

20 According to a fourth aspect of  the present invention
there is provided a field emission backplate comprising a
planar backplate member substantially comprising an

amorphous semiconductor based material, and a plurality of

grown tips substantially comprising a crystalline
25 semiconductor based material formed on the backplate

. member.

Preferably the substantially planar backplate
comprises a thin film of amorphous semiconductor based
material.

30 Preferably the grown tips are "profiled", that is to

say grown in a manner resulting in a sharp pointed shape.




Preferably the substantially planar backplate conprises a thin film of

anor phous sem conductor based nmaterial. Preferably the grown tips are
"profiled", that is to say grown in a manner resulting in a sharp pointed
shape. 6 9 February 2006 Conveniently, the tips are grown and etched

si mul t aneously. Conveni ently, the anorphous sem conductor based 5 material
is silicon or an alloy thereof. Also, the crystalline sem conductor based
material may be silicon. Preferably the tips are each forned on a
respective crystallised area of the planar nmenber. Accordigngpt@redosfth
aspect of the present invention 10 there is provided a field em'ssion
backpl ate conmprising a planar nenber of substantially anmorphous materi al
and a pluralityostenigatdy, cryshal | i wEosmt értisal F@wdon. aAccor gtApedo a

si xt h aspect: . of r.esent invention there is provided a field em ssion
devi ce con%%ﬁgpﬁéggoefg§?ield em ssi on backpl ate according to the first
aspect of the presentenhvgnti ohheTheapdapradugty cfergropmmiuictps napacedpri se
an array of raofiled tips.forned by the | ective ar h of .crystalline
senié%nducf@ﬁgﬁéféd ﬁ&teg?59083 aoﬁldpai%?;Q% (ﬁ%ﬁé%ﬁgﬁsed G°ar ead®of the
subst ant i aldznygtlaananebaekpbtahauecooprivssay) mtatdriial frdymef samephous

sem conduct or based material. The field em ssign device nmay be a vacuum

device may be &LFaChgRrdevilte WHBF ePhSt ALt F3EREN &% s3i 6RSBEGFEESi n
the device,cdystdS@ised area of the planar member. '

According to a fifth aspect of the present invention

10 there is provided a field emission backplate comprising a

planar member of .substantially amorphous material and a
‘plurality of tips of crystalline material thereon.

According to a sixth aspect of the present invention
there is provided a field emission device comprising a

15 field emission backplate according to the first aspect of
the present invention.

The plurality of grown tips may c¢omprise an array of
profiled tips formed by the selective growth of crystalline
semiconductor based material on a plurality of crystallised

20 areas of the substantially planar backplate comprising a
thin film‘of amorphous semiconductor based material.

The field emission device may be a vacuum device may
be a vacuum device wherein the‘act as an emission source in
the device, in use.

25 Conveniently, the field emission device comprises a
substrate, én evacuated space and a transparent window, e.
g. thin film transparent metal, wherein the field emission
backplate 1is formed upon the substrate and the evacuated
space 1s located bketween the field emission backplate and
30 the transparent window.

Alternatively, the field emission device may comprise




25 Conveniently, the field em ssion device conprises a substrate, an
evacuat ed space and a transparent wi ndow, e. g. thin filmtransparent
nmetal, wherein the field em ssion backplate is formed upon the substrate
and the evacuated space is |located between the field em ssion backplate
and 30 the transparent wi ndow. Alternatively, the field em ssion device
may conprise 7 9 February 2006 a wi de band-gap light emtting materi al
e.g. alight emtting polyner, into which electrons fromthe tips are
emtted, in use. 5 Conveniently, the field em ssion device oGRERE 68
substrate on one side of which is formed a plurality of tips, the |ight
emtting polyner, and a transparent wi ndow conprising a thin film

t ranspar enta matigle, Rhrdeyapt heldlite] ¢rmiCtémigssitonebaekpl at €4 s af ot Aedtupon

ranspar enta m o] (PTGt S i 5
the prorar ey o | e ot AR P G PRI s R TRER 7T

t ranspar entemnigttadd,i Sndiusposed on the other surface of the light emtting

|yner. 15 Conveniently the fiel d emission device is a display 20 device.
Pref of abl y, tho TIWE 0P ERE: 1181t dHrad i ekl afe T0ret e BTepiy fevi ce

are of a dengidvra0fe ah baask:d@0operhisHURE Efdid DL AGGRNditRg o0 a seventh
aspect of the present invention there is provided a nethod of formng a
field em ssion backplate conprising :

tips, the light emitting polymer, and a transparent window
comprising a thin film transparent metal, wherein the field

10 emission backplate 1is formed upon the substrate, one
surface of the light emitting polymer is disposed on the
plurality of tips of the field emission backplate, and the
thin film transparent metal is disposed on the other
éurface of the light emitting polymer.

15 Conveniently the field emission device is a display
device. | _

Preferably; the tips of the field emission bhackplate
of the display device are of a density of at least 100 per
square micron.

20 According to a seventh aspect of the present invention
there 1s provided a method of forming a field emission
backplate comprising

depositing a thin Zf£ilm of amorphous semiconductor
based material upon a substrate;

25 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
amorphous semiconductor based material.

30 Conveniently the thin film of amorphous semiconductor

based material is deposited on a substrate, e. g. by Plaéma



depositing a thin fil mof anorphous sem conductor based material upon a
substrate; 25 locally crystallising a plurality of areas of the thin film
anor phous sem conduct or based material ; and growi ng crystalline

sem conductor based material upon each of the plurality of crystallised
areas of thin film anorphous sem conductor based material. 30 Conveniently
the thin filmof anorphous sem conductor based material is deposited on a
substrate, e. g. by Plasma 8 9 February 2006 enhanced Chem cal Vapour
Deposition (PECVD). Preferably the plurglity of areas of tigapfiayDo0s

anor phous sem conduct or based material are crystallised by 5 exposure to
at |l east one pulse of a laser interference pattern. According to an eighth
aspect of ehéamcesefheimpvaht Vapourheeros st iprroviRFEH oa~met hod of

crystallising ar t wil | qg@r m uct b L eri al
for use in a 16%%?§%§bl§155|0n g%c 1 coﬁ%rf%%%% é¥ éﬁgganﬁggér
i nt erferonetr@rrphy)uspladxﬁudmgldamc&orrmmi nnaﬁgaﬂdlasme beamst@l}aj::iseﬁrg bhe thin

filmof anmo ous se du tor . based r.econbi nati on
o TR | R TR A FE oL VAR | pERHE eat ore e SRR kR R G
anor phous sgemteenduct or based mat eri al by subjectlng t he th|n filmto at

| east one | aser pul se, wherein the <crystallised areas generated in the
thin film anor pRGGSTIBAR EBnddc CaPTEEs 8dPRELePLalFNEoPFESEBAI IRTCRR&EOD

interferenggerd0 PatLeENi @at Berl@98H of crystallising areas of thin
film amorphous semiconductor based material for use in a
10 field emission packplate 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 recombinaticn of the laser beam;

15 locally crystallising areas of the thin film of
amorphous semiconductor bkased 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

20 pattern of the laser.

Preferably, for a backplate of amorphous semiconductor

- based material wherein the semiconductof based material is
hydrogenated amorphous silicen, the laser operates at a
wavelength of around 532nm to maximise absorption and

25 preferably the laser is a Nd : YAG laser.

BRIEF DESCRIPTICN OF DRAWINGS
These and other aspects of the present invention will
become apparent from the following description when taken

30 in combination with the accompanying drawings, which show:




Preferably, for a backplate of anorphous sem conductor based materi al
wherein the sem conductor based material is hydrogenated anorphous
silicon, the |laser operates at a wavel ength of around 532nmto maxi m se
absorption and 25 preferably the laser is a Nd : YAG | aser. BRI EF

DESCRI PTI ON OF DRAW NGS These and ot her aspects of the present invention
wll becone apparent fromthe follow ng description when taken 30 in

conbi nation with the acconpanyi ng draw ngs, which show. Figures 1Ato IF 5
Figure 2 Figure 3 10 15 20 25 30 9 9 Felyruary 2006 a thin iigfhary 2006

sem conductor crystallised at various energies according to the "present
invention; a field em ssion device according to a first enbodi nent of the
present i rRdgutesn;lPa tgr 4Fh of field enitddinon cufibnt versndsosldectpic
field for a field em ssion backplca]_pestoc_jl tihseecj-i e(_ldg %2}?_8{18” %%\éircgecs)f
Figure 2 ; a schematic perspective W ew o]T a d

according tc the present invention:

5 Figure 2 a field emission device according to
a first embodiment of the present
invention;

Figure 3 a graph of field emission current
Fgversus electric field for a field

10 emission backplate of the field
emission device of Figure 2 ;

Figure 4 a schematic perspective view of a
thin film of amorphous silicon onto
which is projected a laser

15 interference pattern in forming a
field emission backplate ;

Figure 5 a cross—-section of a side profile of
a grown crystalline silicon
backplate according to a second

20 embodiment of the present invention

Figure 6 a schematic side wview of a field
emission device having crystalline
silicon tips according to a third

25 embodiment of the present invention

Figure 7 a schematic side view of a field
emission device having crystalline
silicon tips acceording to a fourth

30 embodiment of the present invention

.
r



thin filmof anorphous silicon onto which is projected a | aser
interference pattern in formng a field em ssion backplate Figure 4 Figure
5 a cross-section of a side profile of a grown crystalline silicon
backpl ate according to a second enbodi nent of the present invention
em ssion device having crystalline silicon tips according to a third
enbodi nent of the present invention a schematic side view of a field
em ssion device having crystalline silicon tips according to a fourth
enbodi ment of the present invention Figuse 6 a schematic sphdguNi.RMm@E a
field Figure 7 10 9 February 2006 5 10 15 20 Figure 8 a schemati'c side
view of a field em ssion device having crystalline silicon tips according
to a fifth FignyediBrent of the presentschevetticonsidd guiey 9Aft @ 9Eiglderies
of side cross-sectioned views showing a method of ﬁ&%ﬂ%?gc%ystalline
silicon tips according to a fifth
5 embodiment of the present invention;
Figures 94 to 9H a geries of side cross—sectioned
views showing a method of forming a
field emission backplate according
to a sixth embodiment of the present
10 invention ;
Figures 10A and 1lOB photographic images of the field

emission backplate of Figures %A to

9E; and
Figures 11A to 1l1C a serlies of side cross——sectional
15 views showing a method of forming a

field emission backplate formed
according to a seventh embodiment of
the present invention including the
use of a planarising agent.
20 '
DETAILED DESCRIPTION OF DRAWINGS
With reference initially to Figures 1A - 1F there is
shown photographic images of field emission backplates lZa
- 12f each formed c¢f an amorphous semiconductor based
25 material, in this case n-type hydrogenated amorphous
silicen, 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
approximately 100nm of n-type hydrogenated amorphous
30 silicon onto a substrate of, £for example, aluminium by

Plasma Enhanced Chemical Vapour Deposition (PECVD). The



field em ssion backplate according to a sixth enbodi nent of the present

i nvention

backpl ate of Figures 9A to

; Figures 10A and | OB photographic inmages of the field em ssion
9E; and Figures 11A to 11C a series of side

cross-sectional views showng a nethod of formng a field em ssion
backpl ate formed according to a seventh enbodi nent of the present

i nvention

including the wuse of a planarising agent. DETAI LED DESCRI PTI ON
OF DRAWNGS Wth reference initially to Figures 1A - 1F there is shown
phot ographi c images of field em ssion backplates 12a - 12fg®aahnffioged of

an anor phous sem conductor based 25 material, in this case n-typ€
hydr ogenat ed anorphous silicon, on the surface of which a plurality of

emtter

532nmi s

10

15

20

25

30

_ sideoP0ed oM drienf gihveed untee doegl d aamrs sims tsddlphaten D2a - -
12f is fornpd Qé’mhggrd%%%'r“ Rl a thag Hilm,of 'r?p%gé' ’%s%' Y, 100pm of
n-type hydrogenate rate of,

al um ni um byasd asprerdinhanced Cheavebdndfdpouf BPéposi tcenn(RPECYD) 2rndiie 11 9
February 2006 deposited thin filmthen u rgoes |l aser, crystallisation by
o el et Tt P LuBiad e e SRy e A g Pk
a wavel ength afi 248pRGScdaEimMgopér2MAS ati 1 aRagkMBEPHEr & rfof 5 DXWgPEeAsand
then quenched. Alternatively a Nd . YAG |laser operating at a wavel ength of

anor phous 30 siliicon onto a’subst

UsERP - The| 288RTi & pupskPht 28 o P naAndeBesREendst eppagred

and repeated to form a pattern. This process results in the
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 - 1F. Figure 1A
shows the emitter tips 20a which are the resultant effect
of a small amount c¢f absorbed energy, approximately 100
mJ/cm®. This can be compared to Figure 1F, which shows the
rocunded emitter tips 20f achieved by a relatively large
amount of absorbed energy, in the region of 3OO_mJ/cm2. In
each case, each of the sites cor tips 20a - 20f acts as an
emitter site. When the backplate 12 is incorporated 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 1n emission
currents in excess of 107°A and low field threshold of
around 10V/um.

An example first embodiment field emission device 104,
having a field emission backplate 12g formed as described
with reference to Figures 1A - 1F, 1is shown in Figure 2.
The device 10g shown 1s a tricde device having a field
emission backplate 1Zg with a substrate 14g of aluminium
and a thin film 16g of n-type hydrogenated amorphous
silicon, which has been treated by an excimer laser and

thus has a plurality of emitter sites 20g upon a surface

for exanpl e,



and repeated to forma pattern. This process results in the surface of the
silicon having a rough texture. The energy 10 absorbed by the silicon

i nfluences the extent of roughening of the surface as can be seen in
Figures 1A - IF. Figure 1A shows the emtter tips 20a which are the
resultant effect of a small anount of absorbed energy, approximately 100
mJ/ cn2. This can be conpared to Figure IF, which shows the 15 rounded
emtter tips 20f achieved by a relatively |large anount of absorbed energy,
in the region of 300 ml/cn2. In each cgse, each of the sibeg,Qhniips 20a -
20f acts as an emtter site. Wen the backplate 12 is incorporated in a
field em ssion device (not shown), each emtter site 20a 20 20f emts

el ectrons dthdrewif.i eldsinpuaatied dlesessi divr cordimia at & odayFhe dfackpl at e

12a - 12f r, S.i.n enlssi currents_in, excess aof. -5A a I ield
t hreshol d 5$§Rg%§ﬁh§ 1 ?%%?Q%n %&%ﬁpl%?fPég (gﬁ%ogPﬁ%%F%fieﬁgseﬁ¥%é¢on
devi ce 10g,dis2bskavi ng atheel drestssl bredackipliaten ,12@nidor sedsagudestyi bed

with reference to Figures 1A - IF, is showm in Figure 2. _The deyice.l Qg
Showr? | - a ShAPSHe TBOF cEIREIAIRTa THATSE  BNFRSRbR iAol UPE" 125 3 11E a
substrate H4egsef spdvami smenades azbhi A idiapkdgofanthype Mydr agrnased
‘anor phous 30 silicon, which has been treated by an excinmer |aser and thus

has a pl ur @SPLEF et t%er GRS IFRY WAPREGUr f3te 9% FEeiat (e 2b96

thereof. Andmpaulabi ngidaysr i_aé@r exaAmh@ssa dRyetnQt anvihgsu athPde
material such as silicon nitride, has been disposed on the crystallised
silicon, arf¢wEibsdquenel yostepéhedrendsmprbyi dhigaspacéfdeberuats 2g. Upon

each of  tNASQSPIEET LILTEALS 4A%d dispesed @ thsn &4 MARG Ofhich
allows emission to be controlled wusing low. This 1is
important for effective spatial control when the device 10g
is used in display arrangements.

Emission currents measured in such a device 10g having

15 a vacuum below 5 x 107° mbars are shown in Figure 3, which
is a graphical representation of emission current versus
electric field. It 1s also estimated that a beta factor for
the described device 10g is 1in excess of 450, with this
figure including both geometric enhancement and internal

20 enhancement.

In Figure 4, there is shown a thin film of amorphous
silicon 16h disposed upon a substrate of aluminum 14h
wherein a pattern of dots 18h «caused by a laser
interference pattern can be seen upon a region of surface

25 of the silicon 16h. This arrangement illustrates a
refinement of the technique used to form a backplate such
as that of the first embocdiment, the technique being used
Lo produce a field emission backplate,

The thin film of amorphous silicon 16h is disposed

30 upon the subkstrate of aluminum 14h by Plasma FEnhanced

Chemical Vapcur Deposition (PECVD). An Nd : YAG pulse



phosphor, e. g. netallised phosphor, and the device 10g is conpleted with
a layer of glass 28g thus giving a three termnal gate control

arrangenent. An area 24g between the 10 glass 28g and the emtter sites 20g
is evacuated which allows em ssion to be controlled using low. This is
inmportant for effective spatial control when the device 10g is used in

di spl ay arrangenents. Em ssion currents nmeasured in such a device 10g
having 15 a vacuum below 5 x 10-6 nbars are shown in Figure 3, which is a
graphi cal representation of emission curgent versus el ect higgpfisf) shos! t 1S
al so estimated that a beta factor for the described device Qg 1's in
excess of 450, with this figure including both geonetric enhancenent and
internal 2@GsemhanceEnen .zl puEsguge drathene ins Whowneai ohi wif id ntof 7

anor phous _silicon_16h di spgse on_a_substr.ate I 'nun114qb rein a
pattern on&ﬂﬁfefgﬁdgau§5a B?eg ﬁ%%e?or$nP8rféggﬁ%%r%gggéfﬁ éﬁﬁt e%ggen
upon a regianmdf euhibacep2htof ahbe Brouglon IGtk Thicgsahrmangdmenting a

illustrates a_  refinenment of the technique used to forma backp] ate, such
bs. Lt of ARSI S0F aRBbal di TR Cufni thid: bShGCvRed SIS bl gtuts o

field em sy thackpl atre.a Theaddi tn f thmef tRADE PROHSe &hi€0BatbBrhSof
di sposed 0 upon the substrate of alum num 14h by Pl asma Enhanced
Chemi cal V&FSurlE&pBsiiti o {ELVDf e AdaRE T i\"ﬁ@ﬁ%ﬁ@éwﬁs o7 FebFuaf§t2006
laser, havipg,a oW sing Ay afd a0 i el herd8gigh Hlead L 0o ahBROSEEONAS, 1S
used to forman interferometer, with the beambeing split and brought back
t oget her fomvisigld IBapgarner i opidoles DBAseTHe t AN NG | m JAG cbhisdryep 16h
I's 10 used to locally crystallise the region. The laser beam is
synchronised with a step and repeat system in the plane of
the thin film silicon 16h resulting in the formation of
laser spots, and hence the crystallised dots 18h,
distributed over the entire surface plate of the thin film
15 silicon 16h, thus allowing a high density of tips to be
made. By using this step and repeat system a backplate 12h
may be made of any chosen size. An area of 30um x 30pm is
typical for anr individual pixel, and hence a micro -tip
density of 300 x 300, which equals 9 x 10' per Red Green
20 Blue (RGB) pixel will be achieved. Such density of emitters
is of crucial importance as the emission current of a field
emission device depends on the number c¢f tips and their
sharpness.
A selective etch and growth process involving a dilute
25 silane/hydrogen plasma forms micro crystalline silicon by
allowing strained bonds within a silicon array to be 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,

30 resulting in a cross-section of tips 20h such as those

shown in Figure 5, the PECVD deposited thin film silicon




positioned in a plane in which the interference pattern of the laser is
formed. The laser interference pattern acts wupon the silicon |ayer 16h
creating areas, or dots 18h, of «crystallisation. A single pulse of an Nd .
YAG |l aser is 10 used to locally crystallise the region. The | aser beamis
synchroni sed wwth a step and repeat systemin the plane of the thin film
silicon 16h resulting in the formation of |aser spots, and hence the
crystallised dots 18h, distributed over the entire surface plate of the
thin film15 silicon 16h, thus allow ngia high density of tJpg$nifybgoe made.
By using this step and repeat systema backplate 12h nmay be nade of any
chosen size. An area of 30pmx 30pmis typical for an individual pixel,

and hence alfici6 t3ypladdies tio of 300 wEe309ilag A dqesns DlacmD4iper Red
G een 20 Bl pg, (RB) pixel will be achieved. Such density of emtters is of
crucial inportance as the em ssion current of a field em ssion device
depends on the HMWUHK;othi$p§r@wmb$hedeposhe;@mes§ sAlsebactitvesetwdi land

gromkg process |nv |Vlf§ca dllute g@ filane/2¥q!%€ﬁnéﬁmgggﬁa g%g% H%;ro
ST1T17C r to

crystalline S|Y|con b@ é?lomnng falned: TR}
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t her nodynani ¢ ll%hstf le cr |line sites. To formemtter tips 20h upon
fil

the laser tTYetat® %?? Toh 18h, gﬁaFesBPpgﬁﬁ i AT§28r 08<- s&dfi on of

tips 20h sughr@stif®saresShawmlicAnEbgdn e StdHel PECMR depesi edwthi Maki | m

silicon 14 9 February 2006 16h is subjected to a dilute silane/hydrogen
pl asma in athe eaffept of profiling the edges of the growing film where

10 the etching effect is more dramatic. As each crystalline
area 1is limited in size to less than 100nm, the aspect
ratio 1is such that the edges converge.“ Therefore, each
circular dot 18h of 100nm or less of the emitter plate 12h
effectively grows a profiie tip 20h. The growth and etching

15 processes are mediated by mobile hydrogen and the aspect
ratio profiling etching leading To sharp tips 20h over the
entire growing surface of the plate of thin film silicon
l1éh. This profiling leads to field enhancement of the
emission plate 12h which therefore gives a low threshold

20 (of around 15V/pm) for field emission and thus higher
emission current (i. e. in excess of 107 amps) than that
achievable with the field emission backplate of the first
embodiment.

A cross—section of such grown tips 20i is shown in

25 Figure 5 as is a c¢ross—-secticon of spacers 22i which have
been formed by allowing the pulsed laser to rest upon
certain areas of the thin film silicon to create line or
dot crystalline structure (not shown) that have dimensions
much bigger than those of the emitter dots (not shown).

30 This results in a thicker deposited film being formed upon

these crystalline areas. Thus, spacers 221 are grown at the



During this process, deposition of silicon atonms will 5 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 sinultaneously etched. Continued growmh has the effect
of profiling the edges of the growng filmwhere 10 the etching effect is
nore dramatic. As each crystalline areais limted in size to |ess than
100nm the aspect ratio is such that the edges converge. Therefore, each
circular dot 18h of 100nmor less of thesemtter plate 12hombfiantioos! ¥
grows a profile tip 20h. The growth and etching 15 processes are nedi ated
by nobil e hydrogen and the aspect ratio profiling etching |leading to sharp
ti ps 20h oweme heimentbr ehygr owhhgtsur tape @it heablationdofpiagemdsnt npsi | i con

16h. This profili i ment of the em ssion plate 12h
whi ch ther %%3? gggegggg?o&gfﬁégégoﬁgpg%g of around 15V/dan) for field

em ssion and thes highesmies@si onrcent endndi thereforextbssbofigh®ndbsanps)

t han t hat ievahle with the field em ssion backpl ate, of e first

rbodt mant S a o CdBaAN GIERSRAS, HFGY O (61 BFE=Chdan e "8BRFoure 5
as is a craoss-t5e6l, i emofrrspacens rpdieswhi akcbadengbeentfogaed byeakhipwi ng
the pulsed |aser to rest upon_ certain areas of the thin filmsilicon to
create |in@EVidot 2crfast | PAECSEPHCtINE Thot Nehown P hat "RAYECdRHBfsi ons

much bi gger,itham thosgfcd hepemdinar ge55i 480t thowdet 3 Thihgekesyht s in
a thicker deposited fil mbeing forned upon these crystalline areas. Thus,
‘spacers 22iirdice growht @it (¥Rl 151 Febylar §£ 2608 device either through

10 an evacuated space 24 or into a wide band- gap light
emitting material 25. Each electron gains energy from the
applied field, that is the field which is applied across
the device 10 with aluminum substrate 12 acting as an
electrode. '

15 A field emission device configuration 107 having
crystallised silicon emitter tips 20j formed as described
with reference to Figures 4 and 5 is shown in Figure 6.

The field emission device 10j 1is a wvacuum device
having grown spacers 227 on the micron scale. The substrate

20 143 1is formed on aluminium onto which the thin film
semiconductor based material 163, in this case thin film
hydrogenated amorphous silicon, is disposed by 18j{ 213 of
the hydrogenated amorphous silicon are crystallised by a
laser interferometer and,. using the growth and etch system,

25 tips 207 kind spacers 227 are grown. A plate of patterned
Indium Tin Oxide (ITO) 267, disposed on a glass substrate
281, 1s arranged to sit on the grown spacers 227 of the
emitter backplate 123. The area 247 between the emitter
tips 20j and the ITO 26] is evacuated.

30 An alternative field emitting device 10k is shown in

Figure 7. In this configuration the fieid emitting device



sane time as the emtter tips 20i, allow ng placenent of gates for three
termnal devices: As the em ssion current, and therefore the brightness 5
of the display depends upon the current density, the number of tips, and
t heir sharpness, according to I=JFNna, the tips provide a sharp electron
source that, when incorporated wthin a device 10, will provide hot
electron injection into the light emtting |ayer of the device either
~through 10 an evacuated space 24 or into a wide band- gap |light emtting
material 25. Each electron gains energyiéromthe applied bhighfartdtet is
the field which is applied across the device 10 with al um num substrate 12
acting as an electrode. 15 A field em ssion device configuration 10j

havi ng cryidtkal lisedwidriasoh enitht er t iyisie20jpefiorved asidéscr epédtingt h

ref erence tp, jd.gunes, 4 ang, 5 b.g shaun, 10 BL9YLE, S JTRBGLA! ¢ L5t op
device 10j 'I's a vacuum'device Ravi ng gro pacers | on the mTcron
scal e. The tSubsfiat® eROsd¥gn i sipor ARE doralusd Mauntioat dightckentheitdin

filmsem conductor based jaterial 16j,.1in this_case thip fi hydr ogenat ed
anor phous $19%¢8H, scgioé%gs(é%lngjygli L1 igr fIM SR/ ggﬁgg]ed—" a%f'%hous
silicon arefiomystadddiadlty retdigseudmtey f enonet eri@ndxidsi ngrdhe2gkowt h
and etch system 25 tips 20j kind spacers 22] are grown. A plate of
patterned FHFRARRTI A OKi aéa%?Té))lbﬁgF?tﬂi ¢fsed én dfvﬁcfssl(g’ﬁb%?? atke® 28j,
| S arranged e $idmik il LRI a8RAGEKS r22incal okh@i1eBbht @kxbaskpbate 12) .
The area 24] between the emtter tips 20} and the 1 TO 26] is evacuated. 30
An al t er natdwveaf issibg teitet | i debiel 10k tsisheafsi is Fgureniumy nThei s
Confi@uratiﬂ'ﬁr{[ h@iirﬂel(gneml&tioggege\éifcqnany 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
pressed onto the crystalline silicon tips 20k of the
i5 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 1is particularly useful in the case of
the thin film semiconductor not being of n—type and there
20 veing 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
on a face plate 321, is shown in Figure 7. The device 101
25 | is further adapted to form a tricde configuration by the
deposition of an insulator 341 with a metal gate 361 placed
above.
A yet further embodiment of a field emission backplate 12m:
involves constructing a three terminal device having self-
30 aligned gates for each emitter 20m. This field emission

backplate 12m is constructed in a manner illustrated in



16 9 February 2006 10k is arranged with a wi de band-gap light emtting
material 25k, in this case a polyner, disposed on top of the field
em ssion tips 20k for use as the light emtting 5 nedium A diode
configuration is fabricated with a thin filmtransparent netal, such as
Indium Tin Oxide (1 TO 26k disposed on a glass substrate 28k. The device
10k has the field em ssion backplate 12k forned of silicon 16k disposed
on a substrate 14k which in this case is alumnium The 10 thin film(in
the order of many microns) of w de bandygap |ight enmtting h%ﬂﬁ%0%5k is
ate 2

di sposed qu&dgg% Rlxate o@f IHa%EﬁﬁP§d9AT¥%§§§ on glAss substr K by,

for exanple, ~ screen printing. T ight emtting polynmer 25k is then
pressed onto the crystalline silicon tips 20k of the 15 backplate 12k. An

Al - Si - pol yner ITO fiode structure iscthus rmed with the I 5k
bei ng cure&iup ?%gl? %ﬁ)§§i 'EOE Fubé%fg%pera ur "o g%p%?%&? tely

100C. Such]&m1dﬂuiee1aﬁﬂang@meWEWamqmpHuwyﬂsaﬂhyouseBmI Ehethelﬁaselmf t he

thin filmsen.conduc bei n ype and there 20 bei

b iy e i en i B e e B R R “n R OF AR o2 baHnat i ve
field em ssjioh devicenkl, to i Pehueingla retal waakednphesphoratayasepenber

301 dlsposed on a face plate 321, is shown in FI%@%G 7. The device 101 25

i s further Yt SEitSE HB mEARS | 68 c FFTGEr ativon t REYsS§épddrRitdARof an

insul ator 341 w-th -3 ngg%glggge 3841 phaced above. A yet further embodi nent
of a field em ssion backplate 18 i nvol ves constructing a three term nal
devi ce havi ng s@lhfe. first step of forming the self aligned gates

10 inveolves forming by deposition a thin SiN (Silicon Nitride)
insulator 38m, using PEVCD, upon the exposed surface of
crystallised silicon completely encapsulating each of the
emitter tips 20m as is illustrated in Figure 9B.

The second step of the process, the results of which

15 aré shown in Figure 9C, invelves a laver of metal 40m, in
thls case chromium, being deposited on top of the SiN layer
by thermal evaporation.

In the third step o©f the process, the plate
arrangement 1is then etched by plasma means, in this case

20 using CF (freon) gas. This results in the top of each
emitter tip losing its metal and the S$SiN inéulator layer
38m being exposed as is shown in Figure 9D.

As 1s shown in Figure 9E, the SiN insulator 38m is
then etched leaving a supporting metal ring 4lm around the

25 exposed tip 20m, which acts as a gate.

The resultant emission backplate 12m, which is shown
in Figure 1CA and! in a close-up image in Figure 10B, can
be used to form a field emission device 10m that is
completely lithography free.

30 Referring to Figures 11A - 11C, this process can be
improved by applying a planarising agent 37n, that is a




30 aligned gates for each emtter 20m This field em ssion backplate 12mis
constructed in a manner illustrated in 17 9 February 2006 Figures 9A - 9E.
In Figure 9A there is shown a backplate 12m formed of a substrate 14m

metal cathode 15mand a thin film of anmorphous silicon 16m The thin film
5 silicon 16mis laser crystallised in the manner described wth reference
to Figures 1A -- IF using an Nd : YAG |laser wth emssion tips 20m forned
by the crystallisation process as detailed previously. The first step of
formng the self aligned gates 10 invoiwes form ng by depasgdsi@iy godshi n

- SiN (Silicondiidigelen psdl @k 38Mhrush Nge PEVER: pMPON: She 2hRsed surface
of crystallised silicon conpletely encapsulating each of the emtter tips
20mas is illustrated in Figure 9B. The second step of the process, the

resul ts of j ch re.shown Jjn.,fi gur i I e f | 40m
in this ca%%irgh%%néﬁgn Belmhg é)eposél tgdy%igﬁtlopé% %ﬁékgll%\le%a%g alr)fgl:t%t%her mal
evapor at i onthé nsebend hsrelo stEptbe phmecpeacessplthegpliat en ammigement | S
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i nsul ator |ayett 38m betaigirexpesed s ks askown2hn IHgure 9bhe Asmigstehown in
Fi gure 9E, r 38m.is then etched |eaving a supporting netal

t he S%'N i nsul gto
ring 41m artbj_cﬁ‘r%l_ He s ERgo®Eq i p 20m which acts as a gate. 30 The
resul tant em ssigfk baekpl atre d2f: Wi €Rel SirsAoWemehl Rl PUpEabRA adns in a

cl ose-up image in Figure 10B, can

thus results in the arrangement shown in Figure 11B.

10 The SiN insulator is then etched as before, leaving a
space between the metal layer and the tip as is shown in
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

i5 be removed resulting in a metal gate surrounding each tip
as shown in Figures 1CA and 10B.

Devices such as those detaliled in the previous
embodiments are suitable for many display applications due
to their having low power consumption and being relatively

20 simple to fabricate. Such devices may also be used as the
cathodes for high power transistors for microwave
amplifiers in the satellite and mobile communication
markets.

Variocus modifications may be made to the embodiments

25 of  the invention as hereinbefore described without
departing from the scope of the invention. For example,
during the laser treatment of the thin film amorphous
silicon 1l6a - m, the use of a single laser pulse has been
described in locaily crystallising the region. However, a

30 number o©of pulses may alternatively be used thus allowing

energies as low as 20mdcm™” to be used. Additionally, it has



be used to forma field em ssion device 10mthat is conpletely |lithography
free. Referring to Figures 11A - 11C, this process can be inproved by
applying a planarising agent 37n, that is a 18 9 February 2006 Iliquid

whi ch upon heating or solvent evaporation becones a thin planar film to
the crystallised backplate 12n after the second step of the process
resulting in an arrangenent 5 as illustrated in Figure 11A This shows the
pl anari sing agent 37n coating the backplate 12n |eaving the emtter tips
20n standing proud. The step of etchingd4he arrangenent bygqpLRSIR FFBANS

3y
thus resul g3.dn dfe@%r%éénﬂﬁﬂﬁ%e 5@93\}‘&&1‘1 Haurg, L8 10.Fhe; piN,pnsul at or

is then etched as before eaving a space between the netal |[ayer and the
tip as is shown in Flgure 11C. By utilising the planar|5|ng agent 37n in

this way C{]ech erI T%ellcon baackpgate siruct ]fcﬁ 51% S Cﬁfa flrlom

corrosive cts planar|5|ng agen an refoved
resul ting mnuammﬂﬁﬂegaéeeSHIV@uedbhgaﬂﬂﬂ@tmmtha@rshemﬂ ot Rirgur €sp40A and

10B. vi ces. such as those detailed in evi ous enbodi ts are
st e § e BPaE ahol AedLrahe catle Al thor3r Ty Hh Tl o

consunpt i oraranﬂnaﬂangarr ebadii weliv 264 shmehank@stabr iati@esSutdy d@&tﬂﬁé may
al so be used as the cathodes for high power transistors for mcrowave

anpl i fi ers ddrcKe daténpptecand Fodi Fanedfififithati on markets. Various

nodi fications mayeb r@%@@st%ftQ%g%%QQQhQSEEén %ﬁeOEhEHefhﬂMeQﬁbQBhéés
her ei nbef ore descri bed w t hout eparting fromthe scope of the 1nvention.
For exanpl egilicen léa - n has been described as being performed by a

10 pulsed laser. However, this may also be performed by other
means such as intense electron beam irradiation or high
energy ion beam/particle impact or even thermal annealing.

The depecsiting of the thin film of amorphous silicon
16a - m which may be intrinsic or doped n-type has been

15 described by Plasma Enhanced Chemical Vapour Deposition.
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
l6a - m has been deposited has been described as aluminium.

20 However, such may alternatively be of ancther metal such as
molybdenum, chromium, or similar. It should be ncted that
the electrode need not be formed 1integrally with the
substrate l4a - m and may indeed be formed of a different

material from the substrate 14a - m. Also the use of a Nd

25 YAG laser having 532nm wavelength chosen to maximise
abscrption in silicon is detaileds. 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
30 transparent metal to form a diode configuration field

emission device 1is described. However, a suitablie




during the laser treatnent of the thin filmanorphous silicon 16a - m the
use of a single |aser pulse has been described in locally crystallising
the regi on. However, a 30 nunber of pulses nay alternatively be used thus
allowi ng energies as low as 20mdcm 2 to be used. Additionally, it has 19 9
February 2006 been described how the crystallisation of larger |ine or dot
structures 2la -- mcan be used to grow spacers 22a - n during the
selective etch and grom h process of the tips 5 20a - m However, silicon
can also be grown in blocks on an insul@tor and thin fil mpaasiysions

devi ces fO%oﬁ%hb%%ng?ﬁ?%???rdﬁé§n§f%§%%iﬂl@é¥% $RMe sppocess. The process of

crystallisation the | m anmor phous silicon 16a - n has been descri bed
as being perfornmed by a 10 pul sed | aser. However, this nay al so be

performed by of her AEans.sushzas hptense; sleetron-beanLi eoadialion gr high
energy ion beam'particlée inpact or even thernmal” anneal I ng. e depositing
of the thirhkl |sand m@amnigehods Sihlel ciysdfded MMl hemiys ben i backpsateor

doped n-ty has been . 15 descri bed. b | asma, Enhanced m_cal _Vapour

Depodi {1 onl2o Gudbers thdia 1 RLFFEHRkGL PG b dBpGgrEEd ny Rt Rt ng,
evapor at i ogQke@isher such neans. The substrate 14a - mon which the thin
filmsilicon 16a - m has been deposited has been described as al um nium

20 However, sucfPfay &Pi8rnafit®ly pevbionsing: néfal $héh adehdtVy®denum

chrom um  QrsiiTiledks |15 shoul d-pgodotedbhiahatthe slegiiade geedoopt be
formed integrally wth the substrate I4a - mand may indeed be fornmed of a

different Hewegreiral fhronsenecendsear emeda altarnatdyedive REsegsfmanign: 25
YAG]kﬁser Q%V'ggkégﬁﬂﬂﬁ“@¥$5§nQﬁh §ﬂ$§ﬁﬂ:;oTH@X%%b%%rate l4a - m on

which the thin film semiconductor 16a — m is disposed has
been detailed as. being aluminium; however such may be
formed of various other types of metal such as mobidium,
chromium or similar. The use of a KrF (Krypton Fluorine)
i5 excimer laser is described. However, any excimer laser may
be used.

The device described in Figure 8 1is detailed as
including a metal coated phosphor layer 301 disposed on a
face plate 321. However, 1t should be understood that the
20 other device embodiments detailed may also include this
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.
25 The silicon backplate described with reference to
| 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
technigue. Furthermore, the insulator 38m disposed on the
30 crystallised silicon 16m is described as being 8iN.

However, it may be any suiltable insulator and may be




absorption in silicon is detailed,-. However, any other wavel ength can be
used and, in particular, other wavelengths to maxim se absorption in

ot her- appropriate sem conductor based nmaterials can be used. The use of a
30 transparent netal to forml a diode configuration field em ssion device
i s described. However, a suitable 20 conducting polyner nmay alternatively
be used. 9 February 2006 Furthernore TFT control circuitry can be
fabricated in the sane manner as the described field em ssion backplate 5
12a - meither at pixel level or via integrated peripheral o mpiuar sosThe
thin film sepeonduct@ningnahbecdet ahl efeidpodiEents, d,5 AN kY PEom

hydr ogenat ed anor phous si'licon. However, the sem conductor nmay
alternatively be germanium 10 or gernmaniumalloy or simlar. The substrate
Lda - mon o WG NG LT Rl | MSEM COPdeLon,dba 4oluis disnosed.bag  been
detailed as. being a 8n1n|un1 owever such may be formed of various- ot her
types of netsdossiuchl assimwbi dhemmal clvemcorm-dpnsi m Havevdhe wusetobrandr F

(Krypton Fluorine) .15 exci.mer.laser. is descrihed. However, any exci ner
ol ray Yo Ao e SeRRLS dRSCH R TG B o detal | ed as

i ncluding a netal coated phosphor |ayer 301 disposed on a face plate 321.
However, it should be understood that the 20 other device enbodi nents
detailed may al so include this feature. Furthernore, each enbodi nent of
the device 10a - m may be adapted to forma triode configuration by the
deposition of an insulator 34a - mwth a netal gate 36a -



m pl aced above. 25 The silicon backplate described with reference to

Figure 9 is detailed as being crystallised using a Nd : YAG |aser.

However, it may be crystallised using an excinmer |aser and may be
crystallised using a |laser interferonetry technique. Furthernore, the

i nsul ator 38m di sposed on the 30 crystallised silicon 16mis described as
being SiN. However, it may be any suitable insulator and nay be 21 9
February 2006 deposited using any coating nmethod. The | ayer of netal 40m
di sposed upon the insulator has been desgribed as being depeshlafhiesi NY

t hermal evaporation. However, sputtering 5 or any other suitablé technique
may be used. 2 2 9 February 2006 CLAIMS 1. A nethod of formng a field

em ssion bd& e 5 conprising : providing a planar body of anorphous

sem conductor based material upon a substrate; and | aser crystallising at

| east a portion of the anorphous sem conductor based material 10 wherein
upon crystdlli sitgng mdigrahorghousosemeonducttoeldbasadsmbber i &acapphboeal ity
of enmitter sites are formed. 2. A nethod as clained in claim1, wherein the
pl anal  bod{’"8¥ *&md’pHous semi conductor based material is provided 15 as a
thin film of na@&ﬁwahldgpoait@ﬂmuponb@d@ubsﬁraéﬁbrﬁhod§rn@bﬁ@@o@&u@takned in
either of clains 1 or wherein the annrphous sem conduct or based

material i 359 m@&&rﬁﬁlaﬁpﬁplBySFh%FE%?e'

laser <crystallising at least a portion of the
amorphous semiconductor based material ;
10 wherein upon crystallising the amorphous semiconductor

based material a plurality of emitter sites are formed.

2. A method as c¢laimed in c¢laim 1, wherein the planar
body of amorphous semiconductor based material is provided

i5 as a thin film of material deposited upon & substrate.

3. A method as claimed in either o¢f claims 1 or 2,
wherein the amorphous semiconductor based material is

silicon or an alloy thereof.

20
4. A method as claimed in claim 2, further comprising the
step of performing laser crystallising using an excimer
laser or Nd: YAG laser.

25 5. A method as claimed in claim 4, wherein the excimer

laser 1s a KrF laser.

6. A field emission backplate comprising a plurality of
emitfer sites formed by laser c¢rystallisation of a thin

30 fiim of amorphous semiconductor based material.




4. A nmethod as clained in claim2, further conprising the step of
performng |laser crystallising using an excinmer |aser or Nd: YAG | aser. 25
5. A nmethod as clainmed in claim4, wherein the excinmer laser is a KrF

| aser. 6. A field em ssion backplate conprising a plurality of emtter
sites formed by laser crystallisation of a thin 30 film of anorphous

sem conduct or based material. 23 9 February 2006 7. A field em ssion

backpl ate as clainmed in claim®6, wherein the sem conductor based nateri al
is silicon or an alloy therereof. 5 8.2A field em ssion deviggFPiRG Si Ng
a field em ssion backplate conprising a plurality of emtter sites forned
by laser crystallising of a thin filmof anorphous sem conductor based
material. 10. 9. 7A fiield emnsssiorn dévickelasec| as maddimes] aim 8;ladrer éion  t he

field em ssion deyi gg. i 3.0 uaaUUM devices whereln hhe o emiier, sitesof the
backpl ate act as ‘an efri SS1on source in e devi ce, in use. 10. field
em ssi on devilbey aheodegiawed in claim9, further conprising a substrate, an
evacugted space and a transparent wi ndow, wherein the field em ssion
backptate is formed upon the substrate and the evacuated space is 20

| ocat ed betsween A heikilel drgBsssinondbackpl abapandihfe a t FagsParants smopdow.

backplate comprising a plurality of emitter sites formed by
iaser crystallising of a thin film of amorphous
semiconductor based material.

10
9. A field emission device as claimed in claim 8, wherein
the field emission device 1s a wvacuum device, wherein the
emitter sites of the backplate act as an emission source in
the device, 1n use.

15
10. A field enission device as claimed in claim 9, further
comprising a substrate, an evacuated space and a
transparent window, wherein the field emission backpliate is
formed upon the substrate and the evacuated space 1is

20 located between the field emission backplate and the

transparent window.

11. A field emission device as claimed in claim 8, further
comprising a wide band-gap light emitting material into
25 which the electrons from the emitter sites of the backplate

are emitted in use.

12. A field emission device as claimed in c¢laim 11,
comprising a substrate, the field emission backplate on one
30 side of which is formed the pluraiity of emitter sites, the

wide band-gap light emitting material comprising a light



11. Afield em ssion device as clained in claim@8, further conprising a

w de band-gap light emtting material into 25 which the electrons fromthe
emtter sites of the backplate are emtted in use. 12. A field em ssion
device as clained in claim1ll, conprising a substrate, the field em ssion
backpl ate on one 30 side of which is forned the plurality of emtter sites,
the w de band-gap light emtting material conprising a |ight 24 9 February
2006 em tting polynmer, and the transparent wi ndow conprising a thin film
transparent netal or netallised phosphoss wherein the fiebhgGgRL85)028
backpl ate is forned upon the substrate, 5 and one surface of the’light
emtting polyner is disposed on the plurality of emtter sites of the
field enisgm@ﬁtﬂﬂﬁﬂqﬂkMM£rdh@n@ré@@pdﬂéﬁﬁ@ﬁﬂﬂﬂﬁNWﬁﬂdﬁycW@m@@bﬁUun the

ot her surf 1 ti ol [ i.qn_devi ce
as clalnedqﬁﬁ'anlﬂﬁ é%éﬂ%ﬁ;ﬁ?ﬂf HQQfH erefﬁagﬁéégeé'cgghgr ﬁé%?%?

devi ce. 14th%ffxﬂkﬂewmfﬁﬂxuntﬁmnxpkﬂmecnmpfosma@ apphanhe shaekphaEe

menber substa tlaII ri si_.ng.an anmgr.phous, 15 sem conduct or

e rord an A o LuFPE LB AP G e T PRt 1 gPaESgea
crystal |l i neorsepheonducton thased chateetalsifiersredr orheher hackpkat esienber .
15. Afield em ssion backplate as clainmed in claim 14, 20 wherein the

substantlaﬂ?%Fﬁﬂkﬁiﬁr bEE?pY%H%?%RﬂﬁﬁPFsegl%Q?Wnr?eﬁﬂ% nibFPReRA. c SRduERBr

based mat erdi@er KorrAcki 8kd:aml $84RP SRCKPI At &ASdai med in clainms 14 or
15, wherein the anorphous sem conductor based material is 25 silicon or an

all oy thereof.
10 13. A field emission device as claimed in any of c¢laims 8

to 11, wherein the device is a display device.

14. A field emission backplate <comprising a planar
“backplate member substantially c¢omprising an amorphous

15 semiconductor based material, and a plurality of grown tips
Substantially comprising a crystalline semiconductor based

material formed on the backplate member.

15, A field emissicon backplate as claimed in claim 14,
20 wherein the substantially planar backplate comprises a thin

film of semiconductor based material.

16. A field emission backplate as claimed in claims 14 or
15, wherein the amorphous semiconductor based material is

25 silicon or an alloy thereof.

17. A field emission backplate as claimed any of claims 14
to 16, wherein the pluraility of tips are grown in a manner
resiiting in each having a sharp, pointed shape.

30

18. A field emission backplate as claimed in any of claims



17. A field em ssion backplate as clainmed any of clains 14 to 16, wherein
the plurality of tips are grown in a manner resulting in each having a
sharp, pointed shape. 30 18. A field em ssion backplate as clained in any
of claims 25 9 February 2006 14 to 17, wherein the plurality of tips are
grown and etched simultaneously. 5 19. A field em ssion backplate as
claimed in any of clains 14 to 18, wherein the crystalline sem conductor,
based nmaterial is silicon. 20. A field em ssion backplate as clainmed in
any of clainms 10 14 to 19, wherein eachsof the tips is forpmd 006
respective crystallised area of the planar nenber. 21. A field enission
device conprising a field em ssion backplate according to any of clains 14
to 20. 15 2% Aofield ewiegsilon dHevi cdvaslélai nell itdirsl airne8,9wivar eknd t he

plurality of. gt td #uﬁ%%ﬁ%oﬁg rise an array of profiled tips fornmed by
the selective growth of crystalline semconductor based material on a

plurality of crystallised 20 areas of the substantially planar backpl ate

conpri si ng thin..film of amorphou em _conductor hased material. .23. A
FrePc ot aditom deiisd s ot MRl B TL 90 T a8 Y86 2eai B,
vacuum deviice, w@nd 1wher gharthe ttps actvasal 2heemSsiiarsourees basthe
device, in use. 24. Afield emssion device as clained in any of clains 21
to 23, furtheredeipli'sfndia°8ubstrate, an evacuated space and a
transparent w ndow, wherein the field em ssion

20. A field emission backplate as claimed in any c¢f claims
10 14 to 19, wherein each of the tips 1is formed on a

respective crystallised area of the planar member.

21, A field emission device comprising a field emission
backplate according to any of claims 14 to 20.

i5

22. A field emission device as claimed in claim 8, wherein

the plurality of emitfter sites comprise an array of
profiled tips formed by the selective growth of crystalline

- semiconductor based material on a plurality of crystallised

20 areas of the Substantia11y  planar backplate comprising a

thin film of amorphous semiconductor based material.

23. A field emission device as claimed in claim 22, wherein
the device is a vacuum device, and wherein the tips act as

25 emission sources in the device, in use,

24, A field emission device as claimed in any of claims 21
to 23, further comprising a substrate, an evacuated space

and a transparent window, wherein the field emission



26 9 February 2006 backplate is formed upon the substrate and the evacuated
space is |located between the field em ssion backplate and the thin film
transparent window. 25. A field em ssion device as clainmed in claim?22, 5
further conprising a wide band-gap light emtting material into which
electrons fromthe tips are emtted, in use. 26. A field em ssion device as
clainmed in claim?25, further conprising a substrate, the w de band-gap
light emtting material and a transparent w ndow, wherein in use el ectrons
10 fromthe emtter tips of the backplape are emtted into dfgmap sipsband
-gap |ight enlttlng material . 27. Afield em ssion device as clained in
claim 26, WRTEHIRES hdSwif@e 6andiRpdp FRGhEGRTERRg i eFN8l SV€c4afeght 15
emtting podyaver . i281chatidl hetmesai drhedefl €bd asmebai ordbarkabytef aalHai s
24 to 26, rgafht qﬂ;&%gﬁggggghtm%ggg$hls athin film transparent

A

metal . 20 2 ileld emsSsio evice as clainmed in claim26, wherein one
surface of g tt|n mat eri,al .i s disposed on, the plurali of the
surface of he L1 ohi St LL0gIBLer gl e dhsPosed on, the plutal ity
di sposed onfutchest heemsurSiaoe a 26108 bhedlgght leghtt iemg thranegr maltec381 A

field em ssion, deyi e A%.¢-aL88d bR 2Ry 9§p§|§%é“éﬁ¥ttéﬁ %91 JMerein the
device is a display device. 2 7 9 February 2006 . A field eni'ssion

devi ce as Qﬁ 'qﬁdfiéhéﬂgﬁ 51Jﬁm&g%f%é éﬁa;n%%?i I%laQ%.E%esf%rther field
ar e

em ssi on backplate
comprising a substrate, the wide band-gap light emitting

material and a transparent window, wherecin Iin use electrons
19 from the emitter tips of the backplate are emitted into the
wide band -gap light emitting material.

27. A field emission device as claimed in claim 26, wherein
the wide band-gap light emitting material is a light
15 emitting polymer.

28. A field emission device as claimed in any of claims 24
to 26, wherein the transparent windocw 1s a thin film

transparent metal,

20
29, A field emission device as claimed in claim 26, wherein
one surface of the light emitting material is disposed on
the plurality of the tips of the field emission backplate
and the transparent window is disposed on the other surface
25 of the light emitting material.

30. A field emission device as claimed in any of claims 21

to 29, wherein the device is a display device.



of a density of at |east 100 per square micron. 5 32. A nethod of formng a
field em ssion backplate as clainmed in any of clains 14 to 20, the nethod
conprising : depositing a thin filmof anorphous sem conductor based

mat eri al upon a substrate ; locally crystallising a plurality of areas of
the thin 10 fil m anorphous sem conductor based material ; and grow ng
crystalline sem conductor based material upon each of the plurality of
crystallised areas of thin film anorphous sem conductor based material. 15
33. A nmethod of formng a field em ssiop;backpl ate as clabp@gnkaﬂ%bgin132,
further co risigghghe steps, of _depositing the thin film of anprphous

semi conductor Ba L dygtel 34 O Thy AP HeGred EnhrsteRf Gienial O Vapoatns 22
Deposi ti on.t2@ B4 whkrathatheoft ifc@r NG ha fiielld emission backplate ase

clainmed in i «Jfurth i S} he_. st.eps of rystallising the
plurality gfcfl %‘r g]g%%c%f:yt ﬁl%ng%i (Iigng%m?% g%ésr 3 urﬁl%orﬁng&gtoglr’ based material by
exposure to at |least one pulse of laser interference pattern. 25 35.. A
met hod of crystallising areas of thin film anorphous sem conduct or based

material for use in a field em ssion backplate as clainmed in _any of clains
14 to 20, the ndt HBEChRBNHE sFRFNBOIT ot nifiGld | BBEFS 1R erREGIElEr BY
splitting andi2@d ifebhyary 2006nseconbs mmg whd asehdeadnppliachpg: a thin

filmof amorphous sericenductor, based;  fmterial, 1n,the plane of (the,,

based material upon a substrate ;
locally crystallising a plurality of areas of the thin
10 film amorphous semiconductor based material ; and
growing crystalline semiconductor based material upon
each of the plurality of crystallised areas of thin fiim

amorphous semiconductor based material.

15 33. A method of forming a field emissicn backplate as
claimed in claim 32, further comprising the steps of
depositing the thin film of amorphous semiconductor bhased

material by Plasma Enhanced Chemical Vapour Deposition.

20 34, A method of forming a field emission backplate as
claimed in «c¢laim 32, further comprising the steps of
c¢rystallising the plurality of areas ¢f thin film amorphous
semiconductor based material by exposure to at least one
pulse cf laser interference pattern.

25
35. A method of crystallising areas of thin film amorphous
semiconductor based material for use in a field emission
backplate as claimed in any of claims 14 to 20, the method
comprising

30 forming a laser interferometer by splitting and



beam 5 locally crystallising areas of the thin filmof anorphous

sem conductor based nmaterial by subjecting the thin filmto at |east one

| aser pul se wherein the crystallised areas generated in the thin film
anor phous sem conductor based material correspond to the interference 10
pattern of the laser. 36. A nethod as clainmed in claim35, wherein for a
backpl at e of anor phous sem conduct or based naterial wherein the

sem conduct or based material is hydrogenated anorphous 15 silicon, the

|l aser operates at a wavel ength of aroungg532nm to maxi m s @BaRKPIdMEN. 37.
A net hod as.glaidgd A Liither gt glaims 35 or 36, wherein the laser is an
Nd : YAG | aser. 20 38. A field em ssion backplate as herei nbefore descri bed
with reference troaRigyr es tAino t31lm3def Aahpebdoedi ssionobdokpbat bagsd

her ei nbef or .CIi b | ef erence ' .4t .+40. ;A_flLeld
em ssi on bargi%‘%%tael agghetr%ésal \rll\%ie%béreogeg%r:hﬁ b%gcg%gy{ﬁg?le?%rg)riet}tl% I:—LFSSI‘Fes 9A
to 11C. 30 Hdam;A field em ssion device as hereinbefore described with
reference to Figures . 1A to 3. 9 9 February 2006 42. A field _enissian

devi c® as herei gltf’ecf d%é’ﬁtﬁi&l\ﬁﬁlf’ﬁ r8F8?§nc8 totél‘eguFLlérM tf&rlng‘. §%43. A
field em ssdirgesniLesani behehobes one sdaschisbei v t byr efeppaeeidp Ehgures
9A to 11C 44. A nethod of formng a field em ssion backpl ate as

her ei nbef or'd*iesckiHed Wt hafef efefte PRSFi g8F8E 1RUE§e3. wWherein the

crystallised areas generated in the thin film amorphous
semiconductor based material correspond to the interference

10¢ pattern of the laser.

36. A method as claimed in claim 35, wherein Zfor a
backplate of amorphous semiconductor based material wherein
the semiconductor based material is hydrogenated amorphous
15 silicon, the laser operates at a wavelength of arcund 532nm

toc maximise absorption.

37. A method as claimed in either of claims 35 or 36,

wherein the laser is an Nd : YAG laser.

20
38. A field emissicn backplate as hereinbefore described
with reference to Figures 1A to 3.
39. A field emissicon bkackplate as hereinbefore described
25 with reference to Figures 4 to 8.
40. A field emission backplate as hereinbefore described
with reference to Figures 92A to 11C.
30 41, A field emission device as hereinbefore described with

reference to Figures 1A to 3.




10 45. A nethod of formng a field em ssion backplate as hereinbefore
described with reference to Figures 4 to 8. 46. A nethod of formng a field
em ssion backplate as 15 hereinbefore described with reference to Figures
9A to 11C. 47. A nethod of crystallising areas of thin fil m anorphous

sem conduct or based material as hereinbefore described with reference to
Figure 4. 20

29 9 February 2006

42. A field emission device as hereinbefore described with

reference to Figures 4 to 8.

5 43, A field enmission device as hereinbefore described with

reference to Figures S9A to 11C.

44. A method of forming a field emission backplate ‘as

hereinbefore described with reference to Figures 1A to 3.

10
45, A method of forming a field emission backplate as
hereinbefore described with reference to Figures 4 to 8.
46. A method of forming a field emission backplate as
15 hereinbefore described with reference to Figures 9A tTc 1l1C.

47. A method of crystallising areas of thin film amcrphous
semiconductor based material as hereinbefore described with
reference to Figure 4.

20



