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cross referenced to a rel ated co-pen
filed on the sane 5 date, entltled "Am electron
emtter and a display apparat s utilizing the sane"
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invention relates to an electron emtter and a displ ay
apparatus 10 utilising theS&YHE particularly though
not exclusively to a field effect electron emtting
apparatus, a field effect display, a nmethod of
fabricating a electron emtter array, and a nethod of
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Recently FlI at Panel Displays (FPD) have becone popul ar
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Ealsq@usaﬂsmémmdsw(epbmg Negas ﬂ@gna@twg Cat hode Ray Tubes

(CRT) in many donestic applications. However sone

types of FPD technol ogy have di sadvant ages conpared

to conventional CRT technol ogy. For exanple 20 LCDs

PRAVEDOP ML IRYENBRONAt €, whi ch degrades the quality
of fast-noving i mages and PDPs have a reduced life
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utilising the same, particularly though not exclusively to a field effect electron emitting
apparatus, a field effect display, a method of fabricating a electron emitter array, and a

method of manufacturing a field effect display.

BACKGROUND

Recently Flat Panel Displays (FPD) have become popular due to their smaller
footprint and larger flatter screen compared to conventional technology. For example,
Liquid Crystal Displays (LCD) and Plasma Display Panels (PDP) are replacing Cathode
Ray Tubes (CRT) in many domestic applications. However some types of FPD
technology have disadvantages compared to conventional CRT technology. For example
LCDs have a slow response rate, which degrades the quality of fast-moving images and
PDPs have a reduced life expectancy.

An alternative technology to LCD or PDP is a Field Emission Display (FED). A

typical FED incorporates a large array of fine metal tips or carbon nano-tubes (CNT),
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typi cal FED incorporates a |large array of fine netal
ti ps or carbon nano-tubes (CNT),
111121121112121211121212112121211211 ~~1'1 M1l 2 which
emt electrons through a process known as field

em ssion. The array of electrogn emtters lie behind a
phosphor coated screen, whichZimilar to a CRT, enits

the. el ectrons strike. There are
gﬁ*ﬂ % @8@"?8“% REOUED ARIPET S R IP AR 38 c‘g"ﬁ iiNstong {1, array of electron
deylces The 5 use of CONT electron emtters for .
eiitest He belind pphesnher epriethenrean waichydmilar iophER Teemits light when
FEDs but adds further conplexity to the fabrication
treeteaons tikeé.ed States Pat ent publication nunber
2006/ 0046602 di scl oses a nethod of manufacturing a

field epbtags nﬁhf@ﬁdll@ﬂ@es%&tﬁ@ccﬁﬁﬂn@rc?a‘}$ﬁﬂfébﬁ&90ﬁ§feh%vwes The
nanot ubes as wel ld emtter el ectrode

g&n%@ﬁ&u&g&r&nh&hﬁg%( 1 foIQ?flx[ﬁBteg?rga CRIPRE VS g@%?ﬁﬁ'aﬁ)&%mancc of

al'umnum ate an tanodi 2
oxide film having pluralit uni f orm pores on the

EEDsbHtsdds J%@@&P@pleﬁrt@ &amerfébr&ﬁtlem BEOCESSt yt e sol uti on

havi ng carbon nano-tubes di spersed therein, immersing
t he anbditzd StadsuPdtend publibmionatumben 2ﬂﬁ@00466@@tdisrllqsbea method of
sol ution and applying a given voltage to the al um num

faRStab @t g 8 FieRNEnitet 86dtF0Ad Bsing QelfasseMbihf 8dibor fighotubes as well as
carbon nano-tubes to the pores, and fixing the

AAAE ?ﬁtéérg’elg &ﬂnmgﬁﬁgcth}égetﬂe B 'Ifﬁl gﬁ:‘ﬂﬁ?lor aﬁnﬁc_zwnodizing an

sugges app cation 1s as a
closed

electrode isn entter .
imient B 68 SO b angilioedi abirRBET e Tl h e a pluraity of
quite high, which reduces the life expectancy. Also
thigor@NTorésen thh elenipuinsnbsirate, gepparegandesirolyta selutiombasing carbon
than the depth of the pore. In other words, the tips
fdnd-fuBeCNIspafsed ethBRSE dinhherdingh thep@fi®dized aluminum substrate in the
electrolyte solution and applying a given voltage to the aluminum substrate as one
electrode, so as to attach the carbon nano-tubes to the pores, and fixing the attached
carbon nano-tubes to the pores. The suggested application is as a back light for an LCD
and a gate electrode is not disclosed.

The emitter current for those prior art devices above, can be quite high, which
reduces the life expectancy. Also the CNT for those prior art devices above, are longer
than the depth of the pore. In other words, the tips of the CNT are exposed from the pores.
It would therefore be desirable to provide an electron emitter array which has fast

response, long lifetime, uniformity and/or high luminous intensity and/or improved

methods of fabrication.
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20 It would therefore be desirable to provide an

el ectron emtter array which has fast response, |ong
lifetime, uniformty and/or high [um nous intensity
and/ or inproved nethods of fabrication. 3 SUWMMARY OF
THE INVENTION It is therefore the objective of at

| east one enbodi nent to prOV|&B a field effect

Sm%m mdwercones at | east one of the
t EIS In general ternms, afirst
aspect _of the inventjon proposes that in afie

ef f ect It isthepafere; they objsptivearfias 1eashene embagliment tﬁspm\ad«? adeld effect

| ayer having an array of pores, each pore has at
braitdhg apyaratasthatdveecorhescit teast @wide ther abolve atentieneshmproblems.
than the pore. This may give the advantage that a

gat e elfpdiePd iRy aqﬁsdoaswtctﬁqh@qh@ﬁu&wopb&% that in a field effect
insulating |ayer without the need for a Spacer

SRR e A B LGS 00 B e s

of nano-wire electron emtters. This may give the, _
aideash Pag Ranonwire elestron emitisr which is shoriqrghan @\e PRIST chfdymay give the
because the current emtted fromone nano-wire can be
addntagd thava gatb elrctmodehmasbamovidod nn ondea theriesuating layer without the
conparison with the case of using only one nano-wre

h&d&oﬁb@ﬂc@rmﬁ@en thema first specification expression
of the invention there is provided a field effect 15

I
noul ;8”86%%%5%#9%@2?%&28@%1@ PSR 2 R %‘&ﬂmvf?ﬁaay have &
ore at | east gQne nano-wre. el ectro

rra
Bl P O AE Sl OPELEr alHS FEAGOVS 16 SR SR ghA the Life of the

emitter is improved because the current emitted from one nano-wire can be reduced to
obtain the same amount of current in comparison with the case of using only one
nano-wire in a single pore.

In a first specification expression of the invention there is provided a field effect
electron emitting apparatus comprising

a cathode,

an insulating layer on or adjacent to the cathode having an array of pores,

at least one nano-wire electron emitter within each pore, each nano-wire electron
emitter being shorter than the pore and connected to the cathode, and

a gate electrode on or adjacent to the insulating layer.

In a second specification expression of the invention there is provided a field
effect electron emitting apparatus comprising

a cathode,
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emtter being shorter than the pore and connected to
the cathode, and 20 a gate el ectrode on or adjacent to
the insulating layer. In a second specification
expression of the invention there is provided a field
ef f ect electron emtting apparatus conprising a

cat hode, an insul ati ng Iayér on or adjacent to t he

cat hode hav n.arra ar raJ

mano- it Bl PRk adbiecith W cofndils a%is ol e af peyes.

the cathode, a gate electrode on or adjacent to the

i nsul ag ph)galntwé panaryyirg eleRirpriempiess inicaah POE C@R'ﬂﬂcéf‘éistpéli*ﬁ cathode,
of the invention there is provided a field effect 5

el ect r agateridctrodgomppaljatenstocherinsulatinglageccat hode, an
insulating |ayer on or adjacent to the cathode having

an arr gy, @irdRpEEScatidh ekﬁéﬁo@mwin%ﬁﬁ&nh&@ﬁ ﬁr%blded a field effect
W|th|n each pore each electron emtter being shorter

/ por € cconnect ed to the cathode, 10 a gate
Se‘éé?‘}%faié id pé’f“ AP "% the insul ating |ayer, and

a secondary el ectron em ssion (SEE) |ayer on the

si dewaRFatBpdeach pore. In a forth specification
expression of the invention there is provided a field
ef f ect an disslating layenqr osddjayent thitled chtlsfdedavinglasctmappf pores,
emtting apparatus as descri bed above, and 15 a

]E’Pglsghgtlfllgisg ?ﬁﬁ?g%ﬁn%ﬁiﬂttg{n?ﬂlpﬁgﬁﬁa%gg ?gflﬁilb&b[{ éittBEbeing shorter
than the pore and connected to the cathode,

a gate electrode on or adjacent to the insulating layer, and

a secondary electron emission (SEE) layer on the sidewall of each pore.

In a forth specification expression of the invention there is provided a field effect
display comprising

a field effect electron emitting apparatus as described above, and

a phosphor coated screen on or spaced parallel to the field effect electron
emitting apparatus.

In a fifth specification expression of the invention there is provided a method of
fabricating an electron emitter array comprising:

providing a cathode,

providing a insulating layer including an array of pores on or adjacent to the
cathode,

providing at least one nano-wire electron emitter within each pore, each

nano-wire electron emitter being shorter than the pore and connected to the cathode, and
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In a fifth specification expression of the invention
there is provided a nethod of fabricating an el ectron
emtter array conprising: providing a cathode, 20
providing a insulating |ayer including an array of
pores on or adjacent to the cathode, providing at

| east one nano-wire electron emtter within each por e,

The popBuihil A EnfREbba o Pl ol bR nd ™"

providing a gate el ectrode on or adjacent to the.

i nsul alt agxthppegificatipnexpressinn ehide inyeation Higreds pravadgdamethod of
of the invention there is provided a nethod of

fabbicatirat dnnglecironeing tér yrayeoniprismgar r ay conpri Si ng:

providing a cathode, 5 providing a insulating |ayer

i ncl udpReidfe AE4tAYdL! pores on or adjacent to the
cat hode, providing a plurality of nano-wire el ectron

or ovi ab D SRS, GRAIRERERE' S A o R B or Hifhcent o the

providing a e on o
in %%gting layer. 10 In a seventh specification
@%E? sion of the invention there is provided a nethod
of fabricating an electron emtter array conprising
pr ovi dproyidingaplhodisy oforapoiwirejeciranresnittens imepchpprerconnected to the
i ncluding an array of pores on or adjacent to the
eahbuRdend

providing a gate electrode on or adjacent to the insulating layer.

In a seventh specification expression of the invention there is provided a method
of fabricating an electron emitter array comprising

providing a cathode,

providing a insulating layer including an array of pores on or adjacent to the
cathode,

providing at least one nano-wire electron emitter in each pore, each electron
emitter being shorter than the pore and connected to the cathode, and

providing a gate electrode on or adjacent to the insulating layer, and

providing a secondary electron emission (SEE) layer on the sidewall of each
pore.

In an eighth specification expression of the invention there is provided a method
of fabricating a field effect display comprising

providing an electron emitter array according to the method as described above,

and
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15 providing at | east one nano-wire electron emtter
in each pore, each electron emtter being shorter
than the pore and connected to the cathode, and
providing a gate el ectrode on or adjacent to the

insul ating |ayer, and prOV|d|ng a secondary el ectron
em ssi on (SEE) Iayer on the si®dewal | of each pore. 20
In an e| |cat n _expressi on of nve
there PO FRihSGeRER oR SEeriat PG it Hedh emiter
ef f ect dlsplay conpr|3|ng provi di ng an electron
aifX-t er array according to the nmethod as descri bed
above, and 6 providing a phosphor coated screen on
or spaced parallel to the electron emitter array.

BRI EF DESCRI PTI ON OF THE DRAWNGS 5 One or nore

W@L@ g¢on will now be
gescrllg‘ggﬁhqﬁﬁ@ z%%lgl%o the follow ng figures,
i n whi qur e | 0SS, segti.on
accor PRGB! 5FCXéwgleﬁf$J%%§m8?ts 3G ihofhe RALhSEBleprved. wit
é&a) IS a front  vi ew of _an_exanple of the emtter

eragee ta ths fpllowing figures. (0 WhicB: 2(b) is a cross section
of Figure 2(a). Figure 3(a) is a cross section of an
exanpl Eigofe 1 He ascoeesectinn Fif gudisplhy deconding @ &) einbodiment of the
cross section of an alternative exanple of the screen

ifefi@ure 1. Figure 4 is a flow chart of a
fabrication process according to an enbodi nent of

Figure 2(a) is a front view of an example of the emitter array in Figure 1.

Figure 2(b) is a cross section of Figure 2(a).

Figure 3(a) is a cross section of an example of the screen in Figure 1.

Figure 3(b) is a cross section of an alternative example of the screen in Figure 1.

Figure 4 is a flow chart of a fabrication process according to an embodiment of
the invention.

Figures 5(a) to 5(e) are schematics of an implementation of the fabrication
process in Figure 4.

Figures 6(a) to 6(g) are schematics of an alternative implementation of the

fabrication process in Figure 4.

DETAILED DESCRIPTION
Referring to Figure 1 a Field Emission Display (FED) 100 is shown, including an
emitter array 102 and a phosphor coated screen 104 in a housing 108. The phosphor

coated screen 104 is spaced parallel to the emitter array 102 by a series of spacers 106.
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the invention. 15 Figures 5(a) to 5(e) are schematics
of an inplenentation of the fabrication process in
Figure 4. Figures 6(a) to 6(g) are schematics of an
alternative inplenentation of the fabrication process
in Figure 4. 20 DETAI LED DESCRI PTI ON Referring to
Figure | a Field Em ssion Disglay (FED) 100 is shown,

ipcl udin n emtter array 102 a a osphor .coat e

1B acislerin P Eohndin i oot wre Tt AAGL 3R hor coared
screen 104 is spaced parallel to the emtter array 102

bsreen KiranddJlusresspridightis Bogerated. The accel er at ed

el ectrons fromthe emtter array 102 collide agai nst

t he phRsfehing aowtte Figise Rabe eilideraanchyf102ds esavemin oghtletail. The
IS generated. Referring nowto Figure 2 the emtter

- ; )3 Sy )
éﬁﬁt% gégg 1ﬁ<§u§§‘%\“§hbk@at€9@§, gelililatind DEer 800, tal &incde"AY, electron

I nc a substrate 200, an insulating I'ayer 202, a

cat hod 14, el ectron emtters 216 and a gate
gﬁng@{srgbéa%atq-ﬁlgct ?ﬂﬁ’éloat e 200 is typically

rectangul ar in shape, and may for exanple be nade

f r om aThheubstrate 260 sdupicglhf reefppgular ipphapeandimayfaeexample be made
insulating layer 202 is attached the substrate 200 by

fronealitesi ofezl X04ypically lomhethwskse deposited. The
i nsul ating |layer 202 nmay be nmade of, for exanple,

al um nirginshfhify i1gRr 202 34 hits®Rd tHdgutstad| 01 1y0ad AMREive 204, or
202 has a substantially uniformarray of poreées, each

R TR T LR T T e—
S of o OFet ivauratin, o %éag.ﬁlasea sluO(ssl{aWaill Y o tof i ores, each
guida opsilieRnt niheyinsulating layer 20 b y uniform array of pores,
pore 206 being of sufficient depth and width to accommodate an electron emitter 216.
Pore density of more than 10° /mm?, for example 10%/mm?, may result in good uniformity
and good luminous intensity.

Each pore 206 in turn contains a base 208, side wall 210 and an opening 212.
The cathode 214 lies on the substrate and forms base 208 of each pore 206. The electron
emitter 216 is connected to the cathode 214 at the base 208. The gate electrode 220 lies on
top of the insulating layer 202.

The cathode 214 may be a series of strips which may be independently energised.
Alternatively the cathode 214 may simply be a single element. Each strip 214 is typically
rectangular in shape and 100 nm in thickness. Each strip is provided with an external
electrical connection at the edge of the substrate.

The gate electrode 220 may be a series of strips which may be independently

energised. Alternatively the gate electrode 220 may simply be a single element. Each
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and good lum nous intensity. Each pore 206 in turn
contains a base 208, side wall 210 and an openi ng 212.
15 The cathode 214 lies on the substrate and forns
base 208 of each pore 206. The electron enmtter 216
I's connected to the cathode 214 at the base 208. The
gate el ectrode 220 lies on tdp of the i nsul ating
er 202.. The cathode 214 nay be eries of str
et R L SEp Grd e by PPkt pol Bach suip is
the cathode 214 may sinply be a S|ngle el enent. Each
praviqednith asextomipkelpdtical zonpestion ayie 2dg¢ af R apsulaiing layer. Each
100 nmin thickness. Each strip is provided with an

soiip@ag anifémegtdy cfabertrsy) &dlereddachipdriige adgind$ tHelopening 212 of a
ubstrate. The gate el ectrode 220 nay be a series of

& bPRoidy e‘% H@%eﬁg%?gquﬁgé}dent ly energised.

ternativ ctrode 220 may sinply be a

single Ienent IS t i cal an

" er oT8e SRR 91 THR ceaoSTaRRES (ph Bl feuRIepBE HTGRED eenerally
is provided wth an external electrical connection at,
perperdigidardy tq Hee $trigs 04 ithe gathades rThiEpatterningrofpthe périps to intersect
uni formarray of apertures, where each aperture
perpemdiadarly, has® kaowngas? passofe  matrixn eleotrodd cenfpguration, renables the
the insulating layer. 5 The strips of the gate

I e %l 1
S5 AR TRl AR SRt 0B AR L o ncpeninty

a5 EBleceial: . oM be e T o o gt it may cover
el ectrode configuration, enables the displa
il oberaitigr 216! Togsivekeaghpiekine ESSPREJiVE Stripres rﬂafbgate electrode is

di vided into i ndependently controllable pixels at
emesgisad with aipositive eoltagenzitlofespdee tasthe icpgespbading piripedf thagathode.
cover a 10 plurality of emtter 216. To activate each
pi xel ER@h dIegRAEmMEr 316 iRy B¢ mab€ ofedmiubliRChARES Jush as metal or
carbon. For example each electron emitter 216 may have a sharp point or acute tip from
which a stream of electrons is emitted. Typically each electron emitter 216 does not
extend past the gate electrode. For example each electron emitter 216 may be shorter than
the pore, such as less than half the length of the pore. Typically each electron emitter
includes at least one nano-wire. In this document the term nano-wire is used to mean an
elongate conductor less than 500nm in width. For example each electron emitter may
include a plurality of nano-wires, such as carbon nanotubes.

On the side wall 210 of each pore 206 there may be a secondary electron
emission (SEE) layer 218. Typically each SEE layer 218 is 50 nm in thickness and is

made from, for example magnesium oxide, diamond-like carbon or amorphous carbon

nitride.
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energised wth a positive voltage with respect to the
corresponding strip of the cathode. Each electron
emtter 216 may be made of conductive nmaterial such as
nmetal or carbon. For exanple each electron enmtter 216
may have a sharp point or acute tip from which a
stream of electrons is enitted. Typlcally each

electron.emtter 216 does. not t t the

ol oot 1 BaEt e bR TR RgtR T BRPhPERoniq e Ricen 104 is
be shorter than the pore, such as |ess than half the

sleavg in eretdenily Jhe phusghior edatsd szren 16r daalndss agipspher layer(s) 300,
i ncl udes at | east one nano-wire. In this docunent the

e anodes)o308 Al a $lass thté G04rAR seen incFigogal ehe dizcincd detween the
| ess than 500nmin w dth. For exanple each el ectron

| .
E‘%%?;?{,gﬁg}%?ﬁ%mﬂﬁ%@aﬁwgﬁ & DR YRS DEh caviy 10
or.e 206, t a I em ssj o
FSiee, Sipe 105 aePborp fhe IS Pt ool Of dffeFlogish F@lt%q%aﬂd the
in thickness and is made from for exanple magnesium
epdcess, L08i iameaiefained as & Xpeom, dor exaewpphBlisP&ar bon

nitride. 9 Referring nowto Figure 3(a) and Figure

3(b) t e pivals 302 maybatedndictieeradspdrenssheétolike dlectnode 802 between
det ail. The phosphor coated screen 104 includes a

pI P eE‘%Hor he@%?ﬁ(ﬁ(ﬁ&nd&gg glas@ﬁla@%deaﬁ Showt th FiBGreB (Y. A Rernatively as

seen in Figure | the distanCe bet'ween

R BAR) LR LRGP B i e 3 e
housi ng 108, between the phosphor screen 104 t
ehecRhoppior davier BEY aqcb@eaﬁam hi0. I8 gfueher aligmatiye the anode 302 can be

mai nt ai ned as a vacuum for exanple 10-5 Pa. The anode
80iediearwben the pborphiot layer 300 and gercamity $He da tHis éase, aluminium can be
el ectrode 302 between the phosphor |ayer 300 and the

gﬂ;@aﬁnﬁédame &Gl etibe BIEMONE Perfti@ty the BluminiufN 4ndte atd alide against
the phosphor layer 300. The aluminium anode between the phosphor layer 300 and the
cavity 110 also acts as a reflective layer which enhances the generated light from the
phosphor.

A voltage Vg is applied by variable voltage source 308 between the cathode 214
and the gate electrode 220. The voltage between the cathode 214 and the anode 302 is
kept at Va by voltage source 310.

In operation, Vg is applied between the gate electrode 220 and the cathode 214
so that the gate electrode has a positive potential and the cathode has a negative potential.

The electron emitter 216 is electrically conductive so the potential of the electron emitter

216 is equal to that of the cathode. The electric field concentrates on the tip of the electron
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seen in Figure 3(b) the anode 302 nmay be a conductive
grid-like electrode 306 between 10 the phosphor |ayer
300 and the cavity 110. In a further alternative the
anode 302 can be coated between the phosphor | ayer
300 and the cavity 110. In this case, alum nium can be
al so utilized. The accel eratel el ectrons penetrate the

Pl 28RS e TS SR BB et EHS BrIBEpRBter 216 and

Iayer 300 and the <cavity 110 also acts as a

pestlesated tpaardihergaigriledirodnRaces the generated |ight

fromthe 15 phosphor. A voltage Vg is applied by

var i abWhewodrt SIBE layori2 I8eis pOSideel, inethe coree afttdvedmg2irbugh the pore
and the gate el ectrode 220. The vol tage between the

@(f Rosle eRddoNHa g‘ﬁlﬁn}%ﬁﬁ%t #3Elaydrons w%lch\é'én&ﬁtes further electron

tage source In operatlon Vg is applied

t he ctrode { 21
SHIRE ThO N Srafh NS FRb Ak IR O BBl s Poneraing
and the cathode has a negati ve potential. The .
gilb furthen elasironer T eemisted jelesirpng rigipally, Apge the @leetion prgitter are
potential of the electron emtter 216 is equal to
modtiplietl biyhiee SBE hayde? | 8Tivel edvet toward fhegdadt ddentoda 2@t es
on the tip of the electron 10 emtter 216 and

el ect r 9RS eRERoR Akt REL1EMRA thisighi tRe Pbrd DB BhPafer Gfitted from the
en-titter 216 and accel erated tomard the gate

? n%%%? sze T%%Sahfé’&%F re,? vy ol FWSE eﬁé’rglslec? atd gléggﬁgoéer{igﬁl than the

urse O rave rough t ore

el ectrons ma agai nst the E | ayer 21 i ch
gum&lesirede £ hPe Rese Aeiesh 88 elkstons Caliis apgst th, eﬁgsgfre? & fuorescent

el ectrons may al so bunp agai nst the SEE | ayer 218,
Helntas gerienagedsti || further electrons. Thus enmtted
el ectrons originally fromthe electron enitter are

mul ti pB @Qntﬁ)‘lhh%ﬂle%ﬁaé@ygrth@é&rgl}n&hd/f ct\dehsifywfalicklédifon stream,
gate el ectrode
and therefore the intensity of the fluorescent light, can be adjusted. This may be in terms

of the average brightness of the display, or brightness of specific emitters or pixels as

required in display of dynamic images.

Method of fabrication

Referring to Figure 4 a method 400 of fabricating an emitter array for a display is
shown. In step 402 a cathode is provided. In step 404 an insulating layer is provided
including an array of pores. In step 406 a SEE layer may be provided on the sidewall of
each pore. In step 408 at least one electron emitter is provided within each pore. In step
410 a gate electrode is provided. One skilled in the art will appreciate the order listed is

for example only, and that the method 400 could be implemented in other orders.
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The el ectrons are accel erated through the pore 206 and

are emtted fromthe opening 212. The phosphor coated
screen 104 is energised at a higher potential than the

10 gate el ectrode. The accelerated el ectrons collide

agai nst the phosphor and fluorescent |light is

generated. By controlling thelholtage Vg, the energy

and / the el ectron strea

t her ef ]gﬁggretﬂ'iluf%ft%%[}et‘?l g T %86 e@g@ﬁfl %'pl ght, can

be adjusted. This may be in ternms of the average

br i ght HeB<t08fmashee implsmapted dy dappgifing €3doges %bbmaflie of tungsten,
emtters or pixels as 15 required in display of

fhyhdenum oaghs: sulableathtedal foatar d dgitisabstfaed 200; angeendn Figure 5(a).
Figure 4 a nethod 400 of fabricating an emtter array

for a g gﬁféﬁy@yl %refr 5081304 bosikdd o?h%? Ioff@m% cathoaéd e Nickel copper, iron

prOV|de I'n step 404 an insula | ayer is provi

I
pEgput iy bl Ta O e # 80,0015, 125 2 SErEe i

step 408 at | east one electron emtter is, prov
wi t hi nS€RcIP4patay. be impleggnted1by Sogding &F etewa%% .lasyer 202 using
provided. One skilled in the art will appreciate the

adhdeive RD4 be tbp of thé subsaaaPPDeseonliyFigaredS(bhat t he net hod
400 could be inplenented in other orders. Figure 5

i 11 ust pAah&st 0P Bfodizadl AuBHGh oRMeqh Adneissrichile f&Qhe inShRAng layer
402 may be inplenmented by depositing cathodes 214 nade

96% t %%tlse&rmeﬁ'gg%/l cﬁﬁH%hﬁ%lu%Hﬁ% §Hé!el ﬁ%lc?d %I‘eg gO@lare %enerated

o'a rlgld Su as seen 1n gur
catal st er 500 is de 05| 0 t hodes
b s eseeimbleg iRerand ogR combelkecip Horginhes 3anhtgried. This
t he cata[yst | ayer 500. Step 404 may be inﬁlenented by
ponetis rayoidsethe muoiesausngersaipaelved 2n wsing gphotaltleegraghiQ Gerhniques to
on top of the substrate 200, seen in Figure 5(b).
form pores. Furthermore, pore density greater than 10%mm? (which is impossible by
photolithography) can be obtained. Pore density may be controlled by varying the
anodising conditions for the aluminium sheet. For example, conditions including the
concentration of the acid, applied voltage, temperature and surface roughness of the
aluminium sheet, all affect the pore density.

Step 406 may be implemented by depositing a SEE layer 218 on the sidewall 210
of the pore, shown in Figure 5(c). Magnesium oxide, diamond-like carbon, and
amorphous carbon nitride, for example, may be used for the SEE layer. The SEE layer
may be deposited by vacuum evaporation, sputtering or chemical vapour deposition.

Step 408 may be implemented by processing the AAO plate 502 bonded on the

substrate 200 by Chemical Vapour Deposition (CVD) in order to produce Carbon

Nano-Tubes (CNT) 504 at the base 208 of each pore 206. By controlling a flow of
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A sheet of anodi zed al um ni um oxi de (AAO), is suitable
for the insulating layer 202. AAOis forned by

anodi sing an al urni nium sheet in acid. Pores 206 are
generated 10 and a self-assenbled lattice and
honeyconb-1i ke AAO porous sheet 502 is obtained. This
process avoi ds the nunmerous st®eps involved in using

oI|tho ic t chnl for
Bbferehh B S ardid r@teéﬁaa% e o EXG Brhap (i pactipore 206
I s inmpossi ble by photolithography) can be obtained.
Prome theepafhlyyt Hagr 580.cohmwolin ddswy dhyThey G provide an apex to

anodi sing conditions for the alum nium sheet. For
exrBree theaiebitic field and emirdblengronhe 15 concentrati on of
the acid, applied voltage, tenperature and surface

roughn
d en Sit 31%5 é?g E)T;?J}Q)e 1%@%&3&%@% §mng'iihle B§§lfe: eegéggrlc%l? %(pgﬂ fop of the

% elzrg218Po gg sidewal | 2 10 of t he pore, shown
O%y Yy '@hie Rsi um oxi de, di anond-1 | ke car bon,
and anor phous carbon nitride, for exanple, be
used fErgufeh@llsgegtr%%altemr@egeelerrwatloz@f ﬂwn% od 400.
deposi ted by vacuum evaporation, sputtering or

chem cé8lepwapanay lskeingderheémed by &t;&pitﬁl@&aﬂmylcd)ﬁM made of tungsten or
i npl emented by processing the AAO plate 502 bonded on

to8ybde e bht £rig8 Qubiiratd IV, s ﬁ(@gwé 6dagposi tion (CVD)
in‘order to produce Carbon Nano bes (CNT) 504 at

t he ba§%8t2@§ QCiHr fé?r?e%te%o@){ b&){dl tSEl?(JOFl \ngfeggéd iy top of the

of 12 asia ovvar
nunber of CNT 5 row in each pore 206 from

eatheties by usiagap a@mlvegwor e o pjerner 1 g drlicon water 600
provi de an apex to concentrate the electric field and
asihg pldtelithogmaphy, 86 epowin r0Figere G¢k). i npl enent ed by
depositing the gate el ectrode 220 on top of the 5
pl ate §R3.408Wbd ithpiéBett&d B 8dpositing the SEE layer 218 on the sidewall
210 of the pore, as seen in Figure 6(c). Magnesium oxide, diamond-like carbon,
amorphous carbon nitride or other appropriate material is used for the SEE layer. The
SEE layer may be deposited by vacuum evaporation, sputtering or chemical vapour
deposition.

In this example step 410 precedes step 408.

Step 410 may be implemented by depositing gate electrode 220 on top of the
wafer 600, as shown in Figure 6(d).

Step 408 may be implemented by deposition of a sacrificial layer 604 onto the
gate electrodes 220, seen in Figure 6(e). This is followed by depositing a layer of tungsten,

molybdenum or other material 606 onto the sacrificial layer 604. The aperture 608 of the

pore 610 is gradually capped with the deposited material, which results in a cone 612
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Figure 6 illustrates an alternative inplenmentation of
the nmet hod 400. Step 402 may be inpl enented by
deposi ting cathodes 214 made of tungsten or

nol ybdenum onto a rigid substrate 200, seen in Figure
6(a) Step 404 nay be inplemented by bonding a silicon
waf er 600 on top of the 10 chthodes by using an

dhesi ve | ores 602 are tter

SRR OPF 96885 InES RGeS Sarp A THe efiial lver 604
Figure 6(b). Step 406 may be inplemented by depositing
toigetheEith dopasits abovsrihe hrsTiSicabieaPh, arehen Gissalres Wik ecid a8 solvent,
seen in Figure 6(c). Magnesium oxi de, dianond-1ike
Raviagthe cone®6 phadsthe gate@iectrotiesi 20O, sven ¢ Riguraf(gy.opri at e
material is used for the SEE | ayer. The 15 SEE | ayer

may beTﬁ@é}ﬁﬁﬂeE %‘i'a}bYab\fﬁﬁlléH '&c%‘f&‘iﬂg 'E@Eh'e(AB@)veS Hih%ﬁéd mngaued into a
cheni cal vapour “deposition. In this exarrp st ep

Rt eadel R 1 wlt 8 480547 "%ySﬁfetCBp B PRIl it e provided o

600 as shown in Figure 6(d). 20 Step 408 nay be
enesgisnihatcadions, satsrdestiode ﬁn@ﬂn%des?ﬁ@?rdmgdp an nmw signalund/or stored
onto the gate electrodes 220, seen in Figure 6(e).

iRirsctions f Thiiswsaekleloytraleqmistet ¢andheacleatyerly efergisety andthe energisation
nol ybdenum or ot her material 606 onto the sacrificial

L2YRI 10 GPHievd (R RRRE] Hfs?la? 08 sRfllelitadeP NIl a@éQeécﬁly ap reciate other
gradual |y capped with the deposited material, whi

Pwﬁltc?itéonﬁ fOr ?negé;rns Q%ﬁlbﬁﬁlr?_sfngsfj ?ﬁﬂ%(sﬁgx %?%nrﬁ@é@lre? oﬁ N’ﬁfroscope a

yer. 604 oget her_wi.th de 05|ts above the

Ea@ﬂlghtaf Z#qql%géystalé?@l%%ﬁqa BRG] %%PWQWU%’F grogpction.
solvent, |eaving the cones 612 and the gate s
el ect r Wiese A0 isswexhas the fisglatieg Bygh, a pore density greater than 10%mm’
(which is impossible by photolithography) may be achievable. This density provides good
uniformity and luminous intensity as well as good response speed.

Where a SEE material is used on the sidewall of the pore, emitter current can be
reduced and therefore the lifetime of the emitter may be improved.

Where nano-wire electron emitters are used, a low emission threshold voltage

and good durability may be achieved.
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The emtter array, fabricated according to the above,
may then be installed into a 5 housing, together with
t he spacers, anode and screen. Control electronics are
provided to energise the cathode, gate el ectrode and
anode according to an input signal and/or stored
instructions. Thus each el ect#bn enitter can be
gﬁ#ﬁ@@%yely energi sed, and the energisation varied to

*the desired display. A skilled reader wll
also readily appreciate other applications for one or
or e /érf@&ﬁt)ép@h@lg?trmtw INPAERIUSCRRANHIZE] ect r on
M croscope, a 10 Back-light of Liquid Crystal D splay
or a Shempede,f or seni conductor production. Wiere AAO
is used as the insulating layer, a pore density
gr eat egn IRARHAOBYEMBrror ddiMekfitoltfe AR Habing aR¥rray of pores,
phot ol I t hography) nay be” achi evable. This density
provi de od uniformty and | unmnous .intensity as._.
el | alt gBbon Mo Slequbn PG AtR edott b Bah dgrdpygire electron
used on the sidewall of the pore, emtter current can
paitter being gherd thandhe peicend cenpesied tp tha Gathodss andhe
emtter may be inproved. Were nano-wire el ectron
em t t ea gatartectredeion ar ddjavepntiosbé meulatingklyed. d vol t age
and good durability may be achieved. 14 CLAIMS. 1. A
bi el da efefP&tectbiBitdrtdmitiid dgpashnARRA s Conprising a
cat hode, an insulating |layer on or adjacent to the
cathodgcﬁﬁg}pg an array of pores, 5 at |east one
nano-wre eléctron emtter within each pore, each
nano-wire electron emtter being shorter, than the
por e A ARIInsARBE ler aronadiacenith decathiadg haviggiaa array of pores,
el ectrode on or adjacent to the insulating |ayer.

a plurality of nano-wire electron emitters in each pore connected to the cathode,

a gate electrode on or adjacent to the insulating layer.
3. A field effect electron emitting apparatus comprising

a cathode,

an insulating layer on or adjacent to the cathode having an array of pores,

at least one electron emitter within each pore, each electron emitter being shorter
than the pore and connected to the cathode,

a gate electrode on or adjacent to the insulating layer, and

a secondary electron emission (SEE) layer on the sidewall of each pore.
4. The electron emitting apparatus as claimed in any of the preceding claims wherein
each nano-wire is a carbon nano-tube (CNT).
5. The electron emitting apparatus as claimed in any of the preceding claims wherein

the insulating layer has a pore density greater than 10%/mm?’.
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2. Afield effect electron emtting apparatus

conprising a cathode, 10 an insulating |ayer on or

adj acent to the cathode having an array of pores, a
plurality of nano-wire electron emtters in each pore
connected to the cathode, a gate electrode on or

adj acent to the insulating Ia&er. 3. Afield effect

| ectron,emttin arat us i.sin cath . .
n i Ie}f‘tc rﬁa e 8&8 arai},ls 3s(ﬁ glrglgeﬁltm P%’g%@ g?etc c?lggbla}rgs wherein
hayingﬁan array of pores, at |east one electron
dgiinsy m,g,,lqwrﬁa@géﬁecb@,l,ugunlgwl@ @APdn enitter being
shorter than the pore and connected to the cathode, a
Bat e Hieetdctrod emitting appatptas entlainedtineny osudfaidimg 1ltayevherein the
and a secondary el ectron em ssion (SEE) |ayer on the

skele ja &fisemebn pore. 20 4. The electron emtting
appar a us as clainmed in any of the preceding clainms

gl.wer el'“ eeqlgcgriélﬂ é?ﬁﬂ?ngt"\%prpgratés & ﬁﬁ%&gq%g@ﬁ gregrph@ SEE layer is

ron em ng apparatu
of the precedl ng cl ains wherein the jnsulatin %
tedectedl P Eheclspidn fyMeEnEsiiBYOXidra Aiamsinplis carpgn agC amﬂé’ ous carbon
el ectron emtting apparatus as clainmed in any of the
predeedi ng cl ai s wherein the insulating |ayer is

anodi sed al um ni um oxi de (AAO . 7. The el ectron

e t tTRGIGRRA ealithgapparhails ARPldyhs ABYmEd & Ay oflthd pRcdding claims
to 4 wherein the 1nsulating layer is silicon. 5 8.

Wﬁgreﬂ e%%{l ?}195%%?6 eﬁecﬂan%mér% HSs B8in SR RERnsM Rt Brisponding

erel

pore.
10. A field effect display comprising

a field effect electron emitting apparatus as claimed in any of claims 1 to 9, and

a phosphor coated screen on or spaced parallel to the field effect electron
emitting apparatus.
11. The display as claimed in claim 10 wherein the display is divided into
independently controllable pixels, and each pixel including a plurality of nano-wire
electron emitters.
12.  The display as claimed in claim 10 or 11 further comprising an anode on or
adjacent to the phosphor coated screen.
13. A method of fabricating an electron emitter array comprising:

providing a cathode,

providing a insulating layer including an array of pores on or adjacent to the

cathode,
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selected fromthe group of magnesi um oxi de,

di anond-1i ke carbon and anorphous carbon nitride. 9.
The el ectron emtting apparatus display as clained in
any of the preceding clains wherein each nano-wre
electron emtter is less than half the length of the
corresponding 10 pore. 10. Al§ield effect display
conpri sin effect electron emttjin ara
oo e, ab b ong) e gttt yRRBoFEh Bore, cach
coated screen on or spaced parallel to the field

edroewire eleetcen emittee heing sheytes phrarthe pere and connectpgdo the cathode, and
display as claimed in claim10 wherein the display is

di vi depkowiding a Fzﬁd eleetnctti ot acfuetiitab ltebineulpiingelager. and

each pixel including a plurality of nano-wre

%IL ectg %tl‘?ﬁr&ftf%rﬁ:atu]r ae%@@o&é%l&ﬁn@fc&hﬁﬁﬂﬁg in claim

0 or ther conprising an anode on or adjacent
to the ho hor ﬁ ted screen. 20 13. A nethod of
fabric é‘P%aé%tron em tter array conprising:

provi di ng a cathode, providing a insulating | ayer

i ncl udPieyiding arpswAtHe lpmregclbs%ns ranggfay <f orespon Qe adjacent to the
cathode, 16 providing at |east one nano-wire el ectron
enthddeer Wit hin each pore, each nano-wire el ectron

emtter being shorter than the pore and connected to

the Ca&ﬂ%@fjﬁn% AP\ ralily @Haﬂbﬂﬂr@el&@foﬁ eflif&k iPERh PBreQonnected to the
adj acent to the |nsulat|ng ayer.
cathode, and
providing a gate electrode on or adjacent to the insulating layer.
15. A method of fabricating a electron emitter array comprising
providing a cathode,
providing a insulating layer including an array of pores on or adjacent to the

cathode,

providing at least one nano-wire electron emitter in each pore, each electron
emitter being shorter than the pore and connected to the cathode, and

providing a gate electrode on or adjacent to the insulating layer, and

providing a secondary electron emission (SEE) layer on the sidewall of each
pore.
16. The method as claimed in any one of claims 13 to 15 wherein each nano-wire

electron emitter is a carbon nano-tube (CNT).
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14. A nmethod of fabricating a electron emtter array
conprising: 5 providing a cathode, providing a

i nsulating layer including an array of pores on or

adj acent to the cathode, providing a plurality of
nano-wire electron emtters in each pore connected to
the cathode and 10 providin57a gate el ectrode on or

abr | %{8 cggseql!%lgfe léﬁ%n'@hg?qe 0 %?aélan éé? %@{) ?{ﬁgr goqnlg)rlsmg anodising

prOV|d|ng a cat hode, PrOV|d|ng a insul ating

ahelNEining Hhectinrasid o foprpragedisstl BHMERIP RIS %Aéh @s the insulating
cat hode, 15 providing at | east one nano-wire el ectron
Rpetter in each pore, each electron emtter being

shorter than the pore and connected to the cat hode,

ggd pflﬁ:vrhgh&g afcldfhed iRl cBhM OORh&BinQhe AURGRD EorldRiddiGre selected

|nsulat|ng ayer, and providing a secondary el ectron

sion sizdewal | of each pore. 20

T@m *ﬁ%pﬂ%%ﬁ8%q§§¥§9”% g&%ﬂnény one of claims 13 to
15 wherein each nang-wire electron emtter is a ..
E&r botheragtbod tisdaipeiiy anyiope of glaims, b3 toekG{yhefsompEFing depositing
in any one of clainms 13 to 16 further conprising
alayeli fisilgron and etichimig ah array bigetres in tixclayertod silioomiceiooditleddsulating
al um ni um oxi de (AAO as the insulating |ayer.
layer.
20. The method as claimed in claim 14 wherein the SEE layer is selected from the
group of magnesium oxide, diamond-like carbon and amorphous carbon nitride.
21.  The method as claimed in claim 16 wherein providing the nano-wire electron
emitter comprises using Chemical Vapour Deposition (CVD) to grow at least one Carbon
Nano-Tube (CNT) within each pore, from a catalyst at the base of each pore.
22.  The method as claimed in any of claims 13 to 21 wherein each nano-wire electron
emitter is less than half the length of the corresponding pore.
23. A method of fabricating a field effect display comprising

providing an electron emitter array according to the method as claimed in any of
claims 13 to 22, and

providing a phosphor coated screen on or spaced parallel to the electron emitter
array.

24. The method as claimed in claim 23 wherein the emitter array is divided into

independently controllable pixels, and each pixel including a plurality of emitters.




18. The nethod as clainmed in claim17 wherein the
anodi sing conditions are selected 5 to achieve pore
density greater than 106/ M. 19. The net hod as
claimed in any one of clainms 13 to 16 further
conprising depositing a layer of silicon and etching
an array of pores in the layel8 of silicon to formthe

i nsul atin ayer.. 20. The_met s clainmed in .glaim
5 wiltearained & Sinefl 3y afors 2 LB B8 By ging A anode on
group of magnesi um oxi de, di anond-1|i ke carbon and
enasijgsaniue thephnsphericopiedscregn.. The met hod as claimed in
claim 16 wherein providing the nano-wire el ectron

em tter conprises using Chem cal Vapour Deposition
(CVD) to grow at | east one Carbon Nano-Tube (CNT)

W thin each pore, froma catal yst at the base of each
pore. 22. The nethod as clainmed in any of clains 13 to
21 wherein each nano-wire electron 15 emtter is |ess
than half the length of the corresponding pore. 23. A
nmet hod of fabricating a field effect display
conprising providing an electron emtter array
according to the nethod as clainmed in any of clains
13 to 22, and providing a phosphor coated screen on or
spaced parallel to the electron emtter 20 array. 24.
The nmethod as clainmed in claim23 wherein the emtter
array is divided into independently controll able

pi xel s, and each pixel including a plurality of
emtters. 18 25. The method as clained in claim23 or
24 further conprising providing an anode on or

adj acent to the phosphor coated screen.



