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AN ELECTRON EM TTER AND A DI SPLAY APPARATUS UTI LI ZI NG

THE SAME This application is cross referen

rel ated co-pending. application filed on 5 t mllr |m||||“|||
date, entitled "An el ectron emtter and di spl ay,,

apparatus utilizing the sane" I ham ng Takehl sa Is?n
ANEEERON M TR “ﬁéﬂ%ﬁ%&#ﬂi&%ﬁﬁw THE
apparatus 10 utilizing the same., particularly though

not exclusively to a field G,SfAMEt el ectron emtting
apparatus, a method of manufacturing an field effect

el ectron emtting apparatus, a field effect display

and a nethod of manufacturing a field effect display.
BACKGR@HNQppﬂ@atB%qg REdsY ré‘ﬂn@hceﬁaeﬂ %' rel@teﬂmoaﬁé%d ?%9})11&@%8 filed on
becone popular due to their footprin

ttlgegi%%[e] éatea 1ﬁﬁ{ledc’ “Ag %Ft%gnnpfﬁlrtF g 1sg ent IB%SE‘\ tlélzmg the same”,

(LCD) and PI asm D| spl ay Panel s (PDP) are repl aci ng
eamiggakehisy Ishidgens theaRysnton nany domesti c

appl i cations. However sone types of FPD technol ogy
have di sadvant ages conpared to conventional CRT
technol ogy. For exanple 20 LCDs have a sl ow response

AEED OF THEANVENTIONNe qual ity of fast-noving i nages
and PDPs have a reduced |ife expectancy. An

altern r ' .
Em SSI 2';}]15 q‘esteﬁf: ﬂﬂ?b@%{ rél%eé‘%jaﬁ cl%:> gégtsﬁmﬁglg %ugdorga(%lsé)slay apparatus
g al_rler SamCOfpaxftllch%rlﬁltl&lgh no excciuswe%r/ l?c? Q ﬁrf]:ﬁlfq eoffetctJ electron emitting

apparatus, a method of manufacturing an field effect electron emitting apparatus, a field

effect display 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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* 2 which emt electrons through a process known as

field emission. Since a FED works based on a sinlar
principle to a CRT, nanely an electron emtter and a
phosphor, it gives a sufficient fast response rate.

However, the fabrication of sdcalled Spi ndt -t ype

em.t.ters, ich are utilized for st, EED systens,

SR P <tseOnE il rocebRu o Bl ERRRA" 5B, FED works
of the FED, It would therefore be desirable to provide |
Sased ipntasimpilggpringipite ¥ GRT, nasghp pselegtianeemittgiaidsy phasphor, it gives
production cost. SUMVARY OF THE INVENTION 10 It is

akeffeiont fsaresphise cité. \Howdveg thd fabdtation®f sodoaltbidBynindtttppe emitters,
provide an electron emtter that overcones at | east

HechO4re Lifz&PRY nd¥e PEDXSRR! RQLREScorpled BRREALs ARl Rreases the
in a first aspect the invention proposes that in a

Eb&lo?th%flfﬁﬁt el ectron emtting apparatus using
nano-wre €electron emitters, each nano-wire el ectron

emtter m e grown in pore of an insul at] ayer.

Thi s n&m&i@@ef pre2adlasit &éwrmdeaanlﬂsmgmﬁeb ﬂ%r%&tésiponse rate,
such as el ectrochem cal plating can be used in the

find/or loat produgsionmests  t hus reduci ng the production

cost. In a second, independent aspect, it is proposed

that a portion of the insulating I|ayer may be

renoved, so that each nano-wire electron emtter my

?@ﬁ%‘éﬁ?ﬁ‘f ﬁﬂw‘ge %ﬁxposed fromthe pore. This

advant a at a sinpler process such as
20 et -Cﬂi i Catg be UEEd '\i/en%rfs htelesfls%k())rnie %zrjln ioglnm nrt (t)g e?osviéehgg electron
reduci Hd'S tRRECIOF A PRV Bt P
emitter that overcomes at least one of the above mentioned problems.

In general terms, in a first aspect the invention proposes that in a field effect
electron emitting apparatus using nano-wire electron emitters, each nano-wire electron
emitter may be grown in a pore of an insulating layer. This may have the advantage that a
simpler process such as electrochemical plating can be used in the fabrication process
thus reducing the production cost.

In a second, independent aspect, it is proposed that a portion of the insulating
layer may be removed, so that each nano-wire electron emitter may have at least a portion
exposed from the pore. This may have the advantage that a simpler process such as
etching can be used in the fabrication process thus reducing the production cost.

In a first specific expression of the invention there is provided a field effect

electron emitting apparatus comprising

a cathode,
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In a first specific expression of the invention there
is provided a field effect electron emtting
apparatus conprising a cathode, 3 an insulating |ayer
on or adjacent to the cathode having an array of
pores, and a grown nano-wire electron emtter in each
pore, each nano wire electron:%n1tter connected to

t he cat hode, ..In,a second sp eci fi sign . of th

| nven: PbARFlauhg 19er G SRR p R Rl TRt ne by Yok BF peygs. and
emtting apparatus conprl Si ng a cathode, an insulating

| ayer @@Ereyn &%]Oa‘lf’é?l? legtgony %ttéamr?@%pwawaﬁ@ N Wire glgctgqn emitter
pores, a nano-wire electron emtter in each pore

kamieopdad tHesattode. porti on exposed from the pore, each
nano-wire electron emtter connected to the cat hode,

and 10yg, gé’édﬁd%b@&ﬁé @ﬁﬁeﬁ[bnoéf tBe ﬁ%ﬁtl&ﬁfkﬁl‘é ﬁ'pr&ﬁdécﬁ@ field effect
|nsulat|ng ayer Ina third specific expression of

ﬁ,ge Y ek oD Lhere. srgsrow ded a net hod of
i ?%\grtnh gppgf P EPEMect electron enitti ng

appar at us corrprl sing providing a cathode, providing an
i nsul aticA§ofayer having an array of pores on or

adj acent to the 15 cathode, and growi ng a nano-wre

el ectram iresniatingiaybnomalcztdjmnﬁp tkacithodehavingrag array of pores,
connected to the cathode. In a forth specific

g ]3< pr esgin@fo-Yiretef@ytron ¥ fikdr @ eddgioe haviml RVEAes portioRekpsked from
the pore, each nano-wire electron emitter connected to the cathode, and

a gate electrode on or spaced parallel to the insulating layer.

In a third specific expression of the invention there is provided a method of
manufacturing an field effect electron emitting apparatus comprising

providing a cathode,

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

growing a nano-wire electron emitter in each pore, each nano wire connected to
the cathode.

In a forth specific expression of the invention there is provided a method of
manufacturing an field effect electron emitting apparatus comprising

providing a cathode,

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

cathode, and
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manufacturing an field effect electron emtting

apparatus conprising 20 providing a cathode, providing

an insulating | ayer having an array of pores on or

adj acent to the cathode, and 4 providing a nano-wire

el ectron emtter in each pore having at least a

portion exposed fromthe pore 4 each nano-wire

electron‘g t%grnpquec{ p Q%lc%;qﬁde. ﬁn.a fifth i
speci f PEEXPP Es ¥ 0n™ oF “the°t ST i Mg glegd f portion
a method of manufacturing a field effect display

EBRYPEA §iomyths PRFoAAER ARNCAMIIF CECHOR PIEEY cgql@&t@fléﬂ the cathode.
emtting apparatus according to the nethod as clained

i n any Infa fiftle spesifiodsprdsssar pHhéw mvention tee srpovidechg method of
phosphor coated screen on or spaced parallel to the

ihdRhuthc@ir{r@ Gl fiel @ b el d @Tpl@mowriaﬁl gapparatus. In a sixth
speci fic expression of the invention there is prOV|ded

a fiel
el ectr Fl&fééhgg %m fé%a&k%?‘g %tgonas éﬁri%:éb%ﬁﬁcfj 5 a%cgr% t? ‘flﬁehmethod as
par at uses . abov and a p phor coated screen on or

§Bﬁé@e%1waqf|ﬂéq “@@‘OQ%“FT‘B?CE&QF? @ electron emitting
apparatus. 15 BRI EF DESCRI PTI ON OF THE DRAW NGS One or
nmor e epandiag enpaasphemeacatesf saréen dpmpespaasd parallel towherdeld effect
described, with
electron emitting apparatus.

In a sixth specific expression of the invention there is provided a field effect
display comprising

a field effect electron emitting apparatus as described in any of the apparatuses
above, and

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

emitting apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

One or more example embodiments of the invention will now be described, with
reference to the following figures, in which:

Figure 1 is a cross section of a display apparatus according to an embodiment of
the invention.

Figure 2 is a cross section of an example of the emitter array in Figure 1.

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 alterative example of the screen in Figure 1.
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reference to the followng figures, in which: Figure 1
is a cross section of a display apparatus according to
an enbodi nrent of 20 the invention. Figure 2 is a
cross section of an exanple of the emtter array in
Figure 1. Figure 3(a) is a cross section of an

exanpl e of the screen in Fi gur5e 1. F| gure 3(b) |s a
Cross cti an al tir t|ve .exanpl e of the s

in Fig %lr(ig 155a réca]tlp%w gﬁgrqcc%rfhng to an emrbodlment of

fabrication process accordl ng to an enbodi ment of the
ithg/iaventign. Fi gures 5(a) to 5(d) are schematics of an

i mpl enentation of the fabrication process in Figure

4. 5 FiFiguresS@) ad N(d) Gieeschemeaticschfeamimplemehtasion of the fabrication
alternative inplenmentation of the fabrication process

fppodéggllﬂrfe e 4Fi gures 7(a) to 7(e) are schematics of a
rther ternatlve |rrplerrentat|on of the fabrication

ggggrer; ] gl:ugesFF&Z t§ tét?)l Izl?.t c(asl % 12 gﬁgr%)éltlve ‘iemplementatlon of the

npl enmentation of 10 the fabrication process in
rf?tgtfﬁeomproeew FresrefESCRI PTION Referring to Figure | a
Field Em ssion Display (FED) 100 is shown, including

an eniHguees Aaxtay (DO ﬂ:hdmatiqsmfslpfhmhercastta!madvshmldanem@tﬁlon of the
in a housing 108. The phosphor 15 coated screen 104

ifé’orﬁ:ﬁﬁ@rﬁ?ro@é’srs% FRlurd$ the emtter array 102 by a
series of spacers 106. The accelerated el ectrons from

the emFﬁg‘u%s 8?5) tgﬁ(e])g?e s%R«J:rhétgc(E o?gi’ﬁlﬁ] ?l}rthtepglteqpﬁﬁz@hglﬁlementation of

coat ed

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.
The accelerated electrons from the emitter array 102 collide against the phosphor coated
screen 104 and fluorescent light is generated.

Referring now to Figure 2 the emitter array 102 is shown in more detail. The
emitter array includes a substrate 200, an insulating layer 202, a cathode(s) 214,
nano-wire electron emitters 216 and a gate electrode(s) 220. The gate electrode may not
be necessary in all applications, for example as a back light for an LCD.

The substrate 200 is typically rectangular in shape, and may for example be made

from a sheet of glass typically 1 mm thick.
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screen 104 and fluorescent light is generated.
Referring nowto Figure 2 the emtter array 102 is
shown in nore detail. The emtter array includes a
substrate 200, an insulating |ayer 202, a cathode(s)
214, 20 nano-wire electron enmitters 216 and a gate
el ectrode(s) 220. The gate el €t rode may not be

"G o b AR 20E e o B AR, BTy BRkive 20t o

rectangul ar .in shape, and may for exanple be made

Prhsvise dppasitedt The assglaﬂyg Mysr 292 mayhe madecqt, fog exmﬁele Anodized
insulating |ayer 202 is bonded to the substrate 200 by
aAdumittieniad@ (KA Op or Btdhed Trak Mepbsine €8TMJhdhe insulating layer 202
i nsul ating |layer 202 may be nmade of, for exanple,

AR0disaBdant rﬂnWoHﬁ&nQ&'dﬁ)oQéA@lchoﬁorth@B%mE &Cufficient width to
Menbrane (ETM). The inSul ati ng | ayer 202 has a -

SRl B B S SO ARG R0 o

nano-wire electron emtter 216. Pore density of nore
ERHAP Id@ miremay gesultdn gaod wnifqrgyigyend gﬁﬁ‘}@‘é‘%‘l‘%m?ﬁs“y
good uniformty and good |um nous intensity. The

cat hoddhg tathbile g 14 tes he thebdistrateendfdrmhobase 208sef <208 pore. The
of each pore. The nano-wire electron emtter 216 has

AaRPivide@ectron ehfttdt @16 1ADE PR inithd p6rs RAS AGokticiexpdsed from the
pore. The nano-wire electron emtter 216 is connected

&8re Iﬁle %%(b%l% e?e]cgi'SgiénﬁtPe? 2%‘%&0%9@%@% t%ceftl?&lte%fmtap&le base 208.

nsul ating lay are spacer

Cay i ab e aed 208 rsé’fwgprs?%ﬁ,ﬁ < G5 ekt B0 les o top of

i ndependently energised. Alternatively the cathode

Pespaesys 20hply be a single el enment. Each strip is

typically rectangular in cross section and 100 nmin

t hi ckn@hs cathade R 19tmiaybel asefie Ot sty whi¢hmaybe independently energised.

Alternatively the cathode 214 may simply be a single element. Each strip is typically
rectangular in cross section and 100 nm in thickness. Each strip is provided with an
external electrical connection at the edge of the substrate.

The spacers 207 may be at either end of the insulating layer 202, or at
intermediate locations across the insulating layer 202. The spacers 207 ensure the
distance between the gate electrode 220 and the nano-wire electron emitters 216 is kept
constant. The gate electrode 220 may either be supported between adjacent spacers 207,
or located on top of each spacer. Typically the spacer is made from insulating material
such as a polymer.

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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15 external electrical connection at the edge of the
substrate. The spacers 207 may be at either end of the
insulating |ayer 202, or at internediate |ocations
across the insulating | ayer 202. The spacers 207
ensure the distance between the gate el ectrode 220
and the nano-wire electron enitters 216 is kept
constant. The gate el ectrode 220 either b ..
Syl Y eiBe B RrEBE A st SeHRadnd WmoR Bickneis, Bagh strip is
on top of each spacer. Typically the spacer is made
prayidedrizith an exigmabelestrigdl copugshon st vedy pbthe inywdatipgtlayer. Each
el ectrode 220 nay be a series of strips which may be

stipeiae a drifddny arr®nefhgles pelhichkdre¢spaid twedagh pbe og gtaips of pores in the
el ectrode 220 may sinply be a single elenment. Each 7

%sglagrr}g Ifaﬁ/éﬂ/ RiafiBhd o ARG BF @be inbaftiods %ﬁi&tg,gat&ievﬂmﬁgeﬁﬁ%ﬁte electrode,

t hi ckness. Each strip is provi
external electrical connection at. the edge of the
ia'ﬁ‘iﬁlfoé'?i PRPASREAE @f(‘?ﬂgﬁn%topidbe HRCY i form array of
hol es, which correspond to each pore or groups of
por es iThet4i@ps iofisthe agath glactrpde .mazsarfmm%arem«?bgﬁmaaa@i generally
of size in cathode wi dth, aperture of. gate el ectrode,
perpandiauladye tanie spips @ rthatcathddprids pattarninghef the strips to intersect
application. The strips of the gate el ectrode nay for

BEPERiSul Ry, 2AIEANGAS W n IS ?E@NCYmaE}?xr RRBALEL B i gurkifor, M@ables the
strips of the cathode. This patterning of the strips

t.o jntersect .perpend] rl. S0 '
HRpla T Bl B RS RS temitier 1 UGS, @PiofF ) Yfiependenty
of moving pictures, Thus the emtter_ array is thereby .
aPRirQlishle; pixels Py dasoBfraesstipy of thecwrips: &arhpixgl piay sp¥eng plurality of
the intersection of the strips. Each pixel may cover a
pitteas.i Tyamivateeattt piselshe epertive viaipef tdecdatqélzatode heenergised with
respective strip of the gate electrode is energi sed
Wipb¥itivévelese tWiMere¥Rlct @08e VbrdipbRERE Sitiplo? the@thode.

corresponding strip of the cathode.

Each nano-wire electron emitter 216 may be made of conductive material such
as metal. Material such as Co, Ni, Cr, Ag, Cu, W, Mo or Fe (or their oxides) which have a
low work function, high conductivity and high melting point are suitable. Typically the
nano-wire is grown in situ (rather than being placed) by electrochemical plating.
Typically each nano-wire electron emitter 216 does not extend past the gate electrode.
For example each nano-wire electron emitter 216 may include a portion exposed from the
pore, such as an exposed portion the length of the pore. Typically, the length of the
exposed nano-wire is several micrometers. In the document the term nano-wire is used
to mean an elongate conductor less than 500nm in width. Experiments carried out by the

inventors indicate that metal nano-wire less than 200 nm in diameter gives a reasonable

threshold voltage.
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Each nano-wire electron emtter 216 may be nmade of
conductive material such as netal. Mterial such as
Co, N, C, Ag, Cu, W M or Fe (or their oxides)

whi ch have a 15 | ow work function, high conductivity
and high nelting point are suitable. Typically the
nano-wire is grown in situ (ragther t han bei ng pl aced)

by el e¢trochenm cal -pl ating. Vi each.nano-wre .
of ect r STediing P % ERLBAQ st PRt the BRORGF G dofeen 104 s
el ectrode. For exanple each nano-wire el ectron

showr By moregieiaily Theqihgerhos consed scseenehofdadudes adiospher layer(s) 300,
pore, such as an exposed portion the length of the
porapodély)p3@ahnd/ a gldse plaa@Oh. Af seheirBigarpbsbal distance between the
nano-wire is several mcroneters. In the docunent the
thRbIPhBARPecH 108 ahd tHePdtted RraFBBD jPaidtHRAHyRpERRALIY Alcavity 110
'ess than 500nmin w dth. Experinments carried out by

t [ Qv {.ndi t I RO~ Wi [ €. |

gt EUSTHE P8 e T8 g gl 3Rk 11871l SR 3ted 102 and the
voltage. 8 Referring now tog Figure 3@9% and Figure

3paprs; 9, isripaipiabied @ arvagrusd feskampe 14 Bhown in nore

detail. The phosphor coated screen 104 includes a

phosphdie hagder308 )ma3(e,a coaductive traisppredOsheanlikezeleptrade 302 between
plate 304. As seen in Figure | the distance between
ftephaRPiRsNARE 360 LEE theldldks e BOL aeiowintih RAgraB(a)ORltkmatively as
Jgﬁ%ta?nedaﬁi spacers¥%,02pdA cavity 110 Sgin g%e Y

Qgéﬁsiinrﬁgl}rgg b)% Gt diernﬁ’}hgec‘grégﬁdu% i Eﬁd-:l'ﬁ%é eldcftBde 306 between
5)) ﬁ gﬁan the %% |

emtter-arr spacers S mal ntal ne

e ot e £P 48 HFTrab ek LG el TiaDg ot 02 can be

between the phosphor layer 300 and the glass plate
goatedibetwigowihephosnhgu lager3{0f)and she eqvitsitlil Q. dinyhia sases algminym can be
Figure 3(b) the anode 302 nay be a conductive

@lsbaitilizdce The acdetepated Slebirdstpseratd thetahenipb@pb e andegutlide against

300 and the cavity 110. In a further alternative the

AOR sk 1937 306. 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. The voltage Va is much higher than Vg.

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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coat ed between the phosphor |ayer 300 and the cavity
110. In this case, alum numcan be also utilized. The
accel erated el ectrons penetrate the al um num anode and
collide agai nst the phosphor |ayer 300. The al um ni um
anode between the phosphor |ayer 300 and the cavity
110 also acts as a refl ectiveQayer whi ch enhances the

AR bt gnd bt Ry st w0 BR Ghar A HebfOF atude 216 and

cat hode 214 and the gate el ectrode 220. The vol t age
pecelpalad toyeard sha-gateelodirodg#d0t he anode 302 is kept at

Va by voltage source 3 10. The voltage Va is nuch

hi gher Thhahodphor coataperaeni 14, is vhergisedapd highermttemtiahthan the gate
the gate el ectrode 220 and the cathode 214 20 so that
eheursdd. eTiRl Re41ERAHR didsroRs BARHS hytnd BlegiHostor AR flubRscent light is

cat hode has a negative potential. The electron:

] t ' I [ | yv,copduct i ve. S0 .
SENENEL B9 SphBpEhEThE ARl PRI LYEARD bflguy gf e clcron
that of the cathode. The electric fjeld concentrates, i
gticammand therefpretheininsity piifie guorsssent lightoeag bgagjusted. This may be in
el ectrons are emtted fromthe tip of the electron
¢arinstof the2veragn tirightness| of tlag displaywabd ghthessgdtspeifieemittgdeor pixels
220. The phosphor coated screen 104 is energised at a

s efa@ired 0l ER1ARLS dyhamid fikaggat € el ectrode. The
accel erated el ectrons collide agai nst the phosphor and

fluorescent light is 5 generated. By controlling the
vol tage Vg, the energy and / or density of the

| ectro tream and therefore the intensity of the

Mmgéht , can be adjusted. This may be in
terns of the average brightness of the display, or _ .
bri ght Refesring tasPigufef 4 @ nesthad for Jakyicaping ah smitses arrap| for @display is
in display of dynami c i mges. 10 Method of fabrication
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 nano-wire emitter is provided in each pore. In
step 408 part of the insulting layer may be removed to expose part of the nano-wire
emitters. 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.

Figure 5 illustrates one example implementation of the method 400.

Step 402 may be implemented by depositing cathode 214 made of Cu, Au, Ni or
Ti onto a rigid substrate 200, as seen in Figure 5(a).

Step 404 may be implemented by bonding the insulating layer 501 on top of the

cathode 214 using an adhesive layer 204, as seen in Figure 5(a).
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Referring to Figure 4 a nethod for fabricating an
emtter array for a display is shown. In step 402 a
cathode is provided. In step 404 an insulating | ayer
is provided including an array of pores. In step 406
a nano-wire emtter is provided in each pore. In step
408 part of the insulting Iayé? may be renoved to

expose rt of the no-wire 1 itters, Jln.step. 4 10

= Bat o Dty danbded APRatlybH- 8 (BRQ} Y e ey BPindythtng laer.
wi |l appreciate the order listed is for exanple only,
Ot i formerh bireangdigingoen abwmigiuge sheg|is st pres gt generated and
orders. Figure 5 illustrates one exanple

iselHasseebicalt lilenlaticetand hoeeyrobdlike p@bepshtdlisnayilpebtained without
i npl enent ed by depositing cathode 214 made of Cu, Au,

Nsin@la cotfplitatedPHdtcdithid ParhiS YRTESsAFErtBRG hord b BEhsity) greater than
Fi ggre &51?%). S?fep 404 griﬁgl bg i mpl ement ed b)? bondi ng 8

T O B R

to .A sheet of anodjzed al um ni ym oxi de (AAQ, .i

A S ; m. ), .S .
densitygieesimeregoraiy PhelpFEPD ispdiationlie Rore gensity cpy be varied by
anodi sing an alum niurn sheet in acid. Pores are
gelneticat dfdheanbdizsed ¢ondggmsbl ed i ke lattice and
honeyconb-1i ke porous sheet is easily obtained wthout

usi ng AleeiiEvelyancEticRROTACK MaabrRRd (ETH @€ Qfifable for the insulating
Furthernore, pore density greater than 5 10" /i

g%}.cﬂeicﬁrmﬁ%% %r?negyin Qh@o%té]% gﬁgéﬁp mf%rttl;? ?‘thpf“ plastic film (e.g.

I eve r-emtter densi gl ves
unjformty of electron irradiation. The pore depsit .
PHye oq,aé%/ pgaol&,s?er 18] eé(gﬁegﬁo Ssarg ngﬂa}a§ .grglon op §e, 1¥D or Bi). As
conditions. Alternatively an Etched Track Menbrane .
tesepartisles phasabrongh dre plassici fHay theyiompte dampage. tratks vEgh consist of
may be formed in a two-step process. Firstly, a thin,
brakeh infolédul anboRdOof the polymer. Therefore, the plastic film is partially weakened
along the path that the particle travelled. The density of tracks is controlled primarily by
the amount of time the film is exposed to the charged particles.

Secondly the actual pores into the film are formed by an etching process. The
tracks left by the atomic particles are etched by hot, caustic baths. The hot caustic etches
the thin plastic film, dissolving away material from both sides. The areas where the
charged particles passed through the film are dissolved many times quicker than the rest
of the material where a charged particle did not pass. Thus, uniform, cylindrical and fine
pores are created.

Step 406 may be implemented by growing a nano-wire 216 in each pore by

electrochemical plating. The substrate and a counter electrode (e.g. a platinum wire) are

put into a plating electrolyte (e.g. mixed solution of 0.1 M boric acid H3BO;, 0.2 M
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10 pol ycarbonate or polyester) is exposed to charged
particles (e.g. ion of Se, Pb or Bi). As these
particles pass through the plastic film they create
damage tracks, which consist of broken nol ecul ar
bonds of the polynmer. Therefore, the plastic filmis
partially weakened al ong thelbath that the particle

vel controlle .
SRNed Ebast SRpRE Cladnetg SBE fdmial R 81 uifieispueand a plating
to the charged particles. 15 Secondly t he actual pores
ichltr@ﬂttlh@ﬁlieg wevesn sy gatepds and thestaunicr glepirerdce dhen mn@d metal (e.g.
tracks left by the atom c particles are etched by hot,
capystr) i dbpdsited inTthe pbres of dnsalatiag &tyet)@s seentie Figure15(b).
plastic film dissolving away material from both

si des. SipeOBmeASHWRPltndnbR byEdditate RANfatifg etnﬁ}:sass%ﬁmon (e.g.6

through the fil'mare dissolved many tines quickeér

ﬁab?—l@tand %n&ela%o%tsg llla%khe ﬁéc?nﬁ\o-‘Pﬁésgagg Pﬁﬁ%ﬁ& %%sgd gs seen in

drica

es_are_created, Ste 406 may be i npl enent ¥
E?r&swf #g)- e denstiyph the OUPSHHMERL eBireligdpy the depth of the etchineg, It s

electrochenlcal pl ati ng. The substrate and a counter
a@hpaortand dbat( thegetclzng | prodensihasito de stoppedpbeforenthe msulating layer is
plating electrolyte (e.g. mxed solution of 0. 1 M

Remptcdf btdndd3RB. The ”mditdddhallfthgTRRP la g@hﬂ frﬁﬁ&tant role to support

CUSD4- 5H20 and a smal | anmount of surfactant) and

tﬂL :'hgrggmrgg r g’ fe%ec:fﬁp H{f’lﬂg Swp a%ﬁgﬂlﬁegﬁl 9?“[&:[? 0&811%1 dthe exposed

epo ores, of insu
SR iks iy Bf ?f‘éﬁ%i(ts)be ot xR mgroLEoD et BS pipessary
etching the insulating |layer by a solution 6e g. 6 5
M NaOHPteandl G miagnedimpiomerted thyaplacing spacgrse 80'haborenwiheerano-wire
are partially exposed, as seen in Figure 3(c). The

Emitgir12 04, ahdd plaeitigaaeck]gatiodt 226 of Gt spatdresoh s tded i Eiduie 5(d).
of the etching. It is inportant that the etching

e T
| ayer gle%%%f%r?ay' brgplmp ea}rll’]éntedobyedetpgsl%ing gatrlode 214 made of metal such as
Cu, Au, Ni or Ti on a rigid substrate 200

Step 404 may be implemented by bonding the insulating layer 601 (using AAO
or ETM as described above) on top of the cathode 214 by using an adhesive layer 204, as
seen in Figure 6(a).

Step 406 may be implemented by growing a conductive nano-wire 216 in each
pore by electrochemical plating. The substrate and counter electrode are put into a plating
electrolyte and a plating current is applied between the cathode and the counter electrode.

Then plated metal is deposited in the pores of insulating layer as the nano-wire emitters,

as seen in Figure 6(b).
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the nano-wres. This prevents nano-wires com ng of f.
After etching, the exposed 10 nano-w res nay be
anneal ed to be oxidised or to inprove crystallinity,
if it is necessary. Step 410 may be inpl enented by

pl aci ng spacers 507 above the nano-wire emtters 216,
and placing gate el ectrode 22620n t he spacers 507, as

seen | ure girates an

alter ngq {f\fsge"@@iégémﬁ% gﬁ%dr?f 51‘[‘3%t t he met hod 400.

Step 402 may. be |nplenented by depositing cathode 214

nmade oftepet ) mayds aplementey, by sgreen; pristting;a sppcgr faygh g07 on the
substrate 200 Step 404 nmay be inplenmented by bondi ng

idselating Udyat 604, dsesgen 16 Bigufel S{ongSpPReEr lager @iMsasade of an insulating
descri bed above) on top of the cathode 214 by using an
ﬁ&'ﬂ&ﬁﬂl ¥cH s’r’sVﬁcSlyx%Q{’r GAS eleS®EE 620 5 cﬂ:lgbbﬁte@(ﬁah patiefRRdH6top of the

be |rrp ement ed by growi ng a conductive nano-wire

g%%e ﬂig? o07 d}zgcrg [ rupt}/ eére‘gatcg&ﬁf}%gb onD ht%d%% fhatlagw mask, as

coun Bect rode ar
electrolyte and a pI atl ng current is appl i ed betvveen
458 1R SIS dnd the counter el ectrode. Then pl ated
metal is deposited in the pores of insulating |ayer as
t he nafEpwioB enayrhetimplesentesisbysaelring andhguming @ the disulating layer
In this exanple step 4 10 precedes step 408. Step 410

S8 Yhdpehd ARMPWEBS eflithys 306 QRNpdHibll} kxybsad,SRaked ih Ffire 6(e). The
607 on the insulating |layer 601, as seen in Figure

n_aygae sed f &St thY &lo- \99(? efnfit 9% gfcoﬁ't?olﬁ%ﬁ‘vég% H&gh of the etching.

ria suc as pol yner. te el ectr
d d tt d th
607 by PRS2 Bt et didlafive oRmon PRt hon Sifgrhg method
zlagdow mask, as seen in Figure 6(d).

Step 402 may be implemented by depositing cathode 214 made of Cu, Au, Ni, Ti
or other conductive material onto a rigid substrate 200, as seen in Figure 7(a).

Step 404 may be implemented by bonding or depositing the insulating layer 702
on top of the cathode 214, as seen in Figure 7(a).

Step 406 may be implemented by growing a nano-wire 216 in each pore of the
insulating layer 702 by electrochemical plating, as seen in Figure 7(b).

In this example step 410 precedes step 408.

Step 410 may be implemented by placing a shadow mask 704 on the insulating
layer 702, as seen in Figure 7(c). A spacing layer 706 and subsequently gate electrode 708
is deposited and patterned on top of the shadow mask 704 and the insulating layer 702, by

vacuum evaporation for example, as seen in Figure 7(d).
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Step 408 may be inplenented by etching and thinning
down the insulating layer so that the nano-wres
emtters 216 are partially exposed, as seen in Figure
6(e). The exposed length of the nano-wire emtters
216 is controlled by the depth of the etching. 10
Flgure 7 illustrates a furthed3 alternat|ve exanple

i mpl e ation 0 Ste

i npl e eéacwl%ﬁﬁsﬁrt”%ﬂeér 2% g Step g’a dPP%LT‘C%? by etching
Ni, Ti  or other conductive material onto a rigid
sp¢ dhinging dopn thesinsalaging dayer gl eso7ihay thespane-wises gayttase 216 are
i mpl enent ed by bondi ng or depositing the insulating
Ipastiatly éQRosed saeert imFigire 7. cat hode 214, as seen in

Figure 7(a). Step 406 may be inplenmented by growi ng a

nano- W & rd ﬁldsﬂat%@ﬁ E‘tllpﬁfrﬁlepzfltetnlﬂa%ve bﬁﬁﬁﬁt@ﬁmg QrdeAtEbn the method
702 by el ectrochem cal plating, as seen in Figure

In this exanple step 4 10 precedes step 408.
§tep 4 10 may be inpl enented by pIaC|ng a shadow mask
704 on_the |nsulat|ng 20 layer .70 as seen in Fi %
7(c). M Hpsesamp! r@tg?&rder@étwpémsefe%m | SjE b0 Step 04, step 402,
el ectrode 708 is deposited and patterned on top of
tstep 400 antawherastkp #081 and t he i nsul ating | ayer 702, by
vacuum evaporation for exanple, as seen in Figure

7(d) . Sép 410 @by b& iRylicRGnicd By it@g@@ﬂhwpamﬂmngsgae efléftode 802

may be |nplenented by etchlng and thinning down 't

fﬁégggt’ hﬂ]gld )Z/tpe%t 804 Bg %re&b Erlﬁkﬁ{go O cﬁﬁmeem?%& {1(§n through a

par EXpOse
t|II further alternative

|IIustra es a
Sl Aok bt SRbiE EEES@he. 1ot hod 5 400,

Step 404 may be implemented by anodising the aluminium sheet 804 in acid to
form a sheet of anodized aluminium oxide (AAQO) 806, suitable for the insulating layer.
The array of pores is thereby formed in the insulating layer, as seen in Figure 8(b).

Step 402 may be implemented by depositing cathode 808 made of Cu, Au, Ni, Ti
or other conductive material onto the bottom of insulating layer 806, as seen in Figure
8(c).

Step 406 may be implemented by growing a nano-wire 216 in each pore by
electrochemical deposition, as seen in Figure 8(d).

Step 408 may be implemented by etching and thinning down the insulating layer
806 so that the nano-wires emitters 216 are partially exposed, as seen in Figure 8(¢). In
this example the height of each nano-wire is just short of the gate electrode. This may

assist with emitting the electrons at a lower voltage.
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In this exanple the order of the steps is as foll ows:
step 4 10, step 404, step 402, step 406, and then
step 408. Step 410 may be inpl enmented by depositing
and patterning gate el ectrode 802 on top of an

al um ni um sheet 804 by screen printing or vacuum
evaporation through a 10 shadbw mask, as seen in

Fi gure a)..Ste . be | nted b odj sin .
Chear dhe e e adiRe ot e G TRl AoRBRF b fed inco o
anodi zed al um ni um oxi de (AAO) 806, suitable for the
inRYTIN&PgREhar Ay the smeérSamoay a@ql scg%ﬁne@nér% plegteqsyics are provided to
formed in the insulating |ayer, as seen in Figure

adxrpise Hicomatitid2, gay elberrodeping rmodeatcbydinketoasi ihputgignal and/or stored
cat hode 808 nmade of Cu, Au, N, Ti 15 or other

%‘Ps@x%@ﬁ&dsv ThiRELhleflctrOR Eﬁhtﬁe‘? @arpl% &%&ély 'eﬂcqrgis@& land the energisation
I ayer as seen in Figure :

2 ore b
cf 10 2 hg?ﬁ: g%ld%%feposgqlgon gé(lvﬂs?éi?%a Iep wlgpalgggeag@%?ppreé{ate other
Ste 408 may be inpl enented by etchi.ng and thinning
aewﬁcafl%s fon opF 8F mege Frap%#lmem gi5h asdn @rﬁ&@nelﬂé Electron Microscope,
nano-wires emtters 216 are partially exposed, as seen
iBackKilight &f 13Qeid.Criystal Display ex aSepeett foe sénicginductdr peadiation.
nano-wire is just short of the gate el ectrode. This

nmay awmtm 1;sehsleénpidckg@es &8 a8 IpBtink OdtehiAs ad/bO¥Weden printing, are
vol t age. he emtter array, fabricated according

led into a housing,
‘tilge&e{aﬁhgg&\ls %f &ﬁé’uélgg Qalpge, k@ﬁ% é and screen. Control
electr are provided to, ene e ) de )
Gato. o LR BRBSERIFHAGEID BOLET UG 16 ENFs ot ns Flgegpns emitted
and/or stored instructions. Thus each electron _
érpm eavh rean-wiee, sy wsponse Irgie éh éasyennaigh tadibplayer moving picture with
ener gi sati on
good quality.
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5 varied to achieve the desired display. The skilled
reader will also readily appreciate other
applications for one or nore enbodi nents, such as in a
Scanni ng El ectron M croscope, Back-light of Liquid
Crystal Display or a Stepper for sem conductor
production. Wen i nexpensive 6§ocesses such as

th&@gg, etching and/or screen printing, are wused to
t ts of production can be reduced. 10 Wen the
gate electrode js used to control the intensity of the

b ect Adisdd effst eleatron pRiiah PAFAPEAMATBING he response

rate is fast enough to display a noving picture with
good goahodey. 15 CLAIMS: 1. Afield effect electron
emtting apparatus conprising a cathode, an
i nsul af inS@lali Ry BYerBh &fadg@bxﬁ%ﬂ{e dathodB Bavial AR ARSI pIIEs, and
an array of pores, and a grown nano-w re el ectron
emtt i - . omre elect ' .
connel st SRETROL . SEGRUAPIP et cBrEleRE 440, G HbFon emitter
emtti appar.at us conprising a cathode, an
FH@&FE@&%&QF§9@P&on or adjacent to the cathode having
an array of pores, 10 a nano-wire electron emtter in
@ach pdredd éffedt nigetaon ¢routng appaoates emmispesed from the
pore, each nano-wire electron emtter connected to the
cat hogleathédegdd a gate el ectrode on or spaced parallel to
the insulating layer. 3. The electron emtting

Zggﬁr a fﬁ§ul§§n§fa%rr8:ﬁdoriaﬁj bRtk QFhodk ‘ﬁhﬂhg af{"ﬁﬁﬁ}%ppores,

a nano-wire electron emitter in each pore having at least a portion exposed from
the pore, each nano-wire electron emitter connected to the cathode, and

a gate electrode on or spaced parallel to the insulating layer.
3. The electron emitting apparatus as claimed in claim 1 or claim 2 wherein each
nano-wire electron emitter is an electrochemically plated metal or metal oxide nano-wire.
4. The electron emitting apparatus as claimed in any of the preceding claims wherein
the insulating layer is anodized aluminium oxide.
5. The electron emitting apparatus as claimed in any of the preceding claims
wherein the insulating layer is an etched track membrane.
6. The electron emitting apparatus as claimed in any of the preceding claims wherein
the pore density of the array of pores is greater than 10° /mm’.
7. The electron emitting apparatus as claimed in any of the preceding claims wherein

the average diameter of the nano-wire electron emitters is less than 500 nm.
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nano-wire electron emtter is an electrochemcally
pl ated netal or netal oxide nano-wire. 15 4. The

el ectron emtting apparatus as claimed in any of the
preceding clains wherein the insulating |ayer is
anodi zed al um ni um oxide. 5. The electron emtting
apparatus as claimed in any o St he precedi ng cl ai s

\gher eTHe Ellggtrér[llgﬁﬂtﬁfn% Q&% M? hs lf‘l?}n%,rh %thglﬁld % tfﬁr@ﬁ:elf comprising a gate

nenbrane para

din any of t recedin Ialns mhereln 20 the

P PR §pa @E§F$%§I%Whﬁ%§ °f-s greater than 106
/NWQ 7. The electron em tting apparatus as clainmed in
any oThe ktectror caniting epparates whelaimed inhanyaobckges 2 to 8 further
di aneter of the nano-wire electron emtters is | ess

fcbﬁhﬁn&ﬁ@ arsmml@ay& belli€enahé fistiRAng Myttt Anddh&@ pREEREWSIERS
claimed in cl alml further conprising a gate

beCt '[“Rggle rfl.ﬁ @é}g apeﬂﬁsa{ig alunjie(a ih %ﬁ?’ o@%hﬁ!ixﬁg FQQ 8 wherem each
Ia er emtting apparat us as c

in an clains 2 to 8 further alng
|“3%‘?“y1‘i§§{1‘?ﬁé“8ﬂ eI RIBE AR R gFiFeoHT g (b8t Gleglrode.

el ectrode. 5 10. The electron emtting apparatus as

dllai mAdnéthodefymaufadtatingsarpfield effeqitetaction eauiting apparatus comprising
nano-wire electron emtter having a tip being adjacent

to t hgroghlity etabdédepde. 11. A nethod of nanufacturing

an field effect el ectron emtting apparatus conprising

provi gf'oOQiuggr ﬁﬁhaﬁﬁﬁl lQﬁ;e?‘ﬁth%Qn &y J@Hte@to'n 39 ﬁ(llg 406t to the cathode,

havi n ray of pores on or adj’acent to

ca(tiho 10 and growing a nano-wire electron enmtter
each pore, each nano wire connected to the

cathode

growing a nano-wire electron emitter in each pore, each nano wire connected to the

cathode.
12. A method of manufacturing an field effect electron emitting apparatus comprising

providing a cathode,

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

providing a nano-wire electron emitter in each pore having at least a portion
exposed from the pore , each nano-wire electron emitter connected to the cathode.
13.  The method as claimed in claim 11 or claim 12 further comprising providing a gate
electrode on or spaced parallel to the insulating layer.
14,  The method as claimed in any of claims 11 to 13 wherein a metal nano-wire is

electrochemically plated in each pore.
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12. A nmethod of nmanufacturing an field effect electron
emtting apparatus conprising providing a cathode, 15
providing an insulating |ayer having an array of pores
on or adjacent to the cathode, and providing a
nano-wire electron emtter in ?ach pore havi ng at

| east a portion exposed fromit he pore , each

?gno ’#u{ fhe oﬁglts rc?aﬁ‘m?ﬂl{ 6lm § '}Fﬁlger%ﬂﬂ'ﬂ&)ﬁglﬁﬂ@%t&ﬁé}ﬂ%%%pacing layer

as ¢c alne in
urther, conprising providin ate 20 electrode on
@Ft@ﬁa&*@dngﬁw}a layergpd {feceatnelggtind ng | ayer. 14. The
nmethod as clained in any of claims I | to 13 wherein a

et al Thramethar e clagmed|nedaino thetersal the sphareareisoreemptinted on the
pore. 17 15. The nethod as clainmed in claim13

finsuldfiap 18eAPri si ng providing a spacing layer between
the insulating layer and the gate el ectrode. 16. The

Bt hoflhea%xe o‘fi'iI fE gla&rﬁe&: ﬂr’“cml 5 SWWH Feup eB&F g&ﬁ(ﬂ?—%@ﬂ%ﬁeéggtx%n emitter

Screen printed on I nsu |ng ayer.
t.hod as cl f in claim13 wherein each nano-wire
RUBE f o rerintLadadedt Brfe B R tioe T dod o naont Lo
the gate el ectrode. 18. The nethod as clainmed in any
d8. cl Bhamsethed @y claimed intang of cloimps L 5 tny7 Grntgr somprising anodising an
al um nium sheet in acid to form anodi sed al um ni um

akindsiumehedt iaacidhe formsanodisedgumminiam. oxide A ADEasithd imedlating layer.
as clainmed in any of clains 11 to 18 further

q "Prifd Qehel ﬁ@ 1B8ndd ift %g? ofl_ﬁginﬁsnl 140 lzt{}%oﬁlgaigiﬂg '&crf]l%/ng tracks

e insu atlng ayer netho

one of .cl ai further co r|S|n renovi n
in a membrane tg!?onn the 1nsu?at1ng layer. P g g

20.  The method as claimed in any one of claims 11 to 19 further comprising removing
a portion of the insulating layer to expose a portion of the nano-wire electron emitter.
21.  The method as claimed in claim 20 wherein the insulating layer is partially etched
to expose a portion of the nano-wire electron emitter.
22.  The method as claimed in claim 18 wherein the anodising conditions are selected
to achieve pore density of the array of pores greafer than 10® /mm?
23.  The method as claimed in any of claims 11 to 28 wherein the average diameter of
the nano-wire emitters is less than 500 nm.
24, The method as claimed in claim 13 wherein the gate electrode has an array of
apertures, and wherein each aperture correspond to one or more pores.
25. A method of manufacturing a field effect display comprising

providing an field effect electron emitting apparatus according to the method as

claimed in any of claims 11 to 24, and




a portion of the insulating |layer to expose a portion
of the nano-wire electron emtter. 21. The nethod as
claimed in claim20 wherein the insulating |ayer is
partially etched to expose a portion of the nano-wre
el ectron emtter. 15 22. The nethod as clained in
clai m 18 wherein the anodi si nd8conditions are sel ected

to achi eve, pore densit f,the array of pore reat er

Chan 108+ BASPReredored tEercon 1ok sRasl Hprale] o ne Feld offec
claims 11 to 28 wherein the average dianeter of the
PHEHONCIEtiAgPRPRAERES.i s | ess than 500 nm 24. The net hod

as clainmed in claim13 wherein the gate el ectrode has

&6. ar Adfield effe? @ispiagrdontpesingand wherei n each aperture
correspond to one or nore pores. 25. A nethod of

manuf aGtidd Secteleb®deRithRLippdiaBil 2 ¥1af RSP ahly 8 claims 1 to 10, and
providing an field effect electron emtting apparatus

according to the method as clained |n,an f gl.ai

1 ro Samnesfibriooll Kiber Ry o PReEhRumEck, B Gufelfrer ctecton
on or spaced parallel to the field effect electron
EHIENBAEPAURYATr at us. 26. A field effect display

conprising a field effect electron emtting apparatus

as claimed in any of clains | -to 10, and a phosphor

coated screen on or spaced parallel to the field

effect electron enmtting apparatus.




