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producing electron emtter structures, the electron emtter structures

produced. and field em ssion displays and fi etdenrsston—baeckl-i-ghts

i ncorporating the electron emtter structures 5 Fi . nvention The
present invention relates to nethods fdr produci ngﬁ lﬂ@ m M" emtter
structure for a field em ssion display (FED), or a on backl i ght
for a 10 liquid crystal display (LCD), and also to th&%%¥etctron enitter
structures, FEDs and field enission backlights so produced. Background of
the invention jetddalig:r %&éih@%lé&r%ﬁ'e%ﬁﬁe(5@ur@éﬁh@@é&roﬁwhﬁniﬁ8§t prom si ng
candidates for the next generatron of displays. Frerd Em SSton Backlights
for liquid & 58S PIg 0 28d fietrgmission displayscand field iemissien "al'im:-
researchers today. One \&ldsdaWiHeydEciPdn Sheh shlctapdL ter structure of a
FED, a Spindt type 20 m‘rg?rw'g—%ﬁm'rm—caﬁ%in Figure 1. A |lower
"portion of the emitter conprises a glass substrate 1, covered by a | ower
el ectrode 2. B ehved ioni nsul ator el ements 3 support gate el ectrode

el ements 4. mtter has a small M cone 5, in electric
contact with the lower electrode 2, as a cathode. Wen a |arge enoggh )
negative voltage is .applied to.the co via 25 the | oper el ectrode 2
thg el ectri h“??@?ﬁe%dﬁgﬂ'toparte?%ﬁs 3? T%EOE%EOFOP“’FH@“W%S trog qRH8hes hi gh
enough to expettusd fortarfidis emidvioretieplay QFEDYS & AtitlasHhiesioA BaeRight forgaP to an

tign qof the FED, cogmposed of an upper el ectrode (anode 7, which
nggéng ckﬁa“'ﬁffﬁtiirfgécg%ﬁ Y &nda@lsg ip wegée@m gmittey %rHB%?%t':)@[@E The
generation ahdkie@émid¥ioh MRcRPEPESprdskes. 6 can be controlled by

Background of the invention

15  Field emission displays (FED) are among the most promising candidates for
the next generation of displays. Field Emission Backlights for liquid crystal

displays (LCD) also attract the interest of many researchers today.

One well-known type of electron emitter structure of a FED, a Spindt type

20  emitter, is shown schematically in Figure 1. A lower portion of the emitter
comprises a glass substrate 1, covered by a lower electrode 2. A number of
insulator elements 3 support gate electrode elements 4. This type of emitter
has a small Mo cone 5, in electric contact with the lower electrode 2, as a
cathode. When a large enough negative voltage is applied to the cone 5 (via

25 the lower electrode 2) the electric field concentration at the top of the Mo cone
5 becomes high enough to expel electrons. The electrons are attracted across
a gap to an upper portion of the FED, composed of an upper electrode (anode)
7, which is sandwiched by a phosphor layer 6 and a second glass substrate 8.
The generation of light by the phosphor layer 6 can be controlled by

30  controlling the voltages applied to the gate electrode elements 4, in particular
so as to make certain areas brighter than others. If the gate elements 4 are
omitted, the structure generates uniform light, and may also for example

function as a uniform field emission backlight of an LCD. .
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30 eontrolling the voltages applied to the gate el ectrode el enents 4, in
particular so as to make certain areas brighter than others. If the gate
elements 4 are omitted, the structure generates uniformlight, and may
al so for exanple function as. a unifopﬁ1field eni ssion backlight of an
LCD. I et rerr viert vl virlr vieei= et 1l *o00002* This emitter
array is fabricated using vacuum processing nmachinery in a

hoto-1itho ' M N T eSis
fepos: ted Wi T paoeaRarRTaliidd DRUS oLRRK ARSI MEe NG r e Ser i es o
process st ephotoslithegraplio mpddesavétictaneedsxpang masks.daitee Mo dosediitficult to

make 5 exac : : f ach of ., the. emtters in the
array, Wwhi ct#e%Pélg%s‘ﬁl 0 Sﬁs@\[}%@%ﬁ@%ﬁ%ﬁ}d g}%ng) ir8$‘:r‘tt'89(51giﬁf¥isgg‘?s ﬁﬁot her type of
emtter, a Quodmss slt@sdsTeﬂye:o(‘r@\lf}ltedadr&bewehsiaélaé;dwwwﬁicnggiﬁﬁke Fi tgﬁre 2
shows a schepatjc, di agram of the CNT ty FED. enent s avin e sane
meani ng as {HASW R S8 Lﬁﬂé‘efhgpsf%?ﬂfﬁ‘ég?%@mﬂgegaﬁ%rsr@ff@ryﬁ@@ ifker al s.
The only di fié®isstoameven elbatrorremlissicd plopeRlesCNTS 9 are used as each

cat hode. The CNTs are grown perpendicular to the surface of the substrate 1
and the 15 electric field concentration is high at the top of the CNTs.

Carbon is \A@lrlo_thé?ngrv&“offéhﬁittért,%@ér%nﬂa%tfl% ENT54198 RFLRCIL¥n S° CNT is a
suitable material for an electron emtter. However, the are nornmal |y
grown in a VHEHRHnFAgIHe 2 sheus| 3 sehaghaticedipanant ofitee CINT tygei Rl Eflemrmﬂse good
ual it I ' ' e al so

cpens, e begalBihe SamBIREERT S HTRSTRHARe 3P dbhe 1S Bifeng Che
process. To referansetiumneals- Tlee ankydiffarehdteisghattd ploraiieomM®NTS Ored uabdve, sone
resear chers Jiave, %caged a binder having the consistency of a paste and
contai ning i nzeepen ent CNTs. Such a binder is pasted onto the substrate in

The CNTs are grown perpendicular to the surface of the substrate 1 and the

15 electric field concentration is high at the top of the CNTs. Carbon is well
known for its high electron emission property, so CNT is a suitable material for -
an electron emitter. However, the CNT are normally grown in a vacuum and
usually high temperature is required to make good quality CNTSs, so the
process is expensive, and the substrate also expensive because it has to

20  withstand ‘high temperature during the process.

- To solve the CNT-related problems which are mentioned above, some
researchers have proposed a bindef having the consistency of a paste and
containing independent CNTs. Such a binder is pasted onto the substrate in

25  place of the CNT of Fig. 2, and some of the CNTSs in the paste happen to
project above the binder surface, and work as cathodes. Unfortunately, this

-method makes it difficult to achieve even electron emission in the array, and
also there is also high contact resistance between the electrode 2 below the
CNT paste and each CNT. Additionally, the independent CNTs themselves

30 are an expensive material.

Summary of the invention




25 place of the CNT of Fig. 2, and sone of the CNTs in the paste happen to
proj ect above the binder surface, and work as cat hodes. Unfortunately, this
met hod makes it difficult to achieve even electron em ssion in the array,
and also there is also high contact resistance between the el ectrode 2

bel ow the CNT paste and each CNT. AddiXionally, the independent CNTs
thensel ves 30 are an expensive material. Sunmmary of the invention 3 The

resent inv rovi de a .new and uefu el ectron._emtter
Et ructure, Gmté p&%ﬁ @ hﬂ%ﬁp sn%oﬁir 5'H 5y F‘Bat‘@e ulg'eRlon RRMS r uct ure. In
gener al t er sEuctute apdddMtnd figlerdmiesiop bapkrisess, taig the BBEKW.th a plurality

of 5 spaced-apart openings is formed on a surface of a substrate, and that
the substrate is then chemcally etched through the openings, whereby

portions of in pegeraihs ahe ppsson Wbﬁtl&ﬁ?"bd&geé fat Qnﬁé’ém% Qgﬁjrélﬁ yed,
| eavi ng ;jhe surface with a pluralit kes. Each of spi kes may

f unct i on”as SBRACE%RRAT PRENIBAS iStfaimed on ?r%'”@@@@f a&ubstiratgeand thet et conposed
of an el ect sQPstRits $StheR cia@nﬁdéhl?fe?d?m%% thl%‘dgﬂgaé %g&ﬁ,hé§ vﬂ{e%ﬁ)g gs'mSH@ ge! on

properties, a layer of such a "material TIs sit&d ont e structure.
One sui t abl thesistratmprevimalp @ach §ﬁtf§t<mﬂfmg$a®ueln089d deddug theg t he

P12 Sk e N b S

properties o spi kKes c be se Fli nents of the
i nventi on melkestron epuktssi. Hltee subdtmteritself isencs compbeed of aﬂhelebtroﬂﬂéms&m opti nal

tch/ h h cal .etchin atur en to forma
g![ ruct u?gghtg%‘ﬁéhge %%1\?9{15]7:. ﬁg%bg,%g%sﬁ]?” §MFSIdY Eoc?fl’& qsaf“l % _has been
shown el sewneateridl ds depasited lont?he BireicRir€ CORO BuabIé te%rctréiﬁ %Hﬁééﬂrﬁ I'S

furthernore ogttghgeeg I5)|}/CI ess expensive

By selecting the properties of the mask and the etching conditions, the

15 geometrical properties of the spikes can be selected. Thus, certain
embodiments of the invention make it possible to form spike structures which
-have an optimal pitch/height ratio. Isotropic chemical etching naturally tends to
form a structure having a pitch/height ratio of substantially 2, which has been
shown elsewhere to be ideal.

20
The electron emitter structure is furthermdre obtained by less expensive
methods than those suggested in the prior art discussed above, and without
the need for CNT.

25 The substrate is preferably composed of a conductive material, and most
preferably of aluminium (Al).

A preferred mechanism for forming the masks is by a process in which a first
layer is formed onto the substrate, and then etched to form openings. The
30 mask material is then deposited into the openings, and the first Iayer is

removed.

‘The process used to form the first layer may be anodization of aluminum

oxide (AAO), in which the Al substrate is used as the anode in an



. met hods than those suggested in the prior art discussed above, and wi t hout
the need for CNT. 25 The substrate is preferably -conposed of a conductive
material, and nost preferably of alumnium (A). A preferred mechanism for
form ng the masks is by a process in which a first layer is formed onto
the substrate, and then etched to form%penings. The 30 mask material is

t hen deposited into the openings, and thebfi rstd! ay;ar S frelm)vlgad. ---Thg)-(i_.de_
rocess use | I St e .agnodi zati o al um num. oxi

P 0s =S, s oo RREE bl kAt T B AR bBe P orc™

el ect r ocheniapdlthe pa@siamihéfhétshéd)rormcll@rgleayier:h iffo didtelrp]hmga!wﬂ@r@méje_ havi \r/]mger .
ores, and ores are then etch o enl arge em i nto openi ngs

'Ito he subst rgbggfaﬁe&%@gaq Ilnrf’q%?rﬁ’é(?rgﬁnt}‘ﬁsqpepﬂ@séﬁ%FF?"W@S’.bé{reepmﬁ‘ﬁ%f by a
process of “Saehdsedsmgnbl y". 5 Thus, the entire operation of formng the

el ectron_emtter structure froma substrate is preferably conducted

wi t hout the use of expensi ve processes |i ke photo Iithogrfaphy. 10 The

| nvent i on MEubANSEPKRSGRIalich §bMing Ind RADRLRL: HLAMKCHDG Lhe el ectron
emtter structure, or as the structure produced, or as devices

i ncor por at i AYPetFREE & prigtarably copruaied wibew riuse ahExpdrsierprotemges k6 An
enbodi ment  ghofoghddryeRy.i on wi Il now be described for the sake of exanple
only with reference to the follow ng drawings, in which: FIG 1 is a
schemati c di agram of the known Spindt type FED.

10  The invention may be expressed in terms of a method for producing the
electron emitter structure, or as the structure produced, or as devices

incorporating the structure.

Bﬁef description of the drawings

15
An embodiment of the invention will now be described for the sake of example
only with reference to the following drawings, in which:
FIG. 1 is a schematic diagram of the known Spindt type FED.
FIG. 2 is a schematic diagram of the known CNT type FED

20 FIG. 3, which is composed of Figs. 3(a) to 3(h), shows, using cross-sectional
views, the steps of a process which is an embodiment of the present invention,
to form spike structures on an Al substrate using AAO.
FIG. 4 shows schematically the anodization setup used in the embodiment of
Fig. 3.

25  FIG. 5 shows schematically the filtered-cathodic-vacuum-arc (FCVA)

deposition system used in the embodiment of Fig. 3.

Detailed description of the embodiment

30  Referring firstly to Fig. 3(a), the starting point of a method which is an _
embodiment of the present invention is a laminar substrate 10 composed of Al.
The thickness of the Al substrate is 0.4mm (so.that the substrate is an Al foil)
and the purity of Al is 99.999%. As shown in Figufe 3(b), a layer 11 of

anodized aluminum oxide (AAOQ) is formed on one major surface of the Al



.FIG- 2 is a schematic diagramof the known CNT type FED 20 FIG 3, which is
E:)Spogedsof Figs. 3(a) tog3( h), shows, using cross-sectional views, the
steps of a process which is an enbodi ment of the present invention, to
form spi ke structures on an Al substrate using AAO. FIG 4 shows 5 s
schematical ly the ‘anodization setup usefl in the enmbodinent of Fig. 3. 2
FIG 5 shows schematically the filtered-cathodic-vacuumarc (FCVA) f
deposition s %tem used in the embodi ment of Fig. 3. Detailed dpsc_n pti ](c)n of
t he enmbodi netPSYBeREY RY A Agodizatian step Jolpwed By @pre witensigahe tigckraisst of a

i i di i ntion.i,s a | am nar
Cubstrate 10" ConouyeERARRIIRIY It thak? 1 RARSERS AN BIR PLinsRrPed 80570, arm

(so.that themaapBtougreholes 48 whict arel perpemdlctibetonHe istitadd of¥ els?x%tg_QQ% As
shown in Figyye 3(b), a layer 11 of anodized al um num oxide O is
formed on one’'mejor surface of the Al 5 substrate 11 by an anodi zation o
step, foldl owed by pore widening-. The thickness of AAO | ayer is preferably

1, The AAO | ayer 11 is formed with many thr'ough-ho! es 12
\l/vreﬂsiht 2?2 pe#%‘gr]ﬁcﬁ g’ﬂﬂ"‘éﬁsqhﬁn{%'éa%ﬁhﬁé@@mﬂsqm@ reartosmrtae anodi@atiorb TRegur e 4

if6i Lg:‘(% I fe anodi zatioon. The Al foil
igo;/v: :ﬁgggﬁlgglat)d) iéaédgﬁ)ggg? P pgt et E%(tarﬂ%jré)\ﬂ ?1 r\l";@n%r?eo&d'istztg'otf%esf aces
exposed to ﬁpaﬁ?%Ioca%B‘FiGlCis@WﬁPB Wi withim azbatiat 4. L4M H3ROMEBRSY hstHesed as

the acidic sidlkbiafion $s. ﬁ{é?%%ﬁta%oaé%?ﬂﬁ?%}ﬁivﬂn% i@’Pt wWre 16, and an

electric 10 process is carr out 1 : af“gﬁ” ﬁ'@c"lr'ﬁn_cti ons as gn
anode arl a Apecessiis gamiedasit inehicatirodfoil Aorfagetizins @sdn e ahd 4 Bt dri ven by

[ ' ' |j.ed between the Pt wre 16 and
a magneti ¢ dijo/fE althe cdinkie WOhixAAS:d §irfRR € et S5
the Al foil 10, f"?f‘)r eex%rrp{%e% aghétic S Ireri7is driven by a magnetic driver 18
-A DC voltage is applied between the Pt wire 16 and the Al foil 10, for example
100V, and a layer of AAO is formed on the substrate 10. The AAQ thickness

is controlled by the anodization time, which may be 2mins.

After the anodization, the pore widening process is conducted. In this process

the surface of the Al substrate 10 having the AAO layer is soaked in 10wt%

H3PO4 solution for 70mins. This process enlarges the pores, to the extent

that the pores become through holes 12. The resulting thickness of the AAO
20  elements 11 (in the vertical direction of Fig. 3(b)) is about 1 zm, the pore

diameter is about 200nm and the pore pitch (i.e. periodicity of the pores) is
about 250nm, such that the width of the elements 11 is about 50nm.

As shown in Figure 3(c), Ti layers 20 are then deposited in the respective

pores by sputtering. Their thickness is about 300nm.

]
W

As shown in Figure 3(d), the AAO 11 is then removed completely using
10wt% H3PO4 solution.

30  As shown in Figure 3(e), the Al substrate 10 is etched using 10wt% H3PO4
solution. In this process, the Ti layers 20 work as a mask and the etching
proceeds isotropically as shown in this figure.



. 100V, and a layer of AAOis formed on the substrate 10. The AAO thi ckness
Is control |l ed %y t he. anodi zation tine, which nmay be 2ni ns. 15 After the
anodi zation, the pore w dening process is conducted. In this process the
surface of the Al substrate 1.0 having the AAO | ayer is soaked in 10M %
H3PO4 sol ution for 70m ns. This processs enlarges the pores, to the extent
that the pores becone through holes 12. The resulting thickness of the AAO
20 elenments 11 vertical direction of Fig. 3(b)) is about 11u m the
pore di amet¥Sf] &”dB%LH“@@@hﬁhﬁtﬁ’é“ﬁH’éﬂ]@d’r\bﬂ{bﬂr@l@ 10 belowe Tontiasks y of t he

pores) is @k rr?a'iﬁﬂﬁinnék‘ﬁ@eﬁdﬁﬁ{g tEQ@nWaﬁ%Béscghowmmeﬁ epo%ig?)t é}? Raﬁ;{ ?Egm

50nm As shown in Figure 3(c), | ayers are
respective Oﬁﬁ‘%r%@sﬁﬁte§&%'@wﬁh@“ mlaék$ 20 biectmedso trin abmnpo&(iﬂ@m As

d t 1 OM %
Ehoue L0, B S Xthna 8 MOT ek Hhspe SEBRUES, SRIRLE Sl bane L Ot
usi ng 10wt %ﬂPrBsm&es srmd lh‘BlhmghTIQ‘ﬂthé“lfmkq&B’ mﬁ&em“ﬁ?&’ﬁﬁaﬁfoﬁgﬁ lr<ea36a s
i.S0 i ca
Chown 1 i SERGH Bine ReABRECARE {HiBlsislotlerd papaiarot bas Bosn he o asks
20 are made reportaten the patarApyg. Prlr‘s,xse;t\ktagal1I1y,.1ms‘<S Zgrbyggg{:n%tg#(r)%t,%(?% tE) e

| he Ti
tbport “t he Spmerig BRI ia e mRidsion pepeTie st Rboney areorseqr at ed. The
rati o of theutﬁu§t£é’h93ﬁhe51ybh6f|§wl é’rﬂ‘fan@@ﬂehh@cﬁéﬁﬁéyhﬁha?&vhhh%é@i%ﬂ'ﬁal oo is

itch/ t) be s about 2 because of the isotropic e
g:ognlflgﬁn %tz%ooﬁé'g 1% 2y zbg’@nma?“ébb‘? cugentrdensiy Lﬁa@iﬁalnﬂaﬁpﬂthem A 83,

n d
111- 114 (20969 spiky iskiew &b , entitled Nunerical study on the fiel
em ssi on(pr ope?rtnl elss g:‘@alalrgned carbon nano tubes using the hybr| d field
enhancenment schene", that when the pitch/ height

As shown in Figure 3(h), a layer of DLC (diamond-like carbon) 21 is deposited
-on the Al substrate 10 by the filtered-cathodic-vacuum-arc (FCVA) method. -
15 DLC formed by FCVA is known for its high electron emission properties. In
~ other embodiments, other low work function materials or low electron affinity
materials may be deposited instead of DLC.

The FCVA deposition system is shown in Figure 5, where a carbon plasma 22
20 is produced through high current arcing 24 of a graphite cathode 23 in high
vacuum conditions. A magnetic field produced by electromagnets 25 is
created to steer the carbon plasma in a curved path towards the surface of the
substrate 10, eliminating undesired macro-parﬁcles in order to produce a

purer and denser film structure. Further electromagnets 26 perform a focusing

(1]
n

function. The ion energy is controlled by the bias voltage, applied by a voltage
generator 27, which is applied to a metal substrate holder (not shown) which
holds the substrate 10. By optimizing the voltage bias during the deposition
process, the fiim hardness, the film stress and the strength of adhesion can be
controlled (as disclosed in US 6,031,239). Also the bonding structure of

30  carbon ions can be controlied.

The structure produced in Fig. 3(h) can now be employed in a structure as

shown in Fig. 1, replacing the cone 5 and the lower electrodes 2. If the gates 4



.10 ratio of CNT is about 2, the maxi mumcurrent density is obtained if the
top of the spike is very sharp. As shown in Figure 3(h), a layer of DLC -
(di anmond-1i ke carbon) 21 is deposited on the A substrate 10 by the
filtered-cathodi c-vacuumarc (FCVA) nmethod. 15 DLC forned by FCVA is known
for its high electron em ssion properties. In other enbodinents, other |ow
work function materials or low electron affinity materials nay be
deposited instead. of DLC. The FCVA deposition systemis shown in Figure 5,
where a car B8R PIHEHNS structre Qpesateg aeeligiiasigrrten guchoas aeniforar ci ng 24 of
a graphite daidessshkn batkigieior dacopm conditions. A magnetic field produced
by el ectromagnets 25 is <created to steer the carbon plasma in a curved
path towards the surface of the substrate 10, elimnating undesired

macr o- parti qi@s, hewsSFed ehatt enser fil tructure.
Further el ectror_rag%nets 2616t %Q@ng‘%nﬁ%n 5%%r§ge§%gft&ﬁn&tl%05ﬁgmﬁ% n energy is
control | ed WRacklightintgsnany argae andgplcostiobihe drighineagef egen@eat or 27, whi ch
is applied t r _(not sho ich holds the
substrate 10%%9% ?Jlnrrié glf?%ﬁ ? {?@’% g'gjgeégoopgéea&ﬁ\r?g%ﬁg@ﬁét atihsshowan

process, t hepigtutenanthdehresss thelmower consumptien. adrditie slehangjdlet imdhesi on
can be cont isclosed in US 6,031,239). Also the bonding
structure ofvmgétL @%r%@%oﬂhﬁgl S SRRy ?ﬁ?(ﬂapél@%t’#\%bg?l?“ﬁbf WAK afgodtuced i n
Fig. 3(h) carquicd foebecompit@jied ataa oy sfeguct ure as shown in Fig. 1, replacing
the cong 5 and the | ower electrodes 2. If the gates 4 7 are omtted, the
structure operates as a light-generator, such as a uniform field em ssion

backl i ght f oxithengh GRly d\Neihgle dMsNBENt dtahe W@ﬂ%’ﬁ’ﬁa%@é{r §§§¢i%§ l}%ﬁn)ﬂ]g

trying to segnent the 5 | ackli%;lht into many areas an 0 contro
bri ght ness OfNaUF afePess@isrnvilie deardogheliffedyieaden e in order to increase

the contrast of the shown

20



. picture and decrease the power consunption. Therefore even in systems in
whi ch the enbodi ment is enployed as a backlight, the backlight nmay also be
required to be controlled area b% ar eg. 10 QI 'élhough onl gr ?af: g%!seare

odi ment of the . invention has been described, many v _
;e)ggsi ble as will be clear to a skilled §eader. 15 20 8 Claims 1. A nethod
of formng an electron emtter structure, the method conprising: 5 (a)
form ng on %I&iH{sf ace of a substrate a mask with a plurality of
spaced- apar t—openi ngs; (b) chem cally etching the surface of substrate
t hrough the openings in the rr}ask, I _untllfthe su(rjf ace ?fsg?ﬁe:ubigrgt eA

vel ops a structure with a plurality of spaced-apar : .
(rjneat hodpaccofldi ngAt'Be@PQi%fclm\‘"ﬁ?r?’h@‘eCHﬁﬁrﬁ"i"gPVr@r%t@ﬁetbe(%?th@ﬁ depositing an
el ectron enicohfrisingyer onto the surfa_ce of the fsubstrate. 3. A nethod _
accordi ng to claiml or claim2 in which the spikes are 15 formed having a
pi tch/ hePght rat {® f8¥’“‘§919§t3a$ﬂ'13§?|0}' azubgs.tram Tlmagsbgvma(a:ggmélt;g%t (r)re?%d
recedi ng clsghfad- ' i substrate is alum nium :
gccor di ng tgﬁ%ﬁé;/d g’r’%@gg?ﬂg&g aimin which step (a) is perforned .by a
process in whi chib)@hemically edshingitpersurtaceaf sedstane throtigh #ighsgenaigs.inand t hen

etched to fQfdinask, until the surface of the substrate develops a structure with a
plurality of spaced-apart spikes.
10
2. A method according to claim 1 further comprising a step (c) of

depositing an electron emitter layer onto the surface of the substrate.

3. A method according to claim 1 or claim 2 in which the spikes are

15  formed having a pitch/height ratio of substantially 2.

4, A method according to any preceding claim in which the substrate is
aluminium.
20 5. A method according to any preceding claim in which step (a) is

performed by a process in which:

(i) a first layer is formed onto the substrate, and then etched to form
openings, _

(i) mask material is deposited into the openings, and

25 (iii) the first layer is removed.

6. A method according to claim 5 in which the first layer is formed by
using the Al substrate as the anode in an electrochemical reaction, thereby
forming the first layer as an AAO layer having pores, and the pores are then

30  etched to enlarge them into openings where the substrate is exposed.

7. An electron emitter structure having:

a substrate, one surface of the substrate being formed with a plurality
of spikes;



.openings, (ii) mask material is deposited into the openings, and 25 (iii)
the first layer is renoved. 6. A nethod according to claim5 in which the
first layer is formed by wusing the Al substrate as the anode in an

el ectrochem cal reaction, thereby formng the first |ayer as an AAO | ayer
havi ng pores, and the pores are then 30 etched to enlarge theminto

openi ngs where the substrate is exposed. 7. An electron emtter structure
havi ng: a substrate, one s%face ofﬁ}he substrate being formed with a
plurality of spik&EcUen eqyenmaterialdengsiied pverthe sidpceieidbeistbstraioer t he
surface of the substrate. 8. An electron emtter structure according to
claim?7 in g/ni ch the spikes have a pitch/height ratio of substantially 2.
5 9. An el ebt r onRFISCHTEP eEIHRFSITHCHIrE AeePEiNgfotcRiIRl AinwTich thecspiken 8, i n
whi ch  the ﬁh@é?h_rpﬂ&w/ﬁ&'ghft%ﬁiof@?s@ﬁétﬁhtidllz2‘." amond-1ike carbon (DLC). 10. A
field em ssion display conprising the electron emtter structure of any 10
of clain® 7 to 9. 11. A field em ssion backlight for an LCD displ ay
conprising ghe e 1 f laigs. 7.tq 9. 15 12.
A LD i aplay camercatn sFhed Sfucteaebiteholo it Tbr GaBPardgi ol ai m
11. the electron emitter material is diamond-like carbon (DLC).

10. A field emission display comprising the electron emitter structure of any
10  of claims 7 to 9.

11. A field emission backlight for an LCD display comprising the electron

- emitter structure of any of claims 7 to 9.

15 12.  An LCD display comprising a field emission backlight according to
claim 11.



