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El ectron Emtting Apparatus Field of t '

This invention relates to a field effeam\\mmmmmm“\
emtting apparatus, a method of manufacturipgse<an

el ectron emtting apparatus, a field effect display

havi ng such a field effect electron 5 emtting

apparatus, an illum nation apparatus having such a

field effect electron emtting apparatus, and a

backl i ght apparatus for a liquid crystal display

having such a fi alrkigEHesElectbR Enfifing Apbhratuld

appar at us, and relates particularly ?hough not solely

%e " t”%gdtlong array assenbly of mcro-sized
nHmTe%ﬂ—l?w—P-eg by magnetic alignment of an aqueous

wi re dispersion and controlling the inter-spacing

anbis Byversion grites fotayfietsk efiecicatecternerditing apwaraies, @mmethmg of manufacturing
fblb%‘ldcﬁérﬁeml&g%&&f&uﬁdf icRf ei’fé&‘t/%Bblb@'ﬂafh@'sgcheﬁnfﬁﬁ' é'?f'éct electron
echno or

A PRt gt debiafordrarates (i i epf) STehaepHg) emiting
nemarsg@n@n@m twklight ddpatatusdored ligliics plystgisdisptayl haemg @nch hdield effect
ebbbirdnedMitiRdTh SRk, add ré?atteseﬂ)ae’ﬁgura%‘ﬁwotﬁfpﬂ&tssla%ryﬁo RY 8L&bhg array

condu e tips under. electric fi q fication.

oAt eH ﬁ@x@icgh pdmg@?ticmﬂ@s gn@ﬂgrggc ﬂligepsn oéﬁraaqueous wire dispersion
nambsapirallid the iness@aceag asd/br ssigulbetg obsics stahdigyWwitds @h she sib€rate.
to their el ongated shape and pointed tip. The easy and
direct patterning of these small sized wires on the
s Bagkgaroang¢f Inyentidnect r ode to form standing array of
pointed tip emtters may be inportant for their

icati in field ' Sev
ﬁg@l&’g%@ss:ﬁoﬁi}%éhg%'gﬁeB’E'S’S?spz%f“'a' %%é)gﬁgq;a]clﬂgﬁttng d)?{hbn f|Im transistor-liquid
menbtpldisptags anrethe nes geraratioofof tidhesre! digblayss reliddoanettre pfficient emission

t BesectroRt NS sHay p@meﬂ Rl Qe fuﬁ(ﬁertélé:‘ctrlcnféﬂ 2?f\'&t%mflcatlon One-
her than the out-of -@Sane
I

or
T TR ree ST GIPHE: B RGP CHs o e IS0 a8 such emiters
efuestoitiogr. elérigated shapeeand poofedsied Thhatsyefrtidre@ peyeraifig of these small

f bl%djw@yo?*nsthé)ghrﬂ@é’ o 3G RENAEHU o%\*n‘%tﬁ%ﬂ@ aQrgéllot po‘?rﬁ%d tlipg%r?itters may

paraneters of emtter assembly suc spaci ng/
rﬁ? MPoBRMY ' 17 pR/icating dbteld %F%P” 4eMe?%e remains a need

in the technique of alignnent to provide standing

a§§\?e'm| ? ﬁ%\%rbger?br%&ged gﬁc%l@gll rﬁen‘f\éor tg‘?‘nanﬁalkﬂghe free fPrm of these
desirab I e em ssi on
dWEes ﬁBw?\feéﬁheéﬁ dediods g1ay gu'v 3? |St"gfed f%hesmrﬁ*?@m“quh@ wires rather

| thee Freic@fof-plane or perpendicular configuration required for field emission.

It has been proposed that efficiency of field emission may dependent on dimensional
parameters of emitter assembly such as spacing/height ratio and density. Accordingly, there
remains a need in the technique of alignment to provide standing assembly of micro-sized
magnetic wires having desirable field emission properties, optimal spatial distribution and/or
singularity.

Summary of the Invention

In general terms, the present invention proposes in a first aspect that in a field effect electron

emitting apparatus using wire electron emitters, each wire is made of a magnetic material; the
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In general ternms, the present invention proposes in a
first aspect that in a field effect electron emtting
apparatus using wire electron emtters, each wire is
made of a magnetic material; the ILITIIL TITL 1T
Freer rerer et reer rrrr *c00002* 2 average wire
spacing is |less than 30um the spacing/height ratio is
between 1 and 3 and the average wire aspect ratio is
greater than 3. This aspect provides the advant age
that if a magnetic field is applied to the wires 5
perpendi cul ar to the substrate during the fabrication

pE\%@fg%Smr%fspEJ?rg; |§|Ié%§Wa9r$O§'m thé EPingABPAR A j? betlwBn 1 and 3 and the

net | | e W res perpendicul ar
sf 19{95‘("8“”@6??{}%%@ f-?gmap?» Mol ybdenum (M) i s used to

forman emtter in Spindt-type FEDs and carbon is

u$ﬁ9 dsBecWO\mlegethg E@ant%& tﬂﬁ?rlf 'asmgg%?lgnf% dI % ?ﬁé"% Itg the wires

A second aspec ent1 on” propose
g%?f%?"ﬁlcu'?ér‘?réhea SF‘%?éﬁaiecSWI”énthBrféEfef@BO'T Bfoc‘assf PfeI”E electron emitting
ebppaettusel @t magnetien fidld Ngaya g athes witk GlerdeRgititaleso @a  substrate.

SbgrR/eRtEongkyi SIW)JégurWél(/l Sis Lr %’1?) %&S%ln %%{g}%nmn $}Ind tr)]/ge PEDS and carbon

sigyeed 'a@é‘TrtYPetFrE@SpN@@é'ﬁéé n@sn%tlc megggaetic field
perpendlcular to the substrate, and that the wires are
Rl ST SRR PR RS AR roces o a
i ﬁ{ﬁ@hele@t@n reayittipgr epdackdust Wikichadivladesaay etep loh gttaching sviresomra solution

t Ravirign4 rc@rl]cehtl'r@oﬁi%sd;rﬁéﬁer f%@lq 4t QQOSH‘Q}P%\ ka)siulbslé:t%tteofn #BSresence of a

d
ei“s%rte}%ﬂe'grﬁef%$ %ﬁﬁ—;éo Ye tDisto1 10 bt dhe et figgmadsy of a magnetic
eineletial crucketimistbeyome alRPediypthe by, the wires are
attached at the sane tine that a netallic material is

S|ted n the  substrate using a ating sol ution
EREr adsp e ol P Emic A Bovie A B S ahap i S 15/ oGRER e density
Tarel thersigguétritycof wher eigesainehadsubpteats esd tha tetfebriphtad elegiron emitter has a
SBhbtlthRholRloh A clbfdd hfiigfRanet i ¢ field, so they

are incorporated in the ectrochen1ca||y or
chem cally deposited netallic filmmaintaining their
OT)ipE:aH)atHeOﬂrealal‘mtbcmrap&lﬁdiamuhlﬁhé tiia® a nfefaliB WiRdé rfaflis @epd3ited on the

gt‘?eﬁé Lé ﬂ? Haﬁn C&qﬁgptbgghle%@tr(? herﬁwl@?l o%%orgel%aﬁcr éllatlngkﬂrocess The

opt I mum | can
oBagicheyiresse d@R%{ﬁ?ﬂ lé theaplatwggplumrb @Iégneqvpvﬁrethe magnetic fleld s0 they

CaB GfJdtgoRltddoiR tAd @léetréi)@rﬂlgélm or | dﬂéimfcéllyadépQQ@H Qﬁ'ﬂi‘e{llﬁt fil@Mnaintaining
t%g?&r%%ja nrgfllvrﬁﬁag ep%rpenﬁilcu?ar &o H]glstx Pacgm d h@g Wel,cgréceWr?tlﬂn of the

seigReERiAr ¢ﬁt'§ﬂua'n'dt_ef Fm@@_@ AQQ_émgnlgﬂtm_fcan Zgumablvmbtalm_d For example, a
epGrenithERRite cnblritaidSdob @2dx 67mi |8dioGRtagflomhbBratiortot Wah&ng wires while

a low concentration of 7.8x107/ml led to a low density of standing wires with singularity and
inter-spacing of ~25um. Further experiment and investigation indicated that a wire
concentration between 1x107/m! and 4x10%ml may produce an acceptable arrangement of
wire arrays for efficient field emission in the configuration according to the exemplary
embodiment. Hence dimensional parameters such as spacing/height ratio of standing wires

assembly used in field emission devices may be controlled by such a method.

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

apparatus as claimed in claim 1.
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concentration between 1 x107/m and 4x108/ m may
produce an acceptabl e arrangenent of 30 wire arrays
for efficient field em ssion in the configuration
according to the exenplary enbodi nent. Hence

di mensi onal paraneters such as spaci ng/ height ratio of
standing wires assenbly used in field em ssion
devices may be controlled by szich a nethod. In a first
speci fic expression of the invention, there is
provided a field effect electron emtting 35
apparatus as clained in claiml1l. 3 1In a second

Ses bddokd %&@#l@@ﬁir&gnoﬁ’gf hé ﬁwérﬂ%@ Nhdr@ R préieH R héthod of manufacturing
provj ded thod of manuf acturlng an el ectron

eﬁPFPF‘FPg‘ eé’b%’é&%&pa@t“éﬁ ERAIHCRM %l aim 9. In a third

specific expression of the invention, there is

prrpg'tﬁllﬁnds;?ecm: %h;q'e&fc}cn ?tthg'@%tﬂx fere |§ p%ﬁdegeéjflélg eﬁgcqlorgplay as
fourth specitic expression of the inventi

tﬁ@W@d”kdﬂWéWtded an illunmination apparatus as

clalned inclaim25. 10 In a fifth specific expression

p %fbg Ij1 Qé’e?ﬂé I gﬂeﬁston%{ t‘ge m%erg{ogl h%g%pgﬁoﬁc%%lgn |IFJI;]nt1nat|(H1 apr[i)aratus as

clcgimpdIsclaipr3Sef Descrlptlon of The Figures For a nore

conplete under st andi ng of the present invention, and

: E: V?‘getc ex%{gshsgorneo ttrlﬁeolrr]wgesnttlérsgﬁerr?e n0§r8m?eiji p{'fxcgﬁg(é\%a[)%ratus for a

t hevid qw@ﬁﬁalﬁyam@alme@wchg@?m n which: Fig. 1is a

schemati ¢ di agram showi ng t he di nensi onal paraneters

related to a field emtter array. 20 Fig. 2is a

gFEFSHEW R AHF8netic field strength profile of

t he magnet backing for the nmagnetic alignnment

pFocaswre Forgpletd upderstandiigl eighe atesent inyknt@nnaghtbe iadvaniages thereof,

um@renaeh% A6k | @BdOTto ahd GbIRWEG BeRriptidhd QBKBRTRORERjifetior? Mith  the
an ILIustratlon of a magnetic wire

i s
uﬁﬂ@?m?ﬂg%é%?Y%ﬁ B#"NS"t r ansl ati onal force in a

gradient magnetic field. 30 Fig. 5 is a scanning

| FROG i §Jh@§1§ﬁ’cpdh§gr£r§[§Mwnthﬁg%lﬂ%ﬁ@%ﬂ%aénﬁs@é fefked to a field emitter
s%ggplng assenb of wres by the magnetic alignnent
pfotess

Fig. 2 is a graph showing the magnetic field strength profile of the magnet backing for the

magnetic alignment process.

Fig. 8 is an illustration of a magnetic wire under the action of a torque in a uniform magnetic
field.

Fig. 4 is an illustration of a magnetic wire under the action of a translational force in a gradient

magnetic field.

Fig. 5 is a scanning image microscopic (SEM) image showing a typical standing assembly of

wires by the magnetic alignment process.

Fig. 6 is a scanning image microscopic (SEM) image showing magnetically aligned nickel

wires using ~3.1 x 10%ml of wire concentration in nickel solution.
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Fig. 6 is a scanning image mcroscopic (SEM i nmage
showi ng magnetically aligned nickel wres using -3.1
x 108/ mM of wire concentration in nickel solution. 35
4 Fig. 7 is a scanning inmage m croscopic (SEM i nage
showi ng magnetically aligned nickel wres using - 7.8
x 107/ M of wire concentration in nickel solution.

Fig. 8 is a scanning image m & oscopic (SEM i nage
showi ng magnetically aligned nickel 5 wires using -
3.9 x 107/ M of wire concentration in nickel solution.
Fig. 9 is an illustration of the head-tail interaction
beyWe ena stdrmgl |Ma§d'lﬁ1lc‘v‘¢isb@)|cd($3&ﬁruﬁhgmshowﬁgguégi‘\eﬂ&llljf Slighed nickel
CrOss ctionals, di on Displ ay
(\“—‘%ﬁ)u%ﬁ 4 tl%-/s"ge1 ofr\g'netawaggnir OB "%?L Eﬁtﬁ%r a LCD.

Det ai | ed Descrl pti on of the enbodi nents An exenpl ary

eﬁ‘@ogll.srrgrstsadnm@hmd@es ma;r&ts@md(sm)amag?a/sr@wg hagheldfly alined nickel
soft. ma n si zed di anet er

B PEmar e 19 G phre RerersgRe e eaTe "< s
illustrated in Figure 1. The array of wires 100 are
f Fgedlis! Ian ilBstikigN&H NOh 20 il eoh BBWREN RireSUPEE Wk Qisp&lgion.
by ‘a thin anchoring film104. The bottom 106 of each
wire i s enbedded within the anchoring film 104
t RigurelY isfa ocpsspectmohl didigraen ¢f@ RidkbEwisbisn Piapley (FER) orThigti-segmented
apsiR@ht aPa fEbmM 104 may be el ectrodeposited
simul'taneously with magnetic alignnment of the array of
wires 100 suspended in an aqueous 20 dispersion. If
t Detageridiescription dfitheneritiddimentsel ect r odeposi t ed, the
substrate 102 naybe either conductive, or if it is a
nonconductive substrate, a conductive seed |ayer on
t e exgmpiary ergbasiment jRgludesinsydnging argnefmires {0, 8¢ $jt reggnetic material,
Wof réisrott BRedadieméter dend leggt adth idtér-dpasndodigtandersapasethtédiatrigure 1.

f 'Tﬁé grr%m)fs\ﬁ’ egmoﬁf%%ﬁie%niﬁ)él Q?r%i coﬁ@g{ﬂHt.er\ loﬁ% Q]‘é?t% %2 by a thin

wre s wre leng acin
r apgheringdiyp 189(aTmﬁ|b@ttorp dogefrﬁa@f\yénrglsr%@t}egd withiry fhe anchorlng film 104
Mgty MXingRddch Gire BCtife Sidisigle WO, €Re afchbreiggtnh 1040489 eelectrodeposited

r gi%uitgn%ou yI q&h(eﬁ;ﬁr%?cc LI@gmglﬁt o%%%@rra%l‘ w:‘?esan)o srd,%;?elnde

W res
5gﬁp¢r$lora Hdbs Qn@pn@ film 1Q4 |§@Ieg@qqegqﬁ¢tgd the, gubstrate 10% maybe either

I B&rﬁiﬁct&@a&l|ﬁ'19|s%fno‘ﬁb&fdd¢tng sisEr&s, éT&l)hdUdEllvé U?eﬂj Iﬁﬂd’ﬂtoh ahd a6k 108 of
une (0] t he

hsepsgpséragenw'??rﬁ%ﬁ &Y 3fSW'P 10&?"9& beglgc %%t i on of wires
in the dispersion may gives rise to 30 larger wire
i Hthes begrarrPrrged thaiigld emigsien gffidencimey be Arteied By fherviterppacing to
t ke qjén@ﬂ’ner’éﬁd OBpdcRgmbibs rhtib. aForSd')f&hb@rtoVMcﬁlSve a ratio of 2 for maximum
gnsequence,.

e]e%nmgncg évgovgre]s/_\gfeagt% Pt eray rfeglbrrel aicgker ap%cmgttﬁcyaum while an inter-
exearmioaf JOusnieyiberentiraddyr iies pEpiabbym tiemtnocﬂf R ésctolpg achieved. The

V @HtdHsPALINY Jf Btanding wires may in turn controlled by the number of wires per unit volume

Itn an aqueous

of the dispersion. In general, lower concentration of wires in the dispersion may gives rise to
larger wire inter-spacing s, while a higher wire concentration in the dispersion results in a
smaller wire inter-spacing. As a consequence, field emission efficiency of field emitter
fabricated by the exemplary embodiment may be reliably controlled by varying wire
concentration in the dispersion, since emission efficiency is dependent on the spacing/height

ratio. For example, the spacing/height ratio may be between 1 and 3.
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concentration in the dispersion, since em ssion
efficiency is dependent on the spacing/ height ratio.
For exanpl e, the spacing/height ratio my be between 1
and 3. 35 5 Another performance paraneters for an
emtter array, is current density. Wile efficiency
may be dependent on spaci ng/ height ratio, current
density may be dependent on the density of i ndividua
emtters. A dense array of emtters delivers nmay

hi gher current density as conpared to one with
sparsely distributed emtters. As a result, in order

t %aﬁéu p%wsmanw ;gd?ar#egsré fdr Gh @H\ﬁﬂér éma{yhg lderérﬁaérPQy wﬂg %p.&.ency may

o e 5, e A e G505 8t BIP T GeRAZS on fge censity o
emiwmbel emiftesh@ Hensgt drrayf ofwemigsrsi GeliZéisinmayi highérdeurrehDd density as

a??hﬁa\f&j o o?h%%fhr%/ E@Zgﬂ: nb&%ﬁ'eﬂnt&e a\sf OFesE'iPM g;gg? to achieve a high

I Cl enc requl
HEWe'oe, W'%Hﬁ‘téowurfé'ﬁd’eﬂ%tyathﬁ'GWWEMF?er%Hl?pedé'ﬁ%Tct e dgngtheot emitter,
dearwettr)e iehgtiesrithd ﬁﬁrﬁdmgSaneQVFor btampld) @ tHe@&gtof insred BWALUMAin order to

V\%v?ég}%?&%{gﬂ\%gﬁ%raﬁ érpg én%gm}ru%qﬁhélﬁn%y ;r anciljrﬁ;nof Eé’um may be
cuﬁiqum Haweisr.tthis myéﬁagdo Bileyh etrrre@b@mmt&e&inqecdenﬁty o emitters is low. If
caseaenglr‘rors 1064 24 B ller gm.ngwep@mmspe@ |ré'bglré33yrh@§erlsﬁy3§f wires in the

ra%rare%aése {sﬁ%l%heé S0 qr}le %Jaravttqceaﬂtyt %alfchigléeé gergpared % tEe former c%se For
C oxrsindke gt dverage shasingemryttie lpss thare3Gumalil grderds schidaara spacing height

19&“1310?5 leBE Bah 8NG SdibA t%sthé/\étlolve B&NsRIetibH, gﬁbelén&m%' d?éf@rgbly less than
nera

I e a S.
TR s R ik L e P ER s e i s dagrerates.
current density consideration, there nay also a |ower

| Wﬂné th'er rﬁ&r‘&aI Qmelfpﬁtar' 188 tQt(he Ig‘ragtrﬁg}qpr%s gﬁe Ioh:%rrWltrd@%qty-ggr?slderatmn

magnetic al i gnnent net hod be dependen
H‘gf’r’emé’f’ FRe? efmitc ’”vﬁOP%%era“PﬂeOva‘? éEaFﬁ’a9f the kst hheanagnetic
s afighmenteméthad mlapbgafbﬁadwdémronahs dicape s fthd magrgae wires. The wires may

alné\gznm sufﬁ§en re%‘ﬁgzltgd I[]ow { Quccgs%ﬁﬁ)%:ag? %’t% éllgﬁmgr{taﬂg { e|[esult with

of the wres,

| 3B 1stge sgmﬁfaf Sigke e g naineh Hses @py o ad”ﬂl'f"ing‘ e so as to

maghietk laGhapd dfetreintingth®tagtic Aigne@be peocasyl e, a fiel d

emtter array was fabricated with a standing array of

nickel (Ni) wires that were el ectrodeposited in

afodiecgamelPumiia eritendra Wee fabrieatesswiting giredlinavdriag of nigket (i) wires

that wak08183tioBe 1k iBFEh Eno Pl aIJ:_QMﬂTn' anclleefégfpﬁtes\/\/ﬂfcﬂel wires, each of
er Se%aé%&?%n §ﬁ3§ 8% uviér%?is%edg%&r %]ngla g%&?ﬁﬁ solu]flon comprising

sQﬂ gmé/ti@ NISQe AH AL arecti0. 3¢l af @amfr‘aimmw sulfrate whieh acted as a surfactant

efofr Qlﬁg bf(&:tl@ngncﬁgﬁgle leéévbl%féﬁro‘?'tﬁm withs th@eWoigsn. '(fbntcgrﬁratmn of the
on surf act ant

ntrati pt
bS8 TR PP 5P S S CESIEIIP SOPYU SPGB Aiea e eversion
t Hewelies peewilon conctiumtares thessudactynt Imaw noidrecstfattivain ashieoihg a stable

t E‘L‘?‘spgw d‘n%ﬂl"@%regrﬁ\ysom%n H’ﬁe @gge?s%n' ws dlt%sé\'ﬁ&'llfﬁéfﬂ&i f8r 15min before
usebMagnetlc alignment of the suspended Ni wires in the Ni solution was carried out on glass
disc substrate (diameter 12mm, thickness 0.3mm) sputtered with ~200nm Au seed layer. A
permanent disc magnet was attached to the back of the glass substrate serving as the source
of external magnetic flux. As seen in Figure 2a, the disc magnet 200 has a diameter (D) of
12mm with 0.5mm thickness (L} with a through-thickness magnetization Br of 11.99 kG.

According to a simulation, the disc magnet 200 has a magnetic strength profile with central
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suspension of the wires in solution. The di spersion
was ultrasonically treated for 15m n before 30 use.
Magnetic alignment of the suspended NI wires in the N
solution was carried out on glass disc substrate
(diameter 12mm thickness 0.3nm sputtered with -200nm
Au seed layer. A permanent di sc magnet was attached
to the back of the glass substgate serving as the
source of external magnetic flux. As seen in Figure
2a, the disc magnet 200 has a dianmeter (D) of 12mm
with 0.5mmthickness (L) with a through-thickness
MagRAtd adtk Qﬂovar |nq=f|gu1é|-299n %@er ;'sgrdéctﬁ@'ﬁ%bwlcthgld &trength right at the

simul at 1 on di sc as a netic
s Wegiaa? e b %H?rvm'chaedua?%w'&ﬂf%armjmraéhes%am
in Figure 2b. In other words, the magnetic field

SThERALD sldale il SNRy GEREE: Bl Mol BA8RURS EdhEoted as an

5 which reduces wt rom the
TRANQfCadYe BluT Wiewes Y57d an aa\anoﬁée/éo/mv@e 287 Uﬁ%fb@ﬁe‘f‘? geference
bakektidag. westu clrsnettrett astradeposiichadthode fivh ioh ehepb|a£§ Bubdtrate was

W‘ﬁgrﬁer atUTS%A f§§ AR 0%”:9 ﬁe rAgAe}tﬁgahg%sént Iapaclf% Pt o??he Ni wires to

erence ect ro rec rren
erf@@FP%@@p%lﬁfﬁffei b*ﬁ”‘??fth%lNNFO'Lﬁ'Pfl' WaDPErYifgebagh afstheﬂmwm @edium for

Wae NiGiadek a8 Qhe@db tr@teléotrg@é fBrOéIeolroﬂhtfh CHil kNG fﬁrh%n the substrate The

RGN T BhaREe: P BERE et e e o over
s éftarirerepvblotf hearagneidaghingodtesproresaedi um for  the Ni
mﬁres as well as the electrolyte for electroplating of
Ni filmon the sggstr } e of the Ni
B8 67 HRUEAT T ST P TRANE Gt R PiFRoMena may
Npcqm s attractzinadt evires/ ®warda fticemagretiavad thecdligrhent nhiya @dires along the

b%bf"lé%gﬂ@I tl'ﬁé d|96l&0§$§rom\égﬁéilc mgé’]ﬁtsbﬁtuw Jn@ysah@q QIOPJ tﬂé’ gg&y axis as
to cl OS&UVI Cl Nni henone

resu £ shaﬁqéngf)tqupé{c@”gar%erafpawll?l é%thﬁ&ﬂﬁliea@algﬂglc f|eld results from
mhgntetqpe arnising liremathe gnaveatic @bmedieproduces irabwpendelievired 3s given by
negngbh G).f | ux. The dipoles of ferromagnetic wires in
SO utlon only align along the easy axis as a result of
t he shape ani sotropy. Alignnment parallel to the
applied magnetic field resuktaHdism the torque (1)
arising fromthe magnetic nonent produced in suspended
wires is given by Equation (1): 20 T = nmLH sing (1)
wheere misitiee potrestisodts, [sis therwjtehiendth, iFS's theeappiiedendgeetgtiield ard &is the
i §ng}|€h§etmlthgwlrﬂ@%@gﬁocdn%bt%h Qf rﬂ%eﬁ: f’le?ﬁ tap mustr%{%gl r?F|gure 3.
between the wire I'ength and direction of magnet
field, as illustrated in Figure 3. 25 Wile nagnetlc
alhie megretioblignmentvaf teswires i trigged Bda byque, the raqtaet,iontdﬁ ¢he wires by
att.r L{O/ th . o) .
i wgns_ atkztlolg\lf]nﬁ{es aot?acn\eéfa(alﬁﬁl W usgtspgl{s g@ﬂ Eiggrér4e\f§e¢’ tr%)]séatlonal force,
t O49SD EPYBRAI2)F or ce, given in Equation (2):

Fy = mLa—H 2
X

acts on the wires because of the gradient in magnetic field as expected from the magnetic
field profile as simulated in Figure 2b. Based on the above working mechanism, a typical
alignment of Ni wires was achieved as shown by the scanning electron microscope (SEM)
image as shown in Figure 5. It was evident that a magnetic field strength of ~480 G (from Fig.

2) near to the central region of the substrate surface was sufficient to achieve a rather uniform
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Fx = nmL ~H (2) 30 acts on the wires because of the
gradient in magnetic field as expected fromthe
magnetic field profile as sinulated in Figure 2b.
Based on the above working nmechani sm a typi cal
alignment of NI wires was achi eved as shown by the
scanni ng el ectron m croscope (SEM image as shown in
Figure 5. It was evident that m nmagnetic field
strength of -480 G (fromFig. 35 2) near to the
central region of the substrate surface was sufficient
to achieve a rather uniform7 overall alignnment of
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demeeduere @ svireavireunagnetindipdle lnltEtrmtlerW thet dbinsriiadan hesolution. The effect
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et VRIS IRERCini nate in sol ution. The effect 15
may be reduced by a | ower concentration of wires in
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cleat l'n'F ﬁ@o"é’f 'f‘é:dﬁur%gy‘\ B‘é’c'afqﬁ‘é%ﬁﬂ’ deasily af mirey was peagrvad with much less
| ¢Hatmgigreste@d in Figure 9 by reducing the wre
concentration to -7.8 x 107/ M1 the result is shown
in Figure 7. A much reduced density of wres was
okRses Ya9ceonies Brenaiechadperest in Clgaierfi wigjcremaebe attripGtet &r tye entanglement
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e strong magne ic flux, these arge aggregates though obviously of larger masses than

individual wires, were also aligned and attached to the substrate. With a further reduction in

wire concentration to 3.9 x 107/ml, chaining effect was almost absent as shown in Figure 8.

In addition to singularity as discussed above, concentration of the wires may also affect the
spatial distribution of the wires. In terms of the spacing/height ratio of the arrays, the very high
concentration shown in Figure 6 undoubtedly fails the criteria of spacing/height ratio of 2 as
required for an efficient emitter. With a reduction of concentration to 7.8 x 10/ml as shown in
Figure 7, spacing between wires was in the range of ~23-25um giving a ratio of ~2.3 -2.5 with

10um tall wires. It was a vast improvement over the highly congested array in Figure 6 but
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or aggloneration of the wres before the alignnment
process. However, under the influence of the strong
magnetic flux, these |arge aggregates, though

obvi ously of |arger masses than individual wres,
were al so aligned and attached to the substrate. Wth
a further reduction in wre concentration to 3.9 X
107/ M, chaining effect was algost absent as shown in
Figure 8. 30 In addition to singularity as discussed
above, concentration of the wires may al so affect the
spatial distribution of the wires. In terns of the

SEﬁ&thﬁ?éfm@{ \gehstsnﬁ alibidd bu F&'hﬁuéﬂrréﬂbééd wilhguRt Vednétﬂn in concentration
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x 3945 e ﬂﬁ‘i}ma%"ﬂ%ﬁ emjtgpr %?Ye}qo? ﬁ@"'%eoagﬁi”@th%PTephqr figated screen
pr bevcanplfieoredceat lighte$ gerkratesisi on Di spl ay (FED) or
mul ti-segnented backlight for LCD 1000 is shown,
including an emitter array 1002 and a phosphor coat ed
sYEEnSXETHRTY RTROHBEEP R téll‘E)O’S’enhﬂﬂeh%’ﬁo%?ﬂﬁ‘o?eSéWekﬂ detail, many
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spaced apart fromit by a series of spacers 1006. The
cavity surrounded by the housing 1008 and the screen
1004 i s mai ntai ned under vacuum The phosphor coated
15 screen 1004 consists of a glass face plate, a
phosphor | ayer and an anode | ayer. The accel erated
el ectrons fromthe emtter array 1002 colli de agai nst
t he phosphor coated screen 1004 and fluorescent |ight
is generated. Wilst exenplary enbodi nents of the
i nventi on have been described in detail, many 20
variations are possible within the scope of the
invention as wll be clear to a skilled reader.
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9 Cainms 1. Afield effect electron emtting

apparatus conprising: a substrate, 5 a plurality of
wi res enbedded in the substrate, at |east a portion of

each wire being exposed fromthe substrate and

extendi ng general |y perpendicularly therefrom and

i ncluding magnetic material, wherein the average wire
spacing is less than 30 pm the average spaci ng hei ght
ratio is between 1 and 3 and the average w re aspect

ratio is greater than 3. 10 2. The apparatus as

clainmed in claiml1l wherein the average |l ength of the

P ity of wires is less than 10 pm 3. The

apparatus as clainmed in any preceding clai mwherein

the average dianeter of 15 the plurality of wires is

| @ss t Adisld 8ffqameledron Bhettiapdpparatud sodgristigal med i n any
precedipg.gLai mfurther conprising: an insulating

| ayer on or adjacent to a cathode and having an array

of por @8raliyPt Wik eBbeddsd & Gasubstriecelrieast g Pofior gheash wire being
S akpdsédsdih Bel SDBstlatyfd. exAdiRg ga_ﬁé%l@l@@@ér&ﬁddl&rlﬂﬂwe@fr@h%@ including
iﬁ‘a&e%madérigwerel n each wire has a tip furthest from
t RESLUPS At e subst ant i ally co-planar with the gate

el ect r yoRzeinghe Typsaggpyeer sa0isg ésleed Hiamd@ i thmgverage spacing height
Pr86 Rbefter h 2hiB Wheihelalerh towirBdsBEdt fHtio Af grédi& tiRdny al i ty

25 of wire includes at one or nore of: Ni, Fe and Co.

7. The apparatus as clainmed in any preceding claim
f 8r t heFhecapparatssi asgelaimeginuelaimi t wherbindle e, lettdifeof the plurality of
Plvisal lebyihgh 10MiheS being partitioned into regions,

each region being in electrical contact with a

respective cathode. 30 8. The apparatus as clained in

aBy pr Eoeahpagtl @i daimed tnhaty cerping siaing waerpittbd aledygerdiameter of
Ofho phiifi S BRbS @lcSs o Wkch the base of each wire is
enbedded. 9. A nethod of nmanufacturing an el ectron
emtting apparatus, the method conprising: 10

4. The apparatus as claimed in any preceding claim further comprising:

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

one or more gate electrodes on top of said insulating layer.

5. The apparatus as claimed in claim 4 wherein each wire has a tip furthest from the
substrate substantially co-planar with the gate electrode.

6. The apparatus as claimed in any preceding claim wherein the material of the plurality

of wire includes at one or more of: Ni, Fe and Co.
7. The apparatus as claimed in any preceding claim further comprising:
a plurality of cathodes, the plurality of wires being partitioned into regions, each

region being in electrical contact with a respective cathode.

8. The apparatus as claimed in any preceding claim further comprising a metal layer on
the substrate in which the base of each wire is embedded.

9. A method of manufacturing an electron emitting apparatus, the method comprising:
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contacting a substrate with a plating solution
conprising a nagnetic wire concentration of between
107/ M and 4x108/m in the presence of a magnetic
field perpendicular to a major surface of the
substrate; plating a netal |ayer onto the major
surface of the substrate, thereby enbedding a 5
plurality of the magnetic wirag into the netal |ayer.
10. The nmethod as clainmed in claim9 wherein the
plurality of wires have an average dianeter |ess than
3 pmand an average |length |less than 10 pm 10 11. The
net hOdcéﬁtac@lhg’i' Mb%t&t&lv@thm 9 %Elrbg}osomgr{ eloth E(Qrgg”ﬁ magznetlc wire

concentration i s bet and
TRERRAEY Oésbeéweoﬁ"néa/m' aet &Xtﬂ/ﬂ \Rh@PePrﬁS%rﬁe of a magnetic field
C papemtiquil tocnmajsr senqamlofthe sapstlaess than WO 7 /ml. 15

13. ThElamﬁt Qﬂgta‘ﬁf‘ﬁa JTRQ dhz{]orasﬂxac%noq ttgg L%E@étgmthge&per%gedding a

wher ei |eI | ace
sé’l‘:’(ﬁ'tbfoéih‘ﬁt"tf@ee ﬁﬂ'fﬁh@toébﬂ)@?ﬁabltﬂ@f the second surface
bei ng opposite the nmjor surface. 20 14. The nethod

428(:' aITFgg} Sh%gestacllaéme Tvgcﬁ?aelr%h vr\}hetr?ﬁotrgeaglura |t|y G wwas ﬂ%ve %n average
of@mgfer epinar 3 gmtand 2B avgirgedengtit Ibs tharetlalie wires
spaci ng is less than 30 pm 25 16. The nethod as

f cl 9t wh t he
avEr aodns el Refgnin T & 7% "B afREEnTE Snpergtopyis between

Tﬁ@XHEWhu@7a81@halned in any one of clainms 9 to 15

wherein the average wire aspect ratlo is greater than

3.,.30 18. The nethod as cl ainmed i one of cla

t 3216 % O RGP e%ﬂﬁwﬁgfrr@a'mftmwg" U crefesen 'ﬁgqvaétpeﬁ‘f Tess than

h&viohgl.an array of pores on or adjacent to a cathode,

providing a gate el ectrode on or adjacent to the

|nsulat|n ayer. 35 11 19. The nmethod as clainmed in
one %g“eE‘Pglaﬁﬁ'aQ“etdd” B OE%ﬁfp?"’f“@P R fIGr¥herRy thgegmagnetic field is

Wlapp&lsd byjaceal ecbeapplsatfacaghf the substrate, the second surface being opposite the

major surface.
14. The method as claimed in claim 13 wherein the magnetic field is 480 G at its centre.

15. The method as claimed in any one of claims 9 to 13 wherein the average wires

spacing is less than 30 um.

16. The method as claimed in any one of claims 9 to 14 wherein the average spacing

height ratio is between 1 and 3.

17. The method as claimed in any one of claims 9 to 15 wherein the average wire aspect

ratio is greater than 3.

18. The method as claimed in any one of claims 9 to 16 further comprising:
forming an insulating layer having an array of pores on or adjacent to a cathode,

providing a gate electrode on or adjacent to the insulating layer.
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20. The nethod as clainmed in claim18 further

conprising oxidizing the electroplated 5 wires. 21.

The nmethod as clained in claim218 wherein each of the
plurality wires is electroplated using anodized

al um ni um oxi de as the tenplate. 10 22. The nethod as
clainmed in any one of clains 9 to 21 wherein said

plating solution conprises |e$s than 0.5g/L of sodi um
dodecyl sul phate. 23. The nmethod as clained in any one

of clainms 9 to 22 wherein the electron emtting

apparatus is a field effect electron emtting

appar afpSmethod gs4clarr%e(§ in€indl ol bi&EimLd WﬁXorﬁé?EﬂP lfQ?fnrr]lg theBwires by
field effect electron emitting apparatus as cfained in
afCtPaiN%i ms 1 to 8, and a phosphor coated screen

parallel to the substrate of the field effect el ectron
egptti r.at he r [ Y

Ogbe orﬂ%bpwg@tgﬁoa ecga‘?’m 2%51&1 ‘PBeﬁ]J{tFeﬁnc{cﬁtgﬁglrQ pgggnqmﬂ}e electroplated
cYhrising: a field effect el ectron em tting apparatus

as clained in any of cIainB 1to 8, and a phosphor

g? éi?ﬂzc@%ﬁ&oﬁs’%al %fm calm g]v%féefre;béécrhat eopflurz%h&le weSés q%ctroplated
pHBA afedizgd 2lvmipine axide ﬁ@f*et%tmes 25 26. A backlight
apparatus for a liquid crystal display conprising a

ld ef fec Iectro entttln arat s clained. i
2F o et ret 25 EaTED Sy B HoSERe bodrlardt Fudfiaing soluion
peﬂﬂafrllsed |e$Sdhétrﬁe59#qu§pdlameiocefcyltstrehéte el d effect el ectron
emtting apparatus the screen bei ng provided with

0 nor e anodes one or nmpre cathodes, gate
oLt B BSOSt de STy TR Bdedsprern e elbcron emiting

ebmatatwens € figd eftast ¢legroh emittipgwepdraigs.t hem as a plurality

of i ndependently operabl e segnents.

24, A field effect display comprising:
a field effect electron emitting apparatus as claimed in any of claims 1 to 8, and
a phosphor coated screen parallel to the substrate of the field effect electron emitting

apparatus, the screen being provided with one or more anodes.

25. An illumination apparatus comprising:
a field effect electron emitting apparatus as claimed in any of claims 1 to 8, and
a phosphor coated screen parallel to the substrate of the field effect electron emitting

apparatus, the screen being provided with one or more anodes.

26. A backlight apparatus for a liquid crystal display comprising:

a field effect electron emitting apparatus as claimed in any of claims 1 to 8, and

a phosphor coated screen parallel to the substrate of the field effect electron emitting
apparatus, the screen being provided with one or more anodes,

the one or more cathodes, gate electrodes and/or anodes being provided with

electronic circuitry for powering them as a plurality of independently operable segments.



