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AN ELECTRON EM TTER APPARATUS, A FABRI CATI ON PROCESS
FOR THE SAME AND A DEVI CE UTI LI SI NG Tl-llmmwmmw OF
THE I NVENTI ON 5 The present invention r

el ectron emtter which can bk utilized for., @& el d

Em ssion Display device (FED), backlight for a liquid
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Fl at Pane ' a FPDs) have becone popul ar due to
t heir sna{rﬁgrégt‘/géf‘h]f\ '%%W(I:%H@QF'S'NQ %HE SAMEen
conpared to conventional technology. Liquid Crystal
Di splays (LCD) are replaci ng Cathode Ray Tubes (CRT)
in many donestic applications. However, nost LCDs have
RIBED Qi It IMVBENTFION a | ow contrast ratio (5000: 1)
conpared to conventional CRT 15 technol ogy
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LCD mul ti- segnment operation of a bac ['1ght 1's being
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segnments which are | ocated in darker portions of the
picture 20 are less illumnated. The intensity of each
segnent is controlled according to the displayed
BAGKGROUNRe smaller the size of the segnents the
better the fidelity of the display. Light Emtting

Di odeReCckhfl) Fatearldidplays (RPRS) hdv béde popular due to

their smaller footprint and larger flatter screen compared to conventional
technology. Liquid Crystal Displays (LCD) are replacing Cathode Ray Tubes
(CRT) in many domestic applications. However, most LCDs have the
disadvantage of a low contrast ratio (5000:1) compared to conventional CRT
technology (1,000,000:1). To improve the contrast ratio of an LCD, multi-
segment operation of a backlight is being studied actively by many
researchers. Multi-segment operation is a method in which a segment of the
display which is located in a bright portion of the picture is illuminated more
brightly and other segments which are located in darker portions of the picture
are less illuminated. The intensity of each segment is controlled according to
the displayed picture. The smaller the size of the segments the better the
fidelity of the display. Light Emitting Diodes (LED) are usually used as the light
sources of a multi-segment operated backlight. For example, it is known for
400 LEDs to be aligned in a 20 x 20 matrix on the backlight panel. This LED

array is divided into 25 segments so that each segment has 16 (= 4 x 4)
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sources of a nmulti-segnment operated backlight. For
exanple, it is knowmn for 400 LEDs to be aligned in a
20 x 20 matrix on the backlight panel. This LED 25
array is divided into 25 segments so that each segnent
has 16 (= 4 x 4) *co0002* 2’ LEDs. The i mage which is
supposed to be displayed by the LCD panel is analysed
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di sp I ayed picture. The LED backlight usually creates
aaa!mptién ROyARCY apGhe interaityset qachssegmansiiy deegmingd;eo as to
and Green, so it 5is difficult to make the size of
mmnﬁmgﬂfemorﬁmt gatial of displayéd patwa. dhe & Efebaeklight usually
too small, appropriate white |ight cannot be obtai ned

cheates senfite ibgttifraim @ kinds of LEDseAaiely RedBlaktfid@rdert S0 it
technology to LCD is a Field Em ssion Di spI ay (FED).
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tIpS or carbon nano-tubes
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mely using an electron emtter and a phosphor,
not "BWZ "sufficiently high contrast ratio. However,

the fabrication of so-called Spindt-type emtters,

whi cnaliernative teshnplogyried Cisn FRisld EanissionddiaplayFED). A
conpl ex processes and increases the cost of the panel.

tydicAyED éscspofatéd\d largeadreay ofofirtd mek tips 92 catbdrefahd-Aibes
expensi ve equi pnent. These are the major reasons why

(G5 AR ok ScoTBAIh, co8 FEn crYg ke dn. S
a BEDworks based on a similar principle to a CRT, namely using an electron

emitter and a phosphor, it gives a sufficiently high contrast ratio. However, the
fabrication of so-called Spindt-type emitters, which are utilized for most FED
systems, requires complex processes and increases the cost of the panel.
Synthesis of CNT is also costly because it >requires expensive equipment.
These are the major reasons why FED cannot play a main role in the FPD
industry in spite of its potential to achieve a high contrast ratio.

It would therefore be desirable to provide a backlight for LCD which

has a lot of small segments which can each be operated independently, or an

electron emitter array for a FED which enables low production cost.

SUMMARY OF THE INVENTION

It is therefore an objective of the invention to provide a new and useful

electron emitter display.
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It would therefore be desirable to provide a backlight
for LCD which has a lot of small segnents which can
each be operated independently, or an 20 electron
emtter array for a FED which enabl es | ow production
cost. SUMVARY OF THE INVENTION It is therefore an

obj ective of the invention to provide a new and usef ul

el ect jpPe kLol {e?hsqitﬁeoé@éen?’ in\)egti&i? Bgéﬁdasgéjﬁ{ésf{rﬁé%]s?qqgt that

present "I nventl on proposes In

flel fec | ectr emtti appar at us usi ng .

ih i Ples Sedicrtifing oparatds BBRG M wits elonaraitiers,
of a magnetic material. This concept provides the

€3G0 23N I$ahade of arpggeelicm@atenal. i s applied 5 to

the wires perpendicular to the substrate during the

f abr i dais eangepbprxsidesf thet dvbvapitage tha ifenimaignetic field is applied
apparatus, the magnetic field may align the nano-wres

to thep@irds pelpandicular lthstsubsBatd\Mirthg el faBABNIRIH prodasts ¥f
Mol ybdenum (Md) is wused to forman emtter in
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Nei ther is a Ic naterl etond aspect o
PR o L s S SRele T PR ForuioPellY Maiviet o
SEH3R FeITEaR A o, SRBHCRPaiF EORAGH TN 1 el in CNT-ype

erpendi cul ar to the substrate, and that the
Ngithes isaa sagngdicsnatgriabagnet i ¢ material, such that
they are aligned by the field. 15 Either aspect of the

i nvenil sevomdkespeit ofthsiinveritioromaposts inhgesisapidiys a
fabrication process for a field effect electron emitting apparatus which includes -
a step of attaching nano-wires to a substrate in the presence of a magnetic
field perpendicular to the substrate, and that the nano-wires are made of a
magnetic material, such that they are aligned by the field.

Either aspect of the invention makes it easier to control the density
and the orientation of the nano-wires on the substrate, so that the fabricated
electron emitter has a lower threshold voltage of electron emission.

Typically, the nano-wires are attached at the same time that a metallic
material is deposited on the substrate using a plating solution, by an
electrochemical or non-electric plating process. The magnetic nano-wires are
dispersed in the plating solution, aligned with the magnetic field, so they are
incorporated in the electrochemically or chemically deposited metallic film

maintaining their orientation almost perpendicular to the substrate. Thus, the

fixing of the nano-wires is effected by a simple process such as
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and the orientation of the nano-wires on the
substrate, so that the fabricated electron emtter
has a | ower threshold voltage of electron em ssion.
Typically, the nano-wires arg attached at the sane
time that a netallic material is deposited on the
substrate using a plating solution, by an 20

I m 1 -electri.c plating, process. The
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s'ol.ution, aligned with the magnetic field, so they are
relativg 1odf NIy I§GANQUSSe| ect r ocheni cal Iy or chenical iy

deposited netallic film maintaining their orientation

al mosThpaylenal efuhamane-wirks mayshe anelecttically aomductive

fixing of the nano-wires is effected by a sinple
matedals Bloswevbr, dswduldedise be poissible & faam hem becid hos-

pl ati ng which reduces the production cost relative to
eleraivally @eRBLEMRSmadhetidRiaes il (s@éh B rﬁ@féﬂg&d’é@f‘a ABY-

ver,

be an electrically conductive naterial. It
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olethcan? SRR 6e e hibio B hed by BRiRem it
netal. oxide), , a non- electrically. conductive magnetic
o Ei el s ek e S SRR Rt BatRra Ao
material, or an electrically conductive nagnetic _
syasequently seat tham with anather @lsgtricaly gonsudivermsinesrconductive
el ectrically conductive or non-conductive mterial.
mgesne enbodi nents of the invention are el ectron
emtters which can be divided into small segnents and

oper aSerthe enhbpdindents lof they invehtien aire 8lectdhdeiegrsRfich can
gate el ectrodes. Such an emtter is particularly

beidbd fifto 3niBIf ddgments and operated independently by patterning

cathodes and gate electrodes. Such an emitter is particularly useful as a multi-

segmented backlight for a LCD or FED panel.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the invention will now be described, with
reference to the following figures, in which:

Figure 1 is a cross sectional diagram of a known Field Emission
Display (FED) or multi-segmented backlight for a LCD.

Figure 2 is a cross section of an electron emitter array which is an
embodiment of the invention and which can be employed in the structure of
Figure 1.

Figure 3 is a top view of the emitter array in Figure 2.

Figure 4 is the calculated field emission behavior of an electron

emitter.
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segnent ed backlight for a LCD or FED panel. 15 BRI EF
DESCRI PTI ON OF THE DRAW NGS Exenpl ary enbodi nents of
the invention will now be described, with reference
to the following figures, in which: Figure 1 is a
cross sectional diagramof a known Field Em ssion
Di splay (FED) or multi-segnented backlight for a LCD.

20 Fi i S ctiqQn of an electron emtter
arr oy e 2 Eebo s e oA gimafiet (- RiRSanhic can
whi ch can_be enployed in the structure of Figure 1.
beiusgrasa fiest étetr%f %P@ﬁeéﬁ 19 E@bf&ﬂt% feevige %@pqramgi tgdhe

2. Figure 4 is the calculated field em ssion behavior
egoglimenteefifrigs. 2-35 enitter. 5 Figure 5 is a process
for fabricating nmagnetic nano-w res, which can be used

as a Figuss 6ds eglecifocheprioalgsiating pfatess wdtitis indenibae
according to the enbodinment of Figs. 2-3. Figurs 6 is

el ect FREhes 7 GahnRiitedigeHedas fr tAE diditmpldtirgnti on. 5
Figures 7 is an alternative setup for the

el ect FRRIERIigY: tﬁEi\)géW o1 & é'e%oﬁdte‘f’lggd(di@\#g{){)f l"f’les%ﬁ@t%? array of

enbodi ment of t emtter array nven

t@ﬁ%&éﬁﬁé’hi S a cross sectional diagramof a third

t of the emtter array of the invention.

Figure 9 is a cross sectional diagram of a third embodiment of the
emitter array of the invention.

Figure 10, which is composed of Figs. 10(a) to 10(c), shows steps in
the formation of a further embodiment of the invention.

Figure 11, which is composed of Figs. 11(a) to 11(c), shows steps in
the formation of a further embodiment of the invention.

Figure 12 shows a preferred property of all embodiments of the

invention.

DETAILED DESCRIPTION

Referring to Figure 1, the principle of a Field Emission Display (FED)
or multi-segmented backlight for LCD 100 is shown, including an emitter array
102 and a phosphor coated screen 104 in a housing 108. The phosphor
coated screen 104 is parallel to the emitter array 102 and spaced apart from it
by a series of spacers 106. The cavity surrounded by the housing 108 and the
screen 104 is maintained under vacuum. The phosphor coated screen 104

consists of a glass face plate, a phosphor layer and an anode layer. The
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10 Figure 10, which is conposed of Figs. 10(a) to
10(c), shows steps in the formation of a further
enbodi ment of the invention. Figure 11, which is
conposed of Figs. 11(a) to 11(c), shows steps in the
formation of a further enbodi nent of the invention.
Figure 12 shows a preferred property of al

BT fg*&?g"i?etfﬁ‘é&‘;%ﬂf%ﬂﬂ%?EE@%EBEPE?&? pheor
1 ssion Displa FED .l ti-se nt ed backl i ght
ngﬂe%i%beﬁ’gbm@é”@{@m?gﬁ%gF'gﬁy'ﬁggeé‘ﬁ'%%t ter array 20
102 and.a phosphor coated screen 104 in_a_housing 108.
The pRAdiphembediment of the iyyentian; Bugieatad irFig. @, ishe novel
emtter array 102 and spaced apart fromit by a
etastioperoittes pasenbly 2R wiileh roay ibeyusedrtogeplaed the entitter array
housi ng 108 and the screen 104 is nmintai ned under

102dniFig. 1TMdepiostpdroemiteat R efible 220 IdudéeDa subtFatel 200,
gl ass face plate, a phosphor |ayer and an anode | ayer.
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el ectron emtter assenbly 220 includes a substrate
spbstrate200o daednsuiations layer 208 is theasr apied, defiminglapesyeas 201

202, nano-wire electron emtters 216 and gate
extaﬂragégmmﬁé cathodelse? f4a Oihiened semeofogate sledtistles 204 are
d(;zf:)sited on the insulation layer 203 so that they extend perpendicular to the
cathodes 214 as shown in Fig. 3. Thus an electrode assembly 220 is
fabricated. Thereafter, the nano-wires 216 made of a magnetic material are
attached on the cathode layer 214, together with an electroplated metal layer
202. Note that the metal layer 202 need not be contiguous: instead it is
partitioned by the bodies of insulating material 203, so as to include a plurality
of regions overlying different ones of the cathodes 214. As shown in Fig. 2,
the upper tips of the nano-wires 216 are substantially co-planar with the gate
electrodes 204.

It is well-known that the ratio S/L, where S is the separation between
nano-wires and L is the length of exposed nano-wires, affects electron
emission properties. For example, Jean-Marc Bonard et al. [1] clarified that
the relationship between S/L and B/Bs can be expressed by the following

equation,

Bm/Bs = 1 — exp(—2.3172 S/L), (1)
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214 are deposited on the substrate 200 as a series of
parallel strips on the substrate 200. The insul ation
| ayer 203 is then applied, defining apertures 201 io
ext endi ng over the cathodes 214. Then a series of gate
el ectrodes 204 are deposited on the insulation |ayer
203 so that they extend perpendicular to the cathodes

S . W [ O, s.an el ectrpde assenbly 220
whbte B 1 et e 3T 1k Sl GRS e B
a.magnetic material are attaghed on the cathode | ayer
ubifoyTTy Beistier PN i PIANG RN Ruclsrb fip diethangement tagar fosa single
202. Note that the netal |ayer 202 need not be
napatwicgu diis expreseian is platted ipdiig.i 4.iBrectield enhhecerpdiidactor B
of insulating material 203, so as to include a
igptiefiredd byeqrof(2),egi ons overlying different ones of the
cat hodes 214. As shown in Fig. 2, the upper tips of
the nano-pm_mgs 216 are substantially co-planar vm{éj
the gate electrodes 204. 20 It is well-known that 't he
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nano-wres an expos

af f ect l.ect m ssion properties. For exanple
ool IRk, Asdibnt Shpws’ By i vy anuehamalenan fs when
relationshi p between S/L and [3R /RS can be expressed
sgy is $rBalied|thani1n fromdhistnaint, of Mewmnthp3bicknass of metal layer 202,
exp(-2.3172 S/L), (1) 7 where RR is a field
trenleagtieofemand-aire @16 and density efsnavfo-waes shouldbentiétemined
are uniformy bristled on a plane and (3Sis a field

senharg/eeonicclafderfthina. single nano-wire. This
expression is plotted in Fig. 4. The field enhancenent
fact ORefetring to Figs. 5-6, a first fabrication process which is an
embodiment of the present invention is explained in detail. Firstly, nano-wires
made of a magnetic material such as Ni, Co, Fe or any othef metal, alloy or its
oxide which shows soft or hard magnetic properties are formed (Fig. 5). It is
convenient to use a sheet of Anodized Aluminum Oxide (AAO) 502 as a
template for the nano-wires. For example, Ni nano-wires can be electroplated
in the pores of an AAO template. In one specific example, a 200 nm thick Cu
layer 501 is deposited as a seed layer on one side of a 50 um thick AAO
sheet 502 which has through-holes 505 which are 20 nm in diameter 505. By
applying current between the Cu seed layer 501 and a counter electrode 503
made of a material such as Pt in a plating solution 504, Ni nano-wires 500
having a diameter of 20 nm and a length of 10 um, for example, are obtained.
The diameter and length are adjustable by changing the pore size of AAO

template and a plating time. For the plating solution, the following mixture can

be used, namely, 240 g/L of NiSO4-6H,0, 45 g/L of NiCl,-6H,0 and 35 g/L of



15

20

25

is defined by egn. (2), 5 F = PE, (2) where Fis the
electric field at the tip of a nano-wire and E is the
applied external electric field. As Fig. 4 shows, Rm
is very nuch smaller than (3S when S/L is smaller than
1. Fromthis point of view the thickness of netal

| ayer 202, the length of nano-wire 216 and density of

L SR SR A i
sPlTHd YRR A ol pVdRnE e ¢

O-W res de of a_mmgnetic material such as N,
<@52$g>@?f %%ggéphéwnnﬁhag only ingivigyal Ni eangyigrs FAMaIA.
shows soft or hard magnetic properties are forned
Typically, 3he langth of the ranorviresris withiruthe ranghdrmm séveral
Anodi zed Al um num Oxi de (AAO) 502 as a tenplate for

midrermeaas- toi several ldozerx atigroenetdis. a fitls Wot @M entthdXerm nano-
el ectroplated in the pores of an AAO tenplate. In one
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deposited as a seed [ayer on one side o pm t
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504, NI nano-wires 500 having a dianeter of 20 nm and
reasopaBlethsgshold peltagesr exanpl e, are obtained. The
di anmeter and | ength are adjustable by changing the
por e Seegendy, tha®@lectrophtintgepreesa of theet embotiinment Wilhbet he
plating solution, the follow ng m xture can 25 be

exslathedn AnEdssenbiP 280 ha0ingN SGYsteaidRo0ARitwAlpaterned insulator
Ni C12- 6H20 and 35 g/L of

layer 203, electrodes 204 and cathodes 214, is dipped in a Cu plating solution

601 which contains, for example, 200 g/L of CuSQO4-5H,0, 50 g/L of H.SO,4
and 100 mg/L of HCI. The magnetic nano-wires 500 formed by the process
shown in Fig. 5 are dispersed in the plating solution. A uniform magnetic
field which is generated by a magnet 604 is applied in the plating solution. The
direction of the applied magnetic field is perpendicular to the substrate. Then
the magnetic nano-wires which are dispersed in the solution start to align to
the direction of the magnetic field. At the same time that the magnetic field is
applied, an electric current is also applied between the cathode 214 and a
counter electrode 602. Thus a Cu layer is deposited on the cathode layer 214
through the apertures 201 together with the Ni nano-wires. Since the Ni nano-
wires align perpendicularly to the substrate in the solution, most of
incorporated Ni nano-wires in the Cu film are oriented in the direction

perpendicular to the major surface of the substrate (as shown in Fig. 2) It will
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8 H3B03. After plating, the AAOtenplate is renoved
by etching in NaOH solution. The Cu seed | ayer can be
renoved by treating the result with (NH4)2S208 or
FeCl2 solution. Thus only i r‘bdl vidual N nano-wires
remain. Typically, the length of the nano-wires is
within the range fromseveral 5 mcroneters to several

oS3 L APRL  Er A o A W o
m cron in, diangter and ref | ess than 500nmin
ofrdlaion Pers b Feenet Bidio 51308 naporites And e werdcal
indicate that nmetal nano-wire |ess than 200 nmin
digectian igrthgfigute. T her diferangs ketwvres dhe rBovemenjisneddwo
Secondly, the electroplating process of the enbodi nent
ding¢tionisas pesferabiy ethallénthass tOrblegrezziorhaverage aThe hseragee
200 with a patterned insulator |ayer 203, el ectrodes

diffefersuedinaht irdesor? bfadjasedi naestwiresas Brbfotadly AE more than 5
solution 601 which contains, for exanple, 200 g/L

degraied; NELthalngss 1ob f|§@§,@4ar @ré'l?gvgr%/ les0h SH%l %%E%lon

rragnetl C nano- VVI res orrre he P OCGSS

Fi I i 0 .
°L*&ef%aﬁ}a RSk Tnsl oA J%fvd%.""%%f% bl 8ol e dgnaty of
O4|s pI| ng solution. The direction

5 ﬁa%@\eﬁaaﬁ%ﬁ?@ fectfth S5 et f OpUTIAG the
substrate Then the magnetic nano-wires which are
agnosine p§ digppreedHransowires éhtha pleting solutiogntheomaghetic field,
direction of the magnetic field. At the sanme tine that
agitatioragitbei platingsaluiien 26d dpe piatihg cumrent,esti thiat theuratiers/L
is also applied between the cathode 214 and a counter

bet&eibs @&geﬁﬂ%n Thsis patfricatidnProeSs<RBARS Iredl rédsdria®le
cat hode layer 214

~ threshold voltage of field emission. The materials for the nano-wires and a

metal layer do not have to be limited to Ni and Cu. Indeed both the nano-wires
and the metal layer may be formed of the same material, e.g. Ni. Referring
now to Figure 7, an alternative way of performing the step of Fig. 6 is shown.
A permanent magnet 704 is attached behind the substrate 200. A magnetic
yoke 705 may be effective to make the magnetic field uniform. The Ni nano-
wires 500 are attracted by the magnet 704 and attached on the cathode layer
214 through the apertures 201 of the insulation layer 203. The nano-wires 500
are aligned with their longitudinal direction perpendicutar to the substrate. An
electric current is applied between the cathode layer 214 and a counter
electrode 702 at the same time. Then Cu film is deposited on the cathode 214
and the nano-wires 500 are fixed on the cathode layer 214 by the
electroplated Cu film 202. The density of the nano-wires on the fabricated

electron emitter is adjusted by optimizing the amount of dispersed nano-wires
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through the apertures 201 together with the Ni
nano-wires. Since the NI nano- wires align

perpendi cularly to the substrate in the solution, nost
of incorporated Ni nano-mﬁr§8 inthe Cu filmare
oriented in the direction 25 perpendicular to the
maj or surface of the substrate (as shown in Fig. 2) It

WL 9 -align . ne not_.be exact .
e piRind BB heTheo die M oG hol HF dhB et fleran
the l.ength djrection of the nano-wires and the
t%?'@*'ﬁ%%”"ﬁm é@ttf‘ﬁtnthierf af'ﬂg/ kibggpmestargeditharei ence
bet ween t he above-nentioned two directions is
pr ef eFighByshaivwg @ &op vigwnof1d sgeepikembodirasmirafdiee emfiter array
average 5 difference in the direction of adjacent
2ganBetsrense ngmprals diasbltiye samenmeaningrashin Figgs.cRss Not e
that these two figures are nerely averages: a small

eRTRRirmMENOMay bl (ideRl 4186 M BanABY shéh iPERY. 19Tn Eottdgieo
at exceptional angles. The density of theé nano-w res

s @n{b%m&ﬁ@t%mﬂ ﬁcﬁig?ﬁdﬁ?ééeg{uréé oA Ys ﬁ'rg@a?%d by an

optimzing t anount sed nano-w'r

t lution, t magnetic field, io agitation of
a?ﬁgoﬁggﬁﬂgbgéﬁuﬁfﬁeﬁo&%&nd the plating current, so that
the ratig S/L becones |larger than 1. This fabrication
pr oceEl9- Od8 @ Gress-gegtional visvwpf 8 thifdpebiediraeninfithg emitter
field em ssion. The materials for the nano-wires and a
array 2201 Rpéeredee numeralsdave the dame medning &6 iralRig. 2uThis
| ndeed both the nano-wires and the nmetal [ayer nmay be
efntiodirdent mhi ®essseel agd @1 trdd madngr shbwn ReFRY. 1i Mcdftrai® o
to Figure 7, an alternative way of performng the step

tHY first 8mbBdirfiest Shdwn |#|§§?%%ﬁga%é 6t the thir

attached behind the sub netic yoke

efftb fd'fofﬁ@tbﬁﬁ:sfrh?@r 4 ﬁa?rJW&?Thg%p%gﬂgé bftHe L?;laéjermost nano-

nano-

wires 216 are substantially co-planar with the gate electrodes 204.

By applying an electric field between one cathode and one gate
electrode, field electron emission can be induced at the intersection of the
cathode and the gate electrode selectively. Since the induced electron
emission results in a local luminescence, it can be utilized for a pixel of a FED
or a segment of a multi-segmented backlight for a LCD.

Figure 10 shows the production of a further embodiment of the
invention. Elements which have the same meaning as the first embodiment
are shown by the same reference numerals as in Fig. 2. In contrast to the first
embodiment, a second metal layer 1001 deposited over the first layer 202. For
example, Ni can be used for the first metal layer 202 and Cu can be used for
the second metal layer 1001. The Cu of layer 1001 can be lapped or polished

on a flat whetstone, to give the structure of Fig. 10(b). Then the Cu of layer
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wires 500 are attracted by the magnet 704 and attached
on the cathode | ayer 214 through the apertures 201 of
the insulation | ayer 203. The nano-wires 500 20 are
aligned with their |ongitudipal direction

perpendi cular to the substrate An electric current
is applied between the cathode | ayer 214 and a counter

126?%5% téRéd %&Ie‘ch@ 235%2§X%e %jr}ﬁﬁ tiable Matefials

eposited on the cat € nano-w res 500

niifiohbd 3PaPel =A5 (FEh 155 Bale YiEradds M tdadsto aive the

nano-w res on the fabrl cated 25 electron emtter is
siuptyes abFigy 18f%)i ni zi ng the anount of di spersed
nano-wires 10 in the plating solution, the magnetic
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plating current, so that the ratio S/L becones |arger
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Both of the embodiments of Figures 10 and 11 tend to give more
correlated nanowires than the first embodiment and/or the exposed length of
the nanowires is more uniform.

Figure 12 shows a preferred property of all the embodiments explained
above. Specifically, the lengths of the exposed portions of the nanowires from
metal layer in which they are embedded is approximately the same.
Preferably, about 90% of the nanowires are such that, their if the average
exposed length of those nanowires is La on average, the deviations ALl and
AL2 respectively above and below this average, are within 10% of La A
relatively small proportion of nano-wires have an average length which
deviates from La by an amount AL3 which is more than 10%. Note that when

S/L =1, (Bm/Bs) changes by less than 3% if the length of nano-wire fluctuates

by no more than 10%. In most applications of the embodiment, a 3% change



By applying an electric field between one cathode and
one gate 15 electrode, field electron em ssion can be
i nduced at the intersection of the cathode and the
gate el ectrode sel ectively. fince the induced el ectron
em ssion results in a |l ocal Tum nescence, it can be
utilized for a pixel of a FED or a segnent of a

: hz e faght for a LCD. Figqure 10.sho
B RS PRC T [ herCendott Retphor R siantioanty,
i nventi.on. Elenents mﬂich have the sanme neaning as the
S¢ pr@atinp yypeiRge lepeh R el b s prederablte ref erence
nunerals as in Fig. 2. In contrast to the first
enbodi nent, a second netal |ayer 1001 deposited over
the first layer 202. For exanple, N can be used for
RERERENEE netal | ayer 202 and Cu can be used for the
second netal |ayer 1001. The Cu of layer 1001 can be

[1]IBRRMAEC BEHAra R @l.2Fufihgahb! FAbIdERlssidBropbhicd ye t he
structure of Fig. 10(b). "Then the Cu of layer 1001 can

I Y : » i b
PABp B RNEIANEL I, SnaPp Ry Bl 2apt, 18146, o
Feéectrgdes éidf%rned, to give the structure of Fig.
§BYY OFPBuI®* 1'P8shows the production of a further
enbodi nent of the 5 invention. Elenents which have the
same nmeaning as the first enbodi nent are shown by the
same reference nunerals as in Fig. 2. In contrast to
the first enbodinent, the layer 202 is nuch thicker.
Optionally, N can be used for the nano-wires 216 and
Cu can be used for the netal layer 202. There is then
a |apping step, to produce the structure of Fig.
11(b). Then, the Cu of |ayer 202 io can be etched
selectively (e.g. by one of the suitable solutions
nment i oned
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above) and then the gate el ectrodes fornmed, to give
the structure of Fig. 11(c). Both of the enbodi nents
of Figures 10 and 11 tend to give nore correl ated
nanowi res than the first emhodi nent and/or the exposed
| ength of the nanowires is nore uniform 15 Figure 12
shows a preferred property of all the enbodi nents
\/-ned above. Specifically, the lengths of the
exposed portions of the nanowires from netal layer in
whi ch they are enbedded is approximately the sane.
Pref erably, about 90% of the nanow res are such that,
their if the average exposed |length of those
Thanoifielkeffect elecliongrafting appa@tyegeaprising: AL] and 20
AL2 respectively above and below this average, are
wi t hd gubsteatef LA. A relatively small proportion of
nano-w res have an average | ength which deviates from
LA bynexor mobel shthakias fdrinedd ba thesabsthate, 10% Not e t hat
when S/L =1, ((3m(3s) changes by less than 3% f

the 4 ﬁ%ﬂélha?ér iRMSCtE Al onk&E M B céﬂyod@oﬁétgogg/énand

10% In nost applications of the enbodl nment,
chan . Jark . .
i R BRI oF e S, B8R a8 I B Eital BFen gt aggorion
variation in.average Jength.of 10%is preferable.
ORiHehppires being e’ﬁ%‘%ﬁ'—dl\’ﬁ?’g 5@6‘?015}%3@?)’%& . "Tuning the
Field Em ssion Properties of Patterned Carbon
Nano¥leein-thenano-wires kée gomnasedaf nigneticraterial. 3,
February 5, pp. 184-188 13
2. An electron emitting apparatus according to claim 1 further comprising:
an insulating layer on or adjacent to the cathode and having an array of

pores, and

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

3. An electron emitting apparatus as claimed in claim 2 wherein each
nano-wire electron emitter has a tip furthest from the substrate substantially

co-planar with the gate electrode.

4, An electron emitting apparatus as claimed in claim 1 or claim 2,
wherein the average exposed wire iength L of the nano-wires and the average

separation between the nano-wires S satisfies S/L > 1.

5. An electron emitting apparatus as claimed in any of the above claims

wherein the material of the nano-wire includes at least one of Ni, Fe or Co.



20

CLAIMS: 1. Afield effect electron emtting apparatus
conprising: a substrate, 5 one or nore cathodes
formed on the substrate, a nmetal layer in electrica
contact with the cathode or cathodes, and a plurality
of nano-wires enbedded in sard netal |ayer, at |east a
portion of the nano-w res bei ng exposed from said
netal |ayer, wherein the nano-w res are conposed of
magnetic material. Jo 2. An electron emtting

appanat ys accordi.ng to claim1 further conprising: an
6 heur g TLGEIOH appaiaifis G naiied ReryaRba gbata clams
having an array of pores, and one or nore gate

wheeip S'&%i gatgrakofthe naggiwiresisia metalgpr aapetal oxide.3.  An
el ectron emtting apparatus as clainmed in claim?2
wherein each nano-wire electron emtter has a tip
furthest fromthe substrate substantially co-planar

7wi t h Anretegtedreemiitting lapparatdd ad-claimer! iAGEnyBT tRE1abbld Blaims
apparatus as clainmed in claim1 or claim?2, wherein

wHaPeiA {9 B0SraRERASR_IY df8hd ﬁ\%gbhlvi're Qlectidf é?ﬁﬂ%?é"fsggg‘ssthan

and the average separatio etween the nano-wr
Qéatnin?fi es S/L > 1. 5. An electron emtting apparatus
as clainmed in any of the above clains 25 wherein the
material of the nano-wire includes at |east one of N,
Fe or Co.

8. An electron emitting apparatus according to any preceding claim, in
which there are a plurality of said cathodes, the metal layer being partitioned

into regions in electrical contact with respective ones of the cathodes.

9. An electron emitting apparatus as claimed in any of claim 1 to 8,
wherein the length of fhe exposed portion of at least 90% of the nano-wires is

within 10% of the average length of the exposed portion of those nano-wires.

10. A method of manufacturing a field effect electron emitting apparatus
comprising:

contacting a substrate including a cathode with a plating solution
comprising magnetic nano-wires in the presence of a magnetic field
perpendicular to the major surface of the substrate;

plating a metal layer onto the substrate, thereby incorporating the

magnetic nano-wires into the metal layer.
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14 6. An electron emtting apparatus as clained in
any of the above clains wherein the nmaterial of the
nano-wires is a netal or a netal oxide. 5 7. An
electron emtting apparatus @s clained in any of the
above clainms wherein the avérage di aneter of the
nano-wire electron emtters is less than 200 nm 8.

ol C . .
A et SRR Sithahl e GRRR Aot Bt SfinfRenngatys
sai % catth des tfhﬁ net al I.aﬁer bei ng partitioned into
APEY YN0 Fally dQfpithel cqrppisieg afteR Afespect i ve ones of
the cathodes, 9. An electron enitting apparatus as

cl ai REAINGAR HpWAtING layen having an ar@yesfnares ve arasiacensto
the exposed portion of at |east 90% of the nano-w res
thescathedesi t hin 10% of the average | ength of the exposed
portion of those nano-wires. 10. A nethod of

nmanupraviding agate tleetrddeidreeit aghesitteNhe Hsuldting layer.
apparatus conprising: contacting a substrate

i ncluding a cathode with a plating solution 20
conpri sing magnetic nano-wires in the presence of a

gnat i i r.pendi. r to. maj or surface of
Bhe. AunErdfacbopfBoRRS ML Iy Whichdfe SRng wires néVe af
substrate, thereby incorporating the nagnetic
aMgrRgefirReteniess thao SRR am ang averags lenath larges thast 1 ¢im
manufacturing a field effect electron emtting
apparatus according to claim10 further conprising a
step of:
13. A method according to claim 10, claim 11 or claim 12 comprising a

prior step of forming the nano-wires, the wires being formed by electroplating.

14. A method according to one of claims 10 to 13 comprising a prior step of
forming the nano-wires, the wires being formed by electroplating, followed by

oxidation.

15. A method according to any of claims 10 to 14 further comprising:
plating a second layer of metallic material on the first metal layer so that
the nano-wires are embedded with the second metallic material;
lapping the second metal layer until the tips of a plurality of the nano-
wires are exposed; and

etching the second metal layer selectively.

16. A method according to any of claims 10 to 14 further comprising:
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form ng an insulating | ayer having an array of pores
on or adjacent to the cathode, 5 providing a gate

el ectrode on or adjacent to the insulating |ayer. 12.
A net hod according to.claiml1l in which the nano-w res
have an average dianeter |ess than 500 nm and average
l ength larger than 1 pmio 13. A nethod according to

St o ppha e el B uftAhE ke SRTRULG e BlPhiseare

ctroplating. 14. A nethod according to one of
et

10 to 13 conprising a prior step of formng
e ngno-wires, the wires being formed by _
eiﬂt}m ﬁlﬁaﬁ“&t‘@'ﬁ@){ef 18 1BXBRER| argreates ameuaf die namo-wires.

nmet hod according to any of clains 10 to 14 further
conprising: plating a second |ayer of netallic
material on the first netal |ayer so that the
17anoAnlield effecedisplagddedprigiidy t he second netal lic
material; 20 | apping the second netal |ayer until the

tips affiedd BieEtadiestorPEmithRg paratis a%%lé%ﬁf%dqrﬂ%?@icg;cla&ms 1

and etching the second netal [ayer selective

idret heg according to any of clains 10 to 14 further
cohprising: 16 |lapping the netal |ayer until the tips
of a plyrality of the nano-wires are exposed: etching
the mEtEIoPOLPoatsd SEieRILParaleLia Be Surslint wiithe field effect
nano-wires. 5 17. Afield effect display conprising
electron emitting apparatus, the screen being provided with one or more

anodes.

18.  Anillumination apparatus comprising

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

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

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



a field effect electron enmtting apparatus as cl ai ned
inany of clains 1 to 9, and a phosphor coated screen
parallel to the substrate of the field effect

electron enitting apparatus,.the screen being provided
with one or nore lo anodes. '18. An illunination
apparatus conprising a field effect electron emtting
appar any, 0 S
2 Pho 26 2 FlAe Bahddbe B bipElrBUEE ety o A Pling
the.fiel ffect electron emtti apparat us, the
el SyBiciei i pRadfrerpfs kst B8 ity ol A
_backl i ght apparatus for a liquid crystal display
"Zf%'r?&ﬂdgf‘ﬂ)gp orgble of 3e@MeERtSect el ectron enitting
apparatus as clainmed in any of clains 1 to 9, and a
phosphor coated screen parallel to the substrate of
the field effect electron enmtting apparatus, the
screen being provided with one or nore anodes, 17

the one or nore cathodes, gate el ectrodes and/or
anodes being provided with electronic circuitry for
powering themas a plurality of independently

oper abl e of segnents.



