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AN ELECTRON EMITTER APPARATUS, A FABRICATION PROCESS
FOR THE SAME AND A DEVICE UTILISING THE SAME FIELD OF THE
INVENTION 5The present invention relates to an electron emitter which
can be utilized for a Field Emission Display device (FED), backlight for a
liquid crystal display (LCD) or any other devices which require electron
emission. BACKGROUND Recently Flat Panel Displays (FPDs) have
becomeg%o ular due to their smaller footprint and larger flatter screen
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replacing Caégggégg% Tubes (CRT) in many domestic algtplications.
However, m aveitre QY I ENtEHE IS NGB SPddEratio
(5000:1) compared to conventional CRT 15technology (1,000,000:1). To
improve the contrast ratio of an LCD, multi- segment operation of a
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displayed picture. The smaller the size of
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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 25array is divided into 25 segments so that each

BRONERUOWINEGO6 (= 4 x 4)

Recently Flat Panel Displays (FPDs) have become popular due to
their smaller footprint and larger flatter screen compared to conventional
tec_hnology. Liquid Crystal Displays (LCD) are replacing Cathode Ray Tubes
(CRT) in many domestic applications. However, most LCDs have the
disadvantage of a low conirast 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 éf 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 (L.ED) 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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2 LEDs. The image which is supposed to be displayed by the LCD panel
is analysed in advance and the intensity of each segment is determined
S0 as to maximize the contrast ratio of displayed picture. The LED
backlight usually creates a white light from 3 kinds of LEDs, namely Red,
Blue and Green, so it 5 is difficult to mmake the size of the segment too
small. If the area of a segment is too small, appropriate white light cannot
be obtained because 3 colours are not mixed well. An alternative

LEsshndisdiraeectichdsserresaddior o disrigyetby) thetsitapres is
incorporates a large array of fine metal tips or carbon_nano-tubes io
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each be operated independently, or an 20 electron emitter array for a FED
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It is therefore an objective of the invention to provide a new and useful
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proposes in a first aspect that in a field effect electron emitting apparatus
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material.

a FED works based on a similar principle to a CRT, namely using an electron
amitter 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
sysiems, 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 p_lay 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 usefu!

electron emitter display.
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This concept provides the advantage that if a magnetic field is applied 5
to the wires perpendicular to the substrate during the fabrication process
of the electron emitting apparatus, the magnetic field may align the
nano-wires perpendicular to a substrate. Note that conventionally
Molybdenum (Mo) is used to form arsemitter in Spindt-type FEDs and
carbon is used in CNT-type FEDs. Neither is a magnetic material. 10A
seconigaﬁs;%)ect f the invention proposes in general terms a fabrication
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ic material, such.that they are aligned by the field. 15Either aspect
eo %tﬁgﬁéﬁlgvﬁ%o'r? r%“&d?s‘?{ 82874 t'(,gth?i) it density and the orientation

P Bt S e T SRS S R SR

tr
has a lower thre age of electrorremissi A, magn?%ié%

t%@%ﬂggﬁgﬁemgpt@%ﬂ@%ﬁﬁﬁ%uﬁﬁ%%@%%%& igr%epgir%lcig’ss of

deposited on the substrate using a p tion,
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process such as 4 electrochemical or non-electric plating which redu
FHiesprogitaiion aasktgiativerigikaguvn techniques.

A second aspect of the invention proposes in general terms 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 metaliic 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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The material of the nano-wires may be an electrically conductive material.
However, it would also be possible to form them from a non- 5electrically
conductive magnetic material (such as a metal oxide), a non- electrically
conductive magnetic material and subsequently coat them with conductive
material, or an electrically conductivegmagnetic material and subsequently
coat them with another electrically conductive or non-conductive material.
10Some embodiments of the invention are electron emitters which can be
eI ATICah R NseyAieptkcar atinge vehist ireféprrsdiwetiyrbstusditioromsy

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

refiiviestogfnente desHBIME for a LCD or FED panel. 15 BRIEF
DESCRIPTION OF THE DRAWINGS Exemplary embodiments of the
inventidRSVMaRIRLE deeamnsawiinn rerrbrcaneiamientinsagdigties, in
which: Figure 1 is a cross sectional diagram of a known Field
”ﬁ%@@bﬁ‘ﬂf?ﬁ%{y TP DR IFRIRR PR BaeRIAMdF &M & DR OFigure

isf a cross section of an electron emitter array which is an embodiment of
“freivel
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conductive materiai, or an electrically conductive magnetic material and
subsequently coat them with another electrically conductive or non-conductive
material.

Some embodiments of the invention are electron emitters which can
be divided into small segments 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 Fieid Emission
Display (FED) or multi-segmented backiight 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

amitter.
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5 Figure 5 is a process for fabricating magnetic nano-wires, which can be
used as a first step of a process to fabricate a device according to the
embodiment of Figs. 2-3. Figurs 6 is electrochemical plating
process of this invention. 5Figures 7 is an alternative setup for the
electroplating. Figure 8 is a top view of a second embodiment of the
emitter 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 5'@4IRpoSIRIPERSS. | P@{&P{dﬁﬁg&g raAENRlisBARGMIRSIoMMat SR Of
a further emé{bodlment fthe invention. Figure 11, which is composed

BEFEIgE AP13] 85 AR aofpsasa e .ﬁfeﬁ'é%%ﬁrﬁé{wwefaﬁ@rm@a to the

emrgbgdlrggnt the g1¥entlon Figure 12 shows a preferred
proper’R/ 0 efibSdithents of the 15invention. DETAILED

DESC I eferri to Figure 1, the rln le of a Fjeld
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104 in a housing 108. The p ated screen sqparallel to the

emitteniiay 402 Anshsparest aPaskERmd gtﬁ‘%rtjl?%f 2PACHE 100, The

cavity surrounded by the housing 108 and the screen 104 'is maintaine
tHéggkwaerum. The phosphor coated screen 104 consists of a glass face
plate, a phosphor layer and an anode layer. The

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 propery of all embadiments 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 paraliel 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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6 accelerated electrons from the emitter array 102 collide against the
phosphor coated screen 104 and fluorescent light is generated. A
first embodiment of the invention, illustrated in Fig. 2, is a novel electron
emitter assembly 220 which may be used to replace the emitter array
5102 in Fig. 1. The electron emitter assembly 220 includes a substrate
200, cathode 214, insulation layer 203, a metal layer 202, nano-wire
eIe(itron eénitters 216 and gate electrode 204. In the fabrication process,

A CAMBH AR R I ORpOSERI IR L Rro tide againsdiies phosphor
ga{al el strips on the sybstrate 200. The insulation layer 203 is then

Ca%ﬁlea?a%$mfﬁ(g4aa§'l§fﬁdf8§eﬁﬁﬁni WhdndfiPiRIEAthe cathodes 214. Then
a serie Q.f gate gle trod Stzt 4 are d Posit d on the insulation layer 203
so that'they extent ’p)n?e%eﬁd|C&Iér?\{8ﬁ|8rbéﬁﬂ5%§e§1‘ﬂ g@sﬁoﬁr’f‘iﬂqyiﬁl. 3.
|é!&l% 0 s fabricated. Thereatfter, the nano-wires
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202 need not be contiguous: Instead It IS oned by o]
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204. 20It is well-known that the ratio S/L, where S is the separation

obetuiesidparpayiresBEG Lbisie lenathof expesedt Bé%f&ié%égﬁ%?]’e

electron emission properties. For example, Jean-Marc Bonard et al. [1

sotsifietd 60, (Tas GhieambindRMESD Sihand splRaandR PPEERIdY 201
the following equation, 25m/s = 1 - exp(-2.3172 S/L),(1)
extending over the cathodes 214. Then a series of gate electrodes 204 are
deposited 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 electropiated 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 Bm/Bs can be expressed by the following
equation,

Bu/Bs = 1 — exp(—=2.3172 S/L), (1)
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7 where m is a field enhancement factor for a series of nano-wires which
are uniformly bristled on a plane and s is a field enhancement factor for a
single nano-wire. This expression is plotted in Fig. 4. The field
enhancement factor is defined by eqn. (2), 5FE,(2) where F is the electric
field at the tip of a nano-wire and E is the applied external electric field. As
Fig. 4 shows, m" is very much smaller than s when S/L is smaller than 1.
From this paint of view, the thickness of metal layer 202, the Iedr;%h of
Sbafrt
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D REHiToM Oxice (AAG) 502 26 & template for the nano.wires.

For examplg, mlgéwano-wires can be electroplated in the pores of EE)AAO
template. In one specific example, a 200 nm thick Cu layer 501 i
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which has through-holes 505 which are 20 nm i
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electrode 503 made of a material such as Pt in a plating solution

SNaRoswikas IR AVing R dipmeler of %%wm@@ﬂq%mmfél@tggwgi 202,

example, are obtained. The diameter and length are adjustable by
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solution, the following mixture can 25 be used, namely, 240 g/L of
s EHHH Mg/ laaidiiBar-H20 and 35 g/L of

Referring 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 other 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 (AAQD) 502 as a
template for the nano-wires. For example, Ni nano-wires can be electroplated
in the pores of an AAQO template. In one specific example, a 200 nm thick Cu
tayer 501 is deposited as a seed layer on one side of a 50 pum 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 NiS0;-6M,0, 45 g/L of NiCl;-6H,0 and 35 g/L of
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8 H3BO03. After plating, the AAO template is removed by etching in NaOH
solution. The Cu seed layer can be removed by treating the result with
(NH4)25208 or FeCl2 solution. Thus only individual Ni nano-wires remain.
Typically, the length of the nano-wires is within the range from several 5
micrometers to several dozens micrameters. In this document the term
nano-wire is used to mean an elongate conductor less than 1 micron in
Hg%aéneé\er, and preferably less than 500nm in diameter. Experiments
fed 05t BIRtNGI0BALON IRBEkAtetmismaseAMiRinhin s NASH00

SCr’]rr%iin [am er?ggiveiareaso able threshold voltage. 10Secondly, the
o e o BEASB 5 (e enHGATHUR S 2P Adsembly
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magnetic field which is generated by a magnet IS applied’n
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perpendicular to the substrate. Then the magnetic nano-wires w
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At the same time that the magnetic field is 20applied, an electric cufrent is

inalsa@pnliar detvee mdaicathedezl ik anthacountareleelrars 602, thus

a Cu layer is deposited on the cathode layer 214 through the apertures
re2@briabietiercstiblthechtgano-wires. Since the Ni nano-wires align
perpendicularly to the substrate in the solution, most of incorporated Ni

nano-Bigesndlther@wefdniraptatirigniestivsther dire eligbodhpsrrenglisylar to

the major surface of the substrate (as shown in Fig. 2) It will 9
explained. An assembly 220 having a substrate 200 with a patterned insulator
layer 203, electrodes 204 and cathodes 214, is dipped in a Cu plating solution
601 which contains, for example, 200 g/L of CuS04-5H,0, 50 g/l of H.SO,
and 100 mg/L. of HCL. 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, mosilof

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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be seen that the alignment need not be exact. All that is required is a
strong correlation between the length direction of the nano-wires and the
vertical direction in the figure. The difference between the
above-mentioned two directions is preferably smaller than 10 degrees on
average. The average 5 difference in the direction of adjacent nano-wires
is preferably no more than 5 degrees. Note that these two figures are
mererlg averages: a small proCPorti n of the nano-wires may fall over or
PSRE QLY SIGRAISTHGIBEC IR BERIBPLANARLR IR EESTRestoNg
fabricated electron emitter is adjusted E optimizing the amount of .
cofiE el PR FIHHE P ST e e Yedihion
of lating solutiop and the plating curreng, so that the ratio S/
e R T R R e e Tt anaue
d'?@ﬁﬂ?}%l%\@] fg%%l?é“p' jan. {PQE; rials for thel no-wires and a
lmetal aye d‘%)?%%ﬁ}ave to bﬁ]?rﬁmeg?g [ ar%dgé:ﬁ.\/?ﬁaggd both the a°
cifBRGMATRSRITRRIBRIE LYSL RN ReSWmad ObRS AH%%@%%%&-S
Ni. Referring 15now to Figure 7, an alternative way of performing the step

d&dEigs Ol RN REIRANE DB agReh R4 s pliachad behind heportion

substrate 200. A magnetic yoke 705 may be effective to make the

ofnisg Ratie fialddInitarmal theMNimaorwire e ROHaR AtiAgies hnthesmagnet
704 and attached on the cathode layer 214 through the apertures 201 of

thib @ dnsulatiesn dayee 208rddiednareinires i ale aligaed Wi lRiizing the
longitudinal direction perpendicular to the substrate. An electric current is

ampplie dbdibpeesetheacathvideslay €1 bhitng sotaturethelecimsisid 6i2iat the

same time. Then Cu film is deposited on the cathode 214 and the
agitatooviret 8 Qladirg fiadaion treldath ptidirtay en24dt by ieae betrafilat®il Cu

film 202. The density of the nano-wires on the fabricated 25electron
begamesikatinthed by Bpsitabkiteptian armurssokdisteisedeasmaites JO
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 perpendicuiar 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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in the plating solution, the magnetic field, agitation of the plating solution
and the plating current, so that the ratio S/L becomes larger than 1.
Fig. 8 shows a top view of a second embodiment of the emitter array 220.
Reference numerals have the same meaning as in Fig. 3. This
5embodiment may be used also in the manner shown in Fig. 1. In
contrast, to the first embodiment shown in Fig. 3, the apertures 201 are
. replaced by an array of smaller apertures 1201. Fig. 9 is a cross-sectional
1B IR ANG QB R SR NTHE Haltaciptigroidhrefetingsoiine ais
have the same meaning as in Fig. 2. This 10embodiment may be used
ﬂﬁs?ﬁﬂntﬂé"fﬁ%e?% i elP £/inbesomes tBraws ihapenbodiment
shown}j.n Fég.sr%?é!he nano-wires 216 of the third embodiment are shorter

and nanigwer THE GoBriipY Sf the AOQAHms R b themifter array
b iall -pl ith t te electrodes 204. By, lyin
A e R TR R b, o electron
ISS i the J ti fth d dth t
R e

| ' - ilizegd fo ixel o ED or a seqgment of
e BB ot & L5 Rt HonS (e B SaLRkoH o
afdyrdhenpmbodimentf {bgL0invention. Elements which have the same

meaning as the first embodiment
Fig. 9 is a cross-sectional view of a third embodiment of the emitter

array 220. Reference numerals have the same meaning as in Fig. 2. This
embodiment may be used also in the manner shown in Fig. 1. In contrast to
the first embodiment shown in Fig. 2, the nano-wires 216 of the third
embodiment are shorter and narrower, The upper tips of the uppermost 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-segménted 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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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 250n a flat whetstpne, to give the structure of Fig.
10(b). Then the Cu of layer 1001 can be etched selectively (e.g. by one of
the suitable materials mentioned above), and then the gate electrodes 204
TRRAN Be gtrbadsslerived deRIgh L O1RS. Fidhestitatiowatedaisoduction
of a further embodiment of the 5 invention Elements which have the same
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umerals l?:s in FiP. 2. In contrast to the first embodiment, the layer 202 is
s (t,'ﬁrﬁw% éﬂ'dB ﬁ)nally, Ni can be used for the nano-wires 216 and Cu
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embedded is approximately the same. Prefera of the
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nanowires is LA on average, the deviations ?L1 and

can be etched selectively (e.g. by one of the suitable solutions mentioned

above) and then the gate electrodes formed, to give the structure of Fig. 11(c).

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 L, A
refatively small proportion of nano-wires have an average length which
deviates from L 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



20AL2 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, (m/s) 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 12 in (m/s) does not affect the luminescence of the

. phosphor plate significantly, so a variation in average length of 10% is

'nrléﬁflf%@@@emﬁﬁwé@wy@aﬁa@a?@%@ﬁm phaspUmkjarRiopiBrantly,
Emission Properties of Patterned Carbon Nanotube Films", Advanced

SO\RYEialende 2R 'enelibRiar B dp PIBIR e - MCSLLP 13 CLAIMS:
1. A field effect electron emitting apparatus comprising: a substrate, 5one
or more cathodes formed on the substrate,

REFERENCE
[1] Jean-Marc Bonard et al. “Tuning the Field Emission Properties of
Patterned Carbon Nanotube Films”, Advanced Material 2001, 13, No. 3,

February 5, pp. 184—188
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a metal layer in electrical contact with the cathode or cathodes, and a
plurality of nano-wires embedded in said metal layer, at least a portion of
the nano-wires being exposed from said metal layer, wherein the  jicsi | p
nano-wires consist of magnetic material. 10 2. An electron emitting
apparatus according to claim 1 furtherléomprlsmg an insulating layer on
or adjacent to the cathode and having an array of pores, and one or more
Cdzﬁ& ctrodes on top of said insulating layer. 15 3. An electron emitting
apparatus as claimed in claim 2 wherein each nano-wire electron emitter

[has a tip furthest from the substrate substantiall ith the gat
oot AdE1S A3 EIEEGH SMINRG APRATSINE STRURER n clam 1 or

claimZsulhwtrate the average exposed wire length L of the nano-wires and
the avera e se aratl%Pa(li eent e o W|res S satlsfles S/L>1. 5. An

elec:tr%'l'%“;3 ea%% %r%]ﬁ a?HPS ﬁ'ng 'above claims
25whane13tdieatymtwalaﬁtﬂlmheanmtﬂmrmﬂthh@ammmnatbbms%rm
n electr an emittin arat claim d in of the
clalma R ué?gt ' Ma erlf%3 ofétpWe[) n§§8 Megig tgaﬂ}gg?a ﬁﬁi‘fﬁ%)ﬁ@omon
of the nano-wires being exposed from said metal layer,

wherein the nano-wires consist of magnetic material.

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 length 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.

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

wherein the material of the nano-wires is a metal or a metal oxide.

7. An electron emitling apparatus as claimed in any of the above claims
wherein the average diameter of the nano-wire electron emitters is less than
200 nm.
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307.An electron emitting apparatus as claimed in any of the above claims
wherein the average diameter of the nano-wire electron emitters is less
than 200 nm. 14MCSLLP 8. An electron emitting apparatus according to
any preceding claim, in which there are a plurality of said catho%ﬁ&m%
metal layer being partitioned into regiots in electrical contact wi

respective ones of the cathodes. 5 9. An electron emitting apparatus as
claimed in any of claim 1 to 8, wherein the length of the exposed portion of

gt leag( DR fJhe RARPYVESS APy it 40M4iRh tﬂzs @@@@e@a@tmg H8n

exposed portion of those hano-wires. t010.A method of manufacturing a

whihdhete e g qIEA G sPp-allisdem el layshbeigperitioned
iSlePRIERdR &ipl Wding R Sedapde il Rigina el il comRr Siifodes.

nano-wires in the presence of a magnetic field perpendicular to the major
surface of the substrate; 15plating a metal layer onto the substrate,

gherelyringetpiatirgitheganoaratipsdstadiacaatabiayer whaieindhe
nano-wires consjst ?f magnetic material.
wherein the length of the 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 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 nano-
wires into the metal layer;

wherein the nano-wires consist of magnetic material.
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MOSLLP 15 11. A method of manufacturing a field effect electron

emitting apparatus according to claim 10 further comprising a step of: MCSLLP

forming an insulating layer having an array of pores on or adjacent to the
cathode, 5providing a gate electrode on or adjacent to the insulating layer.
12. A method according to claim 11 irs which the nano-wires have an
average diameter less than 500 nm and average length larger than 1 pm

0 13.A method according to claim 10, claim 11 or claim 12
Tibmpﬁé'irﬁ%ﬁ?ao r r@?éwmb'f%%ﬂ %f%%ﬁﬁ%%’@é’frﬂé%vgg‘BQ%Q@Fﬁéd

22y glectroplating. . 14, A method .accordiné to one of claims 10 to 13
comprigng a prior step o??&r%i?ﬁé'?megnaaﬁ ffes, the wires being formed

by el ing,.followed hy isoxidation. 15. A method according to any

of o e D R A Tl L Estem Aot o
Mg%tgﬁi@q%n the first metal layer so that the nano-wires are embedded with

the second metallic material; 20lapping the second metal layer until the

tips QB RIHRIILY RENEAARYE on or adjacent to the insulating layer.

12. A method according to claim 11 in which the nano-wires have an

average diameter less than 500 nm and average length larger than 1 um

13. A method according to claim 10, claim 11 or claim 12 comprising a

prior step of forming the nanc-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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wires are exposed; and etching the second metal layer selectively. 16. A
method according to any of claims 10 to 14 further comprising: MCSLLP
16 lapping the metal layer until the tips of a plurality of the nano-wires

are exposed; etching the metal layer to expose a greater amount of ther g 1 p

nano-wires. 517.A field effect display€comprising a field effect
electron emitting apparatus as claimed in any of claims 1 to 9, and a
phos the supstrate of the field effect electron

hor d el
et R oA LB N b B BN G B RS 0ARGES.

e}goéﬁgaillumination apparatus comprising

etching the metal layer to expose a greater amount of the nano-wires.

17.  Afield effect display comprising

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

a phosphor coated screen paraliel to the substrate of the field effect

electron emitting apparatus, the screen being provided with one or more

anodes,

18.  An illumination apparatus comprising

a field effect electron emitting apparatus as claimed in any of claims 1
t0 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.

18. 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 emitting apparatus as claimed in any of claims 1 to
9, and 15a 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 MOSLLE
comprising: 20a 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
providARTE ShEF el aABTed2 s £IRFE PP aNd/ ofRDgHRSPFSHe
?g\;pgo%eshﬁatle e[lectrodes ag]d/or anodes bejng provided with electronic
PERETR YO SO RERY LY 2O IBPAHRYDe P &sdR iy 8% @ble of
in%%@ﬁ&é%‘t!y operable of segments.



