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THE I NVENTION 5 The present invention relates to a field em S/_Ssiﬂ %H. ce

(FED) and nethod of fabricating sanme andjrelates particularly, E%oug not

exclusively, to a nethod of fabricating a field em ssion conponent for use

in flat panel displays and vacuum m croel ectronics applications. vv vv
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facility. A nunber o conpani es now of fer - 1 n nonochrome FEDs in
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15  silicon or molybdenum tips, a complicated micro-fabrication technique for preparation of
‘ three dimensional structures by a repeated process of depositing and etching has been
used. Present small FED cathodes use arrays of microtips with gate apertures of about 1
um in diameter. These are made in a semiconductor type fabrication facility. A number of
companies now offer 5- to 6- in monochrome FEDs in sample quantities based on this
20  approach. Although they produce high-quality displays, system costs are high and
production yields are very poor. This is because they are working at the limits of

photofabrication with slow and expensive step and repeat exposures. It is very difficult to

scale up this approach to large area displays.

25  In view of the fabrication complexities and cost, research continues into planar emitters,
especially using carbon-based materials as emitters. Those being explored are cathodes
using a thin film of diamonds, diamond-like carbon and carbon nanotubes (CNTs) as the
emitters. The structure of the devices and the fabrication process for these carbon-based
emitters is much more simple. However, high temperature deposition with low growth

30 rate and small area for the diamond film, limits diamond films for practical application.
Although diamond-like carbon films can be deposited with a high rate at low temperature
over a large area, the field emission properties are poor. For diamond films prepared by

chemical vapour deposition (CVD), or diamond-like carbon (DLC) films deposited by

T
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SUMMARY OF THE INVENTION

The present invention was developed with a view to providing a field emission component

for a field emission device with a relatively large and thermally stable emission area, and a

20  simple method of fabricating same.

Throughout this specification the term “comprising” is used inclusively, in the sense

that there may be other features énd/or steps included in the invention not expressly

defined or comprehended i.n the features or steps subsequently defined or described.
25  What such other features and/or steps may include will be apparent from the

specification read as a whole.

According to one aspect of the present invention there is provided a method of fabricating
a field emission component for a field emission device (FED), the method comprising the

30  stepsof:

preparing a metal-carbon composite film on a suitable substrate using an appropriate

deposition technique;
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15  Typically said deposition technique is selected from the group comprising Chemical
Vapour Deposition (CVD), Plasma Enhanced (PE) CVD, Physical Vapour Deposition
(PVD), Filtered Cathodic Vacuum Arc (FCVA) Deposition, Pulsed Laser Ablation (PLA),
Ton Beam Deposition (IBD) or Magnetron Sputtering (MS). Preferably, during deposition
of said metal-carbon composite film, some metal elements are incorporated into the film.

20  Typically the metal elements are selected from the group comprising Fe, Co, Ni, Pt, Pd, Ir,
Mo, Ti, Cr, W, Ta, Al, etc. Advantageously, during deposition of said metal-carbon
composite film, the composition of the metal content in the film can be tuned to control

the field emission properties of the field emission component.

25  Preferably, when using an insulating substrate, a conductive metal layer is deposited first
before the metal-carbon composite film is deposited. However, when using a conductive

substrate, the metal-carbon composite film may be deposited directly onto the substrate.

Typically said metal-carbon composite film comprises a diamond film or a diamond-like

30  carbon (DLC) film.

According to another aspect of the present invention there is provided a field emi~sion

component for a field emission device (FED), the component comprising:
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Typically said field emission component is a cold cathode in a field emission display

15 device.

BRIEF DESCRIPTION OF DRAWINGS

In order to facilitate a better understanding of the nature of the invention, preferred

embodiments of the field emission device and method of fabricating same will now be
20  described in greater detail, by Way of example only, with reference to the accompanying

drawings, in which:

Figures 1A-D show cross-section schematics of the method of fabricating a field emitter
on an insulator substrate in éccordance with one embodiment of the present invention;

25
Figures 2A-C show cross-section schematics of the method of fabricating a field emitter

on a conductive substrate in accordance with an embodiment of the present invention;

Figures 3A-B illustrate schematically a triode-type field emission device (on insulating
30 and conductive substrates respectively) in accordance with an embodiment of the present

invention;’



-Fi gures 2A-C show cross-section schematics of the nethod of fabricating a
field emtter on a conductive substrate in accordance with ﬁgbagbérent
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carbon nano- Blagrutrei %a?%n(? rd% iﬁug%gg 9)94?1{})%56\& 53] Q&&sﬁ)w(fi@tfé@stllﬁ)fture displays. (a) A

15  star image.display on ZnO:Zn phosphor coated ITO plate (at 10 V/um); (b) Lines image
display on ITO plate (at 12 V/um).

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention utilises the extraordinary properties of metal-carbon composite
20  materials to provide a thermally stable emission area for a field emission device (FED). A
preferred embodiment of a field emission device and method of fabricating same will now

be described with reference to the accompanying drawings.

The fabrication method typically involves deposition of a metal-carbon composite film at
25  low temperature and large area, increasing the conductivity of the carbon film by adding a
metal element, and forming carbon nano-particles and a hydrogenated carbon surface by
post-treatment, such as hydrocarbon gas or hydrogen annealing or plasma treatment, to
reduce the electron emission barrier. For Fe, Co, Ni, Pt, Pd, Ir containing carbon
composite films, the thermal treatment is preferably applied between 25°C and 1200°C in
30 a hydrocarbon gas to form carbon nano-particles and/or nanotubes in the composite films,
thus enhancing the conductivity and emission spot density significantly. For a glass

substrate, post-treatment at low temperature (below 700°C) is preferred.
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emission process for diamond or DLC films, which occurs randomly and is difficult to
control. For practical application, DLC film is preferred due to its low temperature (below
200°C) deposition with large area, as compared to with diamond film which is deposited

20 atrelatively higher temperature (above 600°C) and smaller area.

In the preferred fabrication method of the invention, metal (Fe, Co, Ni, Pt, Pd, Ir, Mo, T,
Cr, W, Ta, Al, etc.) containing carbon composite films were prepared at low temperature
by using one of the above deposition methods, then post-treated by hydrocarbon gas or
25  hydrogen annealing or plasma etching to form nano-particles/tubes in the films. The
fabrication steps are shown schematically in Fig.la-d and Fig2a-c for insulating and
conductive substrates, respectively. For an insulating substrate 101, such as glass,
ceramic, a conductive metal layer 102 needs to be deposited of first using PVD/CVD
(sputtering, etc.) before deposition of the metal-carbon composite film 103 or 203 (Fig.1b
30 andc). Fora conduétive substrate 201, the metal-carbon composite film can be deposited

on the substrate directly (Fig.2b).
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of the targets is in the range of 1-50 % (atm.). For hydrogenated DLC film, MC film can
be prepared by PECVD using a metal-containing hydrocarbon precursor. The thickness of
the metal-carbon composite film is below 500 nm.
. o
The field emission properties of metal-carbon composite (MCC) films can be improved
comparing to the DLC films, as shown in Fig.4 and Fig.5, respectively. (1-DLC; 2-MCC;
3- DLC, hydrocarbon anneal; 4-MCC, hydrogen anneal; 5-MCC, hydrocarbon anneal). As
can be seen from Figure 4, the turn on emission (threshold) field progressively decreases
25  from a high of 25V/um for a normal DLC film, to a value of 5V/um for a hydrocarbon
annealed MCC film. Similarly, the emission current density progressively increases from
a low value of less than 10°A/cm? for a normal DLC film, to a high value of 10" Adem?
for a hydrocarbon annealed MCC film. Figure 5 illustrates how the emission spot density

also progressively increases from a low value of 10%cm’ for a normal DLC film to a high

30  value of 10>cm’ for a hydrocarbon annealed MCC film.

For practical application, lower threshold field, higher emission current density and

emission spot density are desired. To enhance these field emission properties, post-
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field progressimeity sisbr ansoseadiBe f promplasmaiieihbesn Asgtmets.of0 dhednsialcarhon

film to a value of .5V/pmfo hydrocarhon . an I i i, 17 ly,
the em ssi oncoéT&HQrs‘g%f‘FnaSeiﬁgin? eg‘?%'ﬂ)l{l&tg? \9&?&@%@@%@& gr\gé% Zdéﬁcﬁno%%%ﬂr}d%&o?
| ess than 10528l fafR1ds0fbeRwI 800 M Bk Gide) 10N ndn@-tabddi DI wid WB40fanlRrh A dien?
for a hydrocarbon annealed MCC film Fi gure 5 illustrates how the em ssion

spot densi t yamerpbouspeashere swatiize |(§ig ldc prsa §es29)r oilch isobenediciab tofingrggsingnthet or

a normal DLC filmto high 30 value of 1 f r Qcar aaneal ed
MCC fi | m® Fo_onﬁpgbvft?'coi fhﬁgcﬁfﬂp@a‘ﬁ gd ,S'I@l\ﬁe?rgfe{ﬁr%g%gﬁgg%@éﬂd?l ﬁ‘.‘%ﬁ@? em gssi on
current densiintal28d plaSith StdaBfer PRingd BREbE of Gydesirbéd gad alilarddanc Bydrbgse

field em ssion properties, post 8 26 May 2006 treatnments, such as annealing

or pl asma/ i ofwitbegem ngemt siphtbslow eng Aenasahesic- pIaFHER Wilbap @NeaKNE jIprRRCTAHES

needed. Duri t he t -t nt _process ca o I

nano- parti cl g%“’?‘ﬁ’e?sg@s %dﬁﬁﬁfﬁn@fr@@ pr@er@&ﬁ@&?ﬁ%ﬂe@b‘fgfﬁgﬂg%(gge[f:og‘rg? % (I):re min
the anmorphong matdesin Taibbh ilfnk] 84 Posdibib ol BrRClarboshih0tibes hetrffild alritgd
increasing the 5 conductivity of the conposite filns. The preferred
EOZ t - t r et neanealmg inihydioparben gasn Bysonteltiag fhesemppaisam of the iakad ke, G N Pt

ydr ogen or ocarbon gas dil yted,in_hydr i.Lrage :
bel ow one at @PFGEP&lg‘Sg g &L\t}\ﬁ"t Weé:ﬁrbéﬁrﬁl(é&g?e[lﬂ?legé%g g%a?%?@t%@g?'&ﬁn%Sc
and 1200C, aggly,nRé SirRkehaiabt Bespiaanedd Goadleld 260G orFmopéites, Bad theMilm Pt ,
contain carbon films, it is possible to formcarbon nanotubes in the film
during 10 annpessbsserpniaptingufase ane epodaibesiesy (SEBHItY P ey beEES-conposi ti on of
the netal (Fe, Co, Ni, Pt, Pd, Ir) content in the carbon film the carbon
nanot ube density can be controlled. In this way, the filmstructures can

be opt i nized AffRf p@eadathical, theasiifasd eMh@ribpetdyibeserndnaled behfdrbgan (C-H bonds),
which may reduce the average emission barrier and enhance the emission. The relative
amounts of metal, sp3/sp2 carbon phases in the carbon composite film would allow some
control over the work function, electrical conductivity, and electron field emission
characteristics of the composite film. The composite carbon film thus formed would be an
20 efficient electron emitter since this structure optimizes conductivity and surface work
function for electron emission. The metal and/or graphitic matrix provides a means of
transporting electrons to the carbon surface, and exits from the hydrogenated carbon
surface. Thus the threshold emission field decreases, while the emission current density
and emission spot density increases greatly, as shown in Fig.4 and Fig.5.
25
The invention will be further described with reference to the following non-limiting
examples of experimental field emission components fabricated in accordance with the

present invention.

30 Examplel
The emission current density dependence on the applied field for a FeC composite film
prepared by using this invention is shown in Fig.6. An image of the spatial emission

spots on the ITO-glass anode is inserted in the drawing. The emission area is 6 mm in




-possesses snooth surface, and good adhesion (stability) to the substrate.
15 After post-treatnent, the surface of the film my be tern‘igﬁ’ar‘,ledzl&s6
hydrogen (C-H bonds), which may reduce the average em ssion ar Y ér -and
enhance the emi ssion. The relative anounts of netal, spal/sp2 carbon phases
in the carbon conposite filmwuld allow sonme. control over the work .
function, eldengtesdilearbndieckaGfilnyshowip eiryEo9bAMISSION PreRF Ws] onhigh emission
characteristics of the ite fi e Sit o] i .
Formed woul d5EnbAebnS i BRaA 4 drysRkTe PaRS] SRRl kb3 1
opti ni zes cogeied), iy episkiciusfoacRniBr K0*AmAg tanan heifored edtrnnioand Ssjadnl
The netal and/or graphitic matrix provides a neans of transporting

el ectrons t occmisgoeapdddn surface, and exits fromthe hydrogenated carbon
surface. Thus the threshold em ssion field decreases, while the em ssion
current éensity and em ssion spot density increases greatly, as shown in
Fig.4 and FigyanpR® The invention will be further described with reference

to the following non-limting exanples of experinental field em ssion
conponent s fEignics a{adnil tb)sbevreasamptes wi dipdetiere fiid seissionfligiayssiingzocadeimpl e
1 The em ssion current densi ek e il f .

conposite fi ?‘%Wpoﬁ}t%gﬂ?’e%? %@lt{?}s{'i %Q@Eg&gg enz\lllg)ﬁtt }Sgﬁnﬁ gpélhg\%ﬂ % %hgliglpéh@s,gﬁ&c

i mage of thecsupat iTA) pRite S5 GBen S@Atis MpureKa), Wxghmspplisdofieldi o 10¥dumed i n
the drawing. The em ssion area . is 6 nmin 9 26 |va¥) 2006 di aneter. Oﬁ rly,
the FeCfo | misifomsemission ymgewithtiigh Possionspatsthas beenobtaped it syghslopoheld

t densjt n2,at .10 V, | Qw. & Ur n- PIY ield (1.Vim at
Aoy el B SOETE ah it A G R TG TR it budid @
di stribution;gf Fﬁg@ﬁd Aplic@MeSS IO YPhSTwhlvEXAcRek f Purfringtiseciined () 1 tamsh (ib)

show exanpl es o i ode-ty?e field em ssion displays using a carbon
length can be clearly seen. From this result, it is apparent that @ high-resolution field

emission display can be achieved using the invented carbon composite films as emitters.

15
Now that preferred embodiments of the field emission component for a field emission
device (FED) and method of fabricating same have been described in detail, it will be
apparent that they provide a number of significant advantages over comparable prior art
techniques, including, but not limited, to the following:
20 (a) It provides a low temperature process for fabricating cold cathode field emission
emitters;
(b) It facilitates fabrication of a relatively large surface area field emitter;
(c) High deposition rates can be achieved;
(d) It can produce a field emitter which requires only a small turn on voltage for
25 field emission to occur;
(e) Inexpensive substrates can be employed in the fabrication process;
® By changing the composition of the metal in the composite film, the field
emission properties can be tuned during device fabrication; and
(g) A stable and uniform field emission display device can be fabricated.
30

Numerous variations and modifications may suggest themselves to persons skilled in
the microelectronics fabrication arts, in addition to those already described, withont

departing from the basic inventive concepts. All such variations and modifications are



-conposite filmas emtter. A star inmage about 5 nmin size on a ZnQO Zn
phosphor coated |ITO plate can been seen in Figure 7(a), withzéapIa eﬂbged
field of 10 Wwm A 10 uniformem ssion i mgge w th hi gh em ssion sgots has
been obtained at such low field. Figure 7(b) shows a line inmge of field
em ssion array on I TO plate. The line width is 100 n% t he aqglied_field IS
12 Vim Twel teebqpiansislsrasf withir theseope [of Hasspissent 0vieriion the spgtcnoicahiches K1 dsar | y

. Fromthis resukt. it i t .that, a high: ion field
am o on_ i sqt ey aant b b AlS SRE LRGNk Ao INRRALESRL' 0ot te 11 me

as emtters. 15 Now that preferred enbodi nents of the field em ssion
conponent for a field em ssion device (FED) and nethod of fabricating sane
have been described in detail, it will be apparent that they provide a
nunber of significant advantages over conparable prior art techniques,
including, but not limted, to the following: 20 (a) It provides a | ow
tenperature process for fabricating cold cathode field em ssion emtters;
(b) It facilitates fabrication of a relatively large surface area field
emtter; (c) H gh deposition rates can be achieved; (d) It can produce a
field emtter which requires only a small turn on voltage for 25 field

em ssion to occur; (e) |Inexpensive substrates can be enployed in the
fabrication process; (f) By changing the conposition of the metal in the
conposite film the field em ssion properties can be tuned during device
fabrication; and (g) A stable and uniformfield em ssion display device can
be fabricated. 30 Nunerous variations and nodifications may suggest

t hensel ves to persons skilled in the mcroelectronics fabrication arts, in
addition to those already described, witho""t departing 'fromthe basic

i nventive concepts. Al such variations and nodifications are 10 26 My
2006




to0 be considered within the scope of the present invention, the nature of
which is to be determned fromthe foregoing description andzérgg §§8§nded
claims. 11 THE CLAI MS DEFI NI NG THE | NVENTEQN 26 May 2006 1. A 4 f
fabricating a field em ssion conponent for a field em ssion device (FED),
the nethod conprising the steps of: 5 preparing a netal-graphitic carbon
conposite fi |DhiBOTaATR ERININS UBHEINVENKIMNY an appropri ate deposition
technique; and thermally treating the nmetal -graphitic carbon conposite film
post-deposition so as to form carbon nano-particles and/or nanotubes in
the film whereby, AifeH&Pof AbfibAlng 11618 ThAsiGPIRRNARAt M afidl@ katdsionl deviar ge
surface area and 10 inproved em Ssion spot density can be fabricated. 2. A
met hod of f ab(FE®Y} thagnethdd @intgprisinggbé stapceimponent as defined in Claim1,

Some motal - of emeriebig hear Barute e AT 6 BAe s i on fo R E e
fabricating agpt@ridiciEhsdiicoionprnant as defined in daim2, wherein the

metal elements are selected fromthe group conprising Fe, Co, Ni, Pt, Pd,
lr, M, Ti, Cr, Wth3mallytreaths the metategranbificofarfaamomngsitaflna ppsteiepostiAnsssi asn

conmponent as defined in Cl ai erein.duri position of said

et al - graphi ¢ 0%?36]8?‘}1 %W&gt}cfeé afl\fylgﬁ{’aqoﬁué)es %Potﬁggg‘ﬁti on of the netal
content in the filgh&asy, BeudelnEeld @niSHsH Ethpdnbsr Witletdlatielysigigd Rurfile P&y dnides
of the field em ssion conponent. 25 5. A nmethod of fabricating a field

eni ssi on l@onpompsercdemissian spetidansityCranibafabricatgder ei n t he t hi ckness of the
net al - graphitic carbon conposite filmis less than 500nm 6. A nethod of
fabricating a field enm ssion conponent as defined in Claiml, wherein said

deposi tion teghni qyemktod &lfefabrhtingMficlliee@iseion coMdnkst agd&ned @aClaim 1,

wherein during deposition of said metal-graphitic carbon composite film, some metal

elements are incorporated into the film.

15
3. A method of fabricating a field emission component as defined in Claim 2,
wherein the metal elements are selected from the group comprising Fe, Co, Ni, Pt, Pd,

Ir, Mo, Ti, Cr, W, Ta, Al.

20 4. A method of fabricating a field emission component as defined in Claim 2,
wherein during deposition of said metal-graphitic carbon composite film, the
composition of the metal content in the film can be tuned to control the field emission

properties of the field emission component.

25 5. A method of fabricating a field emission component as defined in Claim 1,

wherein the thickness of the metal-graphitic carbon composite film is less than 500nm.

6. A method of fabricating a field emission component as defined in Claim 1,
wherein said deposition technique is selected from the group comprising Chemical

30  Vapour Deposition (CVD), Plasma Enhanced (PE) CVD, Physical Vapour Deposition
(PVD), Filtered Cathodic Vacuum Arc (FCVA) Deposition, Pulsed Laser Ablation (PLA),
Ton Beam Deposition (IBD) or Magnetron Sputtering (MS).




-30 Vapour Deposition (CVD), Plasma Enhanced (PE) CVD, Physical Vapour
Deposition (PVD), Filtered Cathodic Vacuum Arc (FCVA) Deposiifié n §Ugsed
Laser Ablation (PLA), |1lon Beam DepositioRa(lIBD) or Magnetron BISYIZ rrng
(M5). 12 26 May 2006 7. A nethod of fabricating a field em ssion conponent
as defined in Caim1, wherein said step of thermally treating the film

i nvol ves annéhl i ngAonethpdoidabricshing figld ergistipareogwenent asydefedribdhlagasl.t o

reduce the electr.on _em ssi barrier. .5 8. met hod of fabricatin ield
i 551 on compUHEHD St HEF ch QTR the QRERORs dratl Uit chig
hydr ocar bon ggasng 18/dsstRRlor @gdrdtarBoPE A6 Yéduch Heilechidn calisssiherier. and t he
anneal ing tenperature is between 25C and 1200 T. 9. A nethod of fabricating
a field em ssion conponent as defined in daim7, 10 wherein the annealing
temperatuge 1¢ Det NeaBndPDr TaBRhihe Wl dflission WM o A3 CBift 7,
field em Ssion corrponen? ds define n arm 3, erein en a gl ass
substrate is wHabiawed hydfsget beliydibcatioaaiasRisuppliedns b hegssme balbwaonetaen@mphat ur e
bel ow 700 T. 15 11. A nmethod of fabricating a field em ssion conponent as
defined in o@ﬂﬁhq@nemt@nnermsagwwgn&ﬁ%%@dﬂﬁ@ '¢Gg substrate, a
conductive netal layer is deposited first before the netal-graphitic
carbon conposite filmis deposited. 20 12. A nethod of fabricating a field
em ssi on ComnentAaﬁetﬁsﬂidfeidbﬂi@tiﬁ?%ai fitll, emiskien ejompohent assdéfthed iROORIMLT,ve
substrate, the metal -graphitic carbon conposite film nay be deposited

di r ect | y 18nt ovhasaindhgdinegling termperatire is bpgyegptddiomnd ZP8okent for a fiel d

em ssion device (FED), the conponent 25 conprising: a netal-graphitic
carbon conposite filmdeposited on a suitable substrate, said film having
been thernal | 0.t r eatraethpd sif - flegdeasing i 20 fieldoerhizsion caniponetassod¢fatedi il Erimrd)/ or

nanot ubes therein whereby, in use, said field em ssion conponent has,k a
rel atively | a\ylécgem when a’glass substrate is employed, the thermal treatment 1s performed at a

temperature below 700 °C.

15
11. A method of fabricating a field emission component as defined in Claim 1,
wherein when using an insulating substrate, a conductive metal layer is deposited first
before the metal-graphitic carbon composite film is deposited.

20 12. A method of fabricating a field emission component as defined in Claim 1,

wherein when using a conductive substrate, the metal-graphitic carbon composite film

may be deposited directly onto the substrate.

13. A field emission component for a field emission device (FED), the component
25  comprising:

a metal-graphitic carbon composite film deposited on a suitable substrate, said film
having been thermally treated post-deposition to form carbon nano-particles and/or
nanotubes therein whereby, in use, said field emission component has a relatively large
surface area and improved emission spot density.

30



-surface area and inproved em ssion spot density. 30 13 26 May 2006 14. A
field em ssion conponent as defined in Caim13, wherein saidygmay 200
nmet al -graphitic carbon conposite filmisigrovided with a hydzr oge%at eg
carbon surface as a result of said thermal treatnment. 5 15. A field
em ssi on conponent as defined in Caim13, wherein said netal -graphitic
carbon conposite filmhas sone netal elenents incorporated into the film
during deposjtion oA T 1SSl : t J: b i, m
15, wherein cHe neb AL Bisede sobfheilhs SepRq P CRANY, AS AR SR B
Co, Ni, Pt, Rgrbdnlconositelfilm & proVilled %ithAl hydiogendled tatboh surtass o8 resuipdRsidt
as defined in Caim13, wherein said field em ssion conponent is a cold
cat hode for fthempl East88¥Non applications including di splay devices, 15
pressure gensors, x-ray tubes and other vacuum m croel ectronics
appl i cations.

15. A field emission component as defined in Claim 13, wherein said metal-graphitic

carbon composite film has some metal elements incorporated into the film during

deposition.

10 16. A field emission component as defined in Claim 15, wherein the metal elements

are selected from the group comprising Fe, Co, Ni, Pt, Pd, Ir, Mo, Ti, Cr, W, Ta, Al

17. A field emission component as defined in Claim 13, wherein said field emission
component is a cold cathode for field emission applications including display devices,

15  pressure sensors, x-ray tubes and other vacuum microelectronics applications.



