Methods for producing electron emitter structures, the electron emitter structures produced, and field
emission displays and field emission backlights incorporating the electron emitter structures Field of
the invention The present invention relates to methods for producing an electron emitter structure for a
field emission display (FED), or a field emission backlight for a 10liquid crystal display (LCD), and also
to the electron emitter structures, FEDs and field emission backlights so produced. Background of the
invention 15Field emission displays (FED) are among the most promising candidates for the next
generation of displays. Field Emission Backlights for liquid crystal displays (LCD) also attract the

interest of many resaRiR OSRANG Wel UM NBESLRIRRIOR '@@{rgmﬁﬁ gofaFED, a
Spindt type 20em|tter IS s own sc ematlca yin |gure. ower por ion OT the emitter comprises a
glass substrateF EovErR 8B UERNE a2 REoPBIEARMRASIGIFDIt gate
electrode elements 4. This typesm‘:@rfmtlﬁ@ﬁidtamé ér@ai}cﬁﬁoeﬁﬂﬂér%xﬂﬁcﬂ%ér ic contact with the lower
electrode 2, as a cathode. When a large enough negative voltage is applied to the cone 5 (via 75 the
lower electrode 2) the electric field concentration at the top of the Mo cone 5 becomes high enough to
expel electronstiBlibG irstriongiienattracted across a gap to an upper portion of the FED, composed of
an upper electrode (anode) 7, which is sandwiched by a phosphor layer 6 and a second glass

substrate 8. The generation of light by the phosphor layer 6 can be controlled by 30controlling the
voltages applied® eIk BNtHode elRieRits methpdsitendiroducing an electron emitter

structure for a field emission display (FED), or a field emission backlight for a

10 liquid crystal display (LCD), and also to the electron emitter structures, FEDs
and field emission backlights so produced.

Backaround of the invention

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

displays (LCDj} also attract the interest of many researchers today.

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

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

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

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

function as a uniform field emission backlight of an LCD.



SO as to make certain areas brighter than others. If the gate elements 4 are omitted, the structure
generates uniform light, and may also for example function as a uniform field emission backlight of an
LCD. This emitter array is fabricated using vacuum-processing machinery in a photo-lithographic
process which needs many masks. The Mo cone 5 i3 deposited with the substrate tilted, and then by
rotating it. The series of process steps is very complicated and expensive, and it is difficult to make 5
exactly the same, cone shape for each of the many emitters in the array, which leads to uneven

electron emissio BroPAVEE RN GARP AL O SiRG SR G e BERF RESHII TOBRNENDTI) &lso attracts much

interest. Figure Rhshovith egsabiematiceiagrainoh el C N Ty peskd Thlemenisnkoshaving the same
meaning as those,in Fi re denoted by the same reference numerals. The only difference is that
a plurality of CNa'I8 %%F%y t&%te%d@ég Seug)c%rca?taet@g S HHe BRAE %thﬁpg%ﬁ'gg?ﬁé%’i%ﬁl‘éfr to the surface of

the substrate 1 BfRF88€ IBeRstNE Tictdropheant i éxrighiat thedapiotittie @NT sagkarbon is well
e b Rtag R0 S YOURRELY PO T PHIRPIe IR IR anghen oerer
ually hig

However, the CNT are normally grown in a vacuum and us tempera?uar{ereikg’r‘é‘fquwed to make
good quality CNTRISEHESY R BESIOR,EBIS8iRs, RivPETiesubstrate also expensive because it has to
20 withstand high temperature during the process. To solve the CNT-related problems which are

mentioned aboy, me researchers haye propgsed a binder having the consistency of a paste and
containing indep}%ﬂr(?td?é%ﬁgﬁ |s?9§8}%ﬁ"aao§%|%°|§%?ﬁé’t% WD thE! SuBSt AB AP B M&Ee of the CNT of

'
Fig. 2, and somigiefeisé Eibrs mshewsastechappeic iqyaiecbabeve ke hirdeEsurasacanrd work as

cathodes, ]lénfoﬂgoﬁt@lt}getgmmgqi%agg%i%géfﬁiﬁlﬁé%gclhg%\ée d%ﬁ\gggegggt{ﬁn emission in the array,

and also there is also high contact resistance between the electro w the*ENT paste and each
CNT. Additional§faf@fidusea@nm IORPeindifernes is that a plurality of CNTs 9 are used

as each cathode.

The CNTs are grown perpendicular to the surface of the substrate 1 and the
15 electric field concentration is high at the top of the CNTs. Carbon is well
known for its high eiectron emission property, so CNT is a suitabie material for
an electron emitter. However, the CNT are normally grown in a vacuum and
usually high temperature is required to make good quality CNTs, so the
process is expensive, and the substrate aiso expensive because it has to

20 withstand high temperature during the process.

To solve the CNT-related problems which are mentioned above, some
researchers have proposed a binder having the consistency of a paste and
containing independent CNTs. Such & binder is pasted onto the substrate in
25 place of the CNT of Fig. 2, and some of the CNTs in the paste happen to
project above the binder surface, and work as cathodes. Unfortunately, this
method makes it difficult to achieve even slectron emission in the array, and
also there is also high contact resistance between the electrode 2 below the

CNT paste and each CNT. Additionally, the independent CNTs themselves
30 are an expensive material,

Summary of the invention




30are an expensive material, Summary of the invention The present invention _aims to provide a new
and useful electron emitter structure, and FED and field emission backlights, using the structure. .In
general terms, the present invention proposes that a mask with a plurality.of 5spaced-apart openings
is formed on a surface of a substrate, and that the supstrate is then cher_nlcally etched through 'Fhe
openings, whereby portions of the substrate proximate each of the openings are rerr_loved, leaving the
surface with a plurality of spikes. Each of the spikes may function as an electron emitter. If the
substrate itself i§§RESAPIReRNGPAREISIRIN @fidiegione 080t stasits Havingm sirtatale electron

emission propestie:ariaerofslia Makial s dRRARISHAIO Lig Sl One suitable electron

emission substance is DLC. By selecting the properties of the mask’and the _etchi'ng condit_ions, t_he
15geometrical properties of the spikes can be selected. Thqs, cer_tain embodlm_ents of thg invention
make it possibléntgdoemspikesstiueiresenhiorshayn prapisaliichheighlkatioplseifgpig chemical

etching naturall 5 1o farm a structure having a pitch/height ratio of substan.tially 2, which has bgen
shown eIse%vhe% %géi)ose%%aeﬁaﬁq%gnquéﬁémé%f:é} %t?ﬁ'&?ﬁ?g %fﬁﬁHB?FF%Fe BBt less expensive

methods than teg8eteigdetied whetaipaltr et eidcosseghabevepanidysitvautdbe peeddersENT. 25 The
substrate is prefigsadly SRMPOREGHALR caRAystng H}?’éﬁf@s and P‘icihg{ﬁ:fga\,?% Qf 2luminium (Al). A

preferred mechanism for forming the masks is by a process in' w '
surface with a plurality of spikes. Each of the spikes may function as an
electron emitter. If the substrate itself is not composed of an electron emission
10 substance having suitable electron emission properties, a layer of such a

material is deposited onto the structure. One suitable electron emission
substance is DLC.

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

15 geometrical properties of the spikes can be selected. Thus, certain
embodiments of the invention make it possible to form spike structures which
have an optimal pitch/height ratio. isotropic chemical etching naturally tends to
form a structure having a pitch/height ratio of substantially 2, which has been
shown elsewhare 1o be ideal.

The electron emitter structure is furthermore obtained by less expensive

methods than those suggested in the prior art discussed above, and without
the need for CNT.

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

A preferred mechanism for forming the masks is by & process in which a first
layer is formed onto the substrate, and then etched to form openings. The

30 mask material is then deposited into the openings, and the first layer is
removed,

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

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



layer is formed onto the substrate, and then etched to form openings. The 30mask material is then
deposited into the openings, and the first layer is removed. The process used to form the first layer
may be anodization of aluminum oxide (AAO), in which the Al substrate is used as the anode in an 4
electrochemical reaction. This forms a layer of Aluminium oxide having pores, and the pores are then
etched to enlarge them into openings where the substrate is exposed. In other words, the openings
are formed by a process of "self-assembly”. 5 Thus, the entire operation of forming the electron emitter
structure from & %H%ﬂ@%é‘?@fﬁﬂ?-mmﬁéé it ohélussrotexpedsinevimggesses like photo

lithography. 10 diketinyeetignananbe exmeasesem igamsaha-mesher; %fsl%ﬁg%ciﬂg the electron
emitter structure ortae% the structug T‘L?E:oduced, or as devices incorporating the structure. Brief

g G AT R Tb SR SR HE FRRRNRT VI B s fbeebfsr the sake of

description of tie %Igra{
example only wisklfefesendsyto the following drawings, in which: FIG. 1 is a schematic diagram of the
known Spindt type FED. FIG. 2 is a schematic diagram of the known CNT type FED 20FIG. 3, which is
composed of Figs. 3(a) to 3(h), shows, using cross-sectional views, the steps of a process which is an
embodiment of therésepit i aRgsalies fiferspicetserstantesnomraneksubsiratiedmsing AAO.

substrate is preferably conducted without the use of expensive processes like

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

incorporating the structure.

Brief description of the drawinas

15
An embodiment of the invention will now be described for the sake of example
only with reference to the following drawings, in which:
FIG. 1 is a schematic diagram of the known Spindt typs FED.
FIG. 2 is a schematic diagram of the known CNT type FED
20 FIG. 3, which is composed of Figs. 3(a) to 3(h), shows, using cross-sectional

views, the steps of a process which is an embodiment of the present invention
to form spike structures on an Al substrate using AAQ.

¥

FIG. 4 shows schematically the anodization setup used in the embodiment of
Fig. 3.
25  FIG. 5 shows schematically the filtered-cathodic-vacuum-arc (FCVA)

deposition system used in the embodiment of Fig. 3.

Detailed description of the embodiment

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

anodized aiuminum oxide (AAD) is formed on one major surface of the Al



FIG. 4 shows schematically the anodization setup used in the embodiment of Fig. 3. 25 FIG. 5 shows
schematically the filtered-cathodic-vacuum-arc (FCVA) deposition system used in the embodiment of
Fig. 3. Detailed description of the embodiment 30Referring firstly to Fig. 3(a), the starting point of a
method which is an embodiment of the present invention is a laminar substrate 10 composed of Al.
The thickness of the Al substrate is 0.4mm (so that the substrate is an Al foil) and the purity of Al is
99.999%. As shown in Figure 3(b), a layer 11 of anodized aluminum oxide (AAQO) is formed on one
major surface oFH#@tﬁ@t%%E)ﬁifa?é‘ #195yzatemsiipativiestep plofoveedibyrpage Trideningethe thickness

of AAO layer is prefanlyless frariaBly The AAR fayer s M@‘f&é‘ﬂ% {5

r}\%@\lﬂﬂp'hdes 12
which are perpendicular to the surface of the substrate 10. Figure ows schematically the setup

used to performMREaRBaHBRIENER Ahiell 2Ccisemspotitadayatise ppoi et roictiwse: dSswitl one of its
two faces exposgy to an acidic solution 15 within a bath 14. 0.4M H3PO4 is used as the acidic solution
15. The bath also contains a Pt wire 16, and an electric 10process is carried out in which the Al foil 10
functions as an anode and a Pt wire 16 as the cathode. A magnetic stirrer 17 is driven by a magnetic

driver 18. A DC Waltege shappliechbetuteainthesRianite ke and saedhiaild Onfofi£xpmple 100V, and a
layer of AAQ is fermed 8@#8 %ﬁ??et&%e %O.UThe AA%O thickness is controlled by the anodization time,
which may be 2mins. 15 After the anodization the poreifidenity RoeSddissivsracrsed. In this process
the surface of tHERQsbitrareatdlhaanhdidne AAOthay er imsonked i1ABAY HIREO4 sRlutien for

70mins. This pragess SSHAIGeS AneRomEH DB SHERLNA G PIes,Rgcome through holes 12. The

resulting ttfickness of the AAO ' _
O process is carried out in which the Al foil 10 functions as an anode and a Pt

wire 16 as the cathode. A magnstic stirrer 17 is driven by a magnetic driver 18.
A DC voltage is applied between the Pt wire 16 and the Al foil 10, for example
100V, and a layer of AAO is formed on the substrate 10. The AAOQ thickness

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

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

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

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

that the pores become through holes 12. The resuliing thickness of the AAQ
20 eiements 11 (in the vertical direction of Fig. 3{b)} is about 1 um, the pore

diameter is about 200nm and the pore pitch (i.e. periodicity of the pores) is

about 250nm, such that the width of the elements 1 1 is about 50nm.

As shown in Figure 3(c), Ti layers 20 are then deposited in the respactive
25 pores by sputtering. Their thickness is about 300nm.

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

30 As shown in Figure 3(g), the Al substrate 10 is stched using 10wt% H3PO4

solution. In this process, the Ti tayers 20 work as a mask and the etching
proceeds isotropically as shown in this figure.



20elements 11 (in the vertical direction of Fig. 3(b)) is about 1 m, the pore diamgter is about 200nm
and the pore pitch (i.e. periodicity of the pores) is about 250nm, such that the width of the_ elements 11
is about 50nm.  As shown in Figure 3(c), Ti layers 20 are then deposited in the respectlve 25pores
by sputtering. Their thickness is about 300nm. As shgwn in_ Figure 3(d), the AAO 11 is the_n removed
completely using 10wt/0 H3PO4 solution. 30As shown in Figure 3(e), the Al substrate 10 is _etched
using IOwt% H3PO4 solution. In this process, the Ti layers 20 v_vork as a mask and the etching
proceeds isotrofie&RPWE ghbigHrmdtis tgupe rtsohsshalhsuistrige rt03Bictheeariseidhe Al substrate

10 below the Ti soasks2R:@" i furbshaYishindF ventialy, 3 shipundn, Figure 3(0), the parts
b [fi1e rha

of the Al substrate 10 below the Ti masks 20 become too thin to suppor SR , and finally

the Ti masks 20°2/8%Ep AT AR Raliovoitad praset Bfheassirestanditineteigiptoof the Bpikes

(pitch/height) beaastescabant Arsipanserofihedsotionic siphing.d Mis dsinifisaptherayse it has
been report;d in the A Phy 111-114 (2006), by Kim et al, entitled "Numerical study

er l, A B3, 11 :
on the field emi&?oﬁ%%g%gmg%%P eel?/%r%e%ﬁgberﬁg ﬁaﬁB‘mgg‘%TﬁQ?ﬁ@m?ﬁﬁ@?iéla enhancement
scheme", that wireFatse plbiehettiopkOsstitra. GNFE is aigngl‘canﬂ‘@ﬁm)@@lﬂw@?%gé@tﬁé degsr:;t)é r|]sd e
btained if the t Q[qgep is.yery sha s shown.in Eigur : / -
garzlgr?) 2I1 is dé?@ggﬁ%?({)ﬁn the iﬁ)\éju%(s rét’?l ) b§%%é ﬂ?tgréi&égﬁéggc-%%%ﬂﬁz C?Eéﬂ?ﬂ)_method.
15DLC formed b@WﬁﬁéWfﬁﬁt@@ﬁbﬁ”@mr@f@mﬁmpm;mm@salnbmhmmmbod|ments,

other low work fumeionsmataBigHeil et eBHY BAURTIRI MRV RE AFROSHGHDRIgAd of DLC.

10 ratio of CNT is about 2, the maximum current density is obtained if the top of

the spike is very sharp.

As shown in Figure 3(h), a fayer of DLC (diamond-like carbon) 21 is deposited
on the Al substrate 10 by the filiered-cathodic-vacuum-arc {(FCVA) method.

15 DLC formed by FCVA is known for its high eiectron emission properiies. in
other embodiments, other fow work function materials or low sleciron affinity

materials may be deposited instead of DLC.

The FCVA deposition system is shown in Figure 5, where a carbon plasma 22

26 is produced through high current arcing 24 of a graphite cathode 23 in high
vacuum conditions. A magnetic field produced by electromagnets 25 is
created to steer the carbon plasma in a curved path towards the surface of the
substrate 10, eliminating undesired macro-particles in order to produce a
purer and denser film structure. Further electromagnets 26 periorm a focusing

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

30 carbon ions can be controlled.

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

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



The FCVA deposition system is shown in Figure 5, where a carbon plasma 22 20is produced through
high current arcing 24 of a graphite cathode 23 in high vacuum conditions. A magnetic field produced
by electromagnets 25 is created to steer the carbon plasma in a curved path towards the surface of
the substrate 10, eliminating undesired macro-particlgs in order to produce a purer and denser film
structure. Further electromagnets 26 perform a focusing 25function. The ion energy is controlled by
the bias voltage, applied by a voltage generator 27, which is applied to a metal substrate holder (not
shown) which hdiths artiegh fimst oL Byapstiatizirgs theiyoltggrdiias-durictg 4be dapssition process, the
film hardness, thesiinBrsiess apdihmsiengih @hadhesion can be controlled (as disclosed in US
6,031,239). Also the bonding structure of 30carbon ions can be controlled. 7 are omitted, the structure
operates as a light-generator, such as a uniform field emission backlight for an LCD. Note, however

that nowadays miany, reseevehesaareiing insegmertiienhaskliohiinte @@g{;ﬁ{ﬁﬁ{ﬁ% and to control

the brightne§s oge%p are de endin%g?on a shown picture in order fo increaseé the contrast of the

138 TBRSUAISIRSHT R FerEIRN SR R Spsfeatsan which the

shown picture and decredss 3”50%\5
embodiment is etapRiyBidoasaalsiciigpicthe: hackight oayalsechrd eauirad:ter Be.caniiglled area by
area. 10 Althouggi%%%ﬁg}n&%@g&oﬂ@g&kg; Ercl)% éﬁ‘é‘%‘{,‘ﬁgﬁ, t]%s been described, many variations are

possible as will be clear to a skilled reader. =relore even in systems:in
which the embodiment is employed as a backiight, the backlight may also be

required to be controlled area by area.
16

Although oniy a singie embodiment of the invention has baen described, many
variations are possible as will be clear to a skilled reader.

15

20



15 20 8MCSLLP Claims 1.A method of forming an electron emitter structure, the method comprising:
(a) forming on a surface of a substrate a mask with a plurality of spaced- 5apart openings; (b)
chemically etching the surface of substrate through the openings in the mask, until the surface of the
substrate develops a structure with a plurality of spaced-apart spikes; wherein step (a) is performed by
a process in which: 10(i) a first layer is formed onto tite substrate, and then etched to b%enings,
(i) mask materjal is deposited into the openings, and (iii) the first layer is removed. 152.A method
according to further comprising a step (c) of depositing an electron emitter layer onto the
surface of the substrate. 3.A method according to claim 1 or claim 2 in which the spikes are formed

1. A method of forming an electron emitter structure, the method comprising:

(a) forming on a surface of a substrate a mask with a plurality of spaced-

5 apart openings;

{b) chemically etching the surface of substrate through the openings in
the mask, until the surface of the substrate develops a structure with a plurality
of spaced-apart spikes;

wherein step (a) is performed by a process in which:

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

(iiy mask material is deposited into the openings, and

(iii) the first layer is removed.

15 2. A method according to claim 1 further comprising a step (c) of depositing

an electron emitter layer onto the surface of the substrate.

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

having a pitch/height ratio of substantially 2.

20
4, A method according to any preceding claim in which the substrate is
aluminium.
5. A method according to any preceding claim in which the first layer is

25  formed by using the Al substrate as the anode in an electrochemical reaction,
thereby forming the first layer as an AAO layer having pores, and the pores are

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

6. A method according to any of claims 2 — 5, in which the electron emitter

30 layeris diamond-like carbon (DL.C).



having a pitch/height ratio of substantially 2. 20 4. A method according to any preceding claim in
which the substrate is aluminium. 5. A method according to any preceding claim in which the first
layer is 25formed by using the Al substrate as the anode in an electrochemical reaction, thereby
forming the first layer as an AAO layer having pores, and the pores are then etched to é’i hem
into openings where the substrate is exposed. 6. A Method according to any of claims 2 - 5, in which
the electron emitter 30layer is diamond-like carbon (DLC). MCSLLID 9 7. A field emission display
comprising arf electr%ﬁc'%)(ﬁ*iﬁ@?‘%ﬁ‘eetgm‘%ﬂWM'%@W@‘W%%VW@JW@%im. 8. A
field emissionphasckligtidaraand@Rderiay GratisY @aiglectron Semitter structure formed by a
method according to any preceding claim. An LCD display comprising a field emission backlight
according to claim

8. A field emission backlight for an LCD display comprising an electron

5 emitter structure formed by a method according to any preceding claim.

9. An LCD display comprising a field emission backlight according to claim



