0 5.JUL 2005 1 _ DESCRI PTION KNOCKI NG TREATMENT METHOD | N FLAT- FYpeUL 2005
DI SPLAY DEVI CE AND KNOCKI NG TREATMENT METHOD | N SUBSTRATE FOR A FLAT- TYPE
DI SPLAY DEVI CE 5 TECHNI CAL FI ELD The present invention relates to a
knocking treatnent method in a flat-type display device and a knocking
treatment nethod in a substrate for a flat-type 10 display device.
BACKGROUND ART Fl at-type (flat panel) di3ptay devices are studied in
various ways as an i nage displ ay demgg@RipEI?§5tr$plachng ? cu&rently Cor
mai n- st ream CRT) . As suc at-type displa evi ces,
exanpl e, the@%é%ﬁzﬁz@ ﬁ%o%i%lbﬂéﬁ%ﬁéﬁ#%méﬂe dCE#ni nescence
di spl ay (ELDANINGKNOGHINSTARIASMENT MERBHOD TRUISUBSTRATHEFOR 3 #ra@.-proposed
a cold cathoq%ﬁ%)ﬂfgﬁﬁqukﬁgdﬂydisplay capable of emtting el ectrons

froma solid to a vacuum space W thout relaying on thernal excitation, a
so-cal led¥ield enmission display (FED). The cold cathode field enission

display is atgdmaldaig satstrgntion fromthe viewpoint of a bright 25 screen
and | ow powertonsunption. Fi 7 shows a typical constitution exanple of

g. 1 Lyp ;
‘the col d cathode fiel dTBfi PEPERG dPVERLLPE Belagaet Fres kperkingd to as
"di splay" hermiezadtesit) methddiig. a8 fIkAWEyrR SGRYTRL CeiRleodad Rerspective

' . d l, .10 d | 20.__1n the
G <pl oy, "t ndoshil, Heater AR R, Win sle ien 20 Lo 2aFAARgEDeso as

to face déchdisdmay slevieended to each other in circunferential regions
through a frame (not shown) to constitute a vacuum space of a cl osed space

between 35 these two panels 10 and 20. The cat hode panel 10 has a
plurality ofﬁéﬁﬁﬁﬁgﬁﬂﬁﬁﬂﬁﬁield eni ssi on devices (to be sonetimes
abbreviated as "field emagst9pede¥iae” pAne1JUbidBP8y devices are '
studied in various ways as an image display device for
- 15 replacing a currently main-stream cathode ray tube (CRT).

As such flat-type display devices, for example, there
are a liquid crystal display (LCD), an
electroluminescence display (ELD) and a plasma display
(PDP). Further, there is also pfoposed a cold cathode

20 - field emission display capable of emitting electrons
from a solid to a vacuum space without relaying on
thermal excitation, a so-called field emission display
(FED). The cold cathode field emission display is
attracting attention from the viewpoint of a bright

25 screen and low power consumption.

Fig. 7 shows a typical constitution example of
the cold cathode field emission display (to be sometimes
referred to as "display” heréinafter), and Fig. 8 shows
a schematic exploded perspective view of part of a

30 cathode panel 10 -and an anode panel 20. In the display,
the cathode panel 10 and the anode panel 20 are arranged
80 as to face each other, and bonded to each other in ‘
circumferential regions through a frame (not shown) to
constitute a vacuum space of a closed space between

35 these two panels 10 and 20. The cathode panel 10 has a

plurality of cold cathode field emission devices (to be
sometimes abbreviated as "field emission device”




- 2, hereinafter). As an exanple of the field enission device, FR& JUL 2005
shows a so-called Spindt-type field enission device having an el ectron
emtting portion 16 constituted of a conical electron em ssion el ectrode
16A. 5 The Spindt-type field em ssion device conprises a stripe-shaped

cat hode el ectrode 12 fornmed on a first support nenber 11, an insulating

| ayer 13, a stri pe- shaped gate el ectrede 44 formed on the insulating |ayer

13, and a conj 4)on aul S§i 8 #ggt 59d§ﬁég§\ﬁé?ﬁ”3&§9 6{’]i an openi ng

portion 15 ma tlhroug the ate e rode - e~ Ineur ng | ayer 13.
General |y, nﬁiﬁ?’l@e@t%n TerilsoR éﬁloeﬂarld@éis SpdAdar-ypeofiigédd so as to

correspond t Qs oRAlcd MSinR? did d1ecessl Lhndcihdf Borhorchl Vel y

negative volta (scanning signal) 15 is applied to the electron enission
el ectrodes 16R srtdﬁlu‘if‘% f&ERIERY sdeFron sPission telﬁgttrﬁﬂﬁuéﬁpﬁt he
cat hode eIEectTtmiESgﬂﬁxdm-l‘l@];ﬂe rfcil et \@h)Ssﬁ.@ﬁul idewd ceolcbage i ses aeo signal) is

applied to t te Q 4. fr electrade_dr.i i, circuit 26.
El ectrons arrehqu' sﬁa} rcga?ﬁ dee tel Cﬁe Gi@l é‘_@% S ?s% 5I ectrode

: 1_6A on the ba8ippagft aneqltmirn ulrh mnelnseﬂfae‘omgddper@m Ag ., apsrttré.peel ectric
field caused dpaddie gatld @l%ctan%é Cl%t' ed @ fthel dn8ThSE 91% i%;:%%e I's not

limted to the above Spindt-type em ssion devi ce an
cases, is sellebt &4 pRaHiEad @rﬁ%‘éﬁ?ﬁl Faisedonorelegirregs 1@%@93@9% as

so-cal | edLedgiar tatpe:pefrilartg R in 190 R ftexrrohsgme thkaelgdt@rneiéb%oa@v' ces.
The anode pa;lzéG %r%rl se pI ur.al Lﬁﬁy %X ghosg 59 l'ayers 22 (phosphor

| ayers 22R %) oot omlgn Vet i 3¢ ?g Y s Hep®Y on a second
support - nent;éreczcjrqmdﬂmca‘szgimseslmtctqm |liclkke are: Iphravi dedt siox a23tof i | | ed
betvveenthepggﬁ]pg% l.ﬁ;g% | ect rad red entirelby
on the phosphor |ayers )thgf%ar?rf"zdpt Iﬁﬁc%% (} 2% %‘%’ B% %géé ?L\Q/)eESoI t age

hi gher than 353%e%ro| Pagelesivelypprpagive Vﬁétga{fe(écé@m@%smna%) appl i ed
to the ange &l egiglodel 2% fHENARANIE enflls®GNOEa edhirsied AlshCY¥irbm27, and

the anode el _eac tcra(%: eocgeA'—eQLSe‘]c L]:%%QeS driving circuit 25 through the
cathode electrode 12, and a relatively positive voltage
(video signal) is applied to the gate electrode 14 from
a gate-electrode driving circuit 26. Electrons are

20 emitted from the tip of the electron emission electrode
16A on the basis of a quantum tunnel effect depending
upon an electric field caused by the voltage
applications. The field emission device is not limited
to the above Spindt-type field emission device and, in

25 some cases, is selected from field emission devices of
various types such as so-called edge-type, flat-type or
some other type field emission devices.

The anode panel 20 comprises a plurality of
phosphor layers 22 (phosphor layers 22R, 22G, 22B)

30 formed in a matrix or stripe shape on a second support
member 21 made of glass and the like, a black matrix 23
filled between the phosphor layers 22, and an anode
electrode 24 formed entirely on the phosphor layers 22
and the black matrix 23. A positive voltage higher than

35 a voltage to be applied to the gate electrode 14 is
applied to the anode electrode 24 from an anode-—
electrode driving circuit 27, and the anode electrode 24




- - 3 works to guide electrons enmitted into the vacuum space frond 6h&/L 2005
~electron em ssion el ectrodes 16A to the phosphor layers 22. Further, the
anode el ectrode 24 protects the phosphor particles constituting the 5
phosphor | ayers 22 fromsputtering with particles such as ions. Further,
it also works to reflect light, which is enmitted fromthe phosphor |ayers
22 by electron excitation, towards the 3econd support nenber 21 to

o Line WP 2858 9hedodbaR-ANS S BRERRN| THEE LhAMVIOuER GHLSLIC of the

second support mnmenbe ectrode f orme rexanpl e,
of an al um né#Pmhithe eilegtroanemassjont rdectrpdge dbdcteotbel2 and the

gate el ectrogfokpnaie1hoeradabn tRertRER) ofhd Slddde1doAoud 24 directions
i n which pro%Fctlon i mages. of these el ectrodes 12 and.14 cross each ot her

at right angPESFechfdtaBpPhrsPPPYy BRTEiELESeRPEEF&RUBEVTICcER®are provi ded
in an ovesl aphbeghorr dhyele pPrOffeol sputkegeagolithepaeteetepdescA? and 14

the overlap_region c 8 onds. Q.a.r on_of e pixel.in .
gnnochronatPc ngpFayQ§ %ﬁe h%p?ﬁ%? %ﬁ§%%w%ﬁegﬁéikaél l%QESfﬁ#iﬁ%ng one
pixel in a dslemidicegl fypm Ebet boospbochleyersap2r byi ehectiren arranged in
the Tormof @l BRNSkeNAragR LhEX sbB?ﬁH sBHESEL! Henbbe 91(tbe d 1 hal

wor ks as an actual display 25 screen) ode panel 10. One pixel is
constituted éWP§H€egFB@pb§ﬂqpt8F§Seﬁ¢s§|éﬁSBéQYcé§r98ﬁthQE§dlﬁrﬁﬁe overl ap

regi on ofiot hanc a»hht@daee bECH:h@d%ecbﬁdaﬂdpbetgﬁbﬁbékter odehd darbdd he
22_that faces.the of these

cat hode panel t he phos or o]
30 field em §F |8% Igde 2&sl§n orge EYEHBHBlsanBF gpqalumip ,théPfectlve
field, such @itsl.s are arranged |n the order of hundreds thousands to

several mllions. The géﬁ%gggl gagﬁgagge %QHPQE% g% QH&hthé'eld

em ssi on .devi ces forne ereo € ano are conbi ned,
whereby a di Spit&y SIREHFORR ﬁﬁg@re ?°§WGd81@aﬁhBef@§maPﬁeé SSEéEEflcally an

appr oxi matel yach AW Qigleckhiame (ROWhskavwproHBeeish ¢RRGEECOEr tgkass is 0 5
JUL 2005 ~electrodes 12 and 14 cross each other at right angles,
and a plurality of field emission devices are provided
in an overlap region of the projection images of the
electrodes 12 and 14 (the overlap region corresponds to
20 a region of one pixel in a monochromatic display or one
subpixel of three subpixels constituting one pixel in a
color display). Further, such overlap regions are
arranged in the form of a two-dimensional matrix in an
effective field (field that works as an actual display
25 screen) of the cathode panel 10. One pixel is
constituted of one group of field emission devices
arranged in the overlap region of the cathode electrode
12 and the gate electrode 14 on the cathode panel side
and the phosphor layer 22 that faces the group of these
30 field emission devices and is on the anode panel side.
In the effective field, such pixels are arranged in the
order of hundreds thousands to several millions.
The cathode panel 10 having a number of such
field emission devices formed thereon and the anode
35 panel 20 are combined, whereby a display shown in Figs.
7 and 8 can be obtained. Specifically, an approximately
1 mm high frame (not shown) made of ceramic or glass is




4  prepared. The frane, the cathode panel 10 and the anode panel 528Vlag05
attached and bonded with a frit glass, and the frit glass is dried,
fol l owed by cal cining at approxi mately 450 C for 10 to 30 m nutes. Then,
the'5 inside of the display is vacuunmed to a vacuum degree of
approximately 10_4 Pa, followed by sealing by a proper nethod.
Alternatively, the frane, the cathode pasnet 10 and the anode panel 20 can

be attached d i.n.a I gh- u t nosphere. - Alternativel when
the 10 strucﬁt}%ﬁ%&qﬁhehﬁfesgé@gpe%ﬁgt ég];ﬁﬁggcg?ﬂggelﬁl aag ari%d%nd t he
anode panel 2Z8nsdn Ak ana sdtedhed anohdeaded Widht aafyiftr ghessThendat hode
panel 10 and panel; ; e f I+ 0.1 to 1l mm
bet ween themﬁHA{'ﬁ %qﬂ%glh volltsggierl?vﬁr fg’%g%gilegi, bgp%r\?)c%ilgﬁggjplgited to the
anode el ect r ARPTARIFAYHY HrdteCpanEl 190to| A0sméRubed: spthen, theli schar ge

- sonet i mes e deetoraihd e Aty alse elacRfithedl 40P0Vad@dn BegReeccatrhode

- panel 10 and the anode el ectrode 24 ovided in the anode panel 20, and in
some 20 cases"’qul"r?é(ﬂ‘l?gﬁltyy%g]f Ri-Y dﬁ%ﬁ%‘fﬁé‘g%%ﬁ@e&ﬁ FYrdhtd YPTIRFFai red and

the lifetine mftidie dhdpeapativddy,ethedfrafiee thehaatsodefpansthaoge

occurrence | rbgquethvé‘%e %Ce%,f 1% %:[%hg d att%a%%e%s .f;tfn(&I lb%\ﬂgl'edlzl'hs'é’

em ssi on of [ ectrons or ions from el ectron em'ssion electfrode 25 16A
under an i nt i -gfaqiym @tmasphens .ggdiseandrivaiygevhernthgy i s suppli ed

to the anade @iﬁﬁﬂ&d@cas4tﬁfé)raitémaf}a?f&ﬂﬁ%lsectth@d%a%b\a@m%rt%hb 27 10
| ocal | 'y mcrc;lglse {2‘— t:agi)e ature o he anode el ectrode 24, an .occl usion

gas inside t PPl L0 ha b Gttachedars: Pendetsel f

const it uti ng wittharodmyelfadmende 24 evaporates, and the small-scale

di scharge grows to a rge: I i arge _(f.or. ex l.e, k.di scharge).
For suppressing a di sc@regga%&%\%ge a?‘%?)‘ %go {éld ngc?Irqggg E%R%dzﬁhe gate
el ectrode 14have j& g «ht iappragmatedyppr-ds$a He manwbsgiweenotthemectAons or

i ons thaty=mreidip JJ1GaRy (e d:srpalges W) 64 tagpd i@ @fet @neoat r ol
particles very, strlcély. urther, i ortantl)é, --------- - =
: lectrode 24 of the anode panel 20. In such a display,

a discharge sometimes occurs between the gate electrode
14 provided in the cathode panel 10 and the anode
electrode 24 provided in the anode panel 20, and in some
20 cases, the quality of the displayed image is greatly
impaired and the lifetime of the display is decreased.
The mechanism of discharge occurrence in the vacuum
space is assumed to be as follows. First, emission of
electrons or ions from the electron emission electrode
25 16A under an intense electric field triggers a discharge,
energy is supplied to the anode electrode 24 from the
anode-electrode driving circuit 27 to locally increase
the temperature of the anode electrode 24, an occlusion
gas inside the anode electrode 24 is emitted or a
30 material itself constituting the anode electrode 24
evaporates, and the smali-scale dischargé grows to a
large-scale discharge (for example, spark discharge).
For suppressing a discharge between the anode
electrode 24 and the gate electrode 14, it is effective
35 to suppress the emission of electrons or ions that are
to trigger the discharge, while it is required to
control particles very strictly. Further, importantly,




05J UL 2005 5 the anode electrode, the gate el ectrode, the cgghadesgys
el ectrode, etc., have no projection that constitutes a start point- of a

di scharge. However, it involves large technical difficulties to carry out
t he above particle 5 control in the production process of the display or to
control the production process of the display so as to nake those various
electrodes free of the projections. In acathode ray tube, when a sharp

projection is present in grid electrodes, etc. constltutlnﬁ an 10
el ectron | en§heaangeRorABCTEPSENathE GaE8r SLPALTAES, obBRAFRERACER ¢ he

 cathode ray teuketrbae pétweothagetha pabgeetabnotnat dofshatgeesaaknocki ng
treatnment is__carried n t.he producti Drocess of th&{cat ode ray

tube. In theSERSEKPRY rggtﬁeﬁﬁsc Eg§Cha$%% YE* cabs et 43 TH€in a
portion that teshhiabllediififéaudcias dbschargepusutheaabolar paptogteti on

portions, set uneQhy &Betg@'grsﬁﬁe 8ﬂ6§go%%%s’ Eotﬁgsﬁlﬁg ?GHPV t he

projection portions, best resent Enomﬁedge
there i s no €QB&ETMAetheaPEPERCHAOD PTOSEER Q§ the dphspéaKnsekRRgter eat ment

in the pr OdUﬁIak@nthafseava%tlm@ee&@)étwa@sl %réépb!feﬂhbo Fbgeptodfstion of a
cold cathode field em ssion cat hodes a uni form

o vatar oot o ol eon GRtRBEa) Hagabibae THan (B35 eRs T asoat ot ay
Japanese Patdmtpmese&&94ﬁ5@rddseﬂe&ezodbhe bechmlquasﬁﬁtapmhglag a

 predeter gned yoliage LAt iy G3Rges W2 EAUSGe! LELA,EVaROLALI on from the

tips. However € a ove'Japanese oes no r~to any knocking
t r eat ment te@@#ﬁ@@eon3@flﬁhﬁscﬁﬁ@pdﬁoﬁéyaﬁub§|edTobfPI¢N?¢¢E%@nthelnventlon

to provide aa@%&@p%ﬂ%%rﬁ%ﬁﬁ%&%@ﬂd&g@e”%Vkﬂ%ck&h@l%EEbQﬁénEhiE are to
constitute discharge start ints from various el ectrodes constltutlng a

flat-type - dicSpfaf SWtcdn PIPSHEFéPPoRIBFe?ﬁeoﬁlEpet96§ §§edF§¥Iay
devi ce or dumjupg.t henpthdurhooring theatheaht] ypediskclspray teviaesédef ore

assenbly:ﬁg HQFO%E%&?E%p% %B%%E%% t%%%ig%)liable to cause a
discharge, such as sharp projection portions, etc., of
the grid electrodes, etc., to fuse and remove the
projection portions, etc. To the best of the present
inventor’s knowledge, there is no case where a treatment

20 such as the above knockiﬁg treatment in the production
of a cathode ray tube is applied to the production of a
cold cathode field emission display.

For making tips of cathodes a uniform
curvature after completion of a cold cathode field

25 emission display, Japanese Patent No. 3094459 discloses
the technique of applyihg a predetermined voltage to the
cathodes to cause field evaporation from the tips.
However, the above Japanese Patent does not refer to any
knocking treatment technique.

30 .It is therefore an objécf of the present
invention to provide a method of effectively removing
projections that are to constitute discharge start -
points from various electrodes constituting a flat-type
display device, after completion of the flat;type

35 display device or during the production of the flat-type
display device (before assembly of the flat-type display
device).



05JUL2Ws 6 DI SCLOSURE OF THE | NVENTI ON The knocki ng treatnent ngghdd pggs
'a flat-type display device according to a first aspect of the 5 present
“invention (sonetines referred to as "knocking treatnent nethod according
to a first aspect of the present invention" hereinafter) for achieving the
above object relates to a knocking treatnent nethod in a flat- type

di spl ay device after assenbling, and thes knocking 10 treatnent nethod in a
flat-type display device in which a first substrate provided with a first
el ectrode and a second substrate provided with a second el ectrode are

di sposed w t DISCIOSURM SPFaTHE ONTERTIEH bet ween the F first and second
substrates and the f|r§hesHQ8%%§£§ ?Pg %geﬁp mé@ﬁg Eugs£i§£e ar e bonded
to each other in their circumerenttar porti ons, conprlses

st epwi se- appldiisipd ay d@@ﬂ?&g@CVQrﬁéngh§Ofar§ur§tea5pedé ffghbe than a

vol tage appheddnt Reepeiend (Sbaelines EQféEEB&et@ REOKRALERAngPT €sent in
the first electrode by field evaporation. 20 T el d evaporation refers

to a phenoneﬁ&ﬁatpﬁ§F %ﬁ@ﬁ°§t§ﬁ§°Fﬁl§QSGPfécglEFtaaEPBFEcPﬁoﬁhPorm

pﬁSltlve IOD@r@@$ﬁma?@w%gtlwhenhéﬂeiﬂéﬁﬂéﬁ)pﬂ@rtaaﬁievih@fmﬁbléb@@@|iEd to
the projectign.. The fi.e evapo n_takes ce sinpce.atons i

| surfgcejare E%Jﬁgﬁifg&agﬁg %P %@ng|36?? EePgeP89ﬁ8dfF9 ?anag vacuum
space. The erdypdi dgsiplafy deapwesaf&pmlﬁssgmbéhnggeanﬁ thackundeking

enbodi nenRty of RIneinRg V k€ £ vlRC | t a0 in a
stalrcasgkba§¥%¥h an n%&@% %BO%I#ER% o?bg Eﬁ§§i99 PGl&g %? &R¥%%

increasing tHe l@@Wt&&@SVfa§GCErPN&§e§hUlFBIﬁaéér$t ﬁ%ﬁ@gﬁﬁéﬁsﬁpd a
i ncreases. |&éd6ﬁld<%@6é*tliﬁtbr @%bmabdrre;tﬂ&ﬁdaaﬁé@bﬂunglé@trba@ hkest aspect

of the prese |nve i qn, there can be onstityution in which
t he knocki ng ﬁ@nﬁlﬁEtﬁoHaEEEH%EPﬁﬁet&n§%EPP¥?8tEE§H88P %ﬁ ©t he present
I nvention isﬁaaE¢|@@d06Ecand cobpltebeds thdnthehéirstssubsbrate 3045

15 the second substrate are bonded to each other in their

circumferential portions, comprises stepwise applying a
voltage V; to the first electrode higher than a voltage
applied to the second electrode to remove a projection
present in the first electrode by field evaporation.

20 The field evaporation refers to a phenomenon
that when atoms in a surface of a projection form
positive ions to evaporate when an intense positive
voltage is applied to the projection. The field
evaporation takes place since atoms in the surface are

25 1ionized due to a strong electric field to fly into a
vacuum space. '

' The embodiment of stepwise applying voltage V,
includes an embodiment of applying voltage V; while
increasing the voltage V; in a staircase pattern and an

30 embodiment of applying voltage V, while increasing the
voltage V; such that the voltage V; monotonously
increases.

In the knocking treatment method according to
the first aspect of the present invention, there can be

35 employed a constitution in which the knocking treatment

| method according to the first aspect of the present
invention is carried out and completed, then, the first




7 substrate and the second substrate are exchanged, and the kndt&iJg 2005

- treatment method according to the first aspect of the present invention is

again carried out and conpleted. Alternatively, there may be enployed a 5
constitution in which, after the first voltage- application step of
applying the voltage V1 to the first electrode higher than the voltage
applied to the second electrode, the serond vol tage-application step of

- applying a voltage V2 to the second .el ectrode hi_gher t han vol t age
applied to tﬁéﬁﬁgcvr&\éeel r esie§°n9arslug’é:'&r5{f‘ne 5% Fgf:ég@gg%drépg t he

proj ecti ons phesd&miockimdg herestrent elechbdodecoaddnphén, thevdlirage hi gher

than the voltage. V1 d e n .age M1, asy%o dhbdkegnihan the

vol t age V2 i§§§§%Fa§ﬁg%ﬁ%Vﬁv%%¥%gégg§%%§E§%dl¥hg %&s%gggﬁfage-appPication

step .and t he compdmtedrol Rigerappivedyi ohbsrepnayebecpiBieed|® the |atter

case, the ovaldie,afi ddis ol itraem 1\h andddie vl ¥ rek Woetagyelt age V2 may be

different. Preferably, however, the_ value_ of the voltage V ang.the val ue
of the volt adPRACAFIge SEERI0T fRRdaH 6t e el 89 Ve f FRat ot bF5the
knocki ng treajinriirdRs hoidghduriheg tihe fialitageolappdd-edapl ithat isexostiep and

t he second vol.t age- appli,cation, st t he vol t a he -vol t age V2 may
be const ant cﬁ’l%grfo 4 itﬁ'ﬁ Ea56( i&g&ﬁagg"a%?ﬁ%gtﬁpas%ge f_%“fappl yi ng the
vol tage V1 t appleyirfg rstvadltege 6tethi gher sehandt réeobredgehaghered to the

second el gt e, WRans, ARRY | 493 P A% d T ithe fdiktitrodleeqly 0de S0 as to
cause the Tirst electrode to have a potential difference V1 fromthe

0
vol tage on t HaEE@ashPw Q@ dekgsrevaneraddh SiHpRAIfF NS PIFEES t he
second ‘el ectipdthé Gasord dlauserddie, sarDrthetl 26 nadaedge hdvher thanenti al

difference -V1 from.the | t.tage on _the first Lectrode, T hrase of
"appl yi ng the I‘f‘il?g"ea%\?lo 15 I'?g%sggoﬁdngfﬂegf’}ggg%hi{,bhe? Yﬁ%&‘%e vol t age
appl i ed to 3hidtesof itlsdn etlex tvaldeigardéangd sapplty eggaanew vadéage Vhe second

el ectrode; $0 g3y LG, LausEAL G 10 Gl e L0t T e AR RO
di 11 er onck VATS oY s vo‘}ta e oh the 0 B JUL 2008
voltage-application step are repeated. In the latter

case, the value of the voltage V; and the value of the
voltage V, may be different. Preferably, however, the
value of the voltage V, and the value of the voltage V;

20 are equal to each other for simplification of the
knocking treatment method. During the first voltage-
application  step and the second voltage-application step,
the voltage V; and the voltage V, may be constant or may
be increased stepwise.

25 The phrase of "applying the voltage V; to the
first electrode higher than the voltage applied to the
second electrode" means applying a voltage to the first
electrode so as to cause the first electrode to have a
potential difference V; from the voltage on the second

30 electrode, or means applying a voltage to the second
electrode so as to cause the second electrode to have a
potential difference -V; from the voltage on the first
electrode. The phrase of "applying the voltage V; to
the second electrode higher than the voltage applied to

35 +the first electrode" means applying a voltage to the.
second electrode so as to cause the second electrode to
have a potential difference V, from the voltage on the




8 first electrode, or applying a voltage to the first el ectrodeg$olias 2169
cause the first electrode to have a potential difference -V2 fromthe

vol tage on the second electrode. 5 in the knocking treatnent nethod
according to the first aspect of the present invention, the values of the
initial voltage V1 and voltage V2, the voltage increase anount, and the

vol tage-application tine period and theB8veltage increase rate per unit

time in each st,epn 0 r nary
experinments. r:ﬁl\hen t‘%l VO tage%%tl%wglﬁ%%oh%ah}%?ﬁ% vo%lot fé-'él% gfp ied to the
second el ect rIREHEAHHAT &F (1@ aaEe ithey falredt cd@etrpdef épa IaV,e ghe val ue
of the voltagediriig AFFAGENR LRE Et&ﬁttﬁeeﬁbiegﬁe'énsﬁﬁeaéeéén&q (>0

volt), and tggfvalue of the voltage to be applied fo the second el ectrode
is set at O 8 these values shall not be linited thereto. Wen
the voltage V2 higher Ihh&het Reochlihggerepphead methbe hbcerdlﬁl;ecbrode i's

applied to ”‘&[%%T%dc egs %td'to%ej ref eg%r%t 0 tnlhe_o\lllal he volgt age to

be applied t rst ectro dn the va ue "Oof the
vol tage to Béheapplitdal mﬂt@@ed’ondnél voltede Vs, site atoMage- VI > 0

volt), while {rﬂﬁ%‘aé@léﬁ%ﬁhaléndq@heb%d]}ﬂggt&% erceatteon £3men eﬂi@,eck' ng

treatnent nethod in a flat- type di splay device according to a secon
aspect of théNprd¥eOItRENHNGTHGE %Py WHE 58 18brech etete
sonet i mes10 efexdrr ésb tdetagmiitRer WM G Ha eaigiBnio ﬂeqdmmeeqr ding-to a second

aspect of the nt_.inveption’ 30 herei t age higher than a
vol t age appheé?é?ﬁilﬂgeco 98|58€r88§£ pufgegﬂe éhﬁ q§1 %0 a first
el ectrode unlvdleade dmddladhda ridet rEvonde teled taoder disngpptlaethdof i r st
aspect of the I g56Ale INRALIRL, drab1he thROGEING biredhent nethod 35

according to the second aspect of e pres I nventi on ates to a
knocki ng t r eMERIT &P |"’\PPJ-1feIdatt°tﬁ5@ fd-|r§[3?l flegdyode &1Bt &etagdendl i ng,
and the kiocking>005v3Ut)208hd the value of the voltage to be

applied to the second electrode is set at 0 volt, while
these values shall not be limited thereto. When the
voltage V; higher than the voltage applied to the first
electrode is applied to the second electrode, preferably,
20 the value of the voltage to be applied to the first
electrode is set at 0 volt, and the value of the voltage
to be applied to the second electrode is set at V, (= V;
> 0 volt), while these values shall not be limited
thereto.
25 In a knocking treatment method in a flat-type
' display device according to a second aspect of the
present invention for achieving the above object (to be
sometimes referred to as "knocking treatment method
according to a second aspect of the present invention"
30 hereinafter), a voltage higher than a voltage applied to
a second electrode is pulsewise applied to a first
. electrode unlike the knocking treatment method according
‘to the first aspect of the present invention.
That is, the knocking treatment method
35 according to the second aspect of the present invenfion
relates to a knocking treatment method in a flat-type
display device after'assembling, and the knocking



- 9 treatnment nmethod in a flat-type display device in which a f@gsiUL 2005
substrate provided with a first electrode and a second substrate provided
with a second el ectrode are disposed with a vacuum space i nterposed
between the 5 first and second substrates and the first substrate and the
second substrate are bonded to each other in their circunferential
portions, conprises pul sew se applying—aB voltage V1 to the first el ectrode

hi gher than a,yoltage marm}'?aeg Q tfﬁ%tst%gg%edg'sﬁgggogevaeer APV 8n

proj ection 10 present I n Irst elec evaporation. In the
knocki ng tred fEmstmStinsdradeobdrnNgdes wikd @eééﬁéta§éé€ﬁr@ﬂetﬁ@dpﬁesent

i nvention, tRIRrEARURStrae! wlaeaoaﬁttht i Ise&oha whkebroakt gret he pul se-

voltage-applyﬂn step af . pul sewi se a the voltage 15 V1 to the first
el ectrode hi (Fﬁ%ﬁ 90W?§&€m'§%ﬁF% tﬁrPﬁéegePgﬁUeﬁpeEPFode, t he

first el edr dasandnd eceoad sidbsiteatteadandr ehgetfiakt0subktraaedaafit er

el apse of apredalery nedLimePeLiofo s Yol Lags YiRLoher o Lhan the

vol t age applle € secon agalrn pu semnse applied to
the first el @ctnmenamttlmls pogddeonsev eoyppilses pulsewiget appbyingra

pul ses, the x)bq'éaf?g%evVltBaEthfiBg{eéi@@tré‘héeﬁﬂgﬁéfekﬂanaét%lﬁ

pul se- voltage applying step of pul sew se app vol tage V1"to the
first eIectr@@?qﬂ%ﬂuﬁo1?@%1ﬁﬂﬂQHSSGQGFFéﬁéeaESIF@HOWS £hBLe4EEKAOB| ect r ode,
it is prafeer raksdm dar rheO i ratC Wleetirode! et ifdeist eprapbragpbyi.ng a

voltage V2 to the seco d rod | an,the. . vqltage lied to the
firstgelectrode and de?@cthﬁg QOCEapﬁg%FeﬁkgﬁpﬁgmﬁsPaéeﬁcgﬂggﬁﬁgsfo

el ectrode andheheR®rskeepect] odt tdde prEsant snyvepdisa,t rt:helmocla'nnge
treatment ne [ | al | not the,

| tgﬁygﬁoyéq he LS tl%tq% % L2i%al Ut e gﬁ\éf?ﬁhﬁgé

proj ections n the first. ectro e 'have evapor at ed.
That is, a hi% t4£QaﬁHEL¥HQQQQGQRSq@k@P@@@“@ﬁetﬁ@P&ﬁéPSCFPSngoéFégént in 35

e e et v o o

elmgtted fromé} qtangﬂ: ondO ectrode, t?l Cflrs(:[i: el rode an%.
the second electrode are set at 0 volt, and after elapse
of a predetermined time period, the voltage V; higher
than the voltage applied to the second electrode is

20 agaln pulsewise applied to the first electrode. In this
case, every pulse or every two or more pulses, the
voltage V; can be increased. Alternatively, after the
pulse-voltage-applying step of pulsewise applying the
voltage V; to the first electrode higher than the

25 voltage applied to the second electrode, it is preferred
to carry out a current-detection step of applying a
voltage V; to the second electrode higher than the
voltage applied to the first electrode and detecting a
current flowing between the first electrode and the

30 second electrode. That is because the knocking
treatment method can be carried out while evaluating
whether or not the projections present in the first.
electrode have been field-evaporated. That is, a high
electric field is exerted on the projections present in

35 the first electrode by applying the voltage V, to the:
second electrode higher than the voltage applied to the
first electrode, electrons can be emitted from the



- 10 projections on the basis of a quantumtunnel effect, and sgehjuL 205
el ectrons can be detected as a current flowng between the first el ectrode
and the second electrode. After the projections are field-evaporated, the
above 5 current is no |longer detected. After the current- detection step,
the pul se-vol tage-applying step is again carried out. In this case, when
the current flowi ng between the first él0eetrode and the second el ectrode

reaches a 1Q,RyRAateii 1ed iRl ¥l lbLaner gu@ila%fﬁr @Bh?ﬂel%‘f%le&@ge E'ther

than the voltage V1 Is set as a new Svort %d hér an the
‘voltage V2 i Skt dechnong Gas P&‘gélﬁV?CtQ agha puksenyo ﬁLQg'énappl ying step

a]pdt L he f‘” rtettwééert : Qfﬁél tq&reﬁréwcerbeeel%edthb{r{sbebﬁdceiectssaatéS nunbgr
0 e pul se volta in one py vol ta ing. step can be
one pul se or Arftﬁ N Wogliec%“?e§r98f ﬁré1 SHBPQIgFSQedﬁﬁé gpﬁéfe
_projectiors p:rua:mntt iisn ntohelofnrgai deltecttedde Eﬁuﬂebethieeld:@bi:gnt-

fiel d-evapor d ct rLens fro eq |ons on the basis
20 of a quan?tﬁgiuﬂge écFQQE ge?e% Sﬁy % ?&eg s°R +BurPent
~flowi ng bet wEarnies qur’Cs-t el ectrode and the second el ectrode. Further,

when the voltage V2 compsthes besegughehorAs @ﬁ}:k@ﬁtoné@ihgr‘bf_‘ e Vop
of the flat- pe di spl ay device, preferably, there ma a 25

constitution $F HESE £lrsteRge Roghdhe ﬁ&ﬁopﬁee‘J*SFFﬁﬁée ‘Vfagg%eﬁ as a new
vol tage I, thedaddrageed? vraaueebrauoa;exvabeefeeeatrytmat belaetjeal operation

vol t age Vop, ul.se- yol-t age- app step_and the current-detection

step are repeg{z;feil lh%t ﬁ% %éa (‘:rl?rlrtg%[ ?JIE QI\% gBe?ﬁve%rin?‘ﬁ Vahta9¢ sYirel%ct r ode

and t he secov$lidlagst hddiegorbaint ¢hise valtpged¥t ei i sed =l aienew snal | er. By

the above pr QgAY t hgnhAr c el ect e can, be
R v, Nendll 2he %ﬁg@@ 95 £080L - %%pifﬁlgtééé aid g

~more reliably field- evaporate can
aut omat i cal | YHEHERGTASL @R $4-5r aast €Pﬁ’leﬁ§6dval Tre Bais heagew re® flow ng

bet ween tite rfmrﬂ:ﬁatr @feeﬂareo@me@dotfheheewueagbev;rmeoﬁ@rp@:esedeterm ned on
the basis Ofv% %%’ y%§%e%%g%P%%h %%do%e pﬂysezgg a plurality of

pulses. By the above procedure, the projections present
in the first electrode can be reliably field-evaporated,
and electrons emitted from the projections on the basis

20 of a quantum tunnel effect can be reliably detected as a
current flowing between the first electrode and the
second electrode. Further, when the voltage V, comes to
be equal to an actual operation voltage Vor of the flat-
type display device, preferably, there may be employed a

25 constitution in which a voltage higher than the voltage
V: is set as a new voltage V;, the voltage V, is set at a
value equal to the actual operation voltage Vg, and the
pulse-voltage-applying step and the current-detection
step are repeated until the current flowing between the

30 first electrode and the second electrode comes to be a
predetermined value or smaller. By the above procedure,
the projections present in the first electrode can be
more reliably field-evaporated, and the knocking
treatment can be automatically terminated. The ’

35 predetermined value of the current flowing between the
first electrode and the second electrode can be
determined on the basis of preliminary experiments, and



- 11 for exanple, O anpere can be enployed. Further, in the 5
pul se-vol t age- appl yi ng step, preferably, the value of the voltage to %gm
applied to the first electrode is set at V1 (> 0 volt) and the value to
the voltage to be 5 applied to the second electrode is set at 0 volt, and
in the current-detection step, preferably, the value of the voltage to be
applied to the second el ectrode is set- a1 -0 volt, and the voltage to be

applied to t ?ﬁ. Iec r t t.( ile t above
10 val ues sha e el %ﬂ%ther%%ttn ® nxﬁ%\éykeﬁioc;?‘%t é\%atﬁ%n fet hod
according topqw-éfédm@aﬁmdwl@fg shempr pyefierialplant itbe, veloeeofay be

enpl oyed a capd hoildae itd Wil @pdinedRer inag gt @?@ctr@ﬁtehgg ggeordl ng

to the second a%Pect of the preséent 15 invention is first carried out and
conpl eted, tKen Vit k& Of VPLE)saBEt FReevahiet ke tBeowalsasstkatkeare

exchanged,5 amiamjw kjao atieN @ dldopat R RictTRIde0d sagedr @ithg k;@lh:beanaecmnd
aspect . of thqurqgfggeﬂ n%%R; q_ls §grr|ed gy ain; and tﬁg
Alternativel y. 1 fere e EfpISoyed ¥TEGF: vi &GRS N | cf? S irst
substrate andro]i:twe;ese‘@om sSypdtieat &oatdeesaivange @ lakct-eodat dlsy seandtt he
knocking treaf RRt Mik0¢ACCRAIARE (D HAe gﬁg@ﬁ Peek rabgihe present

i nvention is carrled out. That | oyed constitution in
whi ch the volqlﬁj%:WQG%lsﬁ%ﬁq I’Té[n Vﬁétvéﬁt ye ¥hh ‘f-‘e‘dh?oa]?%‘éesecond

el ectrodag i s;ag_lﬁe%e\gh%gla@,}a}ﬂ Q;dg tlQntlh:%d‘ ithelre®loect rode by one pulse or a
~plurality of pulses, st sgbstrate and e _seco d substrate

th
are exchanged, and the 8 BPSCSBSF%%nga gePEBQHFeHEt§BQ|ﬁCFHE kR8ckPng
treat ment nettdied mmrdjlarﬁgpdcrt cifh & hee pardemtpdavenf: ibhe pheseninaynbent i on,

the val ues mail P Q:Q)?ls\é?l (.lﬁ:lilo%e e k,vgx)rltc)t} Rd E(PL%CYLQ.Btﬁ?g%V\AI%%hEntthe

pul se wdth an e nunber and the'
vol t age i ncr @A HQ%@gbé03$hGEF@WWmﬁb@S®@C¢h@fb§§ﬁsPdﬁsﬁnél|n1nary

experi mentss. lH%ntrle:Inatllsorﬁms& ReLWaRE e Wl s \ﬂet@ad thenyOlhage V2
's expressed, f%rt ex%rg%:lrate ¥;m_d %%el s%c\é%ds subSS\g:at% are exchagged

and the knocking treatment method according to the

second aspect of the present invention is carried out

again and completed. Alternatively, there may be

20 employed a constitution in which the first substrate and
the second substrate are exchanged alternately, and the
knocking treatment method according to the second aspect
of the present invention is carried out. That is, there
may be employed a constitution in which the voltage V,

25 higher than the voltage applied to the second electrode
is pulsewise applied to the first electrode by one pulse
or a plurality of pulses, then, the first substrate and
the second substrate are exchanged, and these procedures
are repeated.

30 In the knocking treatment method according to
the second aspect of the present invention, the values
of the voltage V; (pulse height) and the voltage V,,. the
pulse width and the number of the pulse(s), the pulse
interval, and the voltage increase amount can be ‘

35 determined on the basis of preliminary experiments. The
relationship between the voltage V, and the voltage V;
is expressed, for example, by 0.01Vy = V, = 0.5V;.



- 12 In the knocking treatnent nethod according to the first org g@p%ns
aspect of the present invention (to be sonetines generally referred to as
"knocking treatnment method of the present invention" hereinafter), 5 the
flat-type display device can be a cold cathode field em ssion display, and
the cold cathode field em ssion display can have a constitution (1), (2),
(3) or (4). (1) Aconstitution in whicehighe cathode electrode and the gate

.el ectrode provided in ;he gatgpde .10 gane of thet ol.d _cat hqde fteld
eni ssi on display corredBolil€t EPPHRELPYr SECFRERFOHE ﬁ?gv?ﬁgar HPEhECT i st
substrat e, ' arthe e mode sleewindh s pecdy iode dhien preseatodevepaien ¢tot he col d

cathode_fielqﬁg ﬁ@@é{&é@:ﬂ@ﬁ§&alg&ggg 3 &9 ggeuﬁgggﬂgnglectrode

provided in the second “substr constituti'on Th~which the
cat hode el edinesd@enthaeddics eifedheopareseantt Havepstaond| bereanaftgirdvi ded in

the cathode papelriQft iR didakh et ildetlcdn 8@ 858N ddicarhanecerkegpond to
the first electrode 20 prqvided in the first substrate, and . the anode

d
“electrode prEATEET R AFrod@DIhE Ot ratleds EAehEdETFSIET eni ssi on
di spl ay cor r ehipgidsy toard baveecordreitddiuddd (AnQvi(dgd i(3)t be g@gand
substrate. (3) A constitytion in.which the anod el rqde provided in
t he anode panel of the(églé °83Pﬁ%&8%%98|a“ewﬁ gpoﬁgﬁiggﬁégggorresponds to
the first eledsatodeleprapd dég igatiehelisiatsodsupsovatded and thiee cathvhede

el ectroda ang i 4 el QRN URIOAY 9801 ll1esiGAl Badpyagnel of the cold

cathode field em ssion display 30 correspon secQ ectrode

provi ded in tHEFTESRBIH QuihE firsy Hlesteons Provigrd Anwiihen fik&tanode
el ectrode pratisiaddte ! hdaniee ikl edledvivdeopttovidedode fthel anedessi on
Substr ot o et Ot g Sarod SRSl SRttt FaaE et the focus
el ect rode pr oxamtesspgondshd-cc dthieo deequane e lgic tidodec pirdvided) Un  2B@5
15 second substrate.
(2) A constitution in which the cathode
electrode, the gate electrode and the focus electrode
provided in the cathode panel of the cold cathode field
emission display correspond to the first electrode
20 provided in the first substrate, and the anode electrode
provided in the anode panel of the cold cathode field
emission display corresponds to the second electrode
provided in the second substrate.
_ (3) A constitution in which the anode
25 electrode provided in the anode panel of the cold
cathode field emission display corresponds to the first
electrode proVided in the first substrate, and the
cathode electrode and the gate electrode provided in the
cathode panel of the cold cathode field emission display
30 correspond to the second electrode provided in the -
second substrate.
(4) A constitution in which the anode
electrode provided in the anode panel of the cold
cathode field emission display corresponds to the firSt
35 electrode provided in the first substrate, and the
cathode electrode, the gate electrode and the focus
electrode provided in the cathode panel of the cold



13 cathode field em ssion display correspond to the second el eqf§QiR 205
provided in the second substrate. In the constitution (1), the projections
mainly in the gate el ectrode are renoved by field 5 evaporation. In the
constitution (2), the projections mainly in the focus el ectrode are
renoved by field evaporation. In the constitutions (3) and (4), the
projections mainly in the anode eIectLoQQ are renoved by field evaporation.
10 In some constltutlons of the .col athode field n155|8n di s ay, t he
focus el ect r &d&hogle ified ﬁ i FPF§FSEGB§t 9t & ﬁnﬁef:ﬁg second
substrate. SekgkRcionsid tptblvomiedarm e @deeﬂnkinstlbeta‘laﬁme ' constitution (2)
or (4). 15 In the knocking,treat vention, when
the flat-type display E % g e %BF ?%gde£€8ePg6§%§§%?%% dlsplay, it
i's requi red e indhyoritn- d:hlecmattet lﬁéemmmae‘leeafen@&@dahd theldate el ectrode
or short- g ;&Jﬂaech% hOﬁﬁeeheCIzBﬁgeltﬁE%ﬁO 93t etﬁée%erslgé&ﬁeﬁsthe focus

el ectrode to cause these ctrode have the sanme po Ial_ for
preventing t Maindd drcdtivodeuse|ed esiregeo Rt Ssmeyer B éxfilfiting its

function, thavdgordtalond eYanthegcbhetefi183o08 @B)ehﬁdt(@m!p‘ £rem the col d

cat hode field em ssi,on devi.c .25 Further eration | tage VO
expl ai ned b&FHIEGEONS, aie o i F56h AUNYS c?q‘teﬁg‘ §1et Y Fgmﬁged Blied to
t he anode el etiterletleevéypranegitdre di spl ay operation of the cold cathode field

emssion g spiay. 1n the LoklowoRd9alangl! 8% har cbig ddcrgayent ence,

carrying ‘out the knocking treatmnent according to the tirst or

second aspectfigild ranigsdsentdisphesit e ifipcasc 839Gt 9deodSi n which t he
cat hode panelmﬂeﬁ:ﬁd&é igetwetid HeAt S rgtd édket&mﬁe anehed sedaagsecond

substrate (that t he con itution L1l he.35. referred to as
"knocki ng tréﬂ%k??e?ﬁaw SHE c&PF‘?tﬁr&ug&%’nst ﬁ% %B&Pﬂﬁgt F%af‘hﬁ R¥Ehod
accorolngpoiduhétﬂﬁﬁtxun sxcand @sypect of the present invention in a
ConstltLﬂi§N10 5 Ju 2Q.%Sthe knocking treatment method of the

present invention, when the flat-type display device is

a cold cathode field emission display, it is required to
short-circuit the cathode electrode and the gate
electrode or short-circuit the cathode electrode, the

20 gate electrode and the focus electrode to cause these
electrode to have the same potential for preventing the
cold cathode field emission display from exhibiting its
function, that is, for preventing the emission of
electrons from the cold cathode field emission device.

25 Further, the actual operation voltage Vo explained
before is a value corresponding to the voltage to be
applied to the anode electrode during the display
operation of the cold cathode field emission display.

In the following explanation, for the

30 convenience, carrying out the knocking treatment method
according to the first or second aspect of the present
invention in a constitution in which the cathode panel
is the first substrate and the anode panel is the second
substrate (that is, the constitution (1) or (2)) will be

35 referred to as "knocking treatment-A", and carrying out
the knocking treatment method according to the first or
second aspect of the present invention in a constitution



- 14 in which the anode panel is the first substrate and the ca? d6L 2005
panel is the second substrate (that is, the constitution (3) or ) \qu
be referred to as "knocking treatnment-B". 5 In the knocking treatnment

met hod of the present invention, when the flat-type display device is a
cold cathode field em ssion display, as described already, for exanple,

t he knocking treatnment-B may be carri-edlouw after conpletion of the

knocki ng treai e+ t g it t t-A may be carried out after
conpl eti on ofa:E t he Jk%éc‘%%lgi}ﬁ%t%r%{rﬁl Iﬂ’,g %&%%Vﬁoﬁ%%raﬁﬁeem €A and
t he knocki ng $3€¥dRmameiuis Hde aawmmtseibstomte qdthatt isGonter ni ng whi ch

of the knockidigstieaiigmt ¥ ad (e KRAGKifg i B s 15 first
carried out, experinent 1s carried “out, thé& substrate that

,qﬂg%gljninar n
is assumed to i FrEAEEE1Bns is taken as the first substrate, and
the knocking treat nentinmeheotnaekahdi Retehemehe fibkibdobs ggeond aspect of

the present i gn;i e.carried 20 t. ecifically, the step of
applying a V(#}%/age W"ﬁ@%’hé’@&&%ﬁ %‘ES@@ RGP AY: RS icSe 1¥ol t age
applied to thedid statdlasly fdd d endetsdon aiewlaent akl aeisag ibeet ween t he
first electrm@e@yi,’t%ls%g%% eghrode 1S : CO Lvely carried out in
the constitution (‘% or (2) 2 ]g%dq%ﬁéqggﬁgfpghgig%gkff%6¥ H&V. en the
val ue of the SHFOWhPHuATHRT icommlgidon oft Fhec bmockimg dreptment-@2)

than in tie odrstkinodkiony Eheatimet)-a TG HeOCkirRg edl bER! TBRLTA can be
carried out f t V.\hen(o? value of, the flowng current is higher in the
)

'constitutiond T 0} A Of LERETERNMTBn OF) the kppcking
knocki ng tr &epdmenB-@amnide thar kinedkdny frireatmehiteBkaagkbag treat ment

TeLhod L 2, el Gard Rl Do bh 0LV IO 06, ASEOLAL 1Y 10 @ TSt

aspect of the present i'nvention (sonetines rere "substrate
knocki ng t r eatIEHL NP RE@tHCES @ 3§ ¢he knpckingspeentmenths psesent

i nventi oY) frdrsachiseviieg outg abeyelohiiashy' ekabesmbAraiknagkiagyt reat ment
method 0 5 J%Etgogie substrate that is assumed to have more
projections is taken as the first substrate, and the
knocking treatment method according to the first or
second aspect of the present invention may be carried
20 out. Specifically, the step of applying a voltage Vigsp
to the second electrode higher than the voltage applied
to the first electrode to detect a current flowing
between the first electrode and the second electrode is
consecutively carried out in the constitution (1) or (2)
25 and the constitution (3) or (4). When the value of the
flowing current is higher in the constitution (1) or (2)
than in the constitution (3) or (4), the knocking
treatment-A can be carried out first. When the value of
the flowing current is higher in the constitution (3) or
30 (4) than in the constitution (1) or (2), the knocking
treatment-B can be carried out first.

The knocking treatment method in a substrate
for a flat-type display device according to a first
aspect of the present invention (sometimes referred to

35 as "substrate knocking treatment method according to a
- first aspect of the present invention") for achieving
the above object relates to a knocking treatment method




15 .in a flat-type display device on a manufacturing process (flg t gup%ﬁé
di spl ay device ‘before assenbling), and the nethod conprises dlsp05|ng t
substrate for a flat-type display device having an el ectrode and a
substrate for 5 knocking having an el ectrode for knocking with a vacuum
space interposed between the substrates, and then, stepw se applying a
voltage V1 to the electrode higher thant® woltage applied to the eIectroge.
for knocking i® arfi@wm%ﬁbéw&&§5ié N £5€ n'é‘ﬂ%ﬁ?fﬂéﬁﬁ{fﬁkf fleld 10

evaporation. The enbodi mant of st epw se applying udes_
an gnbodl ment { %fa L SERY e BERe \He ¢ agsrnabEgiqy ta‘mi vlﬂia age V1 in

' mrwls Erdssh RN teid A% (e 1D Mt
ah;ll esfﬁé:gggjeﬁafbdewmgl Ia @]Vl such that the voltag ef?f/rl nonot 0?1%%
i ncreases. ?% %&p %“ﬁja(f A Harg et e"}%tar PSS EERA d&F i n the

substrate 3 orkraoq‘-‘kmg thgpeilnt sp eyl eteuraxie  fud Ikdm:}&sj@twlrmﬁ d &ffdgd to as
"substrate- e'@ﬁéé@dﬁ{telﬁ%ééﬁ ﬁé\ﬁa&é}{‘vﬁ{ﬁ s ra the ﬁ;f}é%ﬁ{e knocki ng
treatment nethod according to t aspec i nvention,
the val ue of F¥RPYHIS iappisingge wltage Wtoltpaghe eﬁxectasdeamhgher and t he |
vol t age- appl i@dn o o TEagrerdmsh 281 ang ﬁmae MAIAHad TR %Jﬁ%% Rg unit

time in each ste can be. determ ned on the basis of prel

experinents. WE %%Rﬁﬂl%fﬂ_em\?i SRt dfatheneleghinosge bapgfiiedd to t he
el ect rodel® orevammtatnigoris applied to the substrate-el ectrodle pr e;er ably,
the value of the 30 vo pliced.to the substrate-electrode is.
set at V1 (>0 voIt),&ghd%F#%dggF%% S FﬁngEP?aagpingQ t§6p|led to the
el ectrode forviifciga g iscdedest ap ewvbpdimeni| eft Appeyvabuereshal | not be
limted theraxdztaﬁae wn%&uaglheeahgeﬂg Eﬁéh{?glta pecfbﬁr te 35 for a

t
flat-type display device accord secon he presen
i nvention (s&%ﬁi & A B P &Py inge &beent et hod

accordirui&()wpﬂldﬁelwh 280%e 1ncrea51ng the voltage V; such that the
‘ voltage V:; monotonously increases.

In the explanation hereinafter, the electrode
provided in the substrate for a flat-type display device
will be sometimes referred to as "substrate-electrode"

20 for the convenience. _
In the substrate knocking treatment method
- according to the first aspect of the present invention,
the value of the initial voltage Vy, the voltage
increase amount, and the voltage-~application time period
25 and the voltage increase rate per unit time in each step
can be determined on the basis of preliminary
experiments. When the voltage V; higher than the
voltage applied to the electrode for knocking is applied
to the substrate-electrode, preferably, the value of the
30 Voltage to be applied to the substrate-electrode is. set
at v; (> 0 volt), and the value of the voltage to be-;
applied to the electrode for knocking is set at 0 volt,
while these values shall not be limited thereto.

The knocking treatment method in a substrate

35 for a flat-type diéplay device according to a second -
aspect of the present invention (sometimes referred to
as "substrate knocking treatment method according to a




_ 16 second aspect of the present invention") for achieving the %b

object relates to a knocking treatnent nethod in a flat-type dis%lay
device on a manufacturing process (flat-type display device before
assenbling), and the 5 nethod conprises disposing the substrate for a
flat-type display device having an el ectrode and a substrate for knocking
havi ng an el ectrode for knocki ng mﬁth_alwacuun1 space i nterposed between

" the substrates, a t hen, ukiﬁynse ag ﬁ % volta e V1 to the el ectrode
hi gher 10 t h&FRNoPEREE A 8%|| PEeER PG&andr RE0BRPAGVERI renpve a
proj ecti on prokserbove bhgeehe&hﬂadesbxofaekdockiagotaba@mentnmbhhoaubstrate

knocking tre n t el th cond. aspect .of the resent
i nventi on, ?%p?hg?g%ﬁg ‘eé%gﬁﬁﬁgyngeggggng ulFon 9%% lnﬁ QFPCB
application dﬁh@ﬁeqmmesdlﬁmlBQQQEVICBobeﬁergubgsembéingnecandd@hblgher t han

the vol tage apRlced ao%.ﬁﬂ%eseb%gb%% %ek@%@t%atet gsrsabs:&a%t %Vgleect rode

and the electrode for knocking are s pse of a
pr edet er mi ne@iSPAHEYp SEVige Pﬁ€1@6l@Qg@lﬁftrﬁﬂ&héﬂdtﬁaﬁupﬁ§r@5ﬁt§8§ appl i ed
to the el ect ﬂ@ﬁfbkfl@fg hlarwcmlgi @@1 leie@ﬂa‘b&eplfb%e\l@h%@k@ﬁ@' wedht @ theusmbstrate-

o o ode. | g R38o0u8 KRG et otR bREETE BhghY P S o

pul se- voltaggmdpﬁhyﬁwgaS@égluh apwbi&wgsevappbythg ¢hecvnbdagriytieto t he
subst rat ey el Q&1 g,%{ aehh%ov%%ag cBRRbLRA b2 khsckﬁhgcttaode For

knocking, it 1s preferre o-carr current-detection s
appl yi ng thelﬁﬁFﬁEg@-VZUD@CFHQHSQr@ﬁ@@Fré@eth@reRﬁ@@%Pﬁ@ ﬁwgﬁéﬁlﬂhan t he
vol t age appl ithpdr@tiilg .substrate-el ectrode, and detectlng a current

fl owi ng between the su st te e de. and. the _electrode for knocking.
That is because the kn Ek 8 SPLE% ﬁtkﬁ@?ﬁéﬂgcﬁﬁeBEmEQFrW%H£89t while '
eval uati ng 35@Mmadiﬂ@'¢p rehie tsleeomdo jaspeictn ® fpthse presenthénsenstvbat, e-

el ect T oda s, dieeihd Sl ARYER el colldtion Mhobnitheqttle field is

exerted on the projections
appllcatlon of the pulse voltage V; to the substrate-

electrode higher than the voltage applied to the
electrode for knocking, the substrate-electrode and the
electrode for knocking are set at 0 volt, and after

20 elapse of a predetermined time period, the voltage V;
higher than the voltage applied to the electrode for
knocking is again pulsewise applied to the substrate-
electrode. In this case, the voltage V; can be
increased every pulse or every two or more pulses.

25 Alternatively, after the pulse-voltage-applying step of
pulsewise applying the voltage V; to the substrate-
electrode higher than the voltage applied to the
electrode for knocking, it is preferred to carry out the
current-detection step of applying the voltage V, to the

. 30 electrode for knocking higher than the voltage applied
to the substrate-electrode, and detecting a current
flowing between the substrate-electrode and the
electrode for knocking. That is because the knocking
treatment method can be carried out while evaluating

35 whether or not the projections present in the substrate-
electrode have been field-evaporated. That is, a high
electric field is exerted on the projections present in




17  the substrate-el ectrode by applying the voltage V2 toy the eésqﬁ Oﬂﬁs
for knocking higher than the voltage applied to the substrate-el eCtrode,

el ectrons can be emtted fromthe projections on the basis of a quantum 5
tunnel effect, and such electrons can be detected as a current flow ng

bet ween the substrate-electrode and the electrode for knocking. Wen the
projections have been field- evaporatedl?Such a current I's no | onger

detected. Theg o
substr at e- el ec O%ﬁ)%‘ll gahe_%tq'h %’éﬁ ‘itf’lﬁg gk etProde for
knocki ng" 'rreé?ﬁ? &siotinaglen fpgl t@g@hl@lq thh@h@ll'bﬂiﬁllaalt @hel gofltede so as to

cause the subgiiiaear 19 deld i fiaLe Rdilall| hlibbRepas KL from the

vol tage on thé electrode for knocking, or neans % a voltage to
f

the el ect r od&€Mditaeh A Fheo PEe Jes tdnse o I"Ft’éleefbéétlﬁoe OFURASERI ng to
h?ve a go&nﬁulmneldidﬁf@fa&ncarrld\/bufdlpralu&lx\t@dst 208 o8 Blé@e&l&laat hat @- f

el ectrode. The of ."a i hg t vol t age e el ectrode for
knocki ng hi gherrpﬁ an lﬁgl\fﬂog’%@’ 3:3151 isé%’st%5at ﬁ’é'egﬁﬁgfffjg?eaélfie Fode"
means appl yi ig-extrogle fgar tkmadkdngl.ecWhedether pkoge&t hgns chage tisecause t he
el ectrode forg e ent.| | f.f.ecen he vol tage
on the subst ra@%:gﬁ&%tw S% ta %ﬂgn\‘%l Isah% ?.‘Sn%%r de%ghtt ea.
substrate-el ectrode soThe PBrééﬁs@ftHéPEQYéGHthatEoétégerﬁdéxldihave a

potenti aliodi féwme-\éaecft&@aet mﬂg\zﬁiﬁ %%éno%hbh%oﬁ.lt%%br agpi1fien kBocking.

In this case, qﬁ?%e cur rent flow,ng between the substrate-el ectrode and
t he electrodghfbﬁ Ty To%o k9 geﬁﬁédépgﬁﬁﬂﬂgdavgpégagﬁ $Ral | er,
preferably,1ﬂhaaanﬁﬂtnatquﬂmatrbh@nsbhasv&bt&gﬁs&lth& sebs@gagenew

vol tage V1, | t ha Lt S new vol t age
V2, and the pL:IL| se-vo trayé)g%%rp G %Ottré%t\i% %%ecr:%ﬁe elfla% |on step are
repeat ed. | nvHitsige: £e h@h@hmd%ffoguﬂ%l@@éi)mgﬁ Dﬁem@hsagpp\lllllng a 35

pul se- volitsager aRAlEGRY to ehaTRM 221038 FeS&nebkdngPkhr aki k¥ ehulul ses. By

"t he above prqcedur.es e ro ectiqns present in the substrate-el ectrode
can be OSJBL elEC%rJa Jkn00£1ng % %ave a potential

difference -V, from the voltage on the substrate-

electrode. The phrase of "applying the voltage V, to
the electrode for knocking higher than the voltage

20 applied to the substrate-electrode" means applying a
voltage to the electrode for knocking so as to cause the
electrode for knocking to have a potential difference V»
from the voltage on the substrate-electrode, or applying
a voltage to the substrate-electrode so as to cause the

25 substrate-electrode to have a potential difference -V,
from the voltage on the electrode for knocking.
. In this case, when the current flowing between
the substrate-electrode and the electrode for knocking
comes to be a predetermined value or smaller, preferably,

30 a voltage higher than the voltage V; is set as a new
voltage V,, a voltage higher than the voltage V, is set
as a new voltage V,, and the pulse-voltage-applying step
and the current-detection step are repeated. In this
case, the number of pulse(s) of the voltage V; in a

35 pulse-voltage-applying step may be one pulse or a '
plurality of pulses. By the above procedures, the
projections present in the substrate-electrode can be




<~ 18 reliably field-evaporated, and electrons enmtted from the @JUL 2005

/ “projections on the basis of a quantumtunnel effect can be reliab

detected as a current flow ng between the substrate-electrode and the

el ectrode for knocking. 5 Further, when the voltage V2 cones to be equal to
the actual operation voltage Vop of the él at-type display device,
preferably, there may be enpl oyed a const¥tution in which a vol t age hi gher
t han the vol t agbisbly st seldeevaponzved pl diagee Mot idies wahingal -ds set at. a
val ue equal 1 voI e Vop, and the pul se-

vol t age- appl y?%%og%{);%eg%idéﬁ%e&gﬁé@énl?gdle et '%nq%‘? renneh & iFunt i |
the current fFeWN PR Felinkly tdeteciedtanta-alnmnode anihd Heetaleat r ode f or

knocki ng CO”EShetQJ]@@tﬁatﬂé-eélfé@EfE&@daﬂ@'&?e U Bl L | % xg;e ahove 15
el ec

pr ocedure &[,% ecti.ons present in the substrat e- aty e nore
reliably f1 eI o %ﬁ’r e Y et A% obkicRgeer £at henequad be &heommt i cal |y
t er m nat ed. Tdn@tuqnl eatsd e td ore droviet ofpt 82 €nETrenhet en the

ae Ofp ngiHst

substrat e- el ectrode for knocki can 20 be ‘determ ned on

the basis of e‘%%% % ée}gpglr e e &T re“@ﬁgﬁiﬂde a FofRfdrtditdemn be

enpl oyed. In Jelhé"’hﬁeﬁh s -l tagye -hujpiient nohast ephe prodftergebly, ikhgevahue of

the vol tage 9 e, anplisgh k[ iBesYBtbateyel potiade s, set gt i yolt (>
D ? 0" hES TR

0 volt), d the val ue of. the vol tage to be” ap ode for
knocki ng Skt the @CW ORSTR G410 liagee Vor deaed t tlom mm-— preferably,

the value ofvaheageldmeeimy twce}ﬁmdcﬁetﬁé) dlﬂ@:e%ﬂteﬁeﬁ:%% ég]rﬂp%'g ng is
0

zﬁhsﬁ a?evg: éc%%)%é | gm\s/tgl u Of the V tﬂ%(w& o1 %\%ﬁ’%l%g !ttl?‘i’@se vol t age val ues
shal | not be thrﬁﬁltaé‘d%-teietdme land rteaesmdtaw&rf@@klkm@cucﬁ@@t Q‘%ﬂfeg”gﬁ h?ﬂe
38??232”31 (ot ot perom, e 308! B0yl B suéfarReand (e
nunber ulRegdure ndhsy BQQJQQP%Qﬂﬂ nEeenite ivolthegsubstrease anount can
be determi necblmnﬁﬁwdoaﬁﬁs b@f @ idE1R R RS orAtedl Yand0Be
knocking treatment can be automatically terminated. The
pPredetermined value of the current flowing between the
substrate-electrode and the electrode for knocking can
20 be determlned on the basis of preliminary experiments,
and for example, 0 ampere can be employed. In the
pulse-voltage-applying step, preferably, the value of
the voltage to be applied to the substrate-electrode is
set at V; volt (> 0 volt), and the value of the voltage
25 to be applied to the electrode for knocking is set at 0
volt, and in the current-detection étep, preferably, the
value of the voltage to be applied to the electrode for
knocking is set at 0 volt, and the value of the voltage
to be applied to the substrate-electrode is set at -V
30 volt (< 0), while these voltage values shall not be:
limited to these. _
In the substrate knocking treatment method
according to the second aspect of the present inveniion,
the values of the voltage V; (pulse height) and the
35 voltage V,, the pulse width and the number of pulse(é),
the pulse interval and the voltage increase amount can
be determined on the basis of preliminary experiments.




19 The rel ationship between the voltage V1 and the voltage V2 iP5 JUL 2005
‘expressed, for exanple, by 0.01Vl s V2 s 0.5V1. In the substrate knocking
treatment nethod according to the first or second aspect of the present 5
‘invention (to be sonetines generally referred to as "substrate knocki ng
treatment nmethod of the present invention" hereinafter), for disposing the
substrate for a flat-type display devige and the substrate for knocking '

with a vacuu pace interpose et weep, t he 10 s eci fj t.he substrate
o) o e e Tt TR oS e PR Rab FRLeAde o¥f G, e vog e b
arranged in va iscexpredmaberfor nexdmpbepsby ai 0 KhosekVags tOeEatlrrent met hod
of the present invent#?nt éh§u§§9§%£ ﬁ?%gﬁlﬁ?ﬁﬁfgaéﬂgﬁﬁ (§play devi ce

and the substrate for Knoc Size, or the
substrate foaczpudinggtOnﬁpehﬁwgsa gﬁaseéonéuaépeﬁﬁnthéh@uméeﬁgm% for a

flat typ %ﬁQEﬁ¥lQEV'€8 bénseﬂsthabgeaeﬁa§allyhee§ep§éaais akor knocking
I S scanne ove the substrate for fla Ia devi ce, whereby

t he subst r at 8 SKR§EKARE kﬂngﬁﬁEnFrﬁéFWSHtoFeFﬁedp?Es F$8&LFon can be
-carried outlnb@ntmansunatéahafka@qklﬂgrtaeapaemhgnehéodubétrahe poesent

i tion, the_flat-t di_spl d 5_.h thode field
_ggyggiggndls eééa%aﬁﬁﬁ esl%ﬁﬁa%z Fﬁéééeﬁﬁ§|3h8n?g§Fgﬁgglsp§§y gaﬁ the a
consti t uti onknp&king6jvith aG7yac@8in Apecsstintetrpoaednbehweant heevat hode
e'ectfod%oangpkaﬁgqagﬁlgle%hgogﬁ BEeukdedoinal heaeatigdeaisipgnel of the

col d cat hode em sSi on correspond  to the el ect provided in
t he substr at Eeviige &nﬂl§pet§HBSGF Fa§°§e#ﬂ8€kl95)CﬁPcBﬁsﬁFFﬁPgﬁﬁ 1R which
t he cathode aeheetadenhatbergat e el ectrode and the focus el ectrode 35

provided i (M, cal ol DRRel ek bge2okoRghade LB EThablaR S oL o
di spl ay devi ahe presddi 20608ntion, the substrate for a flat-type
15 display device and the substrate for knocking may have
the same or similar size, or the substrate for knocking
may have a smaller size than the substrate for a flat-
type display device. In the latter case, the substrate
for knocking is scanned above the substrate for a flat-
20 type display'device, whereby the substrate knocking
treatment method of the present invention can be carried
out.
In the substrate knocking treatment method of
the present invention, the flat-type display device can
25 be a cold cathode field emission display, and the cold
cathode field emission display can have a constitution
(5), (6) or (7). '
(5) A constitution in which the cathode
electrode and the gate electrode provided in the cathode
30 panel of the cold cathode field emission display
correspond to the electrode provided in the substrate
for a flat-type display device.
(6) A constitution in which the cathode
electrode, the gate electrode and the focus electrode
35 provided in the cathode panel of the cold cathode field
emission display correspond to the electrode provided in
the substrate for a flat-type display device.



20 _ (7) A constitution in which the anode electrode provided inOthéViagede
panel of the cold cathode field em ssion display corresponds to the

el ectrode provided in the substrate for a flat-type 5 display device. In
the constitution (5), the projections mainly in the gate electrode are
renoved by field evaporation. In the copstitution (6), the projections
mainly in the focus el ectrode are renﬁVéH)by field 10 evaporation. In the
constitution (7), the proj e:ctdmlﬁumlrdaﬁlaln@mﬁceﬂ %br e@edar e renoved by

bresent  {nvert | Soerend PRSI\ the (R bans @ The Fodl d cat hode
1I‘O| el d eni ssi dFﬁ‘éh@iﬁ! afield ¢IEJ-$S;1:R11 rekich p 1Ly tamsia:sgomisr dui ttHehe cat hode
el ectrode andedie:54e aﬁtthe GFAEHS PreRh Udsdi il tedihey GAN0GR, 8l ectr ode,

t he gate el e trode an ] ocus ectro 0 cause théese IFectrode to
have the sa VIS prevent| ng the cold cathode field enission

di spl ay fronlexhlbltlng?iuﬁmﬂﬁxﬁygﬁﬂddﬁioﬁt @hfl%hefg&oab%%gehbng t he

em ssi on of rons [f.romthe ode fi.el d em Ssion device.
Further, the Hg%'t@%f Jolbei?l'éﬁ i FHS o %Fgﬂf &G5 fiyedh&ofdald a val ue
cor r espondi nge\rc‘tpcumatm-t ade tt&nebeons}npltueulonowhe anedpreljeetiefe during

the displa Of 0 | Si play. 1In
t he pregen%/ %%/ent e fpéré(;{% gll(%r#s}%(%r (egg:éel;ltl%%"%rg %é' ?éteﬁgges can be
reliably YemRHp CHSPtJfCPfé-I d I8y &p6r sonshitsyipRl EF ) DESORI PTOORCOEODRAW NGS

‘The present’ hin/a?ie Qhowd |e1bﬁ:1§é6&@'dl@ reﬁ'd%ﬁﬁéld; anéﬂle%'aatrég;% cherrt;to?{:
r awings Tor | 35 Showi 15 ARehAGETHLE VOPCKIBS, FPACERARMETEOOEPE. 2 i a
schemati ¢ dr dvienrfemershcuivent ichangdsen rtheolflagesypbe aipldy @il e 2.
0 5 JUL 2005 j5 #2014 cathode field emission display, it is required
15 to short-circuit the cathode electrode and the gate
electrode or short-circuit the cathode electrode, the
gate electrode and the focus electrode to cause these
electrode to have the same potential for preventing the
cold cathode field emission display from exhibiting its
20 - function, that is, for preventing the emission of
electrons from the cold cathode field emission device.
Further, the actual operation veltage Ve explained
before is a value corresponding to the voltage to be
applied to the anode electrode during the display
25 operation of the cold cathode field emission display.
In the present invention, the projections
present in the electrodes can be reliably removed by
field evaporation.

30 BRIEF DESCRIPTION OF DRAWINGS
The present invention will be explained

hereinafter on the basis of Examples with reference. to
drawings.
Figs. 1A and 1B are schematic drawings for
35 showing a change in a voltage V, in Example 1.
Fig. 2 is a schematic drawing for showing

changes in veoltages V; and V; in Example 2.




Fig. 3 is a schematic drawing of a knocking treatnent apparatus 84i3@bbgs
for carrying out the substrate knocking treatment nethod in Exanple 3.
Fig. 4 is a schematic drawing for showing a 5 change in a voltage V1 in
Exanple 3. Figs. SA and 5B are schenatic drawings for show ng a change in
a voltage V1 in Exanple 4. Fig. 6 is a schematic drawing for show ng
changes in voltages V1 and V2 in Exanpl €15= 10 Fig. 7 is a schematic

drawi ng for show ng a Fiypi QahsCQnébhbﬂthE a%.a{mh 8k 8 rRp¥RPhEonal cold
cat hode flelq:enlsS| n _displ ag i s _a schemafi c expl oded pérspective

view of part ST REREY CakOFe CAERYLNY PHLFLHE 9A and 9B
are schenat i Eubatitade &m@ckuemstabaanhmmsmethﬁHOEh EREkele stc., for

expl aining the nethodgkaqr Rr odugi el.d.,eni ssiop devjce haV|ng a
fiPst structure constlfgged ggagsggﬁgpa%ﬁﬁed¥agfﬂg gﬂfs?bgﬂlﬁgv?ce 20
Fi gs. 10ASan&hBome figl lBowWcddameg V19Bn Exampsehamatic partial end views of
the first support membesgs.cha. anti05pexpbabBhBatie GELBLH L OFQRI OdUCI NG

the field em _ssi.on devicCe having a first structure constitute a
Spi ndt -t ype V3 hits SPGRIFedPc & Voo teggs Vi 13 Examnie of e schenatlc
partial end views of Elgubstiata,sehémati@rdgawkﬁgnfag SRewexgml e of a

nethpd_for ?Egﬁggg#%nvﬁﬂ %ﬁe%uggo??dng q_l are schematic

partial end dgr explaining a 30
met hod f &0 produci ng aFfigel @ eﬁ1sssohemevLcedhaw1ng foti ssbwshguat ur e

tituted O el d [ e 1 A o 13C,
?grfokﬁﬁg F'%g;iii;gg?gbiggﬁgégkig pa ?%aBEe%dEéﬁg&gE%gﬁ?%eé |§st support

menber , Figle gmisgdonn8islRyd for producing the field
emi ssi on devi ce havi ngragli 8sisskr sehenateenskbioded Pbrsgestove-type field

en155|0n devb&%w'%f5p U%SZO 5a ca%%ode panel and an anode panel.

15 Figs. 9 and 9B are schematic partial end
views of a first support member, etc., for explaining
the method for producing a field emission device having
a first structure constituted of a Spindt-type field
emission device.

20 Figs. 10A and 10B, following Fig. 9B, are
schematic partial end views of the first support member,
etc., for explaining the method for producing the field
emission device having a first structure constituted of
a Spindt-type field emission device.

25 Figs. 11A to 11D are schematic partial end
views of a substrate, etc., for explaining one example
of a method for produding an anode panel.

Figs. 12A and 12B are schematic partial end
views of a first support member, etc., for explaining a

30 method for producing a field emission device having a
first structure constituted of a crown-type field
emission device.

Figs. 13A to 13C, following Fig. 12B, are
schematic partial end views of the first support member,

35 etc., for explaining the method for producing the field
emission device having a first structure constituted of-
a crown-type field emission device. .




Figs. 14A and 14B are a schematic partial end view and a partialgs JuL 2005
perspective view of the first support nenber, etc., for explaining the
met hod for producing the field em ssion device having a first structure 5
constituted of a crowmn-type field em ssion device. Figs. 15A to 15C are
schematic partial cross- sectional views of a first support nenber, etc.,
for explaining a nmethod for producing a2field em ssion device having a

first structure constituted a_pla 10_type field em ssion gdevice. Figs.
16A to 16C are schenat%%gﬁargéélaﬁ?oggg %E%tgoﬁgwewéE&%'% r%}?fréégsupport
menber, etc. vifewr anexpl pamitnglapeethedtive piedwucinghe ¢arshnsupporbe field
em ssi on devi Vi a fiest i[e Skl d  age-type
field enissig%ﬁﬁggfc%chfg§?§l?%bg%§h¥ég %ﬁg @%Egﬁgthip ???gP eﬁd Vi ews
of a first sipsofiedghgaissdpn deviceeRprangi Agfarshefh8UCEBESpr oduci ng

anot her vayi a@ins@fithited bel d ceBlastopedevita BaVEBfoA HetStestructure
constituted of 20 a plane-tyiﬁaf#SLg em ssi o devé 18A and 18B
t

i ce. Figs.
following Fig. 17B, ar&198¢h att PEP BRTCDRELE B?reﬁﬁlf?¥g?s§upport
menber, et csedtdoneiphdienisngft he faeshodubporpr mdmbeng ehot heforvari ant of

the field em ssi.qQn.devj ce .ng <a_fl truct AsLiruted of a
pl ane-type ff%&&'éﬁﬁ%@{%nnlgéﬁgcgngbéghféip oglg%gggegggﬁé%% ic partial
cross- secti ciedliog dayislg & fiirst syppeturpespestisnted péra piphgining a

met hod f org pr 1M 1d UrBlsdiew sekvqee30 device having a second structure
constituted of "a flat-_type field em ssion device,  Fi 20A and 20B are

Fi gs.
schematic partial cros§i98ectPBnkP VPEWATE SGHRTARES g?th@lf?E?ﬁsénission
devi ce havi g iseedndiskisu oifulze fderst ishppedtomeabilrat etype, £3n fiel d

o 25L0", SeY gt & bRetalt IS GaRiboak, FRS3E 408 catha o
emission device having a first structure constituted of
15 a plane-type field emission device.

Figs. 17A and 17B are schematic partial end
views of a first support member, etc., for explaining a
method for producing another variant of the field
emission device having a first structure constituted of

20 a plane-type field emission device.

Figs. 18A and 18B, following Fig. 17B, are
schematic partial end views of the first support member,
etc., for explaining the method for producing another

~variant of the field emission device having a first
25 structure constituted of a plane-type field emission
device.

Fig. 19A to 19C are schematic partial cross-
sectional views of a first support member, etc., for
explaining a method for producing a field emission

30 device having a second structure constituted of a flat-
type field emission device. '

Figs. 20A and 20B are schematic partial cross-
sectional views of variants of the field emission device
having a second structure constituted of a flat-type

35 field emission device.
| Fig. 21 is a schematic partial cross-sectional

view of another variant of the field emission device




havi ng a second structure constituted of a flat-type field em ssggruL 2005
device. Figs. 22A and 22B are a schematic partial end view and a partial
perspective view of a first support 5 nenber, etc., for explaining a
method for producing a still another variant of the field em ssion device
having a second structure constituted of a flat-type field em ssion
device. Figs. 23A and 23B, follomﬁng F @3 -22A and 22B, 10 are a schematic

tial d d t . f th support
Perber. orc. Hangrd' @ JeRne B Be Bk B be B Ehat Sy anot her
vari ant of tHeelidelethissiion devdeewi.ce having a second structure constituted
of a flat-type field eEH §'052$5aH8VF§ . Egg.sgﬂgmgggc?é 91l Qwyng Figs.

23A and 23B, are a sc tic partia Vi ew an perspective
vi ew of the Wlﬁﬁta@@pﬁoPﬁrﬁéﬁﬂePerﬁp@Cth@rVl@prélﬁlﬁgrﬁﬁesﬁﬁpﬁﬁﬁ for

produci ng st henefiled, aret.heroz0 e&@l‘a@.&hﬁ.n@f at h@thbal doeMpeebiaBidgvhce having
a second strug re co stltuted ofo% EEE 51 e field,em ssiogn “device.
4 n

Figs. 25A and NG ReGS é em&?élgehgﬁﬁﬁFE partial end
vi ews of thehhhum@ aupp@bhdZStmﬂmmﬁme ebnstifrateexptftaanicngtt-hgpeet hod for

producing t I er riant of the field em ssion device having a
second struc?ﬁ?edéohgggggg ge%?cg'flat type field em ssion device. Figs.

26A to 26C are schenaFiigspakBhapndr 888, Z0ldewtingn&ligeieR@Aohnd 22Bst

support Meeire f Gotich@ticePRAIrRiRINGnd wem:oqnhoa 859@&5@9 more still
another variant of the field em ssion device having a second structure

constituted BETSPACHIVE)Fdem ofd the Ldirsh SYEPPEE. menbergsetsra £8X27C are
schemati c paktipdlaieritg thewmethod fforsprodapinly fheberilet another

SXP PL00nY A uRLhRY Ol $94T o el RES o e hvind Q! B8EHET ' 2N
structure constituted of a flat-type field emission
- 15 device.

Figs. 24A and 24B, following Figs. 23A and 23B,
are a schematic partial end view and a partial
perspective view of the first support member, etc., for
explaining the method for producing the still another

20 wvariant of the field emission device having a second
structure constituted of a flat-type field emission
device.

Figs. 25A and 25B, following Figs. 24A and 24B,
are schematic partial end views of the first support

25 member, etc., for explaining the method for producing
.the still another variant of the field emission device
having a second structure constituted of a flat-type
field emission device. '

| Figs. 26A to 26C are schematic partial cross-
30 sectional views of a first support member, etc., for
| explaining a method for producing more still another
‘variant of the field emission device having a second
structure constituted of a flat-type field emission
device. ,

35 Figs. 27A to 27C are schematic partial end -
views of a first support member, etc., for explaining a
method for producing more further still another variant




of the field em ssion device having a second structure constltuqu éws
flat-type field em ssion device. Figs. 28A and 28B are schemati arti
end views of a first support nmenber, etc., for explaining a 5 nmethod for
producing nmore further still another variant of the field em ssion device
having a second structure constituted of a flat-type field em ssion
device. Figs. 29A and 29B, follow ng Eigq 28B, are schematic partial end
views of the first suypport nmemher 1Q etc.-, for explaining the nmethod for
produci ng t h@indhe fie ﬁe?méﬁﬁﬁpnaﬂ8yﬁgﬁ paviiaAt 2operARd f?EgHCEHngion
gevnce haVln@o@s&ﬂ%ﬁﬁ@dsbfuatﬂ&atCQQ@blEmb&d emlasibﬁtdevype field em ssion
evice. Figs. 30A to 3QC are hemgt L ¢_parti Cross | views of
field em ssion devices ﬁgérn ?ﬂ?r%ng?Fﬁc?ﬁp%m%onst?? ? %id%ﬂg
edge-type fl@h@mﬁﬁb@sBOﬁlfS@VBDQpOEtgmBmBEA tet8lc fpe srhépaningparti al
end Vi eWs Olneridd $ors EB%% TBhBe FhtrnetoLiexp! 8hBLAG: $Areafrexanple

of a method I em ssi on device I n structure
constituted &ff eeé@éﬂikyﬂésﬁﬁépddéﬁﬂ§§iBﬁvééﬁléeseFPg SBFACKAEE32B are

schlemat ic parzcignt%léu%%{ad\t/bmf (fﬁ_laa%—ftyb%t f&é@a%mggﬂ\b/ﬁr de&i@tf,. ;or .

expl ai ni ng pi N e fie Si o vice: Vari of production

met hod] for producing &% égln P54t § gnkggkdgogﬁ?gé?gnFﬁQV|géBSh%ﬁﬁ in Fig -

35. Figs. SSAdmamdﬁﬂ& plaarttli i m@de@ew@ZBf ahe fichénauppopar membesnd Vi ews

of (1he Tifest SUPROTd MRS iy g; melBlog®¥plal !qpaqc&ﬁg R hupg field
*fova ro F ducli e

eni ssi on “devi ce: Fian Fieon ne Ing t

Spi ndt - type-ﬁumumamnsimhiwamghhgg §ﬁ6W@n¢n0¢|@he3$lelﬂ|§@1534ﬂnand 34B,
fol I owi ng Fi gaev?i%% A ngS f‘ahesr&una Rartictlurendonisewsuebdt Be &i Fshtsupport
menber, 35 etc. for explalnl indt-type field em ssion device: |
Variant-1 of &&% @8%' 15Foduci ng the Spindt-type field
em ssi on device shown Figki.g3085t0038c)bre?280hematic partial cross-

15 sectional views of field emission devices having a third

structure constituted of an edge-type field emission
device.
Figs. 31A to 31C are schematic partial end
views of a first supporﬁ member, etc., for explaining
20 one example of a method for producing a field emission
device having a third structure constituted of an edge-
type field emission device.
Figs. 32A and 32B are schematic partial end
views of a first support member, etc., for explaining
25 [Spindt-type field emission device: Variant-1 of
production method] for producing a Spindt-type field
emission device shown in Fig. 35.
Figs. 33A and 33B, following Fig. 32B, are
schematic partial end views of the first support member,
30 etc., for explaining [Spindt-type field emission device:
Variant-1 of production method] for producing the
Spindt-type field emission device shown in Fig. 35.
Figs. 34A and 34B, following Fig. 33B, are
schematic partial end views of the first support member,
35 ete., for explaining [Spindt-type field emission device:
Variant~1 of production method] for producing the
Spindt-type field emission device shown in Fig. 35.



25 Fig. 35 is a schematic partial end view of a Spindt-type fiq sl JuL 2005
em ssion device obtained in [Spindt- type field em ssion device: Variant-1
of production nethod]. 5 Figs. 36A and 36B are drawings for explaining a
mechani sm of formation of a conical electron emtting portion..Figs. 37A
to 37C are schematic dramﬁngs for showing a relationship between a
selectivity-to-resist 10 'ratio and a hgi ght and formof an electron
~emtting portion. Figs. 38A and 38B are schematic fartl end _views of a
first support menber, Big:, K 3Po#SekpPahenakic EprhtR Yi&f Pfrd ssi on

devi ce: Var'%BEnatQEy%é Eaedacbmgasmahhaeblcgugstasﬁédamﬂ 88Bindpk owi ng
Fig. 38B, are  sche

partial- end views of % ? % agegort menber ,
etc., for exf¥EEnLA§L SﬁmﬁﬁﬁlpypgeVFEFd YAT$8PER*08 EE? t78nt-2 of
productlon medelt@@l] .20 Figs. 40A and 40B, following Fig. 39B, are

h I d wi f
schematicpartial en e%glgkAtQﬁd béﬁtafapﬁeé%%ﬂ§§bfé %éfalndg o

explalnlna [ Spi ndt-typ em ssi on de produ
met hod] . Fi g méthaaigmi bl fogmatawnngs §h@ﬂﬂhgaﬁoﬁi?ﬁérOQSG@ﬁFFéEE profile
of a naterla? %ESB ed changes at predetermined tinme intervals. Figs. 42A

and 42B are mati'c partial _end views of a rst er, etc.,
for explaining [Spindfig§pe3fhera éﬁ?s@F%nSHQQWEElCVafggﬁ?g $L 30

producti on makedhg G &elﬁildhawupmumywéeg ad3Blectigisghenatrieeisparti al
end vi ew _of the flrst su etc for i ndt - type
field enmldsi Ftd& %P%Q#F ?v%gﬁo 0 |oﬁle%§%o§]gh§gthﬁg 44 is a

schemati c pa@dnﬁlomnd view of a Spindt- type field em ssion device produced

in [Spindt- type fiel dpgyisssihgR deui 68 Y2ki 8Bhefha®licPpaduehioand 5 JUL

2005 views of a first support member, etc., for explaining
[Spindt-type field emission device: Variant-2 of

15 production method].

Figs. 39A and 39B, following Fig. 38B, are
schematic partial end views of the first support member,
etc., for explaining [Spindt-type field emission device:
Variant-2 of production method].

20 Figs. 40A and 40B, following Fig. 39B, are
schematic partial end views of the first support member,
etc., for explaining {Spindt-type field emission device:
Variant-2 of production method].

Figs. 41A and 41B are drawings showing how the

25 surface profile of a material etched changes at
predetermined time intervals.

Figs. 42A and 42B are schematic partial end
views of a first support member, etc., for explaining
[Spindt-type field emission device: Variant-3 of

30 production method].

Fig. 43, following Fig. 42B, is a schematic
partial end view of the first support member, etc., for
explaining [Spindt-type field emission device: Variant-3
of production method].

35 Figs. 44 is a schematic partial end view of a
Spindt-type field emission device produced in [Splndt-
type field emission device: Variant-4 of production




26 nmethod]. Figs. 45A and 45B are schematic partial end views of aJGLQﬁ$
support menber, etc., for explaining [Spindt-type field em ssion geVIce
Varlant 4 of 5 productlon met hod] . Figs. 46A and 46B, follow ng Fig. 45B,
are schematic partial end views of the first support nenber, etc., for
explaining [Spindt-type field em ssion device: Variant-4 of production
'nethod]. 10 Figs. 47A and 47B, followinggFig. 46B, are schematic partial
end views of the fjrst support nenber, etc for explaining [ Spindt-type
field enssidf Ice:  Vvariant-4 of. production nmet hod]. F Figs. 48A and

48B are schematic partFabsendSAlén&l$ﬂ§ e asdhémdt SHANOFE i LB, etc.,

. for explai n| %S@@%t t&gg tslue g g 1%%on devi ce: _Vari ant 5 of
production me Fi“gs ASHRECR PFowPhG- Fi §OT 48 P18 vingchemt i ¢

partial end dﬁ@W@dﬁﬁtW@@ Fiiedtl gmppembnnéabece vareant—-4fof expl ai ni ng

[ Spi ndt - t gpe gricehs&t8WnS fle@RodgVi ce: Variant-5 of production method]. Fig.
50 is a schematic partjal end view of a first support nmenber, etc., for

expl ai ni ng [ Spi ndt - t ypEL19%t ef 8RNt &R, BT E@WIng rH gy -4 Bof qmmoductlon

met hod] . 25 Eichematiics parsthenehicvpaiki af ené fiﬁg\toéuﬁ?oﬁ;' gpe field
ic partial’

enmi ssi on devige ( 3 che

Cross- sectlongl VP%W an lalgﬁgﬁafgg gE mfb?l eT+?%}°¥y%%V$¢%1d

em ssi on devW@él@N6 4. ngdﬁcgsOHSEéthod53D are schenatlc plan views of a

pluralitygof opening p@iégon§7§rggad@g5 Ne IRL S5 #qﬁﬂ% . 54 is a
rtion a

schematic partial end viéw of an el ectfon enmttl a focus —ua
el ectrod 35 §° Sagle paghial7enArsreNeDRt FUv CARRYE NEERIT THETMENT] ON '

etc., for explaining [Spindt-type field emission device:
Variant-4 of production methodj. ’
Figs. 48A and 48B are schematic partial end
15 views of a first support member, etc., for explaining
tSpindt-type field emission device: variant-5 of
production method].
Figs. 49A and 49B, following Fig. 48B, are
schematic partial end views of the first support member,
20 etc., for explaining [Spindt-type field emission device:
Variant-5 of production method]. '
Fig. 50 is a schematic partial end view of a
first support member, etc., for explaining [Spindt-type
field emission device: Variant-6 of production method].
25 Fig. 51 is a schematic partial end view of a
[flat-type field emission device (No. 3)7].
Figs. 52A and 52B are a schematic partial
- cross-sectional view and a schematic plan view of a
[flat-type field emission device (No. 4)].
30 Figs. 53A to 53D are schematic plan views of a
plurality of opening portions provided in gate
electrodes.

Fig. 54 is a schematic partial end view of an
electron emitting portion and a focus electrod
35




Exanple 1 Exanple 1 is concerned with the knocking treatnent neqpi Uﬂbﬁgm
flat-type display device 5 according to the first aspect of the present

i nvention. That is, the knocking treatnment nethod in Exanple 1 is
concerned with the knocking treatnment nethod after conpletion of the
flat-type display device, and it is a knocking treatnment nethod in-a
flat-type display device 10 in which a frrst substrate having a first

el ectrode and_ a second substrate h n on ectrode are disposed

W h & vacuuBESiaEEbREoR, coaa e Bl BRB REBBNC VST Slbst rate and

the second sggﬁyg%ggjgre "bonded in their circunferential portions. And, a
15 vol tage V1 hi gher tﬁ%Smﬁlgoht%gec§§BL¥ﬁgdt81£Hetﬁgcﬁﬂgck?£§CtrOde S

stepwi se applied to the el ect projec n present in
the first el doreastenty methedd oy &ber dliadntyps Hiapphy devike voltage V1 is

appl i ed. whj | %dd&‘if 351 RS Lthestfﬁ&w%sp%@tm% fthat phsa@nql iﬁkraxt%w ce in

Exanple 1 is cat hode fi,eld em ssion e Si referred
to as "displé?““héﬁblﬁ@@t@PPCkéﬁ@ tFeP§m€§FrE€FSP€dl E§§mP$en§vésa number
OL bSpi ndt - fj ymrﬁz?iﬂllegﬁlailh@ldﬁhfe e;hdacmm;srtec@a@m]}émeme(:hﬁdbafs:eﬁet| nmes 25 .
abbreviated as "f.i em n | elnafter shown .in _Fi.gs. 7 an

5. 5ot hat @ EBITIGTORET SRR AaR - o SPL A EVAG e  TRBY A EnGd For
produci ng t hé&noSkiimey trgednfend cediniosts iion add\liate typef dékplayi devane devi ces
of other wp $ WrlilerP 9959 Reddalele n%%hﬁ;e%xﬂ% éa&@%ﬁ@%@apanel i's

the: flrst substrate, the cathode panel iIs second substrate that is,
t he above cor?stﬁqngdoﬁ%tﬁaé:ee@ﬁ‘l‘@}@d)a SRFOT KdeRNSORENG Er eat nent -B i s

conpl eted. Thens ctd&i uﬁét&mhqﬂera@m@{ slpSadehQnﬁtlerr@bs&ubaabn:%@n themgnode panel

is 35 the secon st.ra bove co t| |

erl oyedy ,  arie A9 T g TPRARARH AT D SRFPPE) SURETROP BFBventing fhe
di spl ay fromhz)miéai tmmg:ﬂﬁlUngﬁ@iﬁmﬁb&emﬂmH pogttiions,. thad,ia, for '
preventlrﬁkti35f¥gégﬂvqnh95her than a voltage applied to the second

electrode is stepwise applied to the first electrode to

remove a projection present in the first electrode by
field evaporation. In Example 1, the voltage V, is
applied while increasing iﬁ stepwise.

20 The flat-type display device in Example 1 is a
cold cathode field emission display (to be simply
referred to as "display" hereinafter), and it is
structured so as to have a number of Spindt-type cold
cathode field emission devices (to be sometimes

25 abbreviated as "field emission device” hereinafter)
shown in Figs. 7 and 8, so that a detailed explanation
thereof is omitted. The method for producing the
Spindt-type field emission device or field emission
devices of other types will be described later.

30 In Example 1, the anode panel is the first
substrate, the cathode panel is the second substrate
(that is, the above constitution (3) is employed), and
the knocking treatment-B is completed. Then, the
cathode panel is the first substrate, the anode panel is

35 the second substrate (that is, the above constitution
(1) is employed), and the knocking treatment-A is
carried out. For preventing the display from exhibiting




electrons fromthe field em ssion devices, the cathode electrode gut_%s
gate electrode are short-circuited so as to have potentials at the sanme

. level. 5 Figs. 1A and 1B show a change in the voltage V1 when the voltage
V1 higher than the voltage applied to the second electrode is applied to
the first electrode while increasing the voltage V1 stepw se for

fiel d-evaporating the projections presem8in the first 10 eI ectrode. Fig.

1A shows a chﬁt@efumcﬁr@gpltm@ M, (st tpas, fdcr{ ’2129

electrode) in %he knocki C%g reaﬁman% B, and Fi B shows a change in the

voltage Vi (Vof ?%ﬁ%n%p%f 1% TR WL dvises afde mathasie

el ectrode whielectmdhoand c&h@tg&tﬁ@)elébﬂﬂ‘mieliﬂ@%ﬁw-dﬂﬁh@& & In the

knocking tre treat ne in Exanple 1, the val ue
e D Rl bR 0 ond e Bea

of the voltage to be was set at V1 volt (>
0 volt), &and the val udigs +H& wiid dfe shovbe amppiniged ino thee vad tageond

el ectrode wasy;s¢hedt t@teV%tltaE‘%ev\{aM'@FQ{ then ¥i0L'A9Fade Apalidd! * | 2

step was set at volt age i ncrease anoun kV, the

vol t age- applfrc?:aitj}teor??qc?%j gehedirode decpppldedvds dde fiirstsecond, and the
val ue of the a/hidtag&ié/hramﬁ i jattrdadi g nale Sfcﬂﬂ:ag@‘)‘é’a§té fi8b 38.KV. As

descri bed ab treatnent - A. and the knockin reat ment - B

were carri edo%e%l(# zﬁ]b IHF BRP IGGH IS pessrin %Itglé-‘gél\%% was

appl i ed t¥ teﬂ@ccfatqm é‘LLth Addehawd thehgate ehecheodelthgé were 30

short-circuit 14 I t nd surerrent
@b 1idfe anpis &f a4 t‘?feea\?@ﬁjteﬁ%le%ttr%dreg fin 1B BT

was nmade for a current rovmn bet wee

flowed. FurtHereaent-fn fd dYet-atlifophemist @g@h‘a@mewam &bl N@dtta@et he anode
el ectrode, tha qabmadgeehppu&edetandhéheaﬂﬁbéeeéfééﬁfgﬁe3§n&h eVere :

short ol oul AR ASlodl it L0, TERSEIENC e Tl for &
was found Binngllﬂ,?@&rea@@ntt%at the projections present in the first
el ectrode were In the knocking treatment-A and the knocklng
treatment B in Example 1, the value of the voltage to be
applied to the first electrode was set at Vv, volt (> 0
volt), and the value of the voltage to be applied to the
20 second electrode was set at 0 volt. The value of the
voltage V; at an initial step was set at 1 kv, the
voltage increase amount was set at 0.01 kv, the voltage-
-application time period at each step was set at 1 second,
and the value of the voltage V, applied at a final step
25 was set at 30 kv.
| As described above, the knocking treatment-A
- and the knocking treatment-B were carried out for the
display, an actual operation voltage Ve was applied to
the cathode electrode and the gate electrode that were
30 short-circuited, the anode electrode was set at 0 volt,
and a measurement was made for a current flowing between
them, to show that no current flowed. Further, the
actual operation voltage Vgp was applied to the anode
electrode, the cathode electrode and the gate electrode
35 that were short-circuited were set at 0 volt, and a'
measurement was made for a current flowing between them,
to show that no current flowed. That is, it was found




removed by field evaporation. The actual operation voltage VO refgf Sul %@
‘voltage applied to the anode electrode in the display operation of the
display, and 5 will be used in this sense hereinafter. Further, the
knocking treatnent-B was carried out after conpletion of the knocking
treatnment-A, to give a simlar result. Further, in the above constitutions
(2) and (4), the knocking treatment-B-ws% carried out after conpletion of

10, the knocktigt thH€abrBidctiond 1S i 1M qﬁg!t e 2 Exanple
2 is a variant_of E‘i %IF ° I% I':Eg%rrﬁrg: Zl,r{nat!fkt?éérf]t e fq%esmé were

vol t age- app! yr FE° %t Sb f l‘é&bl‘?/‘f"i‘%o?éfﬁel% t I§e uctuglt ppetiationel ect rode
(the 15 anodevel®age odg refExﬁn‘gbeaﬁx)rthQgéraﬁ;ﬁgﬂeﬁhﬁoV@ﬂléa&?ol d@pgl i \(/e\ﬁ tﬁ

t he second el t e ectro . an e gate el ectrode iC
are short-ci r%ﬁ‘%gﬁﬁ?é {}Ex%?r%lcgl%falf f?é?eerqe?%ror' 1% L HHE Yoo G

vlol tagea a?pgiggﬂg lsqe’;ﬁﬁa Japml}ﬂimgeert]ﬁa \Iréneaigfaﬂﬂafﬁ.o Fhetlaeegndgao

el ectrode. hi i’ i ' 10t idst. electrade to

fi el d- evapor a% e Cﬁg{ﬁ%' ect i%%@ﬁe‘ﬁboidrﬁ%ﬁ% scglgzorﬁfte Lo O LI 0T 5

vol tage hi gher'® THOI JITeaigen-3 s Wetgise & mdwmidelnt ageswlt,. a vol t age

hi gher  than mdwethent £ age Bk igbdRl it RIS 908 Vg etrag L R§e2S Tirst

vol t age- appl ﬁ#r{}ﬂzlfltn\e/gg ‘edéhe second vol tage- appl ying st'ep are repeated.

In the above TITS | AR RS a3 T Oupafdedt complediicagett o be
appl i ed t¥ t Hereg ikmsickigi g dtresdmanss-fsettoatgivke wldtin(ita@ welst)it .t he val ue of

30 the vol ta%ﬁl@ Aapplied to the second el ectrode was set at O volt,
t he val ue of € e VI at an initial step was set at 1 kV, the -

vol t age increase ampunEX@@®lesdt igt apverikut offeExampageiappincation tine

period at eattangilep MK RRIr Ahel I o13RGLR i hgg35 vol tage
V1 at a final t I n tr?e %bovgpg?éoﬁd%&gh g’é;fe- app! yi ng

a thlspl was .set K 30 \’;V _ :
step, the valBE of Vol Ngd 895 VaphPi Ehet §11sk eleehuodectthede was set
at V2 (>16 0 aBofleyelez009de3(n Bxatrplet kg walhierotnhhethel vageala be

applied to t@%plied to the second electrode (the cathode electrode

and the gate electrode which are short-circuited in
Example 2), there is carried out the second voltage-
applying step of applying the voltage V, to the second

20 electrode higher than the voltage applied to the first
electrode to field-evaporate a projection present in the
second electrode. Then, a voltage higher than the
voltage V; is set as a new voltage Vv, a voltage higher
than the voltage V, is set as a new voltage V,, and the

25 first voltage-applying step and the second voltage-
applying step are repeated.

In the above first voltage—appljing step, the
value of the voltage to be applied to the first
electrode was set at Vv, volt (> 0 volt), the value of

30 the voltage to be applied to the second electrode was
set at 0 volt, the value of the voltage V; at an initial
step was set at 1 kV, the voltage increase amount was
set at 0.01 kv, the voltage-application time period at
each step was set at 1 second, ahd the value of the

35 voltage V; at a final step was set at 30 kv. 1In the.
above second voltage-applying step, the value of voltage
to be applied to the second electrode was set at V, (> 0




first electrode was set at 0 volt, the value of the voltage V2 absaﬂul_gmg
initial step was set at 0.1 kV, the voltage increase anount was set at
0.01 kV, the voltage 5 application tinme period at each step was set at 1
second, and the value of the vol tage V2 to be applied at a final step was
set at 10 W Fig. 2 schematically shows changes, in the voltages V1 and
V2. After the knocking treatnent was cardled.out 10 for the-display as

described, thgpefValnORaiRid Yk 4 t&gqﬁé&o t\é@%ea%?ﬁﬁ%c{ q:é) r{[%hcat hode

el ectrode and Ihe ate el ectrode which e short - crrcui e anode

el ect rode wastett FLFVAGe waR setheds B sfadit, whe vedaie fodt thecurrent

f1 owi ng betwﬁmﬁﬁﬁéqﬁnvatatShﬁ%&hh@&amostépcwhéegbtfb@“@dl E#rtﬂgé EEZ

actual operat volta plied to the anode el ecfro

cat hode IOeI ec ‘ﬁb’}; n]dg:i]*?? taénoéir’ggt“fac?dé%lad:h Ondile kihortthe ¥odd@aesd wer e

set at 0 Vol tappnid-at e Suimegrer iwes amcé@cﬁorstmgcmrserstetf |dftW|1n%eléQint X \&E;teﬂ

~ them to sho it.wa un a e
projections g%gggﬁ?gﬁﬁiﬁﬁ% flﬁgFgele Sde 2 ané %ﬁeaPE%tSadaglacFFBﬁ

(parti cul ar | yWtamh&amseteladc thfodd)- V\Eilg Peachenabycaldydskowporati on. In

the above cansti eLﬂIlQﬂS:r(eZ)vcﬁlt%dé) ¥, Qﬁdabove knocki ng treatnent 25 was
simlarly carried out % Bgllar results. Exanple 3 Exanple 3 is
"concerned with the sub@?% fn ?FﬁdnﬂrEé?ﬁﬁﬁ?nﬁeﬁﬁédcﬁﬁr@ﬁé eubstrate

for a flat0 thge tdlspimpmvlase GaeeoTitiedy 'El:(het Iae:tilu:Lpr%&BQ@‘.bnOf the 30

treatnent nethod in
Banpie 5 1o uodkhes ¥ bds 4ol51 RPNG e KR e TAS st D e
production (ES$emdl %trﬂd%mlﬁlwe ghopitayidevited, Athebshbal'ee for a

flat-type di splestdd GRPRE dod ovifitd 3 Fsdsﬁbﬁl a%P LAt Laderand a
Substrate for knock| ng pravi ded with an el ectrode ock I'ng are

di sposed wi % Pﬁ$§@@nbépﬁ@entPhéhPWaﬁﬁaé 005 JUL 2005
- 31 voI]ISag@:u\ﬂrdmtgffalmtelman Euyﬁhéﬁgetﬂéphd:ﬁﬁlal Oop&fation voltage

Vor Wwas applied to the anode electrode, the cathode
electrode and the gate electrode which were short-—
circuited were set at 0 volt, and a measurement was made
for a current flowing between them, to show that no

20 current flowed. That is, it was found that the
projections present in the first electrode and the
second electrode (particularly, the gate electrode) were
removed by field evaporation. In the above
constitutions (2) and (4), the above knocking treatment

25 was similarly carried out, to give similar results.
Example 3

Example 3 is concerned with the substrate

knocking treatment method in the substrate for a flat-
type display device according to the first aspect of the

30 present invention. That is, the substrate knocking
treatment method in Example 3 is concerned with the
knocking treatment method during the production
(assembly) of a flat-type display device. A substrate
for a flat-type display device provided with a

35 substrate-electrode and a substrate for knocking
provided with an electrode for knocking are disposed
with a vacuum space interposed between them, and a




el ectrode for knocking is stepwise applied to the substrate-elecigrapdeLtygs
renmove a projection present in the substrate-electrode by field
evaporation. 5 The flat-type display device in Exanple 3 is a -cold cathode
field em ssion display (display), and the anode electrode provided in the
anode panel corresponds to the substrate-electrode provided in the
substrate. - That is, the flat-type displd¥ has the above 10 constitution

(7). The di sp{,@yf_gﬁé ® q{f@gyrﬁa{}pvd 3%81%&94 uarp?ll A q:f % i nhdt-type field
own

em ssi on devi ges in"Fig sTiows a éeherrat i c draw ng
of a knocki ng® ??Eﬁ?%nﬁoad&?%h%gagss%mmmef@pbmdynmgmmt the 15

substrate knostbﬂgrateaér@@trcﬂ@éh@@l téné¥@ P! rdjedtifon ‘%%ﬁéxﬁ_@ 4,{ eat ment
appar at us 30 o) avi n_open upper portion ovided in
t he housi ng 3@3 S%bs€5%€$ %f?%ﬁ%ggzb aﬁl’o‘g]afjt"é‘éfiﬁ’?@@éme el evati ng
cylinder 33 is provi dstheeflovi-tiyepe ehitspigayt aldvel 2.1l Exan@Sle g 120 4t abl e
el evating cylg r a not and the
novabl e bed V\n('?ij& %ag&tng? %??%b%%&%%ﬁ?%e@%ﬁ?% rsn'D\f?a\’B:} &8 the
direction peRedRli LPRFredse tpreoridrd @urtﬂmeamjde?l;gane& d&nﬁdﬁj‘ondy ovi ded
bel ow the testd waléa@mséﬁaté-@lé&&@&@@d&&{é &Y Ji h 4% nd a pin 35
e 1hroug

IS noved up and _downwardly throu a e testing
table 32 b;llva'f &~ oper a‘fl?%\rf%]]cﬁ‘ Wﬁ\é’%lqﬂﬂ-%ﬂg]eﬂbéth% e iaheste 34.  The housing
31is ﬁonh@ct@rdlﬁmmt/:mmu(rﬁ purrp_’h@@gs@h@ynhas;ar glﬁgﬂc@u}g@g}gg‘,ﬂ gnd ﬁn
at nosphere | ﬂ)a; n uned to a egree.” Further
provi ded in ‘E'E?uou ?;% |Ig&acé\)@% a]acgpef%ﬁﬁoﬁ} ﬁ;] EH AW fln
structurally3%%ﬁﬁﬂg i Tontact with an end portion of the anode
el ectrode. When the sulgty.ate dHRRKING n rggé d rried out for
tg a cth ﬁ%ttq_% l’t:l g%a br’:le BPCE

t he cat hode ptanel 35 such vol tage- app ng I NS
structural |y “XOHTRPY ARPAEGHT i) m@l%@ua'atdh@de

el ect r odeks arshibster ajae é{rﬂicﬂﬁ‘trrg)dﬁfea’mt&arﬁf Qﬁétdﬁiil S.HPIE}&HE)].‘JEUIS 208fe -
that the numiglo hELLA - d Sldif PR AR he 4 'f]raribsera %ouSJ.ng 31 having
an open upper portion. Provided in the housing 31 is a
testing table 32, and a testing table elevating cylinder
33 is provided below the testing table 32. The testing
20 table elevating cylinder 33 is placed on a movable bed
(not shown), and the movable bed with the testing table
32 placed thereon is movable in the direction
perpendicular to the paper surface of Fig. 3. Further
provided below the testing table 32 is a pin elevating
25 cylinder 34, and a pin 35 is moved upwardly and
downwardly through a hole made through the testing table
32 by the operation of the pin elevating cylinder 34.
The housing 31 is connected to a vacuum pump (not shown)
through a valve 37, and an atmosphere in the housing 31
30 can be vacuumed to a high degree. Further provided in
the housing 31 is a voltage-applying pin 38 capable of
Structurally coming into contact with an end portion of
the anode electrode. When the substrate knocking
treatment method is carried out for the cathode panel,
35 such voltage-applying pins 38 capable of structurallf
coming into contact with end portions of the cathode
electrodes and the gate electrodes are provided such




these el ectrodes. Disposed in the open upper portion of the housg W logys
a substrate for knocking 40 having an 5 el ectrode for knocking 42 tornmed on
a gl ass substrate 41. Further, a power source 43 is connected to the

vol tage- applying pin 38 and the el ectrode for knocking 42. Wen a
substrate 44 is subjected to the substrate knocking treatnent, the
substrate 44 placed on 10 the testing t3@ble 32 is brought into the housing
31 through a I 6ot of the.housin 31 an then . the inside of

t he housi ng §%%% ﬂ% 3&%@5%& rgo&g&ﬁuﬁi gﬁ?rﬁ?@bg h|§h vacuum
atnDsphere. Tohe st wdiaeg ro@iesi.s neasur ed for an |nternal pressure with a
pressure 15. gauge 36y gggFEHh hQHé'Bgeﬁluhgéfr@gkkioﬁaéfatﬂés'red

at nosphere, the testing e elevatin operated to el evate
the testing ﬂ%ﬁﬂﬁ§3823dnﬂﬁlatﬁ@bSQHQQQ’ o Eﬁogﬁdnﬁhéosﬁﬁ§ﬂﬂ§ténfor knocki ng

40 have a520 diedtaier o kevking 40f rhrimed meavglltaagesaaaltm&a api.n 38

I s brought %; ontact with an end rt.ion % g el e trode Then,

the vol Sage VENEahoA Svert SHOERE Aowie So0restas B0 the dRitiederect r ode
t hrough t he appltyager gdaml \3i8n gnpd mh§3eme&r©dmoEbr|knapkhngd4ao 25 the

el ectrode for k”OCk'”QWhABt%rshBQtEHQEtrﬁtﬁs Fﬂgggkggdt£8a£ﬁgnt t he

atnosphere in the housin erirc atnmosphere, the
testing tabl subdtaadhs rkgw@}qmmérre@&me@topétm @absd;rla@@eMt pd acest ong

table 32 1oanetﬂé16tet&itﬂgn&a§ca® %ﬁaSWbtﬂ&utglh% SHRSt rtﬁteehéﬂsaagpched thereon

i-s taken out hou5|n éﬁ%?ﬂ schematical l.y shows chan e in the
1

vol tage V1 q Vo 9eR (qun Rdn HRe NeYEL 31apﬁpﬂe bed t he
el ectrode fortHendaidiin iof apel ibedstiodg 3 isubsicuairedeviehr adeashiave

i ncreasing i fiel.d-ey r reiecth, I nt in the
substrat e- el é%?‘] g:\gl (‘%nc? g%e ec?lr (%Ie)‘r%%lguﬁi %é:h?t%gﬂte%t e ﬁno% l|1%J§1§‘§reat ment
met hod i n Exahiplie Feaswredalfigr ¢n tinderrnal) prezgose gdthyval pagssugebe

applied tg; t hgnigdbsig.at e- el ectrode (anode
When the housing 31 internally has a desired

atmosphere, the testing table elevating cylinder 33 is
operated to elevate the testing table 32 until the
substrate 44 and the substrate for knocking 40 have a
20 distance, for example, of 1 mm. The voltage-applying
pin 38 is brought into contact with an end portion of
the anode electrode. Then, the voltage V; is applied
from the power source 43 to the anode electrode through
the voltage-~applying pin 38, and 0 volt is applied to
25 the electrode for knocking. After the substrate
knocking treatment, the atmosphere in the housing 31 is
changed to atmospherid atmosphere, the testing table
. elevating cylinder 33 is operated to lower the testing
. table 32, and the testing table 32 with the substrate 44
30 placed thereon is taken out of the housing 31.

Fig. 4 schematically shows a change in the
voltage V; when the voltage V; higher than the voltage
applied to the electrode for knocking is applied to the
substrate-electrode while increaéing it stepwise to

35 field-evaporate the projections present in the
substrate-electrode (anode electrode). In the substrate
‘knocking treatment method in Example 3, the value of the




el ectrode) was set at V1 volt (> O volt), the value of the volta Qﬁ@
applied to the el ectrode for knocking was set at O volt, the value o t
voltage V1 at an 5 initial step was set at 1 kV, the voltage increase
anount was set at 0.01 kV, the voltage-application tinme period at each
step was set at 1 second, and the value _of the voltage V1 at a final step
was set at 30 kV. The substrate knocki ng3#reat ment method was 10 carried

out for the anoﬁitEaganEd) B dppﬂe(beﬂoa’@l@éesubgﬁ'ﬁ&ele"fe@% Q;B—%cfé' on
vol tage VO wag;a t he, el for nockr n ano ectrode

tQ rod
was set at 0 vo??rb Rl BefeRshr Jﬁe\% nedd & tdrcmeeﬁtaluﬁ &k ng
bet ween t hem the vhbhagdato noe cappied f tovnede éié%FEﬁdéfﬁfﬁt%ﬂgﬁkl ?d t hat
t he projecti pLEge e e-electro anode el ectrode) were
removed b Oﬁlgg %égvéaLEodr) 2‘{?%1% w%%%ﬁ% a %vch%u‘ﬁ aaﬂee Yen8&k PRy
t reat ment greth’éﬂt%\ﬁ% %E?Pl‘é%ls ot fat 1 heVabdve wooltsagd utriamsadds) and (6),

simlar resulmomtew@@t@é@e&lt 0 281 1|t t ar at us
shovvn in ﬂge{%% he_el e trode for knoz%é(n%%%s Jr%g?lJlrg%n{lh"%oIq-’s size

that of t Ba‘?t%"? of LEI VRt $Rl AT phritcondbwerst tfteheréslrmee of the
substrate forO:Enblméuvrgltatw e ada Ife_matlh%& @asl 2@tOhtt B gpode panel or

the 25 cat hode panel . | Su |cr ent to e a structure
in which the substrate#}xorr%mog%‘5 c}c]d’r‘r} Eg‘ﬂ’él Wafel or the
cat hode phhel Canhbed| @Jtlﬁorl@%uﬁﬁq'c& rHne aea‘rpiecgcx&kﬁetd ldﬁid:lﬂ’c—ﬂ i n which

the substrat eThén, kags kit LRIV S 1 &Pl c?{@d(% ui de.
Exanpl e 4 Exanple 4 is concerned W th the %ﬁ’ﬁaw‘% fhod in the

flat-type di spraySHRSFc¥e ¥ negking « e ansse aaslmu:trooi‘e thtw [regs ent
i nventi on. 35aﬂ'rﬁatvolsl; tared kenagdkd sgrdnicaat R MRl ady B amg 4 is .

concer ned W Ui KGRI Lol Tl JRADIG BTLEr comtetlon ol the
net hod i nt% f¥RAL tighe i spisnyfaimd dthat the projections present in
the substrate-electrode (anode electrode) were removed
by field evaporation. When the above substrate knocking
treatment method was carried out for the above
constitutions (5) and (6), similar results were obtained.
20 In the knocking treatment apparatus shown in
Fig. 3, the electrode for knocking 42 has nearly the
same size as that of the anode panel or the cathode
panel. However, the size of the substrate for knocking
may be smaller than the size of the anode panel or the
25 cathode panel. In this case, it is sufficient to employ
a structure in which the substrate for knocking can scan
above the anode panel or the cathode panel. That is, it
is sufficient to employ a structure in which the
; substrate for knocking can move, for example, along a
30 guide.
Example 4 .
Example 4 is concerned with the knocking
treatment method in the flat- -type display device
according to the second aspect of the present 1nventlon
35 That is, the knocking treatment method in Example 4 is
concerned with the knocking treatment method after
completion of the flat-type display device, and it is a




In MhICh a f|rst substrate provi ded mnth a first electrode and ag ag KesH ﬁn
substrate provided with a second electrode are disposed with a vacuum
space interposed 5 between them and the first substrate and the second
substrate are bonded in their circunferential portions. And, a voltage V1
hi gher than a voltage applied to the second electrode is pul sewi se applied
- to the first electrode to renobve a proj3dcti on present in the first 10

el ectrode by Qr e .knqc tpent . oet od.i.n Exanpl e
% Catver o pdrstido® ARAEEHEAE RS KOACH 81V BR. TR AEATY PRYSGE ChgeTs
to the first id adiichda ﬁmgﬁersubaﬁrﬁﬁ@ pv@Wﬂdgd wpphi edfigsthe second

el ectrode, t *éqefdt&seelénel %C%E%%da%ﬁbtstﬁ%a%%c%ggv?cliéﬁt Wéﬁear €epBhagat O

volt, and after elapse o predet erm ned eriod voltage V1

hi gher than ﬁ%@qmqﬁgerepweeesee E"’Hé'hséc(iﬁﬁuu@{ EPRFBIANTErRGERH puI sew se

ggpl i ed t03| t e thickest tﬁ&rﬁfhb@dthe'r&&]}‘_\é@ tsaelet&‘&tes ahﬂCltﬁéSE@c@Eﬂry two or
nore pul ses i fica ever. e_pul.ses nocki n

treat ment nefﬁ%%ﬁgé@ r&Fﬁgbpngﬂel%iFb?lﬁsﬁéEFuES?rFH%lB}eEBH lPﬂgention

expl ai ned i n2ABdanEl ooliagred Ve, highdrsthange vwaltsgeeipmiied ake thhace

bet ween he Belctng Shechbade 300 phigesacand,ghoel RdeLdur kg Lhe knocki ng

25 . treatnment. I n such case, err to enp € Knocki ng
t r eat ment neﬁﬁéﬂ*é@€%¥apn§em@vﬁh@ §€@dﬁ@tl§§p§€?59ﬂtthé ﬁh@sémrstnventlon

si nce a digscharge rdPrs b ¥nq&egasbbﬁ b@&@lghace due to pul sewise application
of. ‘the voltage V1. 30

e dis device in Exanple 4 is a cold
cathode field enission ngﬁ?agn?8¥gﬁga§¥g3ﬁ%ePF m@thgarﬁEtﬁgﬁﬂps% 4s to
have a nunberafiferSpihed pullgee vhiltladge-appd ying geepceos abpmglng Ehgs 7 and

orode baosl gﬁgb%ﬂggﬁépsﬂbséra etPfﬁggfa}%ch%&éeg géér Bes & Lhe

anode panel s pane e second
substrate (Veditags apipdigsoke ébﬁsﬁﬁFQPﬂoﬁl€3FrP§een§h§y§d¥Stand 0 5 JUL

2005 - 3% theddieddd Bmdl ket BRRbNE kletrirbhedaut saRdagoplal ed-
and after elapse of a predetermined time period, the
voltage V; higher than the voltage applied to the second
electrode is again pulsewise applied to the first
electrode. The voltage V; is increased every two or

20 more pulses (specifically, every five pulses). In the
knocking treatment method according to the first aspect
of the present invention explained in Examples 1 and 2,
a discharge may sometimes take place between the first
electrode and the second electrode during the knocking

25 treatment. In such a case, it is preferred to employ
the knocking treatment method according to the second
aspect of the present'invention since a discharge does
not easily take place due to pulsewise application of
the voltage V;.

30 The flat-type display device in Example 4 is a
cold cathode field emission display (display) and it is
structured so as to have a number of Spindt-type field
emission devices shown in Figs. 7 and 8, so that a
detailed explanation thereof is omitted. ’

35 In Example 4, the anode panel is the first
subst;ate, the cathode panel is the second substrate o
(that is, the above constitution (3) is employed), and



Then, the cathode panel is the first substrate, the anode panel Q% Bge
second substrate (that is, the above constitution (1) is enployed) 'n&mf'
the knocking 5 treatnment-A is carried out. For preventing the display from
exhibiting its function, that is, preventing the em ssion of electrons
fromthe field em ssion devices, the cathode el ectrode and the gate

-el ectrode are short- circuited so as to Imve potentials at the sanme | evel.

10 Figs. 5A h e in the voltage. V1 whepn the voltage V1

hi gher than ?ﬁge \%?%%%p%f?%%ﬂe?%-é ITe® SEUOMP LI BT 1Rt AR Ftedn se

appl i ed to thEhem rehe etathodelepameT i B¢ detey ahiorsat esubdrecpitad eaitieons  present
inthe first ghegtrodse=1 HY. LONS 15,.4.n .t he vqltage V1
(vol tage applied tp}‘gt he anodteﬁéefect r%gse I N % ‘1(1#(;% ilnsgf 1(:)Cr eat%ﬁ%oﬁlte- B, and
Fig. 5B shovCRSthEheon n(} hels gtabeyad) ( \aid dgee dppidkichd o t he cat hode

el ectrode sndetdetgede-2£! BEtdHER s Gt ar @'ors?:%béﬁit&ﬁ# tad) dEB EE?

knocki ng trea%rrenté%l. 20tJ n_the kﬁgﬁ:km treatment-A and the ngc ng

treat ment - B i h- BT Pl b3 THAGEH YAt e dFeEentEdns i@ to t he
first electrosRisebosetf atlabtmaid KoM tholtield hendelith efevtiteegiol tage to
be applied t e e set at 0 .volt he val ye ul se 25
hei ght ) of tﬁ%ﬁ%oﬁ:? ag‘g&é}ge%%%&?egi I:{g;lsths% ef se]seecttfé)[c{e_ £H8v S “vol t age
i ncrease anmouPtrestedisqtia®d. vl harve patenpulals witdttherammsetl eate 11

m crosecop@, and the puyliss. 5 envalspas, | Groosecond. knocki ng
treatment-A and hhe k%%g?n% 30ntreat rnercl)t%eetlg1 %ﬁédgaﬁh e%ggogtgl?%ggt he
display as d&s& et GHhIPdtagkeN: RhehgEt than ople avebkagel apRkia®P was
applied to t hieo cetdosc@id e laterals ihegaiani Rl egiglady Wy ¢haere
short-circuit e | ectrode was set at 0 volt, and a measurenent
was made 35 f%(r'j]'rsété Eﬁ%éraé;%?o% gcvﬁ néglege VEEP YA (e MWDo current !

fl owed. Furt HeFeseHe Hrtthe GpatatdlertugideageFiyop5nashaeppl aedhtngehe anode
el ect rodeis t hen cad1ogss fade L (389Bage 3Pp12bACELOLRe2R ok ate el ectrode

whi ch were Srgiéétrode) in the knocki i

_ cking treatment-B, and Fig. 5B
shows a change in the voltage V; (voltage applied to the
cathode electrode and the gate electrode which are
short-circuited) in the knocking treatment-A.

20 In the knocking treatment-A and the knocking
treatment-B in Example 4, the value of the voltage to be
applied to the first electrode was set at V; volt (> 0
volt), the value of the voltage to be applied to the

~ second electrode was set at 0 volt, the value (pulse
25 height) of the voltage VvV, at an initial step was set at
' 1 kv, the voltage increase amount was set at 0.01 kv,
the pulse width was set at 1 microsecond, and the pulse
interval was set at 1 microsecond.
The knocking treatment-A and the knocking

‘30 treatment-B were carried out for the display‘ds
described above, then, the actual operation voltage Vgp
was applied to the cathode electrode and the gate
electrode which were short-circuited, the anode
electrode was set at 0 volt, and a measurement was made

35 for a current flowing between them to, show that no‘
current flowed. Further, the actual operation voltage
Vor was applied to the anode electrode, the cathode



circuited were set at 0 volt, and a neasurenent was made for a cyg 9ot g
flowi ng between them to show that no current flowed. That is, it was
found that the 5 projections present in the first electrode were renoved
by field evaporation. After conpletion of ‘the knocking treatnent-A the
knocking treatment-B was carried out, and in this case, a sinmlar result
was al so obtained.” Further, when the kn¥d&king treatnent-A was carried out

10 and then t&Eednosde NEnd M€ed "gate B VoS £Rid iv%jicg’g%&% dsﬂ(%%_above

constitutions (2 nd.(4), simTar results were obtalne anple 5
Exanple 5 is %iﬁ‘%‘ﬂf"a%‘? %%r%x%?ﬁol%t £ YH-t 1PN Argreasireeny Wake made

pul se-vol t agefappa yd:wngrm'epfbcﬁwimmer&vf'@% hﬁxéiwhslﬁ: Véﬂdvﬁ&ﬁ}la\@tﬂ@dé he I Ih re fte
el ectrode hi vol e .appl.i.,ed to e second el ectro

is carried out tﬁ_%ﬁgﬁ%‘% c-i'det‘ﬂg%tg;] &ﬁ’stlé:p_wéﬁ fé’blﬁldyfc_ﬁ‘@tt f&Svol tage V2 to
the second® el RERT@felonsy resent hiam the fmﬂsmgﬂea:pmogmlferé}{h%lﬁm{@ o and
el ectrode an i t falrw ¢ t rst._el ectrode

t he second e?%%?%ﬁ% évﬁlfloﬁiic%gl t?&é&%%ﬁﬁ‘g’%\e&?"ﬁg%ag thg vglof:gé'ggappl i ed

to the first EIRIRiets thppmesking e s d-Fovas ot ied lwgh el ectric
field 25 is exedtid s heagw 0] £63in0iSaPRARSANT vhd ha dd loHtaiSlket  ode,
el ectrons ar eE.mllaé]gd Vh{ om. t.he ré)(l; ections on the basis of a quantum

and suc

tunnel effect S King Jeeatmsptad Furdeiied GHitng

bet ween tHe fandtthen ethe ddwakiichg Heresaoenct-d ecls et ridd &ut 30

proj ecti ons i fdigbls XARAALAG QRN 2 U TEN 16,09 2! 9den (et ected.

After the current-detection step 1s grrled 0 F,%ﬁ%&

pul se-vol t ag¥pIGRtRLE%p is carried out again. In Exanple 5, further,

‘when the cur mendmpidb 51 owi ng between the first electrode and the second |
e

el ectrode cones to redeterm ned val.ue or less (0 anpere in Exanple
5), a vol tage higher t%@%m¥ﬂ€ goﬂ?a@eva;}ﬁpi-9f-EX§mPlQ-4@5J1E2CD5 37
15

Example 5, after the pulse-voltage-applying step of
applying the pulse voltage V,; to the first electrode
higher than the voltage applied to the second electrode,
there is carried out the current-detection step of
applying the voltage V, to the second electrode higher

20 than the voltage applied to the first electrode and
detecting a current flowing between the first electrode
and the second electrode. When the voltage.Vz higher
than the voltage applied to the first electrode is .
applied to the second electrode, a high electric field

25 1is exerted on the projections present in the first
electrode, electrons are emitted from the projections on
the basis of a quantum tunnel effect, and such electrons
are detected as a current flowing between the first '
electrode and the second electrode. After the

- 30 projections are field-evaporated, such a current is no
longer detected. After the current-detection step is
carried out, the pulse-voltage-applying step is carried
out again.
In Example 5, further, when the current

35 flowing between the first electrode and the second
electrode comes to be a predetermined value or less (0
ampere in Example 5), a voltage higher than the voltage




V1 i's set as a new voltage V1, a voltage higher than the voltageo\ézmg zﬁﬁt
as a new voltage V2, and the pul se- voltage-applying step and the
current-detection step are repeated. In Exanple 5, the nunber of pul ses of
the 5 voltage V1 in one pul se-vol tage-applying step was determ ned to be
5. Further, when the voltage V2 cones to be equal to the actual operation
vol tage VoP of the flat-type display-deyvice, a voltage higher than the
vol t age V1 igvset as.,a _new volta the voltage V2 is 10 set at a val ue

Vi, !
equal to the HctFalFpéfafi 8FVY ﬁ&&&evgpr, a ¥ tage pt gee T Gt ary ek®pl vi ng
step and t he ouirtage -Vddasesktoasshepear eolepgat vd, umid | tidepcggent fl ow ng

bet ween t he f he . s d el ectrod conmes tqQ be a
predeterm-nedéégiié%é%?f% e{%):arne(f ﬁ%&l§ u&rfﬁﬁ—é:{eegﬁgc(%m"els e &r&1 t age
- V2 cones to HERReatedd udn EgampleoSthshechumbevpetfapiubdaesobfagkeVoP, and

when t he ur h ' _ -ade second
el ectrode §co ‘an%%éejlﬂca‘)\l/ye&g %?%\évgtﬁgrs% ﬁgglt\%glgugbg}ﬂﬁﬁgsge?g eé’?r%er e in Exanple
5), the knocKiHFTM TR B > 20FaGEBREr | WRPRy ther HPALREE. Vi IFEeSl e 5,

the anode panst be ddieal iticstthes Wstuaat @pdde: et M&a@[%n%%i)éf tﬂga se(r:]ond
substrate (t 1,5, the above constitutio 3) is ed), .an t he
knocki ng 't rea%?rrée%_tggx? sﬁfﬁqﬁ% D E é’&gﬁ(aéiee&lgi’g%T%ﬁF € cat hode

panel is the ¥oktageihstisaset Blea arwdeopangk Vs the setvadesupsig ate

(that is,14h &t {A) i | gye h cking
treat rrentl-(?A %@%ﬁgi%g@%é %%r%‘%eﬁ%%nﬁ%g%%ﬁf%%@r‘gcrﬁjk'gg ?b?‘i.’f'l'ng its
function, thadndsthg Gulsieeiitage-srrlivenahisdsiromnst thlee suramentir om t he

field emssi ametebpisestdfamatipiamearade w dhedt e18agy ode are
e

nocki n ¢ 1 edSEATCIA i T S RIS S8 Eherdeond SIERsAERe 5. the
val ue of the canesge the e pragisticathined valfue sir dleset r(odempereetinat V1
vol t (> O Vablamafidl die x2khe ghe! B81¢Q5L20S donbe APRILGAE 4 G 4N1G 0 5 U
equal to the actual operation voltage Vo, and when the
current flowing between the first electrode and the
second electrode comes to have a predetermined value or
less (0 ampere in Example 5), the knocking treatment is
20 automatically terminated.

In Example 5, the anode panel is the first
substrate, the cathode panel is the second substrate
(that is, the above constitution (3) is employed), and
the knocking treatment-B is carried our and completed.

25 Then, the cathode panel is the first substrate, the
anode panel is the second substrate (that is, the above
constitution (1) is employed), and the knocking |
treatment-A is carried out. For preventing the display
from exhibiting its function, that is, for preventing

30 the emission of electrons from the field emission
devices, the cathode electrode and the gate electrode
‘are short-circuited so as to have potentials at the same
level.

In the knocking treatment-A and the knocking

35 treatment-B in Example 5, the value of the voltage fo be
applied to the first electrode is set at V; volt (> 0
volt) and the value of the voltage to be applied to the



second el ectrode is set at 0 volt in the pul se-vol tage- applying ﬁtSGBULé@ﬂ’
the val ue of the voltage to be applied to the second el ectrode is “set 0
~volt and the value of the voltage to be applied to the first 5 el ectrode
is set at -V2 volt (< 0) in the current- detection step. The val ue (pul se
hei ght) of the voltage V1 at an initial step was set at 1 kV, the val ue of
the voltage -V2 at an initial step was get_at -0.1 kV, the voltage
i ncrease anmount of the voltage V1 was set at 10 0.01 kV, the pulse width
was set at 1 FATIML - 1shsde dthtdeMPdit vids e palse-vioditégecond, and
the absol ut aapgalyﬁmg)fsﬁéﬁl.lt agﬁﬁch&h@_ﬁv&ﬂ[ﬁénbfotlﬁéheiﬂ@hblégﬁo M@V\ivas 36{/26“
0.01 W Fig. e | y..sho anges, in the vol t ages an )
Fig. 6 shows %P:f%cgﬁ%degz 1% §5E n\ego efg:g:c\‘?f afd S a3:0I0t é('é’ggvf‘nﬁ/&lhteage
appl i ed to thealumce Wieotaldda)e ito thee dppddlddngot et fents+B, which is
al so appliga | exN0 es. Vi, ag e V2 (voltage
applied téytﬁgﬁﬁgﬁﬁgggqgfgg??o e éﬁdbéggtﬁé ggtggeﬁggtggggéﬁgich are
" short-circui t¥PeFHAhStamocRhggvRLESt fERLSA. haigbt)t fé kheckphgage

treatment-A andathen kneekangstepal@BnbeB Were kol rtRd PHiuaSofesnsi bed
above, the act ucal op&s ation_vol t%ﬁe Vogswas applied to _the 25 cat hode

el ectrode and TheFat & 2ePEcPPodBITRALNSHEPeWAEhERE- &Fr chr LeliVr t BB®anode

el ectrode wasraldtage ihamddse sawohres oefadivee vexltt awas Viadasf setaagur rent

f1 owi ng bgi weem 1 tihem no, current flowed Further, the actual
operation vol tagle ]é\‘/g'p tv\r/gés) pyplg% 2’5@%%1 ?’ﬁ% é'sr?g:deat’a(} é’EtOF&&é’f‘%thth@at hode

el ectrode an®PtiRe gatterdiade fifasdsetivaitc i wdicrosiegondoi Badi ttbe were set at 0
volt, and a dJRASMRIMBA1WADITRAA tafe B Mnolin®WioRd the! WegRalfiem to
show t hat no‘}:urrent rovves. 1h%& is, it was found that the projections
present in the@ FPFsfel 8t Pof re 35 renoved by field evaporation.
Further, after conpletiFdg. 6f schemkndcking sheasmentndesand the knocking
Lreat mentrs Bolitdild Wil v,! NS &€ 2hBus? el MchBhgedSYh! cigs 0 5 JU

voltage V; and the voltage V, (voltage applied to the
anode electrode) in the knocking treatment-B, which is
-also applicable to changes in the voltages V; and the
voltage V, (voltage applied to the cathode electrode and

20 the gate electrode which are short-circuited) in the
knocking treatment-A. |

After the knocking treatment-A and the

knocking treatment-B were carried out as described above,
the actual operation voltage Vo was applied to the

25 cathode electrode and the gate electrode which were
short-circuited, the anode electrode was set at 0 volt,
and a measurement was made for a current flowing between
them, to show that no current flowed. Further, the
actual operation voltage Vg was applied to the anode

30 electrode, the cathode electrode and the gate electrode
which were short-circuited were set at 0 volt, and a
measurement was made for a current flowing between them,
to show that no current flowed. That is, it was found
that the projections present in the first electrode were

35 removed by field evaporation. Further, after completion
of the knocking treatment-A, and the knocking treatment-
B was carried out. In this case, a similar result was



al.so obtained. The first substrate and the second substrate wereggxghiapged
alternately, and the knocking treatnent nethod in Exanple 5 was carrie
out. That is, the 5 voltage V1 higher than the voltage applied to the
second electrode was pul sewi se applied to the first electrode such that a
plurality of pulses were applied, then, the first substrate and the second
substrate were exchanged, - and the abaveggprocedure was repeated. By the
above 10 repeated procedures, a simlar result was obtained. Further, when
t he knocki ng 3 at¥iN&das carried out for the above constitutions (2)
and (4), simlar resul rhe ¥eEetOBlhBsREdteExAaPLRe6séboRdasnbetbate

concerned with the substrate. knocki treatnent .method in_a _substrate for
a flat-type Wﬁ%ﬁﬂ%ﬁf P@ea%&ﬁﬁaﬁ ﬁg%’oapﬁegg cgﬁgcgéﬁchrSP%Fﬁg% pr esent
i nvention. Thethcd ichExsmipdier &t eraencelkinmigd oudat "Enat nes hothén Exanple 6
I's concerned W 20 K] t t t [ tion of
t he 'flat?fyaéh'|§%$§9 gééﬁgg %gg?oﬁgéagggﬁ%gg %?g%ﬁg&fﬁglﬁﬂg %%8 I spl ay
device). | n tHeqRIM] vag PYBSOHES fegpldeds tat -Iﬁ’?pélﬁﬁ§ple&?0é§9ld€e,

provi geg Wi t hfbrﬁzzlrg Wt i’& %J{lu&lgqcittr)@@f, ﬁmkls@gd w@r%u%%uateadf thhr)omeng,
rovided with . an el ectrode for knocking, are disposed with a vacuum
gpace i nter pd?é’(?tb&wattﬁelﬁnd;% lsféfém%i Sﬁi’éﬁé'rat?ﬁ?ﬁ’ reae\%ptaﬁgs appl i ed

to the el ect rade tiey dbavek iprgpdesiuneu hvesnNirepeateld.edBy othaéeabove

substr at e- £l ' j ecti Nels o : e- el ectrode
i s remvng?%e%dfee e\?gegggg%’o?\d. ﬁqﬁulaﬁgsgt%ﬁlﬁla%gk%gg |%%h'treat ment
met hod accor @duigkher + héhen rdre daeediing tneatmends@nwasngarriied o4l ai ned in

Exanpl e 3, a ;8 Ghal Whov@ ot BiIEDHAKE \Plaee (8t Waehili¢ results
substrate-electrode and the el ectrode for 'knocking during the knocking ,

35 treat ment . W§HRe QR4PPSSse, it is preferred to enploy the substrate
knocki ng treatxidleret hod according to the second aspect of the present
| SC

inventioqj§ince a %ﬁ%%%l%S%U&%Oggncerned with the substrate

knocking treatment method in a substrate for a flat-type
display device according to the second aspect of the
present invention. That is, the substrate knocking
treatment method in Example 6 is concerned with the

20 knocking treatment method dﬁring the production of the
flat-type display device (before assembly of the flat-
type display device). In the method, a substrate for a
flat-type display devide, provided with a substrate-
electrode, and a substrate for knocking, provided with

25 an electrode for knocking, are disposed with a vacuum
‘space interposed between them, a voltage V; higher than
a voltage applied to the electrode for knocking is
pulsewise applied to the substrate-electrode, and a
projection present in the substrate-electrode is removed

30 by field evaporation. In the substrate knocking
treatment method according to the first aspect of the
present invention explained in Example 3, a discharge
may sometimes take place between the substrate-electrode
and the electrode for knocking during the knocking

35 treatment. In such a case, it is preferred to employ
the substrate knocking treatment method according to the
second aspect of the present invention since a discharge



. this case can be

40 .does not easily take place due to pul sewi se application of tlhx t.age
V1. The flat-type éisplay device in Exanple 6 is a cold ca;hode.pﬁepgtjﬁg
- em ssion display (display), and the 5 anode electrode provided in the
anode panel corresponds to the substrate-el ectrode provided in the
substrate. The display is structured so as to have a plurality of _
Spindt-type field em ssion devices showdGn-Figs. 7 and 8. 10 The knocki ng

[ t he. substrat cki ng
troatmont morhod o Eaenrt ke PESY R 2 SRR SRS et
apparat us 30 %?IOWNPJZ’F%)‘J‘% Fi-so that a detailed explanation thereof S
omtted. 15 The vol t agernél ﬂlaﬁflﬂzrgﬁeh@lstﬂl%. W AhAge %@lpg‘gﬁlg 0 6t 1y

el ectrode for Ckl o the Substrate e such fhat
five pul ses a?% Qg%é aﬁ’g‘&tc?‘uee?’i“-‘t"f%l%lqleftj,@-@?l (dism@Easend dhe t hese
procedur es5 ar&nw@ealmltrmié |]gefcdnejmp0|rrat1ﬂ1é hthcfe PaRieacidoedydent in

the substrat el 8¢ %réﬁgggfgggi?%$%§ ode T¥e1cha e:%$$§§}\mﬂtage V1in

he sane as In the
substrate knoBxe ridjiapleay rﬁeﬂwtsmqmtredw @(&rﬁplt@ have raepmmloj‘y idfe vol t age

to be appliedsphdtioc gt 1ale i £l i RIS Jas aglgg%flgg L n% vol t),

the value of _the voltage to be applied to the e ectr I'ng  was
set at 0 voIt8‘the val ue of the voltage V1 (pul se hei ght) at an initial

step was Bet at 1 kV, tie kelcxdeqg itheheasata gbatra\&% galitab1@- @4rkV, the

ul se width t m-CrLosec nd _an ulse |nterval was set at
E m cr osecond. Kf?i?rﬁ;e he Sllfbstsrueﬁ$C q‘ﬁ’hga eIt FEThRSs i8ar 1 ed
out for the d&wakolarfelcars hieddrg tseaahmtawe;he mmmltnmmwn vol t age
Vop was appl igshdmthhe 3P SlRAt ried r 3kn%%, %t a0 g%edel ectrode was

set .at 0 volt, and a rreasurerrent vva 5 cr rentriowi ng between

them to shoXMANHG Wurthaied dhe®miti@d-is, 0 5 JUL 2005
- 15 The voltage V; higher than the voltage applied

to the electrode for knocking is applied to the
substrate-electrode such that five pulses are applied
and then the voltage V; is increased, and these
procedures are repeated to field-evaporate the

20 projections present in the substrate-electrode {anode
electrode). The change in the voltage V; in this case
can be the same as that shown schematically in Fig. 5A.
In the substrate knocking treatment method in Example 6,
the value of the voltage to be applied to the substrate-

25 electrode.was set at V; volt (> 0 volt), the value of

| the voltage to be applied to the electrode for knocking
was set at 0 volt, the value of the voltage v, (pulse
height) at an initial step was set at 1 kv, the voltage
increase amount was set at 0.01 kv, the pulse width was

30 set at 1 microsecond, and the pulse interval was set at
1 microsecond. “

After the substrate knocking treatment method
was carried out for the anode panel as described above,
the actual operation voltaqe‘mwlwas applied to the

35 electrode for knocking, the anode electrode was set at 0
volt, and a measurement was made for a current flowing
between them, to show that_no current flowed. That is,




41 it was found that the projections present in the substrate-eggqjlyoglﬁ5
(anode el ectrode) were renoved by field evaporation. Wen the substrate
knocki ng treatnent nethod was carried out for the above 5 constitutions
(5) and (6), simlar results were obtained. |In the knocking treatnent
apparatus shown in Fig. 3, the electrode for knocking 42 has al nost the
sane size as that of the anode panel ar g4he cathode panel, while the
substrate for, knocking may have a 10 snaller si ze than the anode panel or
the cathode pdnéfas foyndhithatadbe projectdppscpsrsens érptbg a structure in

whi ch the SUlﬁﬂisair%lﬁeﬂiéllé@Q&l@d@Q %@d@c@ae@la%aet)h%eraneeﬁo%aeb or the

cat hode panellf§d€ wﬁf icient to enploy a structure |n whi ch
the substratéd 5W3Pﬁ5 1ﬁ§ cafifpvEDhe s gRPEREALE kNAFIRT a gui de.

Exanpl e 7 Exammatméntsm&th@ﬁimms @hrE&&mpbatGfoknthExabbbe 7, after the

pul se-vol t;age; ARY I n u |t age Vl 0.th
substrate%ﬁlectro %h%%oﬁ_ ﬁgr ?ﬁa RGﬁé %oh?gag %%%P#ga t'6TEnk %PéE?SOde for
knocking, there is carﬁneﬁhéuknpﬁhlBGrtéﬁﬁtmenécappﬂraBMSpr¢wapbmying_the
- vol tage V2 taritdie | efle @R t@back FOTK ikngiiglen ot Bae Ligoke!  kage appl i ed

to the substrate- electrode and detecting a current oW n et ween t he

subst r at e- el &MOFE28n @5t FRad 8 thGe 2PoFHe PABER RY. t?ﬁeﬁagh@dﬁoltage V2
hi gher than tgemelg| mgae aplel isetstaatiee faubxhbakeng! paly’ Rdoel § appl I ed to

the ele o] r electric.fie rted on
prOJectlgﬁg %ﬁggg' ?hﬁggﬁbggfhtgogFegﬁpg&eorSghsl88§ﬁ8ﬂ§ B?Beén1tted
fromthe proﬂébﬂﬂbnSC@@ebhetba§|§uf¢ﬁcaeqmaMDUEmp&nyeh sttactureaeninsuch
el ectrons ar gnidel @HeLduds 34 rf%'ii Emb%\ﬁ'l g Bsh EQnt bEogUPEhEat e

~electrode and the el ectrode for noc projections are
field- evaporéFﬁHk*§ﬁ@ﬁ1a°@UFP§hFa¢§°ﬁ@ F@nﬁénge?h@%t%%teht Wter the

current - det echifdicdleelt, tohempawhs e vehiiagarapphywhdcht €Rei SuBgaAtearried

out. In %%aw@d%.iho &%@eEanW%%%eah%O%U%&%%% O?JU %g85a gu1de

Example 7
Example 7 is a variant of Example 6. In
Example 7, after the pulse-voltage-applying step of
applying the pulse voltage V; to the substrate-electrode
20 higher than the voltage applied to the electrode for
knocking, there is carried out the current-detection
step of applying the voltage V,; to the electrode for
knocking higher than the voltage applied to the
substrate~electrode and detecting a current flowing
25 between the substrate-electrode and the electrode for
knocking. When the voltage V, highér than the voltage
applied to the substrate-electrode is applied to the
electrode for knocking, a high electric field is exerted
on the projections present in the substrate-electrode,
30 electrons are emitted from the projections on the basis
of a quantum tunnel effect, and such electrons are
detected as a current flowing between the substrate-
electrode and the electrode for knocking. After the
projections are field-evaporated, such a current is no
35 longer detected. After the current-detection step, the
pulse-voltage-applying step is again carried out.
In Example 7, further, when the current



42 flowi ng between the substrate-electrode and the electrode forg gnutkypn
cones to have a predetermned value or less (0 anpere in Exanple 7), a

vol tage higher than the voltage V1 is set as a new voltage V1, a 5 voltage
hi gher than the voltage V2 is set as a new voltage V21 and the

pul se-vol tage-applying step and the current-detection step are repeated.
In Exanple 7, the nunber of pul ses of-té2 voltage V1 in one pul se-voltage-

| ying ste i et ' : b N e 10..V2 cones to be
caual (o the BeonalS e e b o e hoIF o € o opl sy devi ce,
a vol tage hi gRtECthade fee kepelkipg \aomes ske have mawedtteamgeing] t he

voltage V2 ivatet @t Beyal ﬁﬂ?@fetﬂ;tﬁ@arﬁﬁiy&} pp@r‘%ig}ﬂ%é/q{{ VoP,
and tﬁe pul se;yvol t age- a Ig?ﬁ st.ep and the 15 cu}rent-d%te tiom step are
repeated unti Fh?ﬂeg}gﬁr\“gﬁf 9% ?Y)\Ml% Hrét e OV GH4A98 ¥ael @ctrode and the
el ectrode ¥orvizhbage ngigloee stiian have wo Prgetes 'I‘Sn%dztb\é%| uaenlgg,, | ess I(0t .
anpere in Ex yAfter | tage V2 cones . ta be a val ue equa

t rr]rg act ual . 289%%\2?% | o+ \?gﬁ ;tg%. @Xl(pi,sean &Y O léf&flrgeﬁ%epl Wn&ﬂebet ween
t he subst r at eCeFERR Evdetegidiom s trareodefartedknodk Examples 7t,0the a

det ' E5Se AREFo ] npl. nocking
ﬂga'?rrg:rzn' ingdrzliﬁlt%énﬁtﬁa%l y t%?)ng nat ed‘?()lz%h%aﬂégalﬁlp%%?ﬂ?ﬁg g(éggg%Sanel was
the substrat@RTHERYi SLeR MR L THMAY (kR il (7) Wied thepveysdye and the
subst r at eL&noekiounetsr aat Menegiilhed twes acdibledpetheibl WRecaypsiLate

[ Fept in 30 anple .7, the value of the voltage. to be
gggfikeggtgrfﬁ% su%ﬁ%‘?%@%c% S@EI;&X/”\/E evs’edte'ata\Yf e B ghepoithamng t he
vol tage to beth@prelengd Wihdsekett rede hew M&hlg&gvly\laShéeirolEta@?V@JtL in
the pul se-vol {@9es@prpt Y4 %Zﬁ.{eﬂec%ueﬁnqzoto tva%a%@n eﬁa&% Eih Vo tage | 0°

el ectrode for__35 knockjng was set_at 0 v ) vol tage appl i ed
to the substrre- 8PecthedRuIER ¥Rl tage-appiving ttep)and the

current - ded ectuxrerst-efetitton Ecanldite Aefbdtelilurd38S the current
flowing between the substrate-electrode and the
electrode for knocking comes to have a predetermined
value or less (0 ampere in Example 7). After the
voltage V; comes to be a value equal to the actual

20 operation voltage Vop, and when the current flowing
between the substrate-electrode and the electrode for
knocking comes to be a predetermined value or less (0
ampere in Example 7), the knocking treatment is
automatically terminated.

25 In Example 7, the anode panel was the
-substrate (that is, the above constitution (7) was
-employed), and the substrate knocking treatment method
~was carried out. |

In the substrate knocking treatment method in

30 Example 7, the value of the voltage to be applied to the
substrate-electrode was set at Vv, volt (> 0 volt) and
the voltage to be applied to the electrode for knocking
was set at 0 volt in the pulse-voltage-applying step.
.And, the voltage to be applied to the electrode for

35 knocking was set at 0 volt, and the voltage to be
applied to the substrate-electrode was set at -V, volt

(<-0) in the current-detection step. BAnd, the value of




- 43 _ the voltage V1 (pulse height) at an initial step was set @gtg JuKVYgs
the value of the voltage -V2 at an initial step was set at -0.1 kV, the
vol tage i ncrease anount of the voltage V1 was set at 0.01 kV, the pul se

W dth was set 5 at 1 microsecond, the pulse interval was set at 1

m crosecond, and the absol ute value of voltage change anount of the
voltage V2 was set at 0.01 W The changges in the voltages V1 and V2 can be

‘the same as " those schematically shown in Fig. 6. 10 After .the substrate
knocki ng treatHenfoHARd: (RY188r heaghslt aks aBednithad abepevashaehct ual

operation vdit agekwoprheasredps i die tha wlectngdacl an kpoekhngstipat was

short-circui no el.ect rqde set .at 0 volt, and a neasurenent

was nade forkgéjscust'r‘%}::n‘% f_ﬂ)(e;_v\% r%b%’lg:?’fet‘%@gcr?‘i%éﬁcrteﬁs?n&ww oo 08 r ent

fl owed. That Vvaltade Vawasoset whal.Ohekp,oibet puhsepwedentwhs b€

subst 1 at el apl 104 dANGHGH CAHPUN HPTGIGRRMCGAY <l gldjevaparat i on.
{ | g WNo§

Further, when the substrate Knoc tT eat nent met was carried out for
t he above 20 RSHRFRANDn ARG thehf@Luts vialae ofs yioldamer ehebigei ned.
Exanpl e 8 Vardmuimt icd ctirnivesiiiiyedani 488 wekl abeo . 8xpkel neghdereinafter.
When t he flatc-t%/ e dis Iﬁ_&y dg)\sz,_ice is_a cold_ 25 cathode field eni ssion

di spl ay, the ©¥ e lﬂg ® W t2995 YraPPty VorCan dre Wi AW afevi ces, and
each field i errhdondtdeaddypreaheesy ia)Fia.f ier.st support menber, (b) a

"ayer Tormed on the i et oty he,rhERkratd KRBRIboTEPREnebF nePhed™ () 5
gat e el ect r o0 GFaFEI-S5h Ae ashsifsariiigd abpate, 3Be( ertmaloperiragipartion
made through vidie gl &7, 686 496E1 S e d Nend NS AL Mk | AV endiididd ) an
el ectron em %:%Ia(%:n wea{secsthroorq:e—gi%rcr&%.%e%n, chSe Jalr{ladzeo?a?.ectrode was set at
0 volt, and a measurement was made for a current‘flowing'
15 Dbetween them, to show that no current flowed. That is,
it was found that the projections present in the
substrate-electrode (anode electrode) were removed by
field evaporation. Further, when the substrate knocking
treatment method was carried out for the above
20 constitutions (5) and (6), similar results were obtained.
Example 8
Various field emission devices will be
explained hereinafter.
When the flat-type display device is a cold
25 cathode field emission display, the cathode panel has a
plurality of field emission devices, and each field
emission device comprises;
(a) a first support member,
(b} a cathode electrode formed on the first
30 support member,
(c) an insulating layer formed on the first
support member and the cathqde electrode,
(d) a gate electrode formed on the insulating
layer, ' . ,
35 (e} an opening portion made through the gate
electrode and the insulating layer, and

(f) an electron emission electrode formed on



44 that portion of the cathode electrode which is positioned in ggshafit gy
portion of the opening portion, wherein the electron em ssion el ectrode
exposed in the bottom portion of the opening portion 5 corresponds to the
el ectron emtting portion. The above structure will be referred to a field
em ssion device having a first structure. The type of the above field

em ssion-device includes a Spindt-typesfi eld em ssion device (field

em ssion device 10 having a conical electron-emtting electrode forned on a
portion of tHk8aEaPREFACB| eét FBGeCRfiReHepBLErsHorls whasht idned in the bottom

~portion of thesapedned Par ki BBXtomApekeWBnt ppetheebfefhgspentdenice (field
em ssion - device haV|n% a cromg-shaged electron-emttjng e gctrode 15
p t iB8ec ]

formed on a portion of “tAESER PEETPRAE™IWRATPEA" PETETEN T s positi oned
i n the bott omxposedoinotthehbotapanppgthont bdnkheangenaipgapertypr fiel d

em ssion devi el 1 $RL.0 [ ' .y _flat electron-
emtting §|eg¥§§‘§5P§P%e§gL§ﬁ§ %%g?¥g§ﬁogﬁ¥%ggggtﬁggéh§8' | ect rode which
portion is positioned FﬁetﬁBOBEt?BHPCBBF?ith%fb?hée%%ﬁﬁ?ﬁgt%o?tion).

Al ter nati vel ¥iellke endisbdde dendlcehhavangphufakktysetuétetkd. enitssi on

devi ces, and h fd | SSI evi npr,l . 2 first support
member, (b) & S r‘%’gld%lh%ea% V%dgg%%gﬁﬁﬁgﬁgg bapvice lgﬁ%‘gé?? Renber, (c) an
i nsul ati ng | $pdndtotype Saeflbeenisstionsdppoce fEibed emdsshencdendde

el ectrodgg 3@ 44he ag%b%_i%b@cte&%@%riaﬁl’-@ﬁ&t%&nbhél'leeé%aéi EgrmEQYSﬂ aand (e)
an opening portiqn that is nade through the gate el ectrode_and the

t 9 A
i nsul ating | &P&t198d Afadhs CBLPEM FIFCTERUGhEPAChNBOERLRBIESel ectrode is
exposed, 35 weerielibnddatinpentl botebm ber¢dbhodé ehecbpefléngwpbetiibs)exposed
in the bottom portion. of hel%penLn%iogprtion c?rneigonds to the electron

em tting porti SROVGsIUPSf4eld emis device~ (field emission
device having a crown-shaped electron-emitting electrode

15 formed on a portion of the cathode electrode which
portion is positioned in the bottom portion of the
opening portion), and a plane-type field emission device
(field emission device having a nearly flat electron-
emitting electrode formed on a portion of the cathode

20 electrode which portion is positioned in the bottom
portion of the opening portion).

Alternatively, the cathode panel has a
plurality of field emission devices, and each field
emission device comprises;

25 (a) a first support member,

{b) a cathode electrode formed on the first
support member,

(¢) an insulating layer formed on the first
support member and the cathode electrode,

30 (d} a gate electrode formed on the insulating
layer, and

(e) an opening portion that is made through
the gate electrode and the insulating layer and has a
bottom portion where the cathode electrode is exposed,

35 wherein that portion of the cathode electrode
which is exposed in the bottom portion of the opening
portion corresponds to the electron emitting portion.




- 45 The above structure will be referred to as a field em ssiopggvi ofs
havi ng a second structure for convenience. The type of the above field

em ssion device includes a flat-type field enm ssion device which 5 enmts
electrons fromthe flat surface of the cathode electrode and a crater-type
field em ssion device which enmts electrons froma convex portion of the
~surface of the cathode el ectrode havingscenvexo-concave form Further, the

cat hode panel has a pl gf@l bl stHlckhehd§Th SBLORHEYL- gstoagg ach field
em ssion device _ conprises; (a) a first support nen%er, % ) "a cat hode
el ectrode whilciPith ST M dgy6iae $aviRd s Seeomed salsoesurke £br st suppor t

“menber, 1.5 (@nwhidind.atirhg ’t?’?érOEOEHBdaBbvéeﬁﬁél@r‘eﬂL{@si&ﬁt hode
el ectrode, (d) a gate ele trod& ornmed on .the insulatin ayer, and (e) an

. [ .
openi ng por t i rtede Bt lakadyper§isdd &%F@SépécgﬁaageaWhlﬁﬁe
i nsul ati nd | aymirt,s whescsinorish droed ghep drliaito Buaft acke ofathedeatabget r ode whi ch

' d i ' ' Mald of th I, 1]
cor T ouponds Lo ThE Holine Gty boritad JusriEnaheyacs Pheehre i

be referred tds #laqtgamsefiresi en coaviese peatiiog eft thedssifaceupe or an
edge- type |1 alib Huradh etidddhatAeBOaRES o BILENGE. bl cathode panel
each fi e

has a plurality of field em ssion devices, an em ssi on device
30 conprises; (a) a stFupgghehapstiegaathetdecpandd bapparplumatietpfofin

i nsul ati ng et lentiRg ifopy R 190253 %55§EacﬁUFH%&h EEEQEHon(Bévﬁcgate
el ectrode made of ,a stripe-shaped 35 material layer having a plurality of
openi ng port iGH®PTIREFe t hrough the stripe-shaped material layer, and (c) an
el ectron enmitting portian, a0f3rdtlsdppdbrt member,

(b} a cathode electrode which has an edge
portion and is formed above the first support member,
15 {c) an insulating layer formed at least on the
cathode electrode,
(d) a gate electrode formed on the insulating
layer, and
(e) an opening portion made through at least
20 the gate electrode and the insulating layer,
wherein that edge portion of the cathode
electrode which is exposed in a bottom portion or a side
wall of the opening portion corresponds to the electron
emitting portion.
25 _ The above structure will be referred to as a
field emission device having a third structure or an

edge-type field emission device for convenience.

Further, the cathode panel has a plurality of
field emission devices, and each field emission device
30 comprises;
| (a) a stripe-shaped gate electrode support
made of an insulating material and formed on a first
support member,
(b) a gate electrode made of a stripe-shaped
35 material layer having a plurality of opening portions
made through the stripe-shaped material layer, and
| (¢) an electron emitting portion,




46 wherein the stripe-shaped material layer is arranged such th@gg Jhegs
stripe-shaped material layer is in contact with a top surface of the gate
el ectrode support and that the opening portion is positioned above 5 the
.electron emtting portion. The above structure will be referred to as a
field em ssion device having a fourth structure for the convenience.
‘Various el ectron em ssion el ectrodes or46eLectron emtting portions in the
field em ssion devices 10 havig E irst. to h|rd st%r iures can be

enpl oyed as el ectron &nftfihg 88 Sﬁge"ﬁhﬁﬂﬁ fPRFeT L 2HRL deVi ce

havi ng the f @uranged suchr ¢éhathehenseripe-shapednahitbeuntalglafergate

el ectrode of .th SIO e Vi g e LS cond or
third structuﬁk%%%k%ﬁg %gkér %Og %h%%ﬁggltgchg 9%gef%%ﬁg%gPe§trode

i ncl udes at |sawpordnandmthalt w@@p@@lﬂgomﬁeogr égppeogatisnedgabbveungst en
(W, niob ureh@@lectt%hateﬁmtﬁa)g pbh:ttilahum (Ti), nol ybdenum (M),

chrom um (Cr), alun1nun1g EL , gold 20 (Au), silver (Ag),

nickel (Ni), cobalt (C&¥ Pgﬁnﬁ ﬁPC¥EF? W#F%nb?FE?feﬁFﬁglFﬁn?%P@) and
zinc I(Zn) a|ﬂ1%§.$i @mlsﬁamo$@gi@8nha11nmg ttbagehnetalicelearnbs ﬂ;h@rT S o
exanple, nitrides.such as.TiN an cides suc i Si
Tasi. Cetc ) CoNERIRIER oYaF RAP crRartEph nEnt S ol el R e 85

el ectrical | y edewduon esuirtialg @nmd&@nssu@htag EIé&@|BMnaﬁnbnndewmde$,

i ndi um oxjid H%ﬁq t enar okt u
electrodé' S Iﬁtg%e %&ﬁgﬁ Fﬁh%ﬁl ?h?t%&§§0§§ﬁn€geslgﬁ &88 ?orned on
the insul at i fJackyen S@létkﬁ@W@oFﬁﬂﬁnﬁlPﬁi§@eféﬂﬁﬂﬁgeWéﬁﬁéensG@Hlag a CVD
met hod, a spHadvng@heetfdaeth ttapReuréeposi tion method, an ion plating

net hod, an electrolythﬁep#agégga %BQdCOEthkﬁgiﬁglgﬁé g&lng nmet hod, a

screen printing nethod ser aS|on a so g nmet hod. Vhen
the thin fil Rlestawde;ofedhen fird depriss ion: fgvacer banangnsbeatingthayer

the thinifs | Bddorighidreihadd s taictowe Rat thenimd@ehhodor to formthe

stripe- Shaped&%@fﬁéﬁf?%%r%% d@%sO% nlt%o%e lnc&u%es at least one

metal selected from the group consisting of tungsten (W),
nicbium (Nb), tantalum (Ta), titanium (Ti), molybdenum
{Mo), chromium (Cr), aluminum (Al), copper (Cu), gold

20 (Au), silver (Ag), nickel (Ni), cobalt (Co), zirconium
(Zr), iron (Fe), platinum (Pt) and zinc (Zn); alloys or
compounds containing these metal elements (for example,
nitrides such as TiN and silicides such as WSi,, MoSi,,
TiSi,, TaSi,, etc.); a semiconductor material such as

25 wsilicon (Si); and electrically conductive metal oxides
such as ITO (indium tin oxide), indium oxide and zinc
oxide. When the gate electrode or the focus electrode
is formed, a thin film made of the above material is
formed on the insulating layer by a known thin f£ilm

30 forming method such as a CVD method, a sputtering method,
a vapor deposition method, an ion plating method, an
electrolytic plating method, an electroless plating .
method, a screen printing method, a laser abrasion
method or a sol-gel method. When the thin film is

35 formed on the entire surface of the insulating layef,
the thin film is patterned by a known patterning method,
to form the stripe-shaped gate electrode. The opening



- 47 portion may be formed in the gate el ectrode after the formats duL gos
the stripe-shaped gate el ectrode, or the opening portion nmay be formed in
~the gate electrode concurrently with the formation of the stripe-shaped 5
gate el ectrode. Further, if a patterned resist is formed on the insulating
| ayer before the formation of the electrically conductive material |ayer
for the gate electrode, the gate el ectrdbte-can be fornmed by a lift- off

Ldn ViRgdp ensShdd [ j ' k havin

gﬁt ggghi E;r:ar(}e?]irgjﬁérl}lavi nrbfjhe fo%%qﬁlﬁﬁgé%ﬂnéa%n%{%tﬂéej %‘or nr1aoi5 t he gat eg

| Fogpd “‘%Ef’f‘ Cg Pt et medsor @&nh thevi ng such
el ectrode, or-$feEtRd p‘ft?‘?lﬁﬁ'g’-ﬁ% Reb P & r €&n ng st
" an openi ng powpémingtpmci]:ﬁaﬂ: anay rge afdlzgﬁec}a?gl medrﬁa(;wg eﬁgﬁrﬁrﬁghnb;l | m
IS onger ESSAL r : . _
':ofeggr! ngga s(?%?pe- s'ﬁ%lp‘gﬁhn%fe‘ﬁéarﬁ%‘%&%ﬁ#?% Sg:r}éﬂ‘%'&?‘ﬁ@qq on in
advance amtl f93tEkertreda: r Fystdleaped fmat paitakbrhayeresantt his gate
el ectrode suppSFhed W i Mﬁiﬂ&%éy{éeq%?%?f%h%“ f%?ﬁ{agﬁo%a‘é'fng the

fourth structure can be 20 obtained.” I n-t ) em ssi on dévice "havi ng
the first strfRtoreCFLRGy mandusidve aatasiasilayedefiode thehgateat er i al

for constitutehgtarodd eaitteorgard iR d0he GWlA TROG Qfi ol | east
of tungsten, _a tungsten

terial rom.the 25 group consisting,
glnleo;]f,31 em)al yb enﬁ%ﬁgoénbl y Eg‘ﬁ}ﬁ'a?ﬁ) ,Q‘pf)?:t F?Pﬁr‘hl%éo{li tanFakriad eyt _
ni obi um * niwbingnalmask haanirat wm aperant lc;algmlm_tia:ld O il Qmileuh Eb?] Fgg(r)])m um
|l oy and i nug4 Lg&{ﬁl d 15, n_qr rohous si )
go I-% the fiel df%érﬁ SSi _olﬁicjg;\}igp%iéhavi.ng%é*% _'rdsat%% setq'FE%tr}g’Fi%'q Fat rown-type
field em ssi GifiR{M REITHAI et SO RSN & isegesn blawdngosuehi tting

sl ectrode il udsm el @ortaain,y N Hiders iRRY Hrtle?S taRd rdrmG@aBRpnat i on . of
2I gctri cally ocj_pq:gxuctti viqidrti cles w gﬁ‘ﬂa SSlEli@;\der. The rratgni aFmof_ t he
el ectri cal | y Condiict i it 8¢ LN e SESESFGRYe ont AF RRE nEkeri al s

~such as 1t apfite;elesfynagtecomaynitenlforsuech bys prepgstiern @Wstr@pe-JUL 2005
- shaped material layer having an opening portion in
advance and fixing such a stripe-shaped material layer
on the gate electrode support portion, whereby the field
emission device having the fourth structure can be

20 obtained.

In the field emission device having the first
structure of a Spindt-type field emission device, the
material for constituting an electron-emitting electrode
can be made of at least one material selected from the

25 group consisting of tungsten, a tungsten alloy,
molybdenum, a molybdenum alloy, titanium, a titanium
alloy, niobium, a niobium alloy, tantalum, a tantalum
alloy, chromium, a chromium alloy and impurity-
containing silicon (polysilicon or amorphous silicon).

30 In the field emission device having the first

 structure of a crown-type field emission device, the
material for constituting an electron-emitting electrode
includes electrically conductive particles and a
combination of electrically conductive particles with a

35 binder. The material of the electrically conductive 
particles includes carbon-containing materials such as
graphite; refractory metals such as tungsten (W),




48 niobiuni(Nb), tahtalun1(Ta), titanium (Ti), nolybdenum (Nb)

chromum (Cr); and transparent electrically conductive naterials éﬁ'ggs

| TO (indiumtin oxide). The binder includes glass such as water glass and

‘5 general purpose resins. Exanples of the general purpose resins include

t her nopl astic resins such as a vinyl chloride resin, a polyolefin resin, a
pol yam de resin, cel lul ose ester resig and a fluorine resin, and

ther moset ting, ;r §:9§ 0 es cr c nd a

pol yest er re%in% (iﬁéfogin%%éﬁghﬁﬁga EEFQQES% é%#)éléﬁ% Saﬁﬁggerably,
the particl e {#icge apd QMm@H@NétﬂﬁKdalﬁvdc6ﬁéﬂ@9ﬁ¥@n§aPﬂP§F§écﬁé Fufficiently

smal | as conmpayifhoMikie HaFRASIAQRS sQilcht La% q&@ct(rlﬁammmt&hl Bgigk§ct rode.

- Al'though not specially limted, the 15 formof the electrically conductive

particles i s TheREnEEs | nﬁ&Pﬁﬁ@dﬁ&PsspﬁgF@ F?k@at§5|8&95? agg| urmar or
anmor phous .5 P@ﬁﬁ@ﬁﬁﬂlpmﬁ@msgﬂr@@umscalExampndscbfVEhep@émeféhspﬁmpwseuch a

formthat exposedéa t|0@§ Qﬁlﬁﬁﬁ?l%l g%r#%%hh% %%%gu%gl e Rgg&lcles form
VS¢

acut e . prOJec ri con Tve particl eés having different
di mensi ons. amhlehrrﬁckf s ifnor vs pedyyolefisedesina @ prdyemidenresanti el d

em ssi on dev'cfegg]%wgég é&{%f Ifetlin SidUG wlﬁogfm@ RJe%&?x typg field enission

device, prefe , the electron-emtting electrode is ‘made of a_ 25
mat eri al havﬁﬁ@ﬁ@@ﬁﬁ%qhﬂg\Hﬁﬁénﬁuﬁ@Fmoﬁs4Fntﬁ§ﬁX§ IRgl8ri 80 AGEYLLC

consti t utigng reesiat ReRe £hrRaleeder Bé@mrrat Ebrahminﬁbvj;ﬂdjsélé@tr@@ an

el ectron-emtti.n elec%y de can be e the asi.s of. the _work

function of 'm%é% ﬁiﬁlﬁﬂﬁﬁ§tﬁ?ﬁ§§ j&gykat 8d?aglé€}?oaéze %%

potenti al d|fﬁmaeﬂﬂarﬂnﬂqﬂiﬂytﬂmndyﬂﬁamﬁ @@Eﬁ&@ée@ndsth@ffaauhudéyelectrode,

a required CubiAnl Jlensinns Ay G lmeluaeisonT: iad chlbed-pke: Typical
e

exanpl es of t mat er | or constituting a cat o e electro of the
field em ssi cﬁimCré‘«Artsé qlfﬂqwet-unaéicéﬁuebDn°t4SBscw}lY3$1m+5%ﬁiun’Fl(l@,) =

4.02 - 4.4 &Qym oA ym@@l@dﬂracaﬂl_ﬁ%orﬁiu%&l@é) ﬁaaﬂtuml@@ml(st = 4.28 eV),
gggﬂﬁgogng_spherQQal, pélf%edga lé% f?%g, ad!ggfgg, %glﬁm%ag e¥) and

amorphous. Preferably, the electrlcally conductive
particles have such a form that exposed portions of the
electrically conductive particles form acute projections.

20 Electrically conductive particles having different
dimensions and different forms may be used as a mixture.

In the field emission device having the first

structure of a plane-type field emission device,
preferably, the electron-emitting electrode is made of a

25 material having a smaller work function & than a
material for constituting a cathode electrode. The
material for constituting an electron-emitting electrode
can be selected on the basis of the work function of a
material for constituting a cathode electrode, a _

30 potential difference between the gate electrode and the
cathode electrode, a required current density of emitted
electrons, and the like. Typical examples of the
material for constituting a cathode electrode of the
field emission device include tuhgsten (P = 4.55 ev),

35 niobium (¢ = 4.02 - 4.87 eV), molybdenum (¥ = 4.53 -
4.95 V), aluminum (P = 4.28 eV), copper (¢ 4.6 V),
tantalum (¥ = 4.3 eV), chromium (¢ = 4.5 eV) and



49 silicon ((D = 4.9 eV). The material for constituting an L
el ectron-enitting el ectrode preferably has a smaller work functigasﬂy gﬁgn
these materials, and the value of the work function thereof is preferably
approximately 3 5 eV or snaller. Exanples of such a material include

carbon ((D< 1 eV), cesium((D = 2.14 eV) LaB6 (4) = 2.66 - 2.76 eV), BaO
(4).=1.6 - 2.7 eV), SrO((D- 1.25 - 1. _e\/) Y203 ((D = 2.0 eV), CaO ((D
=1.6 - 1. 86 BaS = 2.05 e ((err) = 2.92 eV) and ZrN ((D =
2.92 eV). %B/iie CHt ek rab? 2 ¢h- el r‘Wee%Et IRG SPBStAsYEing Ride of a
mat er i al haV|¢1be%tm+@mmmng)rBJ46)0tcﬁ0® Qita'ﬂerahi@l lhews. allsmaldteari al for
constituting el g tro not_n ssar required to
have - el ectr |vg&éon1§'ﬁ%%€i\knf v &%Aﬁstﬁé%té{’r‘? S]osf ‘it’ﬁf%t |ah]d}/ear9€| ectron-
emtting el ecti®d®Tk aﬁ"tl}%‘iﬂ% |§hexqgthgie |§§epfr9é“f¥>rerediPPImiéla§|@ém Bically, .

di anond i s5 pref esr &dual&t@i:.abgk@:r@'ﬂes oFmeuehodsmatapPad iacprgberred. Wen
t he el ectron- %‘:'P’ttl ng el ectrode i s, mde_ of anorphous dianond, an 20

em tted- el ectFHPTUCRAT HeR¥l t yCRet@BsEPy=f &r L haV) di bpBay(Ran DebBbt ai ned
at an. el ectrlf 2J'E6 VNt S0 tyd Bf 156 x- 1977 \é‘ﬁ)prsﬂ-@@ =Fursker, | sgnce
e

"anDrphous di electrigc.re t emtted ctron _currents

obt ai ned from the ézPécftBon 2mbt Fleﬂg §P§ ??’an? -55-cdnBBeBP oufRE (o
uni form curr ent, 0%y X h&iN | (Rtwal i 92 &) bandyhtmeseh can2 be2 sewppr essed when
such fielg amzséumf@m alrfe 'élcélft&%ﬁre%ﬁt't'lh% %1@5%%% sFiRHRer

si nce the anorphous di anon ‘exhi bits remar kabl y rabi | |ty agai nst
sputtering byPh chdarerisdi dpyinn aonk ﬁuh?é’td-lo@pl‘lh;pf 4 e\l cami ssi on
devi ces havi rgnal ldmongehel nlhemrlialcabrbeoﬁ"statﬁeﬂngChﬂeé!\ééﬁrohﬂ the field

em ssi on devi e Stqucture of | ane-.type | d em ssmn
devi ce, the nj&[al{ﬁe%a %oret%%r?fsc{ersl mg}: gln esg'@trl"gﬁp§§q3ﬁ#& kg g‘laé(@trode ¢an
be sel ected @AM HEWMITY- a secondary el ectron gain 6 greater than
the secondary el ectronsgal Ra8efialin@ocs! eohttsahtYngoRAuUSibYEJRterial 0 5

JUL 2005 s .
. emitting electrode, particularly, carbon is preferred.

More specifically, diamond is preferred, and above all,
amorphous diamond is preferred. When the electron-
emitting electrode is made of amorphous diamond, an

20 emitted-electron current density necessary for the
display can be obtained at an electric field intensity
of 5 x 10’ V/m or lower. Further, since amorphous
diamond is an electric resister, emitted-electron
currents obtained from the electron-emitting electrodes

25 can be brought into uniform currents, and the
fluctuation of brightness can be suppressed when such
field emission devices are incorporated into a display.
Further, since the amorphous diamond exhibits remarkably
high durability against sputtering by ions of residual

30 gas in the display, field emission devices having a
longer lifetime can be attained.

Otherwise, in the field emission device having
the first structure of a plane-type field emission
device, the material for constituting an electron-

35 emitting electrode can be selected from materials héving

a secondary electron gain 0 greater than the secondary
electron gain & of the electrically .conductive material



50 -for constituting a cathode electrode. That is, the above matg\lsl i g@g
be properly selected fromnetals such as silver (Ag), alum num ( ,

(Au), cobalt (Co); copper (Cu), nolybdenum (M), niobium (No), ni ckel
(Ni), 5 platinum (Pt), tantalum (Ta), tungsten (W and zirconium (Zr);
sem conductors such as silicon (Si) and germanium (Ce); inorganic sinple
substances such as carbon and di anond Sand conpounds such as al um num

oxi de (Al203)fioy Q%ﬂm@}glq% (Bden Ry qrgé‘%%o@gbdeTﬁggo%Fug i um oxi de 10

(CaO, magnesi um oxide (. tin oxide arium e (BaF2) and

cal ci um f I uordRRYg (1&3123]?1 é’aweerﬂréip Yy &sisatag ﬁ@n‘aﬁletals such
el ectron-em tid rpglﬁ}@@t(r , als.m[{qmnnq@g_s)sargdm r@glql r ebpaQ th v;@)el ectric

conductivity. 15 In fleld ssion devi ce haV|n ‘the se d structure
(flat-type or°Ttler ({w)p M(‘Jﬂ o(%b[ henﬁcgeﬁ dhidgi on

devi ce havi ngpldieinim r(tPt)s,t rtlmttwlem( gdne-t }t‘,mmg‘st@rd (@ ssidrzideonden the
material for i ggtgp e

el ectron-em t§| n] éé@i‘%% can ﬁﬁﬂea%t ﬁﬁ?&%qlne(%)s%%% X aI&“ungst en

(W, tantal unﬂQQb,‘) mcmq%nmns’(mmle tﬁqkma;me(snsyacmwmﬂm (aml) chrom um

(Cr), al un numdxdng; ce@izpefon(gfaandsg%ﬁ:r{% ARBLITHinY ¥xideAQh1,8l ] oys and

conmpounds of _these neta faor e 25 n|tr| des such as Ti Nah
si licides su&?W’?‘iq\/dé 'yheglg@ (B rc SR8y 9’%@@h'as

- di anond; nd (a:acih,l nnazﬁrémnnﬁ |dmi1deAl (tm;mghﬂm osﬁsem' a(lsirrlj)zl)i n‘bhﬁﬂmnl('-)he ]
thickne’ss of o] el Lo tely 05 to 5 hum
preferably .O.flﬂfoo (rﬁfaaﬁt §0g$ cgift"%a% fﬂao gfam ryqbn?ﬁ ode el ectrode

i ncl udes depﬁ%ﬁqlﬂcﬂi r@lmmmfa@%mreleémmrbmt@mietﬁe@trm hod
and-a hot filaymHt mgaﬂqumﬁ HH L A d®|iAied, a conbination of

a CVD nethod or an jon plating nethod with an etching nmethod, a screen- '35
printing met Hoth -4 I ng nmet hod. When a screen printing rrethod or a
plating rmeg hod is enpl aredhet Hdeldakhdde iehederides hawrihhe ther Beebnat ri pes

can be 0 5 thtfggghre {(flat-type or crater-type field emission

device) or the field emission device_having the third
structure (edge-type field emission device), the
material for constituting a cathode electrode

20 corresponding to the electron-emitting portion can be
selected from metals such as tungsten (W),'tantalum (Ta),
niobium (Nb), titanium (Ti), molybdenum (Mo), chromium
(Cr), aluminum (Al), copper (Cu), gold (Au) and silver
(Ag); alloys and compounds of these metals (for example,

25 nitrides such as TiN and silicides such as WSi,, MoSi,,
TiSi, and TaSi,); semiconductors such as diamond; and a
thin carbon film. Although not specially limited, the
thickness of the above cathode electrode is
approximately 0.05 to 0.5 um, preferably 0.1 to 0.3 um.

30 The method for forming the cathode electrode includes
deposition methods such as an electron beam deposition
method and a hot filament deposition method, a ,
sputtering method, a combination of a CVD method or an
ion plating method with an etching method, a screen-

35 printing method and a plating method. When a screen;_
printing method or a plating method is employed, the
cathode electrodes in the form of stripes can be



51 .directly formed. In the field em ssion device having the secogq jy_ s
structure (flat-type field em ssion device or crater- type field em ssion
device), the field em ssion device 5 having the third structure (edge-type
field em ssion device) or the field em ssion device having the first
structure of the plane-type field em ssion device, the cathode el ectrode
or the electron-emtting electrode can- 93e fornmed froman electrically
conductive pasimedtfBpaidhetd, by dispersing electrically conductive fine
particles.. Exanples of_ the electrjcally conductive fine particles include
a graphite powder; a gr&pfite fiGtdermisSdenwreNica: hpgasy she spcapdal
powderls, a basﬁn;gnmaq%mmﬂrl . kyp@ctbiea_csténmasiiw Qpehd %ep@\ﬁd%!&:;at@ir?l{mnd .

particles or a I nd-Jl i ke caybon po r cantajning an inpurity suc
~as nitrogen, tp‘%%ﬁloe?]gg,e%%?%ﬁ{?‘ﬁqQZ\gﬂg}e dfoléé%b(?ﬁ‘-l%ﬁ&%‘- g%?féc&omder; an
(Sr, Ba, (a) IeoBLippvidher ;thandl stmidtiwen (Eida-dypeodidend kemiissiparticul arly
preferred 10 aspl&of & AP {d) PUKIYs @ ARl L oRduEil e Tine 20

particles in view of a decrease In thresho ctric” field and a

i mprovenent iSFERFENG il Wie tHangdemeoficdd erisgigor deyriceThghe

el ectr ! cal | yt@eaﬂdswéh eedimfie Rt tﬁéﬁé @é@éﬁdﬁﬁ-\éﬁa}t&&n@%@e@%&t@i@elﬁﬁzgr
scal es, or ey. ma e any fixed or rphous faorm” The particle

di ameter of t9fe %CTI@%/@IC?%I? Dcd?i‘tﬁﬁﬁlijxféﬁf i EPAGTIVEs Pasdenpreparedcal so
| ong as i10i oyeqlidpersirny dlesscrtivally tdonduutdkree $iner palte ipdklern width

of the catho r +el.ectQn-emiting electrode. Wth a
decrease in S_ﬁfaa]%]g%a %ﬁ%}%‘r&g“ltgnle elrl&nﬁ%)ern&r?l?%g’re gfingoparé:&fzrlgﬁs emtted
per unit aredNhdfe 3 rEFARIEEE PANSIer it e gutsphd teapoldies tixest sriths t oo
snal |, hoveves tdist Gafdefe lanl IRARIYs ! fAﬁb%Jﬁ%&[{ Qi Holkﬂ@% elyagt r ode

may deteriorate in electric, conductivity. The above_ particle dianeter is
therefore préet &F AR (L Je RWART iof i3maRd) REF g LESo OF asuch
el ectricaldy dhicmbrod- ke fdamboqardweleas quntaiinigd \wnt Ampugliags seemponent or

other  properyDi et deh PIARYH LS Fe/drC Al 152945, VS Qo 2005
nano-tube powder; an (Sr, Ba, Ca) CO; powder; and a
silicon carbide pbwder. Tt is particularly preferred to
select a graphite powder as electrically conductive fine

20 particles in view of a decrease in threshold electric
field and an improvement in durability of the electron-
emitting portion. The electrically conductive fine
particles may have the form of spheres or scales, or
they may have any fixed or amorphous form. The particle

25 diameter of the electrically conductive fine particles
is not critical so long as it is equal to, or less than,
the thickness or the pattern width of the cathode
electrode or the electron-emitting electrode. With a
decrease in the above particle diameter, the number of

30 electrons emitted per unit area can be increased. When

| the above particle diameter is too small, however, the
cathode electrode or the electron-emitting electrode may
deteriorate in electric conductivity. The above
particle diameter is therefore preferably in the range

35 of from 0.01 to 4.0 um. Such electrically conductive-
fine particles are mixed with a glass component or other
proper binder to prepare an electrically conductive



- 52 paste, a desired pattern of the electrically conductive pastgsi SuL g5
foried by a screen-printing nethod and the pattern is calcined or

sintered, whereby the cathode el ectrode which works as an

el ectron-enitting portion or 5 the electron-enmitting el ectrode can be
formed. O herw se, the cathode el ectrode which works as an
electron-emtting. portion or the eleclﬁgpzenitting electrode can be

formed by a at ] t od a h|n
- technol ogy ori g & é%ﬂfto éﬁp&({}ﬁl E?qialtj‘r%1 h hc Ysscio c?e havi ng
the first stE’Qﬁ:‘%QJrJeS droxmed Sm rﬂjtsqlgqml-fpralmﬂe‘rg sr@tdwcuancte:hﬁ the .
crown-type ikl S QOGP orf NG (IR Ahar{ ey & a%m'a% a cat hode
sten

el ect rode can e sel cted from 15 nmetal s such as tu . ni obi um
(Nob), tantal YBHSARFRY M) , 2T RIQA RHAN -Gt teinghiRedhion prand
- copper (Cu); ttai Ie)];es:tajm-@mimm@ elfedthesi: Rimise (ffdiﬁn@ﬁarfm e nitrides

such as: TiN icid Sugl as VBl Ti. S nd TaSi 2

seni conduct ors s% s;és’ gt PGS lﬁftﬁgq 'Y@l(clhnd"od%st i9F &% de) The
met hod for f@hmqmmm@@wmum|mmpmmmgmt hods such
as an el ect roneeaRAeRAsidd %1‘}&“&&1 o?r*ﬂl% tfé\?B E)(EI)_%I tion

nmet hod, a sputtering nethod, conbi nation an ion
plating netkmﬁ?%ﬁ%qgeﬂ?QQQQNQR?:E?rﬁQQRﬂPga¥Qﬁﬁﬂﬁ%@qﬂWQH|hwganénﬁ¢& a
plating red hasEmneetHadt - of f nethod. Wen a screen-printi-ng method or a

plating nmethod is enpl t t hode el ectrodes |{n .the formof stripes
can be directly for med(%T%g1 r&ﬁgﬁ%alemfl&ﬂ%‘ngﬁ VELGE AGVARIakBBeI3HSEl ect r ode

can be properdtrusiest et dﬂrmrﬁpmgiumpd rfe.elmblmtustslﬂdrplaie&flddle)rdl spl ay.
That is, whe [ e node ,
rﬂweclg:ll sp % fidd %J‘ R AR (e BRSES r%é’?fd t he

corresponds to a screen en the dnode
phosphor | ayéior&’ri'e’-té’ftdé&(ﬁ srathases edeatrodsp sen ﬁ@mﬁ@rlegﬁeldn firloirs  or der

not only Ishe meaegnd Siitm)@(é HiRftlerdYv) 2nS@Hike rede %a%%taﬁ%fed"fa%el fis
requi red 10 e AARAR Gy, R Trsintt (63 i nyty Ve
(Cu); alloys and compounds of these metals (for example,
nitrides such as TiN and silicides such as WSi,, MoSis,
TiSi, and TaSi,); semiconductors such as silicon (8i);

20 and ITO (indium~tin oxide). The method for forming the
cathode electrode includes deposition methods such as an
electron beam deposition method and a hot filament
deposition method, a sputtering method, a combination of
a CVD method or an ion plating method with an etching

25 method, a screen-printing method, a plating method and
lift-off method. When a screen-printing method or a
'plating method is‘employed, the cathode electrodes in
the form of stripes can be directly formed.

The material for constituting an anode

30 electrode can be properly selected depending upon the
constitution of the display. That is, when the display
is a transmission type (the anode panel corresponds .to a
display screen), and when the anode electrode and the
phosphor layer are stacked on the second support member

35 in this order, not only the second support member buf
also the anode electrode itself is required to be
transparent, and a transparent electrically conductive



53 ,material such as ITO (indiumtin oxide) is used. Wen the dialj‘ﬁ( s a
reflection type (the cathode panel corresponds to a display scre %) A5
even when the display is a transm ssion type and the phosphor |ayer 5 and
t he anode el ectrode are stacked on the second support nmenber in this
order, the materials for constituting a cathode el ectrode and the gate

el ectrode can be properly selected from3hkhe above materials in addition

to ITO 10 Thevaneds eleet r@qu(l%lm_%&adex&beqt flgdﬁ seldVified formin

which the eff trvefleldls covered , wth a sheet "of an electrlcally

conductive neth iHSPIGY ifay? Fethechiode tPec(tdge CREIPAS BaR6Am in which
anode electraukrespdnuseﬁuﬂa<ﬁlsp1a@hseeehe§goeaa eranaheh &ndS plurality
of electron e§1tt|n portlons or. one or p gb é i xel.s, are

gat hered. The P Por Lo RS G nnd:m‘?eaﬁﬁo ffo hOF’ 8F l&a¥ebe sel ected
froma fast arei:ttrlm ae‘»adet |eﬁ@ct|rﬂmm)mxre etazkeldownelthet seroaxci ti ng
phosphor. W QHQ% r t ' y he phosphor

| ayer may bgéhré)n patterned X\Méll% i cll’m :ms%tglrégll% to i spl ay,
preferably, [IRSHHS Y IRE RS W%@rlreé’éiﬁ@ﬁ’@ #ad theegapei paegteotders of

red (R, greafad Qe Pbgdrg (BDlecttdl FronPahleehnede hakbeibasmiglf a stripe
~.or dots are 25 Jﬁilterna: elié arranged Gaps between one phosphor layer and

anot her phos Qe filled with a black matrix intended for

i nproving@ display screenanbdeCenbbagbde ThEyCBBShht 4hbQ8 8febhgognode
el ectrode an 30 the hosphor l.ayer i ncludes (1) a constitution 1 n which

“the anode el &'VdtE 4 et Y é:héee(,e(;lfr&c?r&éfﬁorftlelﬁ‘eH‘ﬁeFoéT?r&etjhe
phosphor | ayeritits & ca’rrmt @t tahe cdreaxte:icallagt cotduand ve2nateedagt,i bution in
whi ch the ph i n 0 uppor mper_.and the 35
anode electro fgse fa{cgfrrag{ de? efl%r g%pﬁ‘ab’qfl%% I%%Irﬁ‘ E‘ Whag% 3n88ﬁst Itution
(1), a so-cal9l&artradg ‘@eld#@rl %ﬂé’rh of] edtiche goiryespondst ¢ poet he anode

el ectrodesmp e ixyds 0% tron emitting portions or one or .a
plurality of pixels, are gathered.

The phosphor for constituting the phosphor
layer can be selected from a fast electron exciting
phosphor or a slow electron exciting phosphor. When the

20 display is a monochromatic display, the phosphor layer
may be non-patterned. When the display is a color
display, preferably, phosphor layers which correspond to
three primary colors of red (R), green (G) and blue (B)
and are patterned in the form of a stripe or dots are

25 alternately arranged. Gaps between one phosphor layer
and another phosphor layer may be filled with a black

~matrix intended for improvihg a display screen in
contrast.

The constitution of the anode electrode and

30 the phosphor layer includes (1) a constitution in which
- the anode electrode is formed on the second support
member and the phosphor layer is formed on the anode
~electrode and (2) a constitution in which the phosphor
layer is formed on the second support member and the
35  anode electrode is formed on the phosphor layer. In the
above constitution (1), a so-called metal back layer
electrically connected to the anode electrode may be




54  formed on the phosphor, layer. In the above constitution (2)gsajiEhgs
back | ayer may be formed on the anode el ectrode. Fromthe viewpoint of
sinplification of the 5 structure of the display, preferably, the
projection image of the gate electrode in the formof a stripe and the
projection imge of the cathode electrode in the formof a stripe extend
in directions in which these projecti-om4 rmages cross each other at right

~angles. The 10 elRC IO RIMdsphoR0Mtly .( CeASLhEUABSyEf cORSL Plufion
plurality of the field em Ssion devicé(s)) I1s forned in an overlapping
“region of thdZrojffedi§ét PRSHed R HEY Of fouaes! o8t thgeaprdehe form of a
stripe and thaegairddesl ectrode in the formof a stripe (the overlapping 15
regi on corresponds to % reg of. one.Rier or. e sub- pi xel ).

, ign L a r.ggi og. of gn

Such overl appi ng regi on&O8r &€V WY Ofn 81 BPALLLFRELIPRPE BRet he
cat hode panelstrusttiucte fofeltdhendtileplay apraderablgi,sphay prorjeetiparti on) and
general ly arrﬁﬁgﬁg | e r.m.af - di ' 0 I X, t he
field eni ssi on evfggtﬁgbﬁ%geaﬁgegﬁgag% q?ﬂgﬂéé?@%kkg%tﬁrgg&ééﬁuépgres, t he
pl an form of Wife PISp&GtH§Ip dMaden off dhe eetdioded edgcégodengnt fbeopeni ng
portion with frn BEYia ¥y iPedRr&tichdanmldi®lectihst A8 FRikh sheg@pport
menber) may be any f.orm.,such as a circle, $E%Pval,,a rectangl e, a pol ygon,
a rounded re N ¥QQQ§§n&&@SﬁoF?§§h9t GFe 9 tpROLER - cal®e
-forned, Iflor edeartplos—emi titsoly @oirt ienc Hicopsari tutedl oEnbneabiroa of

ani sotropic | | r Qi ing.. T e.30 layed a
constitutioniﬁﬁﬂkﬂggﬁngﬁz%%%%gﬁﬁgdggr F%%LF%Qﬁﬁgﬁgﬁ%ﬂsoﬁéhfgggeéafg

el ectrode, ofd SYEILIPRINT LEI1ooefumheapneg esitileont hmagiesy efotbeopeni ng

portion nade cdubddedie1lle rgrlee 19l @bl 3d8m SrRdetheughqt el g%teleati ng .
| ayer, and one or a%g%a%ty of electron .35 em ssion electrodes are

forned in thé&é € f6r &F RaddtipoddiRer RYSFASRPARENg | ayer, or
there mayl5 beregipiroyedresponsis thot a0 reigi oahioth oreplpikalli by af r@godUL 2005

of one sub-pixel). Such overlapping regions are

arranged in the effective field of the cathode panel

(which field works as an actual display screen portion)

and generally arranged in the form of a two-dimensional
20 matrix.

In the field emission device having any one of
the first to third structures, the plan form of the
opening portion (form obtained by cutting the opening
portion with an imaginary plane in parallel with the

25 first support member) may be any form such as a circle,
an oval, a rectangle, a polygon, a rounded rectangle or
a rounded polygon. The opening portion can be formed,
for example, by isotropic etching or by a combination of
anisotropic etching and isotropic etching. There may be

30 employed a constitution in which one opening portion is
made through the gate electrode, one opening portion
communicating with the above one opening portion made
through the gate electrode is made through the
insulating layer, and one or a plurality of electron

35 emission electrodes are formed in the above opening’
portion made through the inéulating layer, or there may
be employed a constitution in which a plurality of




- 55 opening portions are made through the gate el ectrode, ,oneggpani pgs
portion conmunicating with a plurality of the opening portions nade
through the gate electrode is nmade through the insulating |ayer and one or
a plurality 5 of electron em ssion electrodes are forned in the above one
-openi ng portion nmade through the insulating |layer. The material for
constituting the insulating |ayer inckudés-Si O2, SiN Si ON, SOG (spin on

gl ass), |ow t| E%iﬁn%ng{%lﬂ%%ep%%%ﬁHgﬁthEh ﬁ 8@ %gﬁéanay 10 be

used al one or R Gl ation nsula | ayer by a known
process such o @mn@mdtlonaﬂoawwattwg mtthod paugplitygrofg net hod

or a screen yd iy e'i‘ﬁn@e%@‘%@lo-'n_%en&@teet h:%ﬁtg;locéﬁesgaeer Ielgﬁ‘éfoaé a8 15

i nsul ating | ayer rmed 1n_the formo case, the
gate el ect ro&@%&&&ﬂu%%l%%a@ng layerc aRdpENeoPKed BeURABEHTENe

stripe- shaaoedafcall@aﬂﬁoneleﬁﬁbmdm aneécaredesr azd) ﬁ@@ﬁbdsﬁ_ﬁl pReshBeed cat hode
el ectrode orcp%}meen.one c ode elec e 3§§ and anot er adj acent
cat hode el ect¥Sa&FFFdHT &7 @hm@g@h 5&?8&% SFEFE FLRIpLa¥EFrty of

cat hode el ectrodes. Th@hﬁameteahaﬂoforouenstmtuhgnghEhgains@latim@de

support  in_thg,dorn rqc%d@sr Shobansel SEL6R! edod pUbkh oyl %%@%ati&ﬂ

mat eri als. For “exa " a matefif a pf epar ed used l-ow -
mel ti ng glas§@&qﬂﬁgag%ﬁﬁﬂ angly igd@s$uPRSEE raplM & eé&nmﬁﬁeﬁséas MA¥ gate

el ectrodeo fWQfsted R1he wg_hohoa\brt lhﬁﬁ@phb%ﬁ@rmd alé@jlinc_?x t 13 by a
screen printi an asting metho r il mme or a
photofsensitfvglggiﬁ%ﬂmmgh i B oﬁgﬁﬁoﬁquféﬁsgtSVQ methsdr i n which
a phot osensi tarvepdliilomtieon mtmmtbd aoBputte efrii hgt metppdr brmanbereehhe

phot osensi ti FNE rtion where the gate electrode support in the
formof ari Eﬁrlsd%lolﬂdogﬁeﬁgg’%ed i s renoved by exposure and devel opment, and

a material 35 for fornlhg§ gREegglecéreder suppetppoadei@ffan| ed in an

openi ng figr rrqusmatﬁlelgr QR maRd HeS rodimeldned @he $bPhebeda FAB. 1n

m n L
photosenSItl t ngcagéi %%gb%%%% e é%tg%%g s%%%ort in the form of a

rib can be formed between one stripe-shaped cathode
electrode and another adjacent stripe-shaped cathode
electrode or between one cathode electrode group and

20 another adjacent cathode electrode group in which each
group consists of a plurality of cathode electrodes.
The material for constituting the gate electrode support
in the form of a rib can be selected from known
insulating materials. For example, a material prepared

25 by mixing widely used low melting glass with a metal
oxide such as alumina can be used. The gate electrode
support in the form of a rib can be formed, for example,
by a screen printing method, a sand blasting method, a
dry film method or a photo-sensitive method. The dry

30 film method refers to a method in which a photosensitive
film is laminated on the first support member, the
photosensitive film in a portion where the gate
electrode support in the form of a rib is to be formed
is removed by exposure and development, and a material

35 for forming the gate electrode support is filled in én
opening formed by the removal and is calcined or
sintered. The photosensitive film is combusted and




56 ‘renpved by the calcining or sintering, and the material for ggr n‘(gm5
the gate el ectrode support filled in the opening remains and constitutes
~the gate electrode support in the formof a rib. The photo-sensitive 5
method refers to-a nmethod in which a photosensitive material for formng
the gate el ectrode support is fornmed on the first support nenber and the
material for formng the gate electrodeusupport Is patterned by exposure
and devel opnent and, then.is cal ci ned or sintered. The gate el ectrode
support made BFAEFA tbrY H:Ih:ﬁ SHaretd ar |Sﬂ'nttt‘?é"llnlgel d‘nélmtg'? gatgddrde having
the fourth stiamtfiorenican the fgertee ellactamdeomapplorttheildakdvénneheods. A
resi stance | . d | ectrode and the
el ectron-em t ngq§¥ nwhgkﬁggffﬁ%ﬁﬁﬁgj&nﬁh ¥%Fh§tg%r %%e%oPthe cat hode
el ectrode or Sltmpréfdgél gde ifermpfof e Tt ho@beepbeteodensbtieveponds to the
el ectron- e ddMbPHdicdd e arRitiele 8l eatilede gpsto@@ﬁ%ﬁ;w ee- | ayer ed
|

structure constituted of an 20 electrlcally condu ve material |ayer, a
resistance [BAMGTEHd T9F HRTTGh TR 9856 91QFeods: sEPpeEdi A§ to the

el ectron-en tidmgedor itde firet esigHoanc mameer age thet abitelrz@1pgbh-or mances
of the field | O deV| e a n,attain_uni.form Iectro emtting
properties. qh%%“%a erl%% éleCt qﬂ%lﬁﬂﬂafr Pgsp ﬁE@ Pag |ncludes
car bon- cont aisHpREUnRg @ndaldsevsil@lpnmts idnicc aheparilsi delcfBied) prSi N

seni conduay Org ifRleild Al sTﬁucﬁaaé éTBEE?BHé sﬁg#,bfe“mégg bpeghike; and

refractory netal oxides suc as ruthenium_o t ant al um oxi de and
tant al um 30 AMSHEEINE @tEH 11 dde they diedsh eﬂésﬁépﬁeéeb'}cﬁ hggdnger i ng
net hod, a CVRIretfeatd srsefear PambdForiidned. ahljeohesbst anee val ue of

the resistanc .S apprOX| mately 1 x 105 to 1 x 107 Q preferably
sever al a%?‘%én%tcp ss ‘el ectrode_may be a focus electrode having a form
in which the effectlveAfF§F&5t§n€6véP§Gr WRYhbg Spzmedobebweencthei cally

conduct i vis mdzgitotle dlledtrpdtUlandd@®he electron-emitting electrode.

Otherwise, when the surface of the cathode electrode or

the edge portion of the cathode electrode corresponds to
the electron-emitting portion, the cathode electrode may
have a three-layered structure constituted of an

20 electrically conductive material layer, a resistance
layer and an electron-emitting layer corresponding to
the electron-emitting portion. The resistance layer can
stabilize performances of the field emission device and
can attain uniform electron-emitting properties. The

25 material for constituting a resistance layer includes
carbon-containing materials such as silicon carbide
(8iC); SiN; semiconductor materials such as amorphous
'silicon and the like; and refractory metal oxides such
as ruthenium oxide (Ru0;), tantalum oxide and tantalum

30 nitride. The resistance layer can be formed by a
sputtering method, a CVD method or a screen-printing
method. The resistance value of the resistance layer is
approximately 1 x 10° to 1 x 107 Q, preferably several
MQ.

35 The focus electrode may be a focus electrode
having a form in which the effective field is covered
‘'with a sheet of an electrically conductive material, or



57 _ may be a focus electrode having a formin which focus electgegdsiL 2995
units, each of which corresponds to one or a plurality of electron
emtting portions or one or a plurality of pixels, are gathered. The focus
el.ectrode 5 is an electrode that is for converging the pass of electrons
emtted fromthe electron emtting portion toward an electron irradiation
surface of the anode panel to inprove- &7rd ghtness or prevent an optical

crosstal k between adjacent pixels. rel atively 10 negati.ve voltage is.
St ed to t AT e datis SRectinsde He R o gud i 60 FOEHe]
i ntegral ly wieledtimdeerittrsn el tafhgripet icorrespoadsbeof onheedrsapar at el y

fromthe ele i gt Lan. I trode_is required
to have an o:}gein%ﬁpm rt(%f;%%t%%flfgﬂ © W&Lﬁ%%&%&%ﬁ%ﬂg@e% Tt e% ffom t he
el ectron em tRIWALigHr t9forplgial 2.0 s gatdhstedan Bhenfagupoeleochrode be

formed such tiataPna QREHA B 15N CAF [RIRRAIS P tee padlseels on em'tting
portion or a Iurallt% of, electron emtting portigns., 20 The first support
c

menber for TRERNH FHEed iR FHsafdie B omh e dRg BRFIPR nenber for

const}tuti ngdﬁch&}zanoﬁe eaaatﬁil rdmﬁmcﬁaﬁm@pl Térll.xrlﬁlﬁéebfsﬁhel QRGdRS Ithgy have
a surface made. o n i.nsulation, material. The su rt._menbher i.ncl udes a
gl ass subst raR%I}EJZ?Oa lg zarsoé‘r(asuabﬁﬁ'laqtkgc%eﬁﬂ r?& é’ﬁﬁvpﬁpéﬁ &t OF 1% formed on
its surface, cregstalk hdisteent adimanndr twixsisst r At gelhbviragiyan i nsul ation

| ayer forygd éﬂ&é%&ﬁ%@% a’fgfaﬁ!' R A Qe i d1e Y4

i nsul ati on Ia?g;r formed on its su faiLce. 30 Tee cat o%e anel angﬂtlﬁe anode

panel can be T¥IHRIKLIT-TA Whdre fiammesh iahesEialdn #idh &hehey can  be
bonded to eacdledttresn Vériit thi i HE Ao B 1Omay et M rm@d e cpfaraitelgsul ating

rand et er ] o Nl £ LA O TG SN, AER! VECT plet hen the
bet ween t he catd¢wdmodmnisl raghitel dmodeavearel opemibgy peadioad thyosiehect i ng
a proper @i gili & dNGAFHE &pidien Hlorf®R electron emitting

portion are to pass, such an opening portion may be

formed such that one opening portion corresponds to.one

electron emitting portion or a plurality of electron

emitting portions.

20 The first support member for constituting the
cathode panel or the second support member for
constituting the anode panel may be a support member so
long as they have a surface made of an insulation
material. The support member includes a glass substrate,

25 a glass substrate having an insulation layer formed on
its surface, a quartz substrate, a quartz substrate
haﬁing an insulation layer formed on its surface and
semiconductor substrate having an insulation layer
formed on its surface.

30 The cathode panel and the anode panel can be
bonded to each other with an adhesive layer or they can
be bonded to each other with a combination of a frame
made of an insulating rigid material such as glass or
ceramic with an adhesive layer. When the frame and the

35 adhesive layer are used in combination, a large disﬁance
between the cathode panel and the anode panel can be
secured by selecting a proper height of the frame as



58 .conpared with a case using an adhesive alone. Wile frit gl aﬁssbiﬁ
“generally used as a material constituting an adhesive |ayer, a sO- !i | 2805
low-nelting netal nmaterial having a nelting point of 120 to 400 C nay be 5
used. The lownelting netal material includes In (indium nelting point
157 C); an indiumagold- containing lownelting alloy; tin (Sn)-containing

hi gh- tenperature solders such as Sn80Ag™ fnelting point 220 - 370 C) and
Sn95CU5 (el teogppoedivdR a GHée Qsingash IUHHED)vE UM NGhile

hi gh-t enper atpre so éjs?r s, such as l§g97. 5(@92. 5 l(jrga’gtltl_n point 304 C) ,

- Pbo4. 5Ag5. 5 (Tt Ti Fg S potht ISR AL 651359 Aty PP SAF SIS - {UHRING ng

poi nt 309 C);aniadhéZive clayer niagsdvqpt Tedmenatmelec ivny destsalsuch ,  as
Zn95AI 5 (el t] point, 380 C): tin-lead-contaipni 15 st andard so| ders such
as Sn5Pb95 (rrﬁé???‘ﬁgé%olﬁ‘fl% I n%)pqa]rfﬁ: %ﬁ% Y9d% n§ Pevnbesis -
322 O); and WeRder Th¢ AeMemeditdngudietad mageeis2 (meludeg point 381 C).
All of the ab scilpls I at-qQni c,..%. cat hode panel,

t he. anode pangiyﬁ%%gﬁﬁgﬁ%%lx}? e, atfgﬁtgﬁon d,_%h%gggﬁeﬂlﬁ%gﬁ_gfnay be bonded at
the sane tinEoMHRFIHHRI o]fo"f'ﬁ‘@ﬁléq QLIRY & HelT r G 1Rap teEnigsh ddghin

advance at a fempérstiepe aulddres aidet s AGRY éb@lb@ﬁ%@ogﬁtt hegf rane at
a second step ed at the sanme time or the

_ th t hr ee nhers ar.e bgn

~ other 25 ane?7moﬁ3§;%{‘65c{]uﬁe (f“ggﬁé‘ngt PeHBtséednd SY8p §hi ale’@icuum
at nospher®l t (Rb syreertainitel fuiegh-Hyempesr afattte deol dearelsudth@sanode panel and -
the frame co t e uLrent i.th the bondi.ng. O herw se,
the space s[ﬁ%h‘r’nggﬁ’ 3;,“#%2%?2}3%2 g BQ%eI%:Yf &E%n%@é'%éﬁﬁl %nd the
frame may be REMundit to I6r nfd @acuBhesphgesSaf.b etme hebeg thwiet n¥ers are

bonded. Wen “0)g A@aeUyEn)gcbataanhingdneyh-2bhperhR§rB0BEh Alrst BEc

at nosphere for L};‘fg@ggn n rr.a%} have atnospheri ¢ pressure or reduce
pressure, andX 5cd5‘i‘fg]tf1'3t By he 8 50 hodpReleafayoBEaanRbnant

at nospher’® orstandat tsqjalers emcdl M GmPbeogerelgangpod ria$ 000 13g.4under
the group 0 <@f) Lhg BEbRII ¢mb¥WihaPh8:1hE0518%¥aMRLSE: °4Y, 9a5) -

r

b

(@,

- soldering materials such as AussGa;, (melting point 381
°C). All of the above subscript values show atomic %.
When the cathode panel, the anode panel and
20 the frame are bonded, these members may be bonded at the
same time, or one of the panels and the frame may be
bonded in advance at a first step and the other panel
may be bonded to the frame at a second step. When these
three members are bonded at the same time or the other
25 panel is bonded to the frame at the second step in a
vacuum atmosphere, the space surrounded by the cathode
panel, the anode panel and the frame comes to be a
vacuum concurrently with the bonding. Otherwise, the
Space surrounded by the cathode panel, the anode panel
30 and the frame may be vacuumed to form a vacuum space
after these three members are bonded. When the
vacuuming is carried out after the bonding, the
atmosphere for the bonding may have atmospheric preésure
or reduced pressure, and the gas constituting the
35 atmosphere may be ambient atmosphere or an inert gaé:
containing nitrogen gas or a gas'coming under the group
0 of the periodic low table (for example, Ar gas).




0 5 JUL 2005 59 Wen the vacuuming is carried out after the bopdi mo. ighe
vacuum ng can be carried out through a tip tube pre-connected to the

cat hode panel and/or -the anode panel. Typically, the tip tube is nmade of a
glass tube 5 and is bonded to a circunference of a through hole forned in
a ineffective field of the cathode panel and/or the anode panel with frit
gl ass or the above low nelting netal sregerdial. After the space reaches a
pr edet er mi ned vacuum d , }ng i ; V., 1 roml. fusion.
‘When the entire djspl a?ﬁ{égpgr%%#gate ?ggﬁgstcﬁgﬁll%ginpp}é}:agg%ggdgg?eased
before the sePRHPIr prperaguuping Gajudte arriad et dhaasah iantdpt he
space, and tfube gstéllEdngaStER e d e MabRU el %d?%%h@’ anldie
vacuum ng. 15 J%?ind -t.pelflel em ssion deyi ce] Fig. 10B.shows a
schematic park3ar e d¥+ &DA &R LHPesilSnmaeei 68 RaglAgSt BRbe st
structure 5comsd i isutlezhddd a-Bp noltrdunpfedfdreled ofinias sigudgy ihede The

Spi ndt -type fi¢glo £M,581 | Ge: r1-S€S at ha el ectrode 12
fornmed on a fflrst flrﬁ)lf)oér %%nﬁéécf&l‘%?r%rélcfﬁsfﬁlta% r?ﬁlql%:%%%r pf§1eﬁ'orned on the
first supportaiffferthe jangde anelatvidde fatidctgleds 12, thegabovel dotwrode 14

formed on t hend NSt Qirhetthl a¥iedhl ANa@RER REePRphEENdBLABAE through the
gate electrode 14 and the insulating 25 [ayer 13, and a conical electron

eni ssi on el ed iR AER NS MAGHEY e eest teire dubsd d 5139946 buned in a
bot t om pol i orhexfmd hefwpieni ngwhent ithe &htiFhedesplad! isebBEE REaLAHSSI ON

el ectrode 16 | to ortion t he  openi portion 15

corresponds %ﬁ%@%ﬂ %ﬁ}%%%iﬁ%eﬁ%qrﬁegas&fﬁeggr%%bﬁhg R8d of forming

the Spindt-t BROHGmEIY @miessidrmldass aars b merlieasiedl dnzomehiogpaneyhi ch

the conical gleaHO&NERM1OYA ol ede el et Rye Bg%%%.”%' cul ar
at 1s,

vapor depositjion of a metal nmdterial. 35 T vapori zed arti Cles enter
per pendi cul artif (RCYHEreni ng portion 15, a shielding effect of a deposit

formed i m=mn @yemdARGHRY SiAlE Qb kAR g
Fig. 10B shows a schematic partial end view of
a field emission device having the first structure
constituted of a Spindt-type field emission device. The

Spindt-type field emission device comprises a cathode

20 electrode 12 formed on a first support member 11, an
insulating layer 13 formed on the first support member
11 and the cathode electrode 12, a gate electrode 14
formed on the insulating layer 13, an opening portion 15
made through the gate electrode 14 and the insulating

25 layer 13, and a conical electron emission electrode 16A
formed on the cathode electrode 12 positioned in a
bottom portion of the opening portion 15. The conical
electron emission electrode 16A exposed in the bottom
portion of the opening portion 15 corresponds to the

30 electron emitting portion 16.

The method of forming the Spindt-type field
emission device is in principle a method in which the
conical electron emission electrode 16A is formed by

- perpendicular vapor deposition of a metal material.:
35 That is, vaporized particles enter perpendicularly to
- the opening portion 15, a shielding effect of a deposit
formed in an over-hanging state around the opening



0 5 JUL 2005 60 portion 15 is used to gradually decrease the an@gnjULo%EHs
~vapori zed particles that reach the bottom portion of the opening porti

15, whereby the electron em ssion electrode 16A that is a conical deposit
is formed in a 5 self-aligned manner. For naking it easy to renove the
unnecessary over hangi ng deposit, a peel-off layer 17 is forned on the _
i nsulating |ayer 13 and the gate el ect4@de - 14 i-n advance. The nethod for

“form ng the [ ndt -t . fi 1 SSI.0 vice wll be explained with

ref erence 10 olncg'l(_)gns.)i%g,&sfarlll?engetargn@Ljﬁdsl?%i’ogggﬁ:&afﬁB%QﬁoﬁnﬁBn%s8\#errat ic

partial end wWapgyriged partiicdess iiedr remmibdhe hod toie poickdon| Stfeph&00]

First, the c Eggg I ode 1.qhl Nb).-i.n:the formof a

stripe is fo?%ed gﬁfgﬁgﬁﬁ$?1g%%sﬁgggfﬁﬁhéﬁﬁgfﬁ%f%%gée?bﬁggléganple, of

gl ass subst rEEtTade thod ithad dS 9y qoajeall deppgd toflssifogmed ihoamed on

the entire& swdacal igidd efanridie grbe makesyr 0deeddyi Bof PEMBH: OEnd he

I nsul.ating |ayer 13. The 2 ate.ele%%%Pde 4 can he forned, for exanple,

by a sputter SS9, QW%ﬁﬁﬁ&S&Bﬁy P33 tdr ¢ BFEHTRETEAHSE. 17 ThEN, the

openi ng port ifsmEs i furerdghsud attfimgydiayerellacanddehdd ganed thecigsygkat i ng

| ayer 13 by ay RiEadyfReL] venkoRafhell PO BBLAHy LR CXPosE. Lhg,cat hode 25
f 3r 18IS

el ectrode 12 Iin a bottom portion of the opening p I on %ﬁg. 9A) .
The cat hode digd s sEiomayleydce wiildghe expdpiiaed mjsh, referencmmy be a

stack of 1@ RidiEalgd.y 9of ol OF aind #MQYsS. 10A 25MPABBSShBGhRe fluctuation
of electron em,ssiqn char%ct risticg of the 30 el.ectron-emtting el ectrodes
to be forned%ﬁh%?%ﬁ%ﬁaﬂﬁ? %ﬁiﬂ?nﬂaﬁéﬁystﬁg her #EStaFEPPPEt MEALBE t he

cat hode el ecrbdheldiken be nade of a material having a higher electric
resistivity tfhwepypatierial formng the remining portion. 35 [Step-110]
Then, the electron-emtting electrode 16A is fornmed on the cathode

el ectrode 12 exposed iﬁlFﬁg'bBPFoﬁﬁthOde electrode 12 made of

15 niobium (Nb) in the form of a stripe is formed on the
first support member 11 made, for example, of glass
substrate, and the insulating layer 13 made of SiO, is
formed on the entire surface. Further, the gate
electrode 14 is formed on the insulating layer 13. The

20 gate electrode 14 can be formed, for example, by a
sputtering method, lithography and a dry etching method.
Then, the opening portion 15 is formed in the gate
electrode 14 and the insulating layer 13 by an RIE
(reactive ion-etching) method, to expose the cathode

25 electrode 12 in a bottom portion of the opening portion
15 (see Fig. 9A). The cathode electrode 12 may be a
single-material layer, or it may be a stack of a
plurality of material layers. For suppressing the
fluctuation of electron emission c¢haracteristics of the

30 _electron—emitting electrodes to be formed at a step to

| come later, the surface layer portion of the cathode
electrode 12 can be made of a material having a higher

- electric resistivity than a material forming the
remaining portion. | '

35 [Step-110] _

Then, the electron-emitting electrode 16A is
formed on the cathode electrode 12 exposed in the bottom
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alum numis obliquely deposited on the surface to form the peel [|ayer Fy
In this case, it is arranged to nake a sufficiently large incidence angle
of vaporized 5 particles with regard to a normal of the first support

menber 11, whereby the peel layer 17 can be fornmed on the gate el ectrode
14 and the insulating |ayer 13 al nost —w1 hout depositing alumnumin the

“bottom porti : ogN [ p . extends from
the 10 openi -%bie;%b(gerbg%ﬁt I on dﬁbr?%{e(} &gge}rﬁl%gn Tl(r)gﬁt i gﬁgf?%?%ﬂéave& wher eby
the opening pOFEREHM 5T llisEieki idanasithst eadde isuafiameetter fiogme Fig.
9B). [Step-12fje Thesn fHfeexenpl &n wRliybeasem (M) si arianyeat L6ahhke
deposited on the Eg{lre surface. In th case,. as shown in Fig. 10A, with

| S
the growt h of2a T a 13- O idirddsRes Spsrlel @ Thdd®Br 288 ybdenum
havi ng an Dvepdmaniches fwith areddel prela Imyeiall BE the fEuksd anippdirtdi anet er
of the openi i ' |1y decr ed o that vaporized
. particles V\hir}g%ﬁs)%%n r f)v{:}}éelsﬁb?(}%%eggﬁ%lloﬁﬁyﬁﬁ ﬁlglstﬁﬁnt g)r‘ﬁ ;fg’r’?‘}%ﬁ%‘f t he
- openi ng porti'gie 1 wirtigodmnet tanddd ninsed atdngdryed d$ whimistpass by
the center ofuiiteyop Qi Bitid | Al SR TS Wderoh IR SEPeH |1

formed on 25 the pottom portion of the opening portion~15, "and the coni cal
deposit nmade HEHIIY REAHAE ohst | Thi€ePerhe La¥PECLY oRxEANEE| oI BREr 0de

16dA. 'rllfhen],o t hepereing | edps Poict Sorp et edle)fd‘pefr{]iem &J&)lﬁ:tiidi‘ﬁllbatliiﬂ% layer 13
and the gate rode. .1 y..an 30 .el ectrqochem_cal, process an wet
process, to s‘%‘g‘%ﬁ 3@}%}:%1) movE (RSN B9 or’r&ﬁ@ﬂ"%\? ai“&)"éﬁ'i% on the
i nsul ating | ajeerassedhdin rbi geater| @Eota Gigg.19B)As a result, as shown in
Fig. 10B, the Lcpg gl ectron- emtting el ectrode 16A can be retained on

the cathode 35 el'ectrode 12 positioned in the bottom portion of the
opening portion 15. Th&RERhIPE SXEPLE0 RYREeaUEh (MPY| ds

15 vertically deposited on the entire surface. In this

- case, as shown in Fig. 10A, with the growth of an
electrically conductive layer 18 made of molybdenum
having an overhanging form on the peel layer 17, the
substantial diameter of thé opening portion 15 is

20 gradually decreased, so that vaporized particles which
contribute to deposition in the bottom portion of the
opéning portion 15 gradually come to be limited to
particles which pass by the center of the opening
portion 15. As a result, a conical deposit is formed on

25 the bottom portion of the opening portion 15, and the
conical deposit made of molybdenum constitutes the

. electron-emitting electrode 16A. _

Then, the peel layer 17 is peeled off from the
insulating layer 13 and the gate electrode 14 by an

30 electrochemical process and a wet process; to
selectively remove the electrically conductive layer 18
on the insulating layer 13 and the gate electrode 14.

As a result, as shown in Fig. 10B, the conical electron-
emitting electrode 16A can be retained on the cathode

35 electrode 12 positioned in the bottom portion of the
opening portion 15.

The cathode panel 10 having such field



0 5 JUL 2005 - 62 enission devices forned in a | arge number andgishguapgge
panel 20 are conbi ned, whereby the display shown in Fig. 7 can be -

obt ai ned. SpeC|_f|caIIy, an approximately 1 mm high frame (not shown) made,
- for exanple, of ceramc or 5 glass is provided, the frane, the cathode
panel 10 and the anode panel 20 are bonded, for exanple, with frit glass,
and - the frit glass is dried, thenfoll-evﬁd-by calcining the frit glass at
appr oxi nat el yexﬂs‘?»@sfoﬁoaexlﬂceé Ofé%ﬁnéla Nt 8- 1 TG0 midiSeed MRS the

di splay is 10 vacuumed until it has a vacuum degree o appromcr;rag}e y 10-4

Pa, and then P#&€ Ak IR LN o ERPEFPR Hhe (EkSpIast FRewm dreFisd i vel v,

the franme, the cam I“i@@leomamﬁhedﬂ @ud:ltﬂl@aaa@qea@ara@pr%&lmeﬁg hogged in a
hi gh- vacuum /4 Iternatlvel sone structure of "'the 15

di splay, the ca o e pan% oY RV 1B ‘?fﬁ‘b Ph ATk IFPHRISF to each
ot her wit hout gi&es fisinproGriedx arpd ef dme hethretdwchdds pmmiucﬂimgmme anode

P heacence. SREPaRAe pid]) I6ISEE W T ool Uidn Bl B

| um nescence cryst al partl conpos| tion 1s

for exanple, 9L 5 NG| 1% yka%i sherdeikrd n then ffeldawacehby and  the
di spersion i se r,qat F’;’&QQ{ et n hen, the
P éiéiﬁ Wﬂﬁé] ﬁr{l@ é(se A I N t r‘Pf |5(Jaodm\t/:va?5% I -rq- V\/m

| um nescence rg& att | c pl ace
t he di spersi né éﬁlelﬁ é’r's e d‘ﬁﬁletrhépﬁ'lcﬁ f:?lfetr@ gisplay dFth a
honmom xerl@t mmm@nuzmls m maesa xil'etmm:n fegrea gt @.ppmﬁdjynaﬂm al cohol

“and ammoni um péehbgnagﬁda%ﬁeﬁdgﬁg %ﬁ.ﬁ%e Iﬁgagn XL ué%aiédf ul | Stl re%gjt ?\r/\g

then filtered he pro uction o pane
filmb50 is fJrpERPYappilitednadi viedy rerrhier éra@@rrf &be Gﬁthhdespanadi 20ppor t

menber 21 nadend fie EUP|Fandf ;gd@ vdaibnddie /ot S ifda \ﬁ%;]rl i1m S0,
formed on the secont? supp%}&_ S exp%sed to Qﬁ \ﬁn has been

i rradiated froWe® g“@ﬁ&W g'sﬁ&%hfogﬁdsﬁ§§053§§eﬂftﬁPGugh an

openi ng 545 f ori-‘nﬁnlla}n: d&cheresciidie tmardal M Ak pose ey gankh Ieady 9.

(1A Then, $he RSN Lddr Slhd MR Wedd.0 remve

One example of the method for producing the

anode panel will be explained with reference to Figs.
11A to 11D. First, a luminescence crystal particle

20 composition is prépared. For this purpose, for example,
a dispersing agent is dispersed in purified water, and
the dispersion is stirred with a homomixer at 3000 rpm
for 1 minute. Then, the luminescence crystal particles
are placed in the purified water in which the dispersing

25 agent is dispersed, and the mixture is stirred with a
homomixer at 5000 rpm for 5 minutes. Then, for example,
polyvinyl alcohol and ammonium bichromate are added, and
the mixture is fully stirred and then filtered.

In the production of the anode panel, a

30 photosensitive film 50 is formed (applied) on the entire
surface of the second support member 21 made, for
example, of glass. Then, the photosensitive film 50
formed on the second support member 21 is exposed to
light which has been irradiated from a light source (not

35 shown) and has passed through an opening 54 formed in a
mask 53, to form an exposed region 51 (see Fig. 11A).
Then, the photosensitive film 50 is developed to remove




I 0 5 JUL 2005 - 63 it selectlvely, wher eby a rgga ?E
portion (exposed and devel oped photosensitive film 52 is retaine e
second support nmenber 21 (see Fig. 11B). Then, a carbon agent (carbon
slurry) is applied to the entire surface, 5 dried and cal ci ned, and the
remaining portion 52 of the photosensitive filmand the carbon agent
thereon are renoved by a lift-off nmetha& to forma black natrlx 23 nmade

of the carbon @gaited ddis GWMYS%C%&%%? ?oﬁ&mer %h§° to
remove the r?g{% |ngcf)ort|on 52 of "10 the sensitive

11C). Then, Blipdosepsitisg fzzle) PZB)Lsf 6|9t|aééieng@eﬁ nd bl ue are
forned on theseexpmseﬂlmimﬂm@morztl rIEJéeelFl 1. (1989 .Fi hen ) 18) carbon

S f | r arti Siti Qns made of the
"o nescence 99T ACEHRE SRNE (e IR EA RDfe SFEATE 30EEAcRer
exanple, & retrlqﬁlcﬁm?s@‘aéhmn@,l wmmeémemmmngapomabnclse o@npbei tion
(phosphor s! yiiidtlodafh 18 APRLIIGH L e enlice, schaCenergsRosed Lo 1i gt

and devel ope t hen green phot osensitive escence Crys particle

conposi tion %“C(‘fﬁﬁ) L foft eethes .apel |fé’é”ﬂt @ blecknmatzizuiBace,
exposed to | imghie &5 ﬂiﬁa\/&iaﬁ&ﬂm et RN theblek@orlael azeBsidt 's\ﬁﬁ byl nescence

t al ticl osi t osphor sl urr can .be appli to t he
entiTe surfadEmP oY Gy %o RIS, S SAT= RS PRECARBAS 29T
el ect r odel®@4 M@W@Mﬂﬂwrﬁﬂm(f&dmﬂi@ui ndcs . thhekpesBodhhor
appr oxi'nmat el naq,e% B S A, ”%hdd 25%‘1 AosRpaor glr%\é%r %n% nd ”‘e bl ack

matrix 23 by a sputterln érnatiVvél y, eac hospﬁo? ayer 22
can be fornedayrad Q1 dde ﬂw%smoﬁ@ds@woﬂfﬁemewem Rd. (Fhre =ngde

el ectrode rramfta)ve apeemﬁt:hmiwnltﬂmaé@béﬁcencﬁjzéegi'g{ér{i@ié i s covered
with an electricall conduc r;g?lﬁgrla havi ng” the form of one_sheet or

my have a céﬁ@?qﬁ%ﬁ LG0T MR %%m&EESQFQGFr8&¥St§l3BaEGH§@P§uted of
anode el €t r oghaspticr @saitmﬁjersesmreduslenﬁl virdtaekymbDe png B&da plurality

of electron-gfididddhsitive luminescence crystal particle composition
| | (phosphor slurry) can be applied to the entire surface,
exposed to light and developed, then, a green
photosensitive luminescence crystal particle composition
20 (phosphor slurry) can be applied to the entire surface,
exposed to light and developed, and then a blue
photosensitive luminescence crystal particle composition
(phosphor slurry) can be applied to the entire surface,
exposed to light and developed. Then, the anode
25 electrode 24 made of a thin aluminum film having a
thickness of approximately 0.07 um is formed on the
phosphor layers 22 and the black matrix 23 by a
sputtering method. Alternatively, each phosphor layer
22 can be formed by a screen printing method and the:
30 1like.

The anode electrode may have a constitution in
which an effective field is covered with an electrically
conductive material having the form of one sheet or may
have a constitution in which the anode electrode is

35 constituted of anode electrode units that correspond,
individually to one or a plurality of electron-emitting
portions or correspond individually to one or a
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of pixels. [Crowmn-type field em ssion device] Fig. 14A shows a schematic
partial end view of a field em ssion device having the first structure of
a 5 crown-type field enission device, and Fig. 14B shows a partial cut-off
schematic perspective view thereof. The crown-type field em ssion device
conprises a cathode electrode 12 formeddbna first support nenber 11; an
insul ating | gyRirdBifprdedoetde first support nenber 10 11 and the
cat-hode el ect é)de 12; a %at | ectrode 14 fornmed on the insulating |ayer
13; an openi né; M TP, le;é?ewéﬁrﬁua?q%ﬁltq’ﬁ"dﬁﬁﬂ the gate el ectrode 14 and
the insulating |layer ¥ig.andza stioman-a wedelaegicr gﬁeratLt efd veékgCbrode 16B

f d rdJ of the cathqde 15 el.ectrqde whi ch paortion is

posi t1 &m ﬁa‘)t%%é’gﬁ?t%m&rﬁr%elﬁ%?ﬁwoﬁ %ﬁ%iﬁ?‘@? isﬁwmuﬁrmf;f@om ype
el ectron- em tEFFWR métrfdldiélsﬂ s etevice hearnb Figm horng

openi ng_ por t i eist {1 QA RSPOULidhndit: RISHIATAIIYLNERIELON 4R, 20 The

met hod for producing the crown-type _em ssion ice W

expl ai ned bel FRWRTHRR it eiss iy deviigne cpppripss alg@thpge, 14A and
Terber, Cle. ah | e P00l E e e pat had e BT of
menber, etc. 25 [-St.ep-200] Firsi, the cat e el.ectrode I N

a stripe is f%}sﬁgnato]ﬁlgl ﬁ'ezllﬁrrsﬁ sftﬂﬂ?ﬁ"f Ste 1T 5t FEPPOLST TERRed e, of
gl ass.. Th® cathcuel gitertqaddede? ebdamnasie [16f;t \Aﬁrgit&l’l(é_lrelcgﬂg:b? (140nf a paper
surface of t LS -5 nHIE tr.0 élnt e r.m of _a
stripe can bﬁ%&gﬁ or elxnarrp agﬁ%q%ﬁnﬁeﬁlg'a%% z%ib EP&)r(]igrrﬁ’Pé:I%)}oﬁl. 2>hum
thi ck | TO fi IRERSFEHe httheeu gy ithe gadie eedtinoste ddppoct tinenber 11 by a

sputtering rmtmgaﬁnd; _tlfag:bxpen.t:!{,eraﬂcs}ml [d¥>unleyod @g&%}iﬁ%&%ﬂ%&@%cki g a
el ectrode 12 can_ be | -material |ayer, or "can_be

plurality ofé%ﬁ%ﬁﬁ%ééﬁgﬁgﬂgf on a portion of the cathode

, : electrode 12 which portion is positioned in the bottom

portion of the opening portion 15. The crown-type
electron-emitting electrodes 16B exposed in the bottom
portions of the opening portions 15 correspond to the
.electron-emitting portion 16.
20 The method for producing the crown-type field
" emission device will be explained below with reference
to Figs. 12a, 12B, 13aA, 13B, 13C, 14A and 14B showing a
schematic partial end views and so on of a first support
member, etc.
25 [Step-200]

' First, the cathode electrode 12 in the form of
a stripe is formed on the first support member 11 made,
for example, of glass. The cathode electrode 12 extends
leftward and rightward on a paper surface of the

30 drawings. The cathode electrode 12 in the form of a
stripe can be formed, for example, by forming an
approximately 0.2 pum thick ITO film on the entire
surface of the first support member 11 by a sputtering
method and then patterning the ITO film. The cathode

35 electrode 12 can be a single-material layer or can be
formed by stacking a plurality of material layers. For
example, for suppressing the fluctuation of electron
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em ssion characteristics of the electron-emtting electrodes to e for ?1
at a step to cone later, the surface |layer portion of the cathode

el ectrode 12 may be mmde of a material having a higher electric
resistivity 5 than a material constituting the remaining portion. Then,
‘the insulating layer 13 is forned on the&5 i4+st support menber 11 and the

cat hode el ectaprifs i difbulahiter 90l ERNlond O RABTR ik hass paste i s

screen-print ed on the entire surface to forma gl ass paste er having 10
a thickness dHpFadieBe @R Afe FEP rOTSPMEy Lakeer thed a sol vent
cont ai ned i n gefadis Ulagtempdryioin b¥ wdd ddtdidarnicl@cthedeniyl akbiyngel ayer

13, two-stage aIc nin racedures. such. as_tempqrary .cal cini at 100 C
for 10 m nut €& #Taar ﬁl%ctgq C]'I% :ﬁ? I %5E0 hé%r ¥: cnﬁPéésé-rggl Arried
out. The a?_oovldléstraeemqﬁnmh regpnatsitng: ia g lthes r@aﬁatlam@ypbe:tﬁepl aced with
the formati OgrhéH %éll%dla&{ﬁr%g fl%ryee.‘txal@:)lfs f?ﬁ'm%dcgg [EFLF%.Q%CI yghen. the

gate-electro 14 in the formo i'pe’is |nsulat|ng
| ayer 13 (secSURRPIT Mpmbma 11Tr?élcbé7tbé9 @aé@nd@d@lﬂte“mendé i nInhehidérection

per pendi cul areﬁkﬂ)dlhzﬁerﬁ.@p@roﬁléﬁaﬁtﬁﬂ@f d RA A WaRGe 1£h%cr%he eh ﬁ ¢eode 14
can beformedd q}ﬁfﬂ%n:ple ué_yformn&mana pr oxi mat el %
chromi um (Cr)°% it e FUrLags 9 IHkag(ﬂld‘SFAWSFPI H‘\aé!ﬁrt ﬁé"éﬁﬁl re
Eurfage afo t ke ﬂﬁdmﬁadsatdm@ﬂpmbe{mﬂa&el@; 3N ?\n Of'ﬂﬁé?beélf' E&n@@ld ggectron
eam deposi ti rs esul t cke ers.
P anﬁf it Q:%t&t‘?all%e'?ig il %h;ref i0s ra'rfﬁ_'éﬁﬁe AYST }ﬁy

The chrom.um orme or ying i nsu t he
gold filmto élrrﬂe flaftgiﬁramq]g:h%y@suﬂatlm leweandidng teorethaigen of 30

proj ection Irme:ﬁu@@z%teﬂdu@ee&tsmeaMt% : thogbﬁn 9@ whph the

extendi ng direction_of proiectlon I mge of e trodé 12 in the
formof a strCp&oT L& WhNULeF FRENMaiReCyAEENENGCRE 0TR0 1€ dint 2%

i nsul ating 3Girdwner a2 aﬁﬂjﬁkﬁheﬂnihrwhghaﬁﬁvét§Br@@nnp££nﬁﬁﬂ@osed for
exanpl e, of %ﬁ%%%ﬁa%ts HENESH ?Aaya%%ordl M%ckd @th the formation
of an 8i0, layer, for example, by a CVD method.
Then, the gate electrode 14 in the form of a
stripe is formed on the inSulating layer 13 (see Fig.

20 12A). The gate electrode 14 extends in the direction
perpendicular to the paper surface of the drawings. The
gate electrode 14 can be formed, for example, by forming
an approximately 20 nm thick chromium (Cr) f£ilm and a
0.2 um thick gold (Au) film on the entire surface of the

25 insulating layer 13 in this order by using an electron
beam deposition method and then patterning the resultant
stacked layers. The chromium film is formed for
supplying insufficient adhesion of the gold film to the
insulating layer 13. The extending direction of

30 projection image of the gate electrode 14 forms an angle

~of 90° with the extending direction of projection image
of the cathode electrode 12 in the form of a stripe.
[Step-210]
Then, the gate electrode 14 and the insulating

35 layer 13 are etched through an etching mask composed,
for example, of a photoresist material according to an
RIE method, to form the opening portion 15 through the



RIE nethod, to formthe opening portion 15 through the 0 5 JUL 2085 @
gate electrode 14 and the insulating |ayer 13 and to expose the & #2005
el ectrode 12 in the bottom portion of the opening portion 15 (see Fig.
- 12B). The opening portion 15 has a dianeter of approximately 2 to 50 m 5

[ St ep-220] Then, the etching mask is renmoved, and a peel layer 60 is

formed on the gate electrode 14, the Jinsg@lating |ayer 13 and the si de wal |
surface of th t@péfé&gr&&étiei) Iayer 10
60 can be for?r%d for exanp %@éa%% ellr%lg%aéjh%e% ysést onto the

entire surfac@XBYsa E%‘P rF%‘éiaQCﬂ%gﬂ%Walrﬂj xiatth;e th‘iy:CtIm@qrmtrm & st

mat eri al | ayethe Sesdnin@ipOftYoalsd (SE&AFAL. POSE) ONjrh@No ?gﬁlﬁgttom
portion:of the open portlon 15 is renoved. At th is 15 Stage

di anet er of tlﬂ%rgb%% f@ BRY 13 ghiameter Al IRER N te lde ¢t é?a:séi'ﬁ tven..
approxi mat®l y[dtep-2D0m [ St ep- 230] Then, as shown in Fig. 13B, an
electrically conducti %Oﬁq:%% ti 2 I AVl .made of co ositio 20
material is formed on t & entite su lfn&?énogg i EnFffteri al

contains, forlaxespbe, i%of%‘ltlgd %l@l‘ﬂ tmtegraa]mutmmr]td,cltém havi ng an
average partiche) St g %@E P:P%r‘i&"ﬁ?é %J‘z’d@ vJa41”J‘. as%xefagzgé

;
conductive partic|es and % b c1 ass as a

bi nder. The c%ﬁ’i%‘b%‘i‘%ﬁ?]rm%r]rfal(?f%e Eh- JCQfa)t-edT@ﬁ ﬁﬁ@VQnPP—Pé dayrace, for
exanpl e, B0 M@ocmpmefmnaéusmc@xamﬁm)f%@m&% HRAdrGAld Y

conductive ¢ r.. 61 in the o ortion rises along the
si de wal | su?rﬁzagéf% %@%S% F RS A %H: g“gr?d %ﬂ&qm the central
portion of t H@ethﬁpférﬂm@ prrteoming the plotdmesist awtameg dayedr t he

conposi tion nyLEk i Shat T&?ﬂ{l y&?g {ju YeiSa Cddllﬂ%rf)or rﬁeflréo Q%f et er

‘contained in the electrica ctive 0s1%ion Is carried
out, for exarPPEti¢h & HheRpmmy eHOIZﬂUWTC]f rl%@qm%{ﬂ%s. Atnthhe
COHpOSItIHh et &g¢ Al the IJidnketdd s¥erthe opening portion 15 is
substantially decreased to approximately 1 to 20 pm.
[Step-230]
Then, as shown in Fig. 13B, an electrically
conductive composition layer 61 made of a composition
20 material is formed on the entire surface. The above
composition material contains, for example, 60 % by
weight of graphite particles having an average particle
diameter of approximately 0.1 um as electrically
conductive particles and 40 % by weight of No. 4 water
25 glass as a binder. The composition material is spin-
coated on the entire surface, for example, at 1400 rpm
for 10 seconds. The surface of the electrically
 conductive composition layer 61 in the opening portion
15 rises along the side wall surface of the opening
30 portion 15 and dents toward the central portion of the
opening portion 15 due to the surface tension of the
composition material. Then, temporary calcining for
removing water contained in the electrically conduciive
composition layer 61 is carried out, for example, in
35 atmosphere at 400 °C for 30 minutes. '1
' In the composition material, (1) the binder
may be a dispersing medium for forming a dispersion of



may be a dispersing nediumfor formng a dispersion of 0 5 JUL 203% JBLQ&m
the electrically conductive particles initself, or (2) the binder. may
coat each electrically conductive particle, or (3) the binder may
constitute a dispersing nediumfor the electrically conductive particles
when 5 the binder is dispersed or dissolved in a proper solvent. A typical
exanpl e of the above case-(3) is water— gdass, and the water glass can be

‘sel ected fror : fl J | ndustr.ial -Standard (JIS)
K1408 or prg& uctses':Le]ecqt%ﬁol\/czﬁ‘le]%t‘a (icﬁgﬁlé%g(}gjeelr\l@sa.aﬁ%rﬁl&% J'tneflé:rsetl 't 8dr (%d gr ades
based on di f feieRindgamaynsiaits qapprahaataisially condhcwiive) of silicon

di oxi de (Si OPapeicne o®! (Pf t1ROHIHAHX (G %%@it%%eaac%g%%@in f water
gl ass, and qﬁq$ah%:€|ffer fromone another in viscosity. n water gl ass
is used in a PFHHUBHHOD IR K et dte coanduptive peattdcles whedel ect

opt i mum wet erthyg dsinddyt |ies tdildptgsddtor TGRS Tva@ Hin0 S it isoN&enitch -as a

kind and a i, of el ectri.cally conductive particles tqQ be

di spersed i n%ﬁﬁh%‘ﬁaé}%ﬁ%ﬁpﬁ M Qﬁ}eo a?(]r?ev &S] eéér 1§o watgr gg‘ﬁ‘éét' ratio

of the. openi mpgdihe oratls; dlass arl iHee se2@aired tfriom plosf.erir &b @Wo prepare

wat er gl ass ' haf [ Lol S.generally
QLK MALNnd ek Vaisafgﬁal nads e dhlainta THe S 906! 31

poor in electric. conduct] e content o _ I STtoo
| arge rel ati RFIWGHe eBHEHENST theraliect FPEal Lytosd confiest teoefpart i cl es

in the conposgrtades Mssd aln ditfFRRIMA awltdie aﬂlb@_@lttfsor(a%@rbkiiﬂﬂt@lgﬂzf ode

16B forned ho n increase in .eleciric .resistance value, an

el ectron enig§¥6%1%%§§hégpﬁ?§€éﬁﬁl§H68?ﬁ#?fsﬁﬁP?eQﬁﬁp?%? moh Af conposi tion
mat eri al whi cipdismm afiisirer(@aaf)ohs38 camponentnbfi wabgrnglasspl aparticles
as el ect ri caldyeaQnicddcte Mg bleP Sl af, hassssthe coplent of the,

car bon-cont ai ni ng terial particles base e total~ "anount of the

conposi ti on MAEY A13sE grefiEeshlip detldfhi9&f peosesisn therednge ofit

appr oxi mat®! Vi Spref 3redb 1% R eIt ip i Wl g 180 AGGRURLKRhGPer ti es

such as an el q:ctric resi stance val ue .(_)tf. the el ectron-emtiti ng
1nto account various conditions such as a kind and a

content of the electrically conductive particles to be
dispersed in water glass, affinity to the peel layer 60,
an aspect ratio of the opening portion 15, and the like,

20 or it is preferred to prepare water glass equivalent to
such a grade before use.

The binder is generally poor in electric
conductivity. When the content of the binder is too
large relative to the contéent of the electrically

25 conductive particles in the composition material,
therefore, the electron-emitting electrode 16B formed
may show an increase in electric resistance value, and
electron emission may not proceed smoothly. For example,
in a composition material which is a dispersion of

30 carbon-containing material particles as electrically
conductive particles in water glass, the content of the
carbon-containing material particles based on the total
amount of the composition material.is preferably
determined to be in the range of'approximately 30 to

35 95 % by weight while taking into account properties éuch
as an electric resistance value of the electron-emitting
electrode 16B, a viscosity of the composition material



et

el ectrode 16B, a viscosity of the conposition material 05JUL2015 @Jua?ﬁa
mut ual adhesi on of the electrically conductive particles. Wen t € content
of the carbon-containing material particles is selected fromthe above
range, the electric resistance value of the electron-enitting 5 el ectrode
16B forned can be sufficiently decreased, and the nutual adhesion of the
carbon-containing material particles .caerB be mai nt ai ned under a good

condi'tion. HayevRitudhelfdictd W e y %%u ter al

particles with alumna particles is use ¥8nduct i ve
particels, tHRATRAIES adiBENoRDES COREENE] @ét F—h@aflaybebﬁdgntasuelpgrt icles is

liable to deqisaseial %hﬁﬂ{l&ilés% lsls S(ngic(ﬁ:récg(fﬂdﬁl i ?%%%tc%%t [‘t ?Jet ﬁfe the
car bon- cont ai nat erial particles depending upon the

al umi na parti QJT ecgc % Ifefﬁlss%a\'k“ée Sjp foditse L eé’ftrtolzi’e'e@édtﬁéﬁgcont ai ni ng
mat eri al partélgasrdade Il ticmeat |oanp hef e;ﬂm:.@@nﬂw?)ﬂewleg@edqr afeyr et hThe
‘conmposi tion r t.far ng the

di rsn;erm ng s{%%e:% Gﬂg ﬂ% lr%!l{gacﬁ ddheggl | ve AT E‘Fgegl é‘édl tives
such as a pHRMjtstlas cam @%@amne@ U(mieirngi aPendt candlamoamnt i septic.

There may bejdiasda Q\FHEQP% tliQuTRd @ar@fo%p%roﬁ%aq_ﬁlﬁga}da%grlgﬁ.e
. electrically coadugtl ve particles with a binder powder and

di spersing t AR GleEEma pagidicdiay Jﬁe@llsﬁﬁl ags efgctaigaply, when
the crowi® hapnﬁitmte‘mer qmrtardeﬂlsi Nahed @Lﬁitﬂiﬁie atbRshan ardicaget er of

appr oxi mat el n carbo nta| ni terlal particles are
uggd as el ec%/r}TJECCtILII%y ot ?c%’tqﬁ%ecpa P(’?Ir eﬁr éfeﬁ'gﬁg? tRe dFSreRERe .

di amet er of t3% Wwthdt 3G cumsttsintiady 'qmuemralaspalthleclceﬂtemtap;ﬁr ekemately in
the range ofcdrR-QohtRiAnk MatWisnit lﬂ:%ﬁ%@f hieSl Qe g@hﬁ%@e{lg %ge port i on

carbon-contani ng materjal particles I1s “In the abov
of the crown- ofi & Gruednd %té{cé@ﬁr-odénl’ell?:l$sc$%art1@%| with 35

suf ficieritdy durgﬂenmcdmmh@alcawoe;n@fdmtaamn@hma%@hre.a&ogar@&cm% is

el ectron-em tﬂéﬁ%cﬁl’%&t O%?:e]ff’ %% %atbgfo%elght or more. The
composition material may contain a dispersing agent for
stabilizing the dispersing state of the electrically
conductive particles and additives such as a pH adjuster,

20 a desiccant, a curing agent and an antiseptic. There

' may be used a comp051tlon material prepared by coating
the electrlcally conductive partlcles with a binder to
prepare a powder and dispersing the powder in a proper
dispersing medium.

25 For example, when the crown-shaped electron-
emitting electrode 16B has a diameter of approximately 1
to 20 pm and when carbon-containing material particles
are used as electrically conductive particles,
preferably, the particle diameter of the carbon-

30 containing material particles is approximately in the
range of from 0.1 um to 1 um. When the particle
diameter of the carbon-contaning material particles is
in the above range, an edge portion of the crown-shaped
electron-emitting electrode 16B is imparted with

35 sufficiently high mechanical strength, and the adhesion
of the electron-emitting electrode 16B to the cathode
electrode 12 comes to be excellent.



el ectrode 12 conmes to be excellent. 05JUL2005 69 [ Step-240] Thenoéa %?&wn
in Firg. 1C, the peel layer 60 is renoved. The peeling is carried t
imMmersion in a 2 weight @6sod|un1hydrOX|de aqueous solution for 30 5
seconds. The peeling may be carried out under ultrasonic vibration. In
this manner, the peel layer 60 and part of the electrically conductive
conmposition |ayer-61 on the peel |ayer @80 -are renoved together, and only
that portion pécdhergdectrically conductive 10 material |ayer 61 which
“portion is on the exposed cathode electrode 12 in the bottom portion of
the opening portion 15Ne&aiafs ShPHR dBoFd d-edginithg peeili dayezofstit ut es

the el ectron- ﬁﬂztémdlgacﬂ echeogecl§Bg Thecaekeelr BﬁteB}/t ihiergheat fade 16B
has a surface q§ 15 t?%ffd thelgsg&#gl ortion o he openi ng portion
15 and comes® % he FAHHT v usl@ﬂ’lé‘ﬁd-oﬂl OLSH¥w a state
after [ Stép- H@c}onds.fl mhehepee lEng. mb4Bbescagrietiesati anfekspective view of
part of the f vices. and.Ei a sch tic_partial 20
end V|em1také%9gﬁ%ﬁﬁﬂilne é?%éﬁn: g %gég éer, gn?ag? tﬁé
insul ating | 23Rg E@-’%rﬁf gara Qifeqmcgﬁtlal Cedn@htqtad@ mnalwmmomut for
showi ng the whgjer oéltcrre tnaé 10N R g% R SRR é’t%gfgtlhtefg fZ’Ef ficient
r

to form appro t%ﬁg 00 electron-emtting el ec per
over | apping r rPQJ'éH%"{bl éﬁ@’pﬁ)ﬁ%qmé’aléye&qfﬂd@éﬁllweconduct ive
particl eslon mduaemzf dogyenf édacihice] guirtdenid gl %@;&ic@‘é@l 16B, a binder
exposed on t ct.ron-em.ttin Iectr 16B may be
removed by ep;e?n ng %]"Tcg{ C%Sgl]ze % he:[ rlnc’erjEI Oé[}:tp%&- ?‘f& €l ectrode 16B
i s calcined @peming &?Céﬂ:ldrhél-%aietmamnm ofthsi abevengema;nlngrpoeﬁlont in

dry at nospher@mmdt 498 94, tUHESmi ng '
t enperature ca]p%cbe sel ect ectle %%Iaependl nggﬁgﬁct@r}gﬁﬂg giﬁ%der
contained in% Y5igW mdiesiiade @Pnﬂﬁﬂﬁ @ﬁ@tbmmder i s

15 toward the central portion of the opening portion 15 and
comes to have the form of a crown. Figs. 14A and 14B
show a state after [Step-240] is finished. Fig. 14B is
a schematic perspective view of part of the field
emission devices, and Fig. 14A is a schematic partial

20 end view taken along line A~A in Fig. 14B. In Fig. 14B,
part of the insulating layer 13 and part of the gate
electrode 14 are cut out for showing the whole of the
electron-emitting electrode 16B. It is sufficient to
form approximately 5 to 100 electron-emitting electrodes

25 16B per overlapping region. For reliably exposing the
electrically conductive particles on the surface of each
electron-emitting electrode 16B, a binder exposed on the
surface of each electron-emitting electrode 16B may be
removed by etching. '

30 [Ste-250] _

' Then, the electron-emitting electrode 16B is
calcined or sintered. The calcining or sintering is
carried out in dry atmosphere at 400 °C for 30 mintues.
The calcining or sintering temperature can be selected

35 depending upon the kind of the binder contained in fhe
composition material. For example, when the binder is
an inorganic material such as water glass, it ié



an inorganic material such as water glass, it is 0 5 JUL 2005 70gs JuL o5
sufficient to carry out heat treatnent at a tenperature at:which the

i norganic material can be calcined or sintered. Wen the binder is a
thernosetting resin, the heat treatnment can be carried out at a
tenperature at 5 which the thernosetting resin can be cured. For

mai nt ai ni ng nutual adhesion of the eleet®@cally conductive particles,

however, the hestidiat Nlcdriry RAAT el W rcaftnid A o cple ARG Lre at
c

;
whi ch the the{ setti resin’is neither deconposed to excess nor 10
carboni zed. 193¢ &T4&H @%e‘:nct%%tm%treé@t%rﬂan fEmselsiged OF required to
be a tenper ataireteatedihi whennehehbtindarage aotharflebeetihg £aysRy eRet he
gate electrqdet e,el ectrode .and the insulatin | ayer. . The heat
treatment at msp%e%eﬁq%&%&gfcea aply CaarFrf§qdr?équ:t Had &GFPE?% et Git
prevent i ng arvioighddilieo it armas ejugiqgemin maredse duregdhe EBbectric :
resistivity qfzidieiridte e | rQde and for
e R L

preventing the gate el ectrode _an cat el ectro m suffering
damage or defERANWCHi¥s PREHGIASY JaWavern tds head Greatmens Bisnder, no

heat treat nemrefyrdifly rRquiieRl dut SR GRsedRu3ee uly Rfikhelkfeem ssion
devi ce( No. Di!he@nﬁ:‘ ]{_ﬁ_’C shqows_.a schenmati %@ﬁt Il al cross- sectional view of
a field enission v ce iyt HE 1s5-th SSOMPOSEFe L8F ©¥CFEENBOLY pe
field enldsi srtadwiiged . Thénpeahberypasti ekHeehiasi opedenmese conpri ses a

cat hode ele nﬁﬁ_fr r; : | St LSU r r. 1 e for
‘exanpl e, of g%‘iss; a;@hlﬁegéggte%n%d’qiefgygr% P% %g%r?%n(?g?ﬁz%%tr e%ﬁ:rr%g‘t]'bgupport
nenber 11 and'®HdaddRigecnedt rodefsrtidis saysed enetheodetes for med on

the insul ati ngdayeide 1 heAk ARG IR LBdPeRe! haklAgtlikough the
gate el ect_rczlfley 14. agg tBe kngul a |§8 | a I%rSIS; andsa Lleat
el ect ron- eni t1345 el &cFr BG8C16ECALIRER 8RMGSBBPTE ohs opretfeakhy ndle
el ectrodel312 imemh geer tatowsiphepes ifiropasvienting be battamipar tirom of the
gg?ﬂggg portiéHhégig-Qﬂaidgfa%EQQQiFQ§ﬁ§iéﬂéé%f?%t&%ggs%ggi%§ Lerpgd on the
' gate electrode and the cathode electrode and for .
preventing the gate electrode and the cathode electrode
_ from suffering damage or defects. When a thermopléstic
20 resin is used as a binder, no heat treatment may be
required in some case.
[Plane~type field emission device(No. 1)]
Fig. 15C shows a schematic partial cross-
sectional view of a field emission device having the
25 first structure of a plane-type field emission device.
The plane-type field emission device comprises a cathode
electrode 12 formed on a first support member 11 made,
for example, of glass; an insulating layer 13 formed on
- the first support member 11 and the cathode electrode
30 12; a gate electrode 14 formed on the insulating layer
13; an opening portion 15 penetrating through the gate
electrode 14 and the insulating layer 13; and a flat
electron-emitting electrode 16C formed on a portion of
the cathode electrode 12 which portion is positioned in
35 the bottom portion of the opening portion 15. The '
- electron-emitting electrode 16C is formed on the cathode
electrode 12 in the form of a stripe extending in the



electrode 12 in the formof a stripe extending in the 05JUL2005 6%.Jl_zn5
di rection perpendicular to the paper surface of Fig. 15C. Further,” the
gate el ectrode 14 extends leftward and rightward on the paper surface of
Fig. 15C. The cathode electrode 12 and the gate el ectrode 14 are nmade of 5
chromum Specifically, the electron-emtting electrode 16C is constituted
of athin |ayer made of a graphite pewdar - A resistance |ayer 62 nade of

Si C i's {Or Moy ReIuRAN i ol BAYS.LleBChads o2 ARd g cehackagn. (g Ling

el ectrode 16C for stabi I ng the performance el d n1ss on
devi ce and atfiithety Jhier gake electroriecrils spopnelalaétwrrdt red. In the

pl ane-type fﬂﬁﬁniwaﬁdnamo&h@e gRrS BT ace bifdFi Casthe TRS| SheNcGe | ayer
62 and the el ctron t|n %%gctr de 16C ar orned all over the surface

of the cat hode ¢ &q%o eFﬁéogﬁeéén?rPnW€ﬁ?|8§ shal | not be
limted td sﬂnhmaumtruspeceflaaﬂlyt theseiéctr@mLemimtImgnéIEbtrode

el ectron-em t4 I C _at | t porti n,of the
openlng port|é¥9%§?c$n&kﬁg%ﬁ% 0? pro 3%.%§y%% ﬁ§n§%1ypngP§FE 20

eni ssi on deviR®dGy- Rerespshaned h@Y@Iné?t@adQA@ﬁ Siefrs efeened Figs. 15A,

158 and 15C shawjers he coehemR b1RRrLdl 107 aRer $6! LORBL Khevs of the
first support nber,. etc. SteE 300] First, an electrically

conducti ve nEtEiERT EAeEEY gﬁFbﬁF&Pﬂ@éF}nﬂthS PerheymaBrect rode i s
“fornmed ol heoff ithst felefliglo einiemier dieir:!h)é angpdttainigg GRiledmand patterned
by |ithograp [ d wher eb e C hode el ectrode 12
in the formo 38 éﬂgg%ﬁs§3§§n%%gr &Stﬁcﬁhe ¥?r€@ BT ¥RTber 11

(see Fig. 15A¥£ﬂ$hém§§ﬁh@@edewe@ﬁr6@@WnZlexFegdslﬁﬁ thhe deséstanne

per pendi cul ar g4 RARE thaU 0 h t he
el ectron-em t ygﬂigﬁgctrodgélggéﬁgrgh Enggﬁggg e&§E298§% % & s?ectrode 12.

Specifical Iyt d'ﬁééi§W§ﬁc§hﬁa§§Ff6§en9§etB? SFEhpgefﬁiﬁEHrQﬁethé entire

15 However, the present invention shall not be limited to

" such a structure, and it is sufficient to form the
- electron-emitting electrode 16C at least in the bottom
portion of the opening portion 15.
The method of producing the plane-type field

20 emission device will be explained hereinafter with
reference to Figs. 154, 15B and 15C showing the
schematic partial cross-sectional views of the first
support member, etc.

[Step-300]

25 : First, an electrically conductive material
layer made of chromium (Cr) for a cathode electrode is
formed on the first support member 11 by a sputtering
method and patterned by lithography and a dry etching
method, whereby the cathode electrode 12 in the form of

30 a stripe can be formed on the first support member 11

| (see Fig. 15A). The cathode electrode 12 extends in the

“direction perpendicular to the paper surface of Fiqures.
[Step-310] '
Then, the electron-emitting electrode 16C is

35 formed on the cathode electrode 12. Specifically, the
resistance layer 62 made of SiC is formed on the entire
surface by a sputtering method. Then, the electron-



surface by a sputtering nethod. Then, the electron 05JUL2005 72 egblt_tzh]gg
el ectrode 16C nade of a graphite powder coating is fornmed on the™ =" .
resi stance |ayer 62 by a spin coating method and the electron-enitting
electrode 16C is dried. Then, the electron-emtting el ectrode 16C and the
5 resistance layer 62 are patterned by a known nethod (see Fig. 15B). The
el ectron-emtti.ng portion is constituted/2of such electron-en1tt|ng

el ectrodes 16Gni{&Step éfé&tﬂ&w 1dAend s Watd 4@&% 1%\-”1 q§ the

10 entire surfac cifically, the i1 nsulati ayer

formed on thel%lfgc&rf[? i the n%eSJe‘?“eﬂQ%d]@m%d?ﬁﬁesﬂqlﬂth@tpmt rrenber
11, for exanméiehod)yaxaistmét@][ecﬂgsdfﬁléimi:tﬁic} IdrRley 168 s IdIsEaat i ng

| ayer 13 may

nethod i,n. whi gl.ass paste is
screen-printe or by a%‘?% 1-thlﬁ“%l %19{3@?06(? ]%Cozmidst#’@rrred by a CVD
met hod. Then, resistance leiwet r&ﬁarm patitdmddim of knosiy mmﬁ:moﬁ f(ei@ed on
the insulati | aygy 13 S _ ap_et.chi
formed on thgﬂg%ate e*ech%H%&%E%ggg ﬁgt?E§§I ?%%ggpaggrCﬁgsg?ﬁggegpenlng
~portion 15 i L% 4R & ‘Eﬂi@f“t%‘@é&@ @laatregies 16Cand the insul ating
layer 13 to epgage-3dw) el ectron- emtting el ectrode 16C in the bottom

ortion of the 25 openi portion 15.. Then, the etching mask is renoved,
gnd heat treatment is 5&¥Ve5 {ng1lRang ﬂ&ﬁe§013nﬂﬁuﬁ€§mﬁérOﬂeﬁbelng an
organi c sl ventime tsherfdaset r Specdfiithilny, ekhet 1adaldbtngwheyepyishe field

em ssion devjfe %}p\%]]dz E 9%%158 8ﬁntBS 8258{: {o}l ‘5%? '[:PI ane-type field

em ssi on devi ce(No Frah9cross- secti onal
view of a var§iffitysde H’eﬁq @141 tée s‘-§412ﬂ12 dappeat krwhwg; flle ffiorst structure

- of the pl ane-d3ae1d el £18 Ifef-ho1e Rhé@f ¥ el m ssion
gew cg 85 shown_ in Flrgéq Cﬁdﬁ‘%lgﬁg}/rom the ane ?é P‘??ig gh%m ssion

devi ce shomn‘ﬁq§95if X?ﬁlﬁ? fa dautergred by a méthod in which a

glass paste is screen-printed or by a method in which a
layexr of SiO, is formed by a CVD method. Then, the gate
electrode 14 in the form of a stripe is formed on the
insulating layer 13.

[Step-3301]

20 Then, after an etching mask is formed on the
gate electrode 14 and the insulating layer 13, the
opening portion 15 is formed through the gate electrode
14 and the insulating layer 13 to expose the electron-

_ emitting electrode 16C in the bottom portion of the

25 opening portion 15. Then, the etching mask is removed,.
and heat treatment is carried out at 400 °C for 30
minutes for removing an organic solvent in the electron-
emitting electrode 16C, whereby the field emission
device shown in Fig. 15C can be obtained.

30 [Plane-type field emission device(No. 2)]

Fig. 16C shows a schematic partial cross-
sectional view of a variant of the field emission device
having the first structure of the plane-type field
emission device. The plane-type field emission device

35 shown in Fig. 16C differs from the plane-type field
emission device shown in Fig. 15C in the structure of
the electron-emitting electrode 16C to some extent. The



the electron-emtting el ectrode 16C to sone extent. The 05JUL2005y 5/ 3uL
nmet hod for producing such a field em ssion device will be expl ained l6e|2%]\%/
with reference to Figs. 16A, 16B and 16C show ng schematic parti al
cross-sectional views of the first support nmenmber, etc. 5 [Step-400]
First, the electrically conductive material [|ayer for a cathode el ectrode
Is formed on the first support nenber- 173 -Specifically, a resist material

layer (not shpahod SedOrEEsk dd & dh 14 & Said aas i d ek dd kit 15 uppor t

d
menber 11, and then the tesist nmaterial ejiayer I'S renove roma portion

where the catPRRXPRIERIT RRIYY Wikharakanmice tmed idhe Idcti§Bcand,

conductive malerighobdy@rsdmsitatoic G UM s fctioat RadsLlggct rode is
formed on the ent'%rzre surface by a.15 sputtering nethod. Further, the
resi stance | ayef S et R S RERE o on the entire surface by a

sput t eri ngd nef #oep-40@] a graphite powder coating layer is forned on the
resi stance | ayer 62 by I n ' .gr.aphi .pewder
g e s e

coating layer is dried ere ] ayer is removed with
a peeling sotay¢®Hnior i 1athede elederadeis ifamead aoridwctiinstmt eri al

llayer for a cg&ﬂl%i@t ahafis0dE]L | t ecriggb%thf%eal 2¥eh s62mandyihe graphite
powder coatin ayer vxé}llch ar e ﬁgrmed on e resist material |ayer, 25
are al so remoV2¥ET| ﬁl‘?ihi PhherS PG, QN PRI ES SWH@ e Hoddre

el ect r odeld 2, £ het raspsdrnaselisyerl 52 antl thdre e ddgistemdddmigiiel ect r ode
16C are stack ; ' ) 1.0 1 . ep-4 30 Then, the
insulating | a§g¥&€21 %??@&%n%oé ha:%dgfn |°rne§“"sbl’gjer]?4ac%t§1,eoéjr%:q{°rﬂae gate

el ectrode 14 ¢hee¢teoderis dfo ke stormed i s Thenneghenellketiricaldyi ng | ayer 13

(see Fig. 168nddéeive HAOPRN NhROF b b ich iRl (¥ )oudt 4 he gate
el ectrode 14 anﬁht e insul atcglng, | ayer 13 to 35 expose the €electron-emtti ng
el ectrode 16Tt %ﬁ?‘f‘ﬁﬁ ‘boﬁl%ﬂ“@ﬁd te B MTHd oo Rsde Fi g.
16C). Thel5 sputtering method. Further, the resistance layer 62
made of SiC is formed on the entire surface by a
sputtering method, and a graphite powder coating layer
is formed on the resistance layer 62 by a spin coating
method and the graphite powder coating layer is dried.
20 Then, the resist material layer is removed with a
peeling solution. In this case, the electrically
conductive material layer for a cathode electrode, the
resistance layer 62 and the graphite powder coating
layer, which are formed on the resist material layer,
25 are also removed. In this manner, a structure in which
_the cathode electrode 12, the resistance layer 62 and
the electron-emitting electrode 16C are stacked can be
obtained (see Fig. 16A).
[Step-410]
30 Then, the insulating layer 13 is formed on the
entire surface, and the gate electrode 14 in the form of'
a stripe is formed on the insulating layer 13 (see Fig.
16B). Then, the opening portion 15 is formed through
the gate electrode 14 and the insulating layer 13 to
35 expose the electron-emitting electrode 16C in the bottom
portion of the opening portion 15 (see Fig. 16C). The.
electron-emitting portion is constituted of the



- electron-emtting portion is constituted of the O 5 JUL 2005 74 5 JUL 2005
el ectron-emtting electrode 16C forned on the surface of the cathode

el ectrode 12 which surface is exposed in the bottom portion of the opening
portion 15. [Pl ane-type field em ssion device(No. 3)] 5 Fig. 18B shows a
schematic partial end view of another variant of the electron em ssion
~device-having the first structure of a4 ane-type field entssion devi ce.

~In this plang e S el ec ron el e trode
160 1's conot | ELTF At SRS IR 1 s 65 TCVEORGAoT | i <
preferred to ohstathade tHewinmple o whidht |smg:f|ramﬁ msn eo:fpotsleel aaxrlmre f| | m
. since carbon gdgtodso lr%.gﬂ g§5a high emtted-
el ectron current ocan b%lﬁﬁeﬁqé J](}P;oﬁzﬂ: the th| n 15 carbon filmto
em t el ect r onELanetiyra ihiehd fmiss ign @VW%l B)darbon filminto a
state wher®e the car bon Ffiig.m1 8BS ploAeed ls'&h@mﬁ't@l@epa@tﬁﬁir edf Lebd GFOr

exanpl e, an ric fiel tensit app. oxlnatel 106
Vol 1ol . 20 TS Sk 5 Ty Harro antanen
pl.asnma- et chedche iy gemugasine tdf s ipdgure—tyes fuellaymlm et chi ng

rask, a deposidy sl pr aGueh gl p1anCCivle 95 c4GrNIbased Sarban pglver i s

generated as reaction ching reaction sy Vst 8h When 25
a dep05|t|cnr?#Qﬁﬁﬁﬁnﬂﬁm%ﬁﬁ#RQﬂQiﬁqﬁifﬁke]éﬁbhﬁngonﬁ@%ﬁmtﬁd 9¢3Be¢hnn t he

pl asma etxhi n;gartgﬁpeﬁlayﬁmortn{&i HERP D %b@rdajuct i s deposited on a side
wal |l surface of the resist é’éy E whlch side wa surface_has a low ion

i nci dence probability s Ted &R QOBFG&E§§§dt§G Eh8CEGPRace of a
mat eri al bei r&gnie.ttcihe;j,pdm:nfmr o the caldord fSildeg wahﬂcepmt:mhl vye)film and

it contributgs Q{Hﬁb sﬂm&q{ q.f trlrgﬁ\ﬁf.%rcrg %b ed b | sotropic .
pr ocessi ng of a naterla elng e ‘ched: en OoXyg @ Sed as an
et ching gas, Heppram qqﬁ¥%ﬂﬁk9anﬂhe:ﬁiﬁﬁiﬂﬂd&tiﬂerfalhowaUg thet heigar bon
pol ymer im5 r afetsh i 100660 (it e 1MRAT IS iR TR! i iRl toFBilingr . when
the thin carbon film into a state where the carbon film
is placed in a proper electric field (for example, an
electric field having an intensity of approximately 10°
volts/m).
20 When a thin carbon film such as diamond thin
film is plasma-etched with oxygen gas with using a
resist layer as an etching mask, a deposition product of
& (CHx)— or (CFx)-based carbon polymer is generated as a
reaction byproduct in the etching reaction system. When
25 a deposition product is generated in the etching
reaction system in the plasma etching, generally, the
deposition product is deposited on a side wall surface
of the resist layer which side wall surface has a low
ion incidence probability or is deposited on a processed
30 end surface of a material being etched, to form a so-
called side wall protective film, and it contributes to
accomplishment of the form obtained by anisotropic
processing of a material being etched. When oxygen gas
is used as an etching gas, however, the side wall
35 protective film made of the carbon polymer is removea by -
oxygen gas upon the formation thereof. Further, when
oxygen gas is used as an etching gas, the resist layer



oxygen gas is used as an etching gas, the resist layer 0 5 JUL 2099 Jl]LSmbs
worn to a great extent. For these reasons, in the conventional oxygen

pl asma process of a dianond thin film t he pattern transfer difference of
the dianond thin filmfromthe nask is |large, and an anisotropic 5
-processing is also difficult in many cases. For overconm ng the above
problem for exanple, there can be emli®yed a constitution in which a thin

carbon film sgl egdry GO Ao @RS, f%Eﬁéhéae%e%onéhelﬁu£1f1éce of the
cat hode el ectrode a}ind an el ectron 10 enitting portion made of a thin carbon

filmis fornSPBIFT NS RFYEED S FMamBEacEss PE. G SeRoPEgitAn That i s,

in the producfilm, afhe r;mtam«mf teleenifiaan cﬁrﬁf%‘iie@;@ede;\r!]:'l Qﬁehdtllaﬁlo@l@t hoge -
el ectrode is |rst S port nenb then the thin carbon film
sel ecti ve-gr o%hdr% regéll%ﬁn i e S0 T8 I taﬁlg & PRLECSEOPRE cat hode

el ect r ode andrdeassing tid @ lsar bbrff’mduint( dor mesyodiseg. t o t he

el ectron-em tting portT%Q)ob§rEBhHﬁ Qﬂetgﬁobg'gr?ﬁﬁéﬂonf ?Pﬁ%e,

sel ective-growh region. The step of formng th in Car i
sel ecti ve- gr F9Fe &b Pe FIRIPYSA ¢h s téiutden dn Wﬁécélatah@@énel ectrode

~will be refefamsbrd Eidsn &Rt cA-RidwHH RetlopClilsV ¢ogiedt in 62IbaN

formation st . The bove i.n carbon f|1n1 Iectlv on is
preferably th (ﬂgt qﬁ? %O%Pog@ﬁFﬁ %Grtlon

met al park@ cleem.imihn_:r gmridon lrrtaate [odT ta cnhlmf dah:bomatftlddeml gotrimedeoan whi ch
ti thd I wt h of
portion a thip, g cJa&%%fn tfﬁ'l éj!%cé: :%%g@?lecfu’%l%ﬁ ec‘.{[/‘\]ﬁlx%g igdro 0

the thin carbon filmon the I“Ve-gro regfon nor e
reliable, desil é’d}%/ PW@G%%@%@W@ ediesteanbemission device,

Sglh ective- gr e daagidare él@%tﬁ:@cfélgs( ?om{aar %bézﬁ)e e&re*aogag Bﬁk(P) 1
ind of Ja cafkiRE, FNFR 15 B0oh ca RS G ARLECEare-BaRVERpr ove the
car bon fil5m moggiam Jishéo’;ﬁlqd aperdzyomn‘ thel ecfrifaeegbdWthe kbhthadsuf fici ent
that the tf“éléﬁ%%%ﬁé‘& d“ﬁﬂ@ %iQTOW%QboﬁgEREHFQgg %egpondlng
to the electron-emitting portion) is formed on the thin
carbon film selective-growth region. The step of

forming the thin carbon film selective-growth region in

20 or on the surface of the cathode electrode will be
referred to as a thin carbon film selective-growth
region formation step.

The above thin carbon film selective-growth -

region is preferably that portion of the cathode

25 electrode onto which portion metal particles adheres, or
that portion of the cathode electrode on which portion a
thin metal layer is formed. For making the selective
growth of the thin carbon film on the thin carbon film
selective-growth region more reliable, desirably, the

30 surface of the thin carbon film selective~-growth region
has sulfur (S), boron (B) or phosphorus (P) adhering
thereto. It is considered that the above materials work
as a kind of a catalyst, and the presence of such
materials can improve the carbon film more in the

35 property of selective growth. It is sufficient that the
thin carbon film selective-growth region should be
formed in or on the surface of the portion of the



forrred In or on the surface of the portion of the 0 5 JUL 2005 Yﬁ _g@]tﬁﬁﬁe
el ectrode which portion is positioned in the bottom portion of t é ope
portion. The thin carbon filmselective-growh region my be forned so as
to extend fromthe portion of the cathode el ectrode which 5 portion is
positioned in the bottomportion of the opening portion to a surface of a
portion of the cathode electrode which portion is located in other than

the bottom p@ath@ate%lé@er&@@%ﬂmp di0fbn R 't it rbon film
sel ective-growm h regi on may be for me&g 10 onnt eﬂe}ﬁ%ﬁlec{}f\edof hece'.;‘urface of

the portion dfOEHIM RO HEIR %’fe‘élt‘f RREVHIE PPN ﬂ'@epeéﬂpl eashionn t he
bot t om porti ofi b éét;ee@tpm POEH | 1&{ dy fﬁié’ ﬂitfhné‘d)rsmechd rtgart of the

above porti on, erably e thi n ca f t| ve- ovvt h region
formation step g%rr\?% # 1fl?kﬁé %‘f’é?)lcf)’f él‘ﬁb‘f/\n 1't’-?‘:{izf‘f'eé” ltS:hadhere
onto, or f@rrmwrgtmnrres@osmmn@cyemdrhe tki‘tﬂ:‘lsmtfg&nﬂ:m:fntd’ﬁmfdtlon of t he

cat hode el ect &ﬁuﬁ%‘f?@f nﬂﬁlfl td O & rcefi %%Oqﬁ:l < étq:qle %I

surface) on e thin car bon m se | Ve- gro egl on
is to be forn@Hec Wfé?e‘ﬂyl@heﬁ%ﬂf%orf oksrekPaateed Him Qit“d'tﬂ:;brtlfaﬂ rhheel ect i ve-

growt h regi orbeoRsH i pateibmlof flﬁmé’%ﬁérﬁfhcj’f dhe Gt h?ﬁ%thekecf:ﬁede whi ch
portion has t 0 which the metal particles adhére or on which

{:n surf ce ont
the metal thi ‘1‘%)’%?% gﬂf%rﬁf’eloecq%v‘f'fﬂ%o"ﬁ%f’sere‘-f]&n MR Ry mrEed| i abl e
the sel et®i ven grivetdninfrétye afirfion sutfacn dﬂta:rtétlpbﬂajobplbf fiHeam

- selective-gro ﬁé&@'é’fbctgffdé Q?,L]ych L%INI&OI{S_Q ba an D%ﬁ %hosphorus

(P) is allowed to adhere ace of
sel ecti ve- gr RRHETD P %e‘ﬂeﬁbwnmr@mmmmmntb@amrh@ i mproved in

the property gérmed oot |ye-gromtihe Hsov@thnd fgy, allowing sul fur, boron or
phosphorus to adhere ont C‘)ﬁ‘fﬁﬁﬁe surface of the thin carbon film ]

sel ective-growth regi of™ Her tdammagbor ddRogelrchiven a
conpound B% | quyewtic anggised ﬂﬁrrmtcmrpcnﬂub it i g) thd fatfep @ on or
phosphorus i s, ASIEA el SHEASE LT d NEHdID & ob,ortlar forming a
metal thin layer on, the surface of the portion of the
cathode electrode (sometimes, to be referred to as
"cathode electrode surface) on which portion the thin
20 carbon film selective-growth region is to be formed,
whereby there is formed the thin carbon film selective-
growth region constituted of the portion of the cathode
electrode which portion has the surface onto which the
metal particles adhere or on which the metal thin layer
25 is formed. In this case, for making more reliable the
selective growth of the carbon film on the thin carbon
film selective-growth region, desirably, sulfur (S),
boron (B) or phosphorus (P) is allowed to adhere onto
the surface of the thin carbon film selective-growth
30 region, whereby the carbon film can be more improved in
~the property of selective growth. The method for
allowing sulfur, boron or phosphorus to adhere onto the
surface of the thin carbon film selective-growth region
includes, for example, a method in which a compound
35. layer composed of a compound containing sulfur, boron or
phosphorus is formed on the surface of the thin carbon
- f£film selective-growth region, and then, the compound



f|In1seIect|ve growt h region, and then, the conpound 0 5 JUL 2005 ;} | ayer
is heat-treated to deconpose the conpound constituting the conpoﬁﬁ Y ﬁé
to retain sulfur, boron or phosphorus on the surface of the thin carbon
film selective-gromﬁh regi on. The sul fur-containing conpound 5 incl udes

t hi onapht hene, thi opht hene and thi ophene. The boron-contai ning conpound

I ncl udes triphenyl boron. The phosphorug7cent ai ni ng conpound i ncl udes

- triphenyl phosphidie ; Ohagiwitse, WS Rl PHRBnIBGE, Ab! BBkBoLAG 10 selective

grow h of the carbon filmon hin car ect 1 ve-grow h region,
after the netRsiditdngs they cogposRed lﬁaeadhéper@ﬁ@én §ulERE  nbPAPNL hi n
layer is fogegmsphdifscanhete %heqtab@dafwhfea%ﬁml bakBoRl ghigmred to
renmove a netal X|de (so- W%bhed natural Oﬁfde fllq%}on t he surface of
each netal pf'r%eézltew(‘?r' &S9P Mace IB? PR HET SP M L Ay EPMPGYRA et al
oxi de on 3 helrsunfdace thfi omap tinena, maubphthene andt bhisphéaee ofhet he
metal thin | ref. , a ma eductlon
treatment i n%aéﬁ{?fd%gg‘é%lg%?@zé gﬁ)m)sp éLrng&gggér ggh'gh?ngébﬁquﬁom%e pl asma

met hod, a t EhesRhoS-consada ipida seapeundodncadndegduct i vel y  coupl ed

pl asma ﬁthOQmT%héﬂ (R hgﬁ@lotron resonance plasma nethod or an RF

pl asma net hod; Dy spu an argon gas atnosphere; or by washi ng,

for exanple, 25 with aﬂtgg l§8¢hf8§ ﬂ?ﬁ?ﬁﬁlﬂﬂF?cr%£+ﬂb%? Bhease. Wien the
step of dld owelgctiveugrommhomforthehesphonusile oadhheetBRhochiBosur f ace of

the thin car ct - wt h reg| t he st ving the
met al oxi de gﬁﬁﬁﬁéé£ﬁf§¥§§ gﬁ&hghé?gp' arFFEIéhSrm8§aSOPFﬁ51§EgFace of
the netal thiare @aldoved jbeclaghede Opmehepabtye mhteé thépslayercasri ed out

after the fqigld@Bmf thléec%l%%%'d'ége[i%"ctt&:%ﬁe' @ukﬁscbnsgka&gng | ayer ~ and
before the formation of the thin carbo | mon in carbon film '

sel ecti ve- gr BHHF SEFLFC FSTRTS ﬁbﬂﬁﬁélfSFlgﬁléﬁPnSaiﬁédn§@§Pr§értlcles to
adhere oriso tdwideatfiday encaheoderFackaog bachohbahli perticle or on

the surface of the metal thin layer. The metal oxide on

the surface of each metal particle or on the surface of
the metal thin layer is preferably removed, for example,
by plasma reduction treatment in a hydrogen gas

20 atmosphere according to a microwave plasma method, a
transformer-coupled plasma method, an inductively
coupled plasma method, an electron cyclotron resonance
plasma method or an RF plasma method; by sputtering in
an argon gas atmosphere; or by washing, for example,

25 with an acid such as hydrofluoric acid or a base. When
the step of allowing sulfﬁr, boron or phosphorus to
adhere onto the surface of the thin carbon film

- selective-growth region, or the step of removing the
metal oxide on the surface of each metal particle or on

30 the surface of the metal thin layer is included,

- preferably, these steps are carried out after the
formation of the opening portion in the insulating lavyer
and before the formation of the thin carbon £film on the
thin carbon film selective-growth region.

35 The method for allowing the metal particleé,to
adhere onto the cathode electrode surface for obtaining
the thin carbon film selective-growth region includes,




the thin carbon filmselective-growh region includes, 0 5 JUL 20?% @? 6
for exanple, a nmethod in which, in a state where a region other an ﬁ@
region in the cathode el ectrode where the thin carbon, film _
selective-growth region is to be fornmed is covered with a proper materi al
(for exanple, 5 a mask layer), a layer -conposed of a solvent and the netal
particles i's forned on the surface of 4 portion of the cathode el ectrode

where the thifocashampfd,) M mahesd i ME~HAU D PH Y e fornmed, and
then, the solvent is .removed \Ahllelretaj(igrﬁngtthe At%l partlgles 10

Al 't ernati vel yreRP QUL dhh FaHememmthmaathioste ele@cidiesiee onto t he

cat hode el ectwhosee sthié agein redrkas, £ i forseeaidilve-@GRRitheddibnMische 1N a
state where Y |on ot her__t han the;wre%l on in the cathode el ectrode where

the thin carbon Lt GIRFESSH 3k PG Na-ef5-ae ({EOMEFT®L&aver ed
with a prdpera mﬁt |Jay€(1f)or @ Xayse, compom:k dfayersplveitalancogeund

particl es confdy nos el q:tsorg.:o r{l.t[ﬂ %sur JIEt %J El Ml (,f}Jt?l??@ar (raret N

allowed to - adhere onto t e cat ho ace,

conpound par t9% e Farhpds eﬁietcdildléiﬁb ttemthm tc@r(bl@tnalflllnhe t hin
carbon film sedesdtMee-Ofrauth R 1% GonY Iﬂétﬁﬁx@dt%&o% O“t‘ﬁfe the

cat hode el ectrade t| the surface onto e _netal

particles adh%c%e eht, Jt%er%%‘(%? LD IME dhey me§a]1 Mftl@é@&osed of a

sol vent &kl rAettzdrreonipoing pdre istegs ﬁaﬂ@mi@n@&ls?aﬁﬁﬁl@fs t he
ortion of t Cade o 0 t car

gel ective- groh?.vﬁ h regi or{ﬁ!l sct:h(r) g::a &hotc% SEENPER lPSlPQﬁEVed whil e

retai ni ng t hefeteanEdfpovhdaidad @meswhmhe divo e sivettel wheaepaund particl es

are prefer ablf,;(a(yﬁ I S @b O fergin I@@txe@L&pqﬂm{h@ iclen %1' e%tl%@m}%gi@ the group

a

consi sting of [ f.or exanp |od|des chlor| bro etc.),
oxi des ang h cfg'ge d:gh Eﬂ%’f’éﬁ Jt"l?c‘lgﬁg’“ftﬁerﬁgﬂ&’ln p&r tPcl es.
In the abidve hmtﬂunimd itsh e ovetrerd ah.t(h‘ o propEd eatwmSlell qyer) nieng the

2?” Lg%' ]9|n| (r)nt ghglr eaf:gt]?\r}'éﬂgérq: %{e%l On&t{}]_:g)u[%%it %%q:‘%l%ll%cst 20% l\ﬁqlel%emetg thin
atoms constltutlng the metal particles are allowed to
adhere onto the cathode electrode surface, and then the
metal compound particles are heated to decompose them,

20 to obtain the thin carbon film selective-growth region
constituted of the portion of the cathode electrode
which portion has the surface onto which the metal
particles adhere. In the above method, specifically, a
layer composed of a solvent and metal compound particles

25 is formed on the surface of the portion of the cathode
electrode where the thin carbon film selective-growth
fegion is to be formed, and the solvent is removed while
retaining the metal compound particles. The above metal
compound particles are preferably composed of at least

30 one material selected from the group consisting of
halides (for example, iodides, chlorides, bromides,
etc.), oxides and hydroxides of the metal for ,
constituting the metal particles. In the above methods,
the material (for example, mask layer) covering the

35 region other than the region in the cathode electrode
where the thin carbon film selective-growth reglon is to
be formed is removed at a proper stage.




be forned is renoved at a proper stage. ----------- 0 5 JUL 2005 g sULLThes
met hod for formng the netal thin layer on the cathode el ectrode surface

for obtaining the thin carbon film selective-gromh region includes, for

exanpl e, known nethods such as an el ectroplating nmethod, 5 an el ectrol ess

pl ati ng nmethod, a chem cal vapor deposition nethod (CVD nmethod) including
an MOCVD net hod, a physi cal vapor depogiot i-on met hod (PVD nethod), etc.,

whi ch d out '
o cat hode- el ect ode IR, B LRECL bOG 18 BarBoneT | Ty Sbl SAr T Ve BT Bulh 1 og!

t he cat hode el ectrode where region

is to be forﬁ@@|Q§th9§$eﬁé§GW¢Pﬁea5&#59@@ kerePPiRiNTRE BRPsEBAN vapor

deposi tion miaigmbn &Ghﬂd%%l@%thv%&@%@ﬁtﬂeQ@%hbhomnﬁﬁhﬁég$ féuch as an
el ectron bean1heaH}ng net hod, tgg;e5|st nce d and a fl ash

deposi tion mEPHERLIE bR Stheds FUSEsPSi S‘H gHOP%-E}ZLQEuF'FEPPﬂg
met hods such aas eladiinpdless pilatttiery metheddhod, cheﬁﬁcamuvaporng met hod, a DC

t ' h
TRGEt T on PGS e bMhoc (AR SRS e SRS RO B g,
sputtering nm&t FYsigad Yeped) depesgitdonngeibododEVBuartheda  DELEdirr ect

current)  nmethgdh arRearRiiked out qﬂl%!SQ%EQOQQe%EtQOQegQBn aehkyating
reaction nethod, an electric field deposition %B-frequency I on

pl ating met hdd'@hdhe Tegdon J& ithe EP&PPQ& ﬁé?ﬁ650d95wﬁﬁ§ea Gethéfal
particl esior damoretfdlnt kidl edtdye—gaosfths regebar dBl yocbapgsenmedf igt | east

t al ted fromth yb i ckel
e L any e VR B e 63 o0 ML SREMBCEID) 1 okel
(Zr), tantal Weprcrtion mt@bei) incladespder) @egpumpdeposdmiont neihddsi nc

(Zn). The abqyg: bisﬂ aQ@fefi%tffdr{nﬂe%{ %‘é%%l%g%@ehbhe t%elfs'thﬁbea“ |

anor phous carbon th ICE% |anDn -I carbon t hi | m and
ful | erene thi QQHqﬁ FﬁPﬁ&lﬁﬁéntWPﬁh8§rbéH)f?In1|ncludes

CVD net hads 3 dmee depo=a tiicer mcnl geiya simtciteding inedRdter geeh as
a bipolar sputtering method, a DC sputtering method, a
DC magnetron sputtering method, a high-frecquency
sputtering method, a magnetron sputteriﬁg method, an ion

_ beam sputtering method and a bias sputtering method, and

20 (d) ion plating methods such as a DC (direct current)
method, an RF method, a multi-cathode method, an
activating reaction method, an electric field deposition
method, a high-frequency ion plating method and a
reactive ion-plating method.

25 The above metal particles or the metal thin
layer are/is preferably composed of at least one metal
selected from the group consisting of molybdenum (Mo},
nickel (Ni), titanium (Ti), chromium (Cr), cobalt (Co),
tungsten (W), zirconium (Z2r), tantalum (Ta), iron (Fe),

30 copper (Cu), platinum (Pt) and zinc (Zn).

The above thin carbon film includes a graphite
thin f£ilm, an amorphous carbon thin film, a diamond-like
carbon thin film and a fullerene thin film. The method
for forming the thin carbon film includes CVD methods

35 based on a microwave plasma method, a transformer-
coupled plasma method, an inductively coupled plasma
method, an electron cyclotron resonance plasma method or



- coupled plasma net hod, an inducti vel y coupled plasma nethod, an glsegbr 9@5
cycl otron resonance pI asma nethod or 05JUL2005 80 an RF plasma nethod and
a CVD nethod using a diode parallel plate plasna enhanced CVD system The
formof the thin carbon filmincludes the formof a thin film and it

al so includes the formof a carbon whisker and 5 the formof a carbon
nano-t ube (i.ncl udi ng hol | ow and sol i d- taghes) . The cat hode el ectrode nmay
have any str Sall:ﬁtté lectrically
conductive rrauagﬁe;i:l&gl ]Iayer or a thr eeaiayere ruc gfoghg)\c}%ng a | owner
el ectrical | y R&iveal \lake aliagmg gpdanced rCé@ §tY§|’¢@GI | ayee formedfon the

! over ;al ectr H?ﬂé |ﬁhuf<&ﬂi*l§§ﬂ \ﬁetlrmtﬁf%lﬁidésak@{et %%@Bfuﬁp%l%' %f[itl!td fa't 't y
conductive mate ayer on e resistance_l ayer. atter
case, the thlétt"%ef‘rqcbcﬁtl% I%ﬂés)]étr%ﬁ iWhe o1 St R CEFPeR F"@J—F’@ﬁeﬁedné‘n a
surface of5t I*telmuﬁ]mm ol ectadntail yamndutid e nsineling hbayek: ahde above-
formed resi st tla%eét[ vvorks to attain uniformelectron en ssion

%e e r

properties of on-em tting el ectrodes. One exanple of the nethod
for producing the 20 Pheneatpdeclederctandeningyi bavdeangesurhittheeexpl ai ned

herei nafter whidnh rf [ d e first
support nenber, etc. eggglgﬁ%lt%ln I.gs. ﬂl%?ﬁ’%f%gf %gAEl\ég%\fgggﬁ g]ep 500] - 25

First, an el &IMIHHI%e éﬁfﬁﬁ}dtqlvé-%reﬂrala tlhaf)‘f—‘@r'lﬁdﬁrédcﬁﬂimué‘leect rode
i's formedon Havei rfg rastlov&;ﬂomrécﬂﬁrdaaﬂ lbdi‘md&,tlfv@f nl@t@ﬁf&'a?_, 18ked, ags

substrate. e he, el.e || ve mat eri al ris patterned
by known Ilt%grkap aﬁlczfnd‘ g m 0r?et d og’ﬁ tSlFSHﬁLF 1¥at hode

el ectrode 12 dunduw)itvee radranicfl daysan igpel em tippefri edectuppaldyrenber 11
The cathode QRFIdOAR Matdkidie fgdh Yol LnPErex rBRISLALLIaLGe AN

ri ghtward on the paper surface o raw cat 586 12 is

made, for exdfpldie dtafeﬁ?%?aé@prd%ﬁerr&f’étry%rgo@mftlﬁmcﬁeéﬁpﬁmv@m(Cr) | ayer

fornmed byl5 growth region is formed on a surface of the upper
electrically conductive material layer. The above-
formed resistance layer works to attain uniform electron
emission properties of the electron-emitting electrodes.
One example of the method for producing the

20 plane-type electron emission device will be explained
hereinafter with reference to schematic partial end
views of the first support member, etc., shown in Figs.
17a, 17B, 182A and 18B.

[Step-500]

25 First, an electrically conductive material
'layer for a cathode electrode is formed on the first
support menber 11 made, for example, of glass substrate.
Then, the electrically conductive material layer is
patterned by known lithography and a known RIE method,

30 to form the cathode electrode 12 having the form of a
stripe on the first support member 11. The cathode
electrode 12 in the form of a stripe extends leftward
and rightward on the paper surface of the drawing. The
cathode electrode 12 is made, for example, of an

35 approximately 0.2 um thick chromium (Cr) layer formed.by
a sputtering method.

[Step-510]



~a sputtering nmethod. [Step-510] 05JUL2005 81 _ Then, the insulatbqubgﬁﬁE
13 is forned on the entire surface, specifically, on the first support -
menber 11 and the cathode el ectrode 12. [Step-520] 5 Then, the gate

el ectrode 14 having the formof a stripe is fornmed on the insulating |ayer
13, and then the opening portion 15 is formed in the gate el ectrode 14
and the insulating |ayer 13 to expose Ml cat hode electrode 12 in the

bottom porti on of the opgm NGHED igf_ydllmnng 1@3;%61\_. E'ﬁ-i_sl%@rme-@%ng%%"e

el ectrode 14 in the foEm of a stripe extends perpendicularly to the paper
surface of the uHew T E3fen SRERE ALY pI%h thed 14sHe SWRNithg portion 15
has the formmémisecri 1Tl andiashergathsieanelartddel 120, 30 m [t is sufficient

to form such Eé %§§@#§ portions 15 in the quantity of approximately 1 to
3000 per pixe ? er agpi ng region). [Step-530] Then, the electron-emtting
el ectrode 46D i s forndtham tile gateodd esitesideodd havingosde iflortthefbot t om
20 portion of;theronen Ngdihdd Bh 9&%1’1‘419&1 Y () g, film

sel ective-growth fgg?pn 63 1s forne f%n the sur aégkgfz%ﬂbqﬁgfgﬁgﬁlof t he

cathode el ect FoRIePRENIRG I RIFHeRTt i bh I8 fsy3ned diedhen 9ate BHamoss ti on of
the opening poran@ncHS. il dthisg puRaseLs fig %;Ce%c%é”f'ﬂc&% oty 64 is

~forned so as tp expose e. surnface of the catho | ectrode 12 in the
central port i%ﬁe%%(ﬂ?(ﬁ% HSojtnc t)#ﬂ%g?%?%ﬂ“ HOTHE itﬁ"f PRI 15 (see Fig.
- 17B). Spkei fpeatign 5 respatFimt i) . | aher gasef elpedrodet he ianthee
surface inclughpg &fe, i oner a6 of ' ortjon 15 by a spin
coating nethod, and then a p%:)é[(}ze. I'S %oqérés}r%%:d}lr@gl% ttnl%ei (r:bra#’zﬁpl'ayer
positioned |fRERRCR ek ridre phravig of Whea méewed per ai phaof vilew, tbgeni ng
portion 15 byopériiwgrspiyioner alis tirke sk dRWEcib41@hRa mptai ned. The
mask | ayer 64_covers part. 35 of the cathqde el ectrode 12 which part is

posi t i oned i [diameter of 1 to 30 um. It is sufficient to form such

15 opening portions 15 in the quantity of approximately 1
to 3000 per pixel (overlapping region).
[Step-530]

Then, the electron-emitting electrode 16D is

formed on the cathode electrode 12 ekposed in the bottom

20 portion of the opening portion 15. Specifically, the
thin carbon film selective-growth region 63 is formed on
the surface of the portion of the cathode electrode 12
which portion is positioned in the bottom portion of the
opening portion 15. For this purpose, first, a mask

25 layer 64 is formed SO _as to expose the surface of the
cathode electrode 12 in the central portion of the
bottom portion of the opening portion 15 (see Fig. 17B).
Specifically, a resist material layer is formed on the
entire surface including the inner surface of the

30 opening portion 15 by a spin coating method, and then a
hole is formed in the resist material layer positioned
in the central portion of the bottom portion of the
opening portion 15 by lithography, whereby the mask
layer 64 can be obtained. The mask layer 64 covers part

35 of the cathode electrode 12 which part is positioned;in
the bottom portion of the opening portion 15, the side
wall of the opening portion 15, the gate electrode 14




t he. bottom portion-of the opening portion 15 the side -wall of th g
portion 15, the, gate electrode 14 0 5 JUL 2005 - 82 and the |ns atlgg]g
| ayer 13. Wiile the thin carbon film selective-growh region is to be
formed on the surface of the portion of the cathode el ectrode 12 which
portion is positioned in the central portion of the bottom5 portion of
the opening portion 15 in a step to cotre82 thereafter, the above nask | ayer

can reli ab: y Vs lmshmrattmq cmyeﬂgliloet WﬁQEet Eﬁecehmﬁdeaﬁbs'lat Fedm 12 and
the gate el ec t arth es net al ticles are
allowed to a %jf)%&ﬂl‘ﬁe O%I{OW%WE B/ er° 6343 95k 9Zy FusifdcEce of the
cat hode el ect@Bbdehd 2o1Spieni fof:athey catltbchq:)eaf]saaj:rroder dzardd ddy pdirdemnsi ng
nickel (N) fi&u n ( Si | sopropyl

al cohol- as_a eﬁ)c\;/%{nt%ldﬁ%?alﬁo %%Q%ryﬁéloéntl rlz)%su%rff %éle g) tr%%gbl n 15
~coating we?hcﬁor’iwq cﬁﬁnfah% SRy REdaf IThdrs@l waep tandomee net al

particles on thersafifearce te tdBOROMANN Riyerd QeanC%Ietl(i%], Elggy‘é‘?ﬁ: 12 on

whi ch portlonﬁh t hin ar bo r}gﬂllmse ect’i ve-grow h reglo Is to be -
formed. Ther ¢h %‘f?lﬁﬁﬂbﬁ tyeen hé’t%(? 2 @ngdo renoved-
by heating t Heheabgatee | eslyaert mepdet olznpprmumaaiaej paréc(l@:le,s to ret ain the netal
particles 65 on the ex d rfa f £ cat ho ctrode 12, whereby
the thin _carbon film Fsi@l%gdt Ve-g g}% lr%%%oﬁ“&?» giﬂ“’ﬁ@ Sb_Bt 3 §4¢ (see Fig.
184) . ThelGbRREDIh inapkadaymst k554 tamd ithet lexp2s ede salr fipaet o€l ¢heb5 to t he

exposed surfaf,gecmdg ha atdeeple 12l e 0- i ve function).
[ St ep- 540] The t he. thin carbon fllg%ée%lééll%g gah}gggﬁﬁgggﬁo

appr oxi nat el PWPZ"‘ R P% WWQ%@J{%‘% (36 )c &ip6n PRtACdESedni we- growt h
regi on 63, t@abhtsilvdde aodatirion e(ltistﬁngﬁg_seylpti@b@nglbggofhg al8B shows

e von' 1 Y B A splitly LT BRI l SR (T
coating method, to form a layer composed of the solvent
and the metal particles on the surface of the portion of
the cathode electrode 12 on which portion the thin
carbon film selective-growth region 63 is to be formed.
Then, the mask layer 64 is removed, and the solvent is

20 removed by heating the above layer up to approximately
400 °C, to retain the metal particles 65 on the exposed
surface of the cathode electrode 12, whereby the thin
carbon film selective-growth region 63 can be obtained
(see Fig. 18A). The above polysiloxane works to fix thé

25 metal particles 65 to the exposed surface of the cathode
electrode 12 (so-called adhesive function).

[Step~-540]
Then, the thin carbon f£ilm 66 having a
thickness of approximately 0.2 um is formed on the thin

30 carbon film selective-growth region 63, to obtain the

‘electron-emitting electrode 16D. Fig. 18B shows the
thus-obtained state. Table 1 shows a condition of
forming the thin carbon film 66 by a microwave plasﬁa
CVD method.




- 83 Table 1 [Condition of formng thin carbon filn] Gas used CHglcHg,= _
100/ 10 SCOM Pressure 1.3 x 103 Pa - M crowave power 500 W (13.56 MP)" " FEh
form ng tenperature 500 C5 [Flat-type field em ssion device (No. 1)] Fig.
19C shows a schematic partial cross- sectional view of a field em ssion
device having the second structure of a flat-type field em ssion device.
The flat-type field em ssion device con@3 ses a stripe 10 shaped cat hode

el ectrode 12 fornmed on a first support nmenber 11 nmade, for exanple, of

gl ass; an insuh}tin | ayer 13 formed on the first support nenber 11 and

the cathode €¥&t%rbde 12; a stripe-shaped gate el ectrode 14 fornmed on the
insul ating | ayer [CdnddndoancdpEdiridngSthent capbdh Whigh penetrates the gate

el ectrode 14 and[_ the_Lngutating tayer—i3tapnd-_has the vathode—¢l ectrode 12
exposed in the waPFnyﬁﬁa Gty e

tion thereof. Th dvdeé 12 extends in
the direction pefpesdsunkar to the paper |qurf acd0dfpkig. 19C, jand the gate
el ectrode 14 20 €xt d—and 1ef rd—orn-th r—suf face of the-
Fig. 19C. The ca ﬁ%gggﬁﬁﬁéglé p£19 and rhpgggr l&?g?ﬁf@%ﬁ 14 are nade of
chrom um (Cr), anBiimeformsngatemgeratyere]3oios°gade of Si 2. Al portion of
the cathode el ectrode 12 which portion is exposed in the 25 pbottom portion
of the openin ortion 15 corresponds to an electron-enmtting portion 16.
The net hooBfol?FJ%}%dim%dflﬁiéi ferissinie devdiae @M.sdiddn device will be

expl ai ned hereinafter wildh 1vef ehedee al @chiegatit9Part?B1apdo42C showi ng
schematic 30 Qgtial:fross-sgftio al. views of the first support mnenber,
etc. [Step-600CHTRL Y Of fodd S SPSFEom deHiceh iy ing ¢he JuL 2005
84 work as tdrc@midcttmctemd tdfhg @drat-oypks fied d emisd ionh device.

The flat-type field emission device comprises a stripe-

10 shaped cathode electrode 12 formed on a first support
member 11 made, for example, of glass; an insulating
layer 13 formed on the first support member 11 and the
cathode electrode 12; a stripe-shaped gate electrode 14
formed on the insulating layer 13; and an opening

15 portion 15 which penetrateé the gate electrode 14 and
the insulating layer 13 and has the cathode electrode 12
exposed in the bottom portion thereof. The cathode
electrode 12 extends in the direction perpendicular to
the paper surface of Fig. 19C, and the gate electrode 14

20 extends rightward and leftward on the paper surface of
the Fig. 19C. The cathode electrode 12 and the gate
electrode 14 are made of chromium (Cr), and the
insulating layer 13 is made of $i0,. A portion of the
cathode electrode 12 which portion is exposed in the

25 bottom portion of the opening portion 15 corresponds to

~an electron-emitting portion 16.

' The method for producing the flat-type field
emission device will be explained hereinafter with
reference to Figs. 19A, 19B and 19C showing schematic

30 partial cross-sectional views of the first support
member, etc.

[Step-600]
First, the cathode electrode 12, which is to



the first support nenber 11. Specifically, an electrically condug ?i
material |ayer nade of chromum (Cr) for constituting a cathode ec rgﬁﬁ
is formed on 5 the first support nenber 11 by a sputtering nethod, and

then the electrically conductive material layer for constituting a cathode
el ectrode is patterned by |I|ithography and a dry etching nethod, whereby
the cathode electrode 12 in the form-ofgse stripe can be 10 forned on the

first supportysmehes e (SE&Hidh-dhPAing gﬁ) P43 eliec iRl Xt ends
in the dlrectlong)ﬁ%ﬂgendlcular to the p surface "of" Figure

[ Step-610] THEHE FRRAT thgnemRRsT 1113 nﬁﬁécéflSﬁﬂ)QszaHIS forrred on the
first supportelﬁﬁﬂcﬂﬁ%ﬂd&&ﬁ&@ﬁeﬁﬂﬁﬂa@ﬂ& hdef Of SRFERHi%m Oy a

CVD net hod. tivel |nsulat| ayer 13 can be forned froma

gl ass paste 2@%{ ?ﬁarﬁg G2 StJsil‘:"’r qq’%é;%\?f‘lﬁﬁd: DO The gat e
el ectrode 34 the tfhier forsupgora smamhna: 1ls h’yorams@nmtetﬂiexg mﬂkﬁd [N@nldayer 13.
Spect i cal |y cifdh GIEQIdEAJa RN AR AL Sl G TG ol chiom um

is formed on t entire surface a sputtering d fen the
el ectri cal | y SUkicty i gt cratdiodanpdreqtyogie p@t P@rtlt@d‘n@dccbmil ng to

li thogr aphy anrmtr&»?% tﬁ}}t‘dﬂdlga dw} hadn i) wiﬁljm&dﬁewagﬂ %oed gate
e e

el ectrode 14 ¢ f.or Fig. .19 The gate electro 14 extends
leftward and % r %Fquée S';p F’fFlagﬁlté'épe TRE& $€ri pe- shaped

gat e. el eck( odiorived am bthd dfinest Ipharec epbetr tlhe (ls@‘éub‘a&;l ngokgyer 13, for
SR DY s SR OVAG I 8o S G304 I (S gpen g o on

15 is forned In t gate e rode e |n
expose 35 tREPEHHR ARG dde prber v fecet of ﬁ‘olgtllr@ls .of the opening
portion 15. Tihm: diagde electrode 12 is to work as the electron-emttin

[ 1 e Fig. 19¢C). 05JUL2005_. 8 Fl at-type field em ssion device
FﬁéFlg?] 6 (se '9 T%Ln, e %nsulating[layer {g made of Si0, is

15 formed on the first support member 11 and the cathode

‘ electrode 12, for example, by a CVD method.
Alternatively, the insulating layer 13 can be formed -
from a glass paste according to a screen printing method.
[Step-620]

20 The gate electrode 14 in the form of a stripe
is formed on the insulating layer 13. Specifically, an
electrically conductive material layer made of chromium
is formed on the entire surface by a sputtering method,
and then the electrically conductive material layer is

25 patterned according to lithography and a dry etching
method, whereby the stripe-shaped gate electrode 14 can
be formed (see Fig. 19B). The gate electrode 14 extends
leftward and rightward on the paper surface of Figures.
The stripe-shaped gate electrode 14 can be formed

30 directly on the insulating layer 13, for example, by a
screen printing method.

[Step-630]
Then, the opening portion 15 is formed in the
gate electrode 14 and the insulating layer 13 to expose

35 the cathode electrode 12 in the bottom portion of tﬁe
opening portion 15. The cathode electrode 12 is to work
as the electron-emitting portion 16 (see Fig. 19C).



The flat-type field em ssion device shown in Fig. 20A as a schegﬁg L 2005
partial cross-sectional view differs fromthe flat-type field e SI On

device shown 5 in Fig. 14Cin that a fine convexo-concave portion 12A is
formed in the surface (corresponding to the electron- enitting portion 16) .
-of the cathode el ectrode 12 which surface is exposed in the bottom portion
of the opening portion 15. The above.ilgg=iype field em ssion device 10

can be produc f 70Q], I n the sane manner as
in [St eB 600] ﬁdlé)c[YSt;}étgg 1224(;; é}%_eélﬁt“ pe- slhapegI ca%ﬂo]de el ectrode 12 is
formed on the first sdBso Taperyme fielchemissdoat deyiceyehowB 18 is

formed on thefﬁ\tIzoa%ﬁf@%hé{[&w?&ﬂﬂ%ﬁt&ﬂ&%—s&%&%ﬁf%ﬁ ectrode 14

is f d i nsul at er That. is, a tungste ayer having a
Itﬁi cﬁﬂggs o %Fézl“é ‘31% fgy |t§3%r%dor?nﬂ?§lﬂnr devdgspFhownnenber 11
made, for Exanplﬂ-:ﬂ,gofltgi ass thdista Eﬁﬁlé))b(ﬁ#xf@{(ﬁ-ﬁiﬁﬂd%ﬁ@@dfﬁ:h@ﬁdﬁ@d t he
tungsten | ayer_i L | formaof a st e.ac |

congent i onal 1s pr%cﬁ@%ﬁ gls qiqlo f%lrltg}:l ot]:nre(fé’oé]lc%‘éfgr &?e%%f e@%gﬁ:rqnhe

i nsul ati ng | sgrekting PIriesd 6 o tfher statdsiso et eqeaiger 121 wandckht he
cathode el ectagitndd s aoiqiu ot LBl phiaeh bt Lty OO

nmet hod usi ng TEQS (tetraethoxysilane) as a s urth
apprOX|natehﬁ@TEFQHt#ﬁtkT@PeééPVEaﬁﬂﬁthHHGCﬁi@éd gmigpian ﬂQYéﬂenade of

chrom umie feanmase grdditced nsuldid b i1l1ayengl hetibRnatterned in the form of
a 30 stripe, [L&for_m& e gate electrode 14. A state where the above
process is th leted is substantially as shown in Fig. 19B
[ Step-710] Then, in théns&ime weameemaaseim asStiep{63ep-60hg ta35[speping

portion 15 i ssj(p{ meg,d 56, s éﬁﬁfﬁﬁﬁ%%délﬁ%%e 7oNgW %toh 4 aver 13,

to expose the hode el ectro ottom portion of e openi ng
05JUL2005 - Bk itsit BPPHEn mesbeh d loofhex @-r@@ﬂ@é;v@gpéame@n 1B2A is

15 is formed on the entire surface, and then the stripe-
shaped gate electrode 14 is formed on the insulating
layer 13. That is, a tungsten layer having a thickness
of approximately 0.2 um is formed on the f£irst support
member 11 made, for example, of glass substrate by a

20 sputtering method, and the tungsten layer is patterned
in the form of a stripe according to conventional
procedures, to form the cathode electrode 12. Then, the
insulating layer 13 is formed on the first support
member 11 and the cathode electrode 12. The insulating

25 layer 13 can be formed by a CVD method using TEOS
{(tetraethoxysilane) as a source gas. Further, an
approximately 0.2 pm thick electrically conductive
material layer made of chromium is formed on the
insulating layer 13 and patterned in the form of a

30 stripe, to form the gate electrode 14. A state where
the above process is thus far completed is substantially
‘as shown in Fig. 19B.

[Step~-710]
Then, in the same manner as in [Step-630], the

35 opening portion 15 is formed in the gate electrode 14
and the insulating layer 13, to expose the cathode
electrode 12 in the bottom portion of the opening



formed in a portion of the cathode el ectrode 12 which portipn iso%&ﬂﬂ§ﬁﬂs
in the bottomportion of the opening portion 15. Wen the fine
convexo-concave portion 12A 5 is forned, a drying etching using SF6 as an
etching gas is carried out by an RIE nethod under a condition where an
etching rate of grain boundaries cones to be greater than that of tungsten
crystal particles constituting the catlggde electrode 12. As a result, the

fine convexo on_1 avi Lmensions nearly r ecting
the crystal &raﬂ%ggfgﬁgtE?B%#’tﬁe%@ﬁggébggeggﬁcﬁgc?g?nB%F l¥% f%% LHove
flat-type fi efQrmad sisl oh peatios afh thet erddiosleeefleictrbidel d2f whichhe gat e
el ectrode 14 dere 2Pl i bl dedie i A Yt 66 B theNoheaiflly the 15
cat hode el ectrode 12, nore specifically to convex portions QP the tine
convexo- concRRAF it ilor 1YRen| fhet fipecgeBVeRpncaneayei ROFEEP bl i ed on
the convexs pioy ticomsed,s d ”RIreASKy i@:mmﬂg;a&ﬂin\ghwggagaéﬁ @f@[ﬁt ' ;lgnér@assurface
, ' th, at .electrons are
officiently e CHUE 1D AtnEY EhidE ST onamiss Fo CargasAoEnFPaRel
effect. It can efeching afadree ok gertied hovadartiesdicoplesy tonbe whieakherhe
above flat-twagdi I 5S4 \nd3§% He . rpqra S, LARCO in
bri ght ness as ccﬁrrpglréejcd%v}a ?%Iﬁ%ﬁ at -t}%é} ?gliﬁlgl %Se%(égg?%%ugg}éﬁc\eéﬁ%aw ng a
sinply flat &AFRQAEeEFOdd 2| eBEr 8dEesRlExpbBediine t Genvpexeem portion

of .the apenidehdewosd igwrtion 122 Mg &i&iﬁ%sfiig%|sdn£%ﬁi1:§_ i Q%ftlt@'gghglseiw\gﬂs
can be obt af AR S0BUEH. TP e HERBHERSIO o FRGE HHBL 88N bEnGOFRES-
el ectrode 14 and the canhtde ebewer ddati2ype faéaﬁiéﬁissieﬂa?tvi@ggehigher
Vol {age T equi T AR b Geatase ST e sul 8B elehPegh 14280 e the
35 sane, so IRk Folde ddneuppnvexocsensevieomersdon| A2hhefabbee
enbodi Ments  tdiechyRNid1@eRHdeon 2, 1 more fspide iby184CRibngohbexi nsul ating
layer 13 and then 05302005 (87 the Line sonvexo: Concave portion 12ATs
formed in th
this case, the electric field applied on the convex
portions is intense as compared with a case where the
surface of the cathode eledtrode 12 is flat and smooth,
20 so that electrons are efficiently emitted from the |
convex portions due to a quantum tunnel effect. It can
be therefore expected that the display into which the
apove flat-type field emission devices are incorporated
is improved in brightness as compared with the flat-type
25 field emission device having a simply flat and smooth
cathode electrode 12 exposed in the bottem portion of
the opening portion 15. In the flat-type field emission
device shown in Fig. 20A, therefore, a sufficient
current density of emitted electrons can be obtained
30 even if the potential difference between the gate
electrode 14 and the cathode electrode 12 is relatively
small, and higher brightness of the display can be
achieved. In other words, the gate voltage required can
be decreased if the levels of the brightness are the
35 same, so that the power consumption can be lowered.
In the above embodiment, the opening portion
15 is formed by etching the insulating layer 13 and then



cat hode el ectrode 12 by an ani sotropic etching nethod. However, bﬁeJﬁﬂﬁim
convexo-concave portion 12A can be also simultaneously forned by e
etching which is 5 carried out for form ng the opening portion 15. That is,
when the insulating |layer 13 is etched, an anisotropic etching condition
whi ch is expected to have ion- sputtering functions to sone extent is

enpl oyed, and the etching is continuedamtil after the opening portion 15

10 having a peatPendiE Wyt ledrzdwd £ itsh | %0 0-concave -
“portion 12A can be_ for rrec?lrin tchat po tionl\M(g]f 1? eltg’at%ﬁo e%ellchErY%ée 12

which is expdd@dqde slireyRrdomhpdt iBh BHaEopienetghiac mevhos. Then,
the[ Si ns_uggg iﬂmvéxaa@,lr the @iﬂﬁﬂ%drﬁfédﬂdl@cﬁﬂidv)é %bfi:"tlﬁ_@ln 124 '&aga %Te]g%p simlar
to [Step- an _electrica conductive naterial |ayer, made of tungsten
for a cathodé &% %"égcﬁ%e%‘%ﬁ%y% B ¥ ithe Bﬁtx’%ﬁ’béﬁ 11 by a
sputteri ngd merdodiedarhtt himy fidenigieecthe cadniepraudtiore Ikt emhalt liayer for
a cat hode 20 Q?ﬁg | : |4 t:hoqy, a ry.etching

met hod. Thenfﬂ#ﬁg |n§;%§ﬁeg§%&£gh égijﬁ%ﬁgigﬁgﬁgé’igg 8&§e§rpﬁl§ surface
of the el ect rgtiing coadlidiijope whdstterdisalexpgpdeds §o hayst hode el ectrode, and

steps sim | afpdicd:SRP-HHt itdhd AL RsRO]lex@eRtCAL! e l%%d,zénW%ggby a
field en1SS|oq§g§¥|ce simlar to one_%gomn in Fig. 20A Can be produced.
Ot her wi se, i N 1§ Gankinuasd sdg-ledditer the eperingcReryFiesndact i ve

. material 1Gyedraniade fpertperghitcen o Ic atsh ddemelde c vhegebiys ther Fegdeon t he
first 30 sup JIRITher DUL tef thod, and.then, the fine
convexo-Concgsghﬁortioﬁm%éfpﬁgﬁﬁégﬁﬁggﬁhQ%ﬁ%%#?g%%nﬁgflphgggFectricaIIy

~ conducti ve mRHIHN [ofy dhef rathodsateiedd nsidectlZovbichhds, ekpesedednri cal |y

duct i . ] P . tt 5
conductive raieHdttdm@¥RIrthidn dCandeLligg 3%1bf‘a?g‘t ?F@?ég‘}{%%m to

[ St op 630] ar B R0 daYSTaicr S5 e FieckaoBRFedian clekRge sim I ar 1o one
shown in ¥ g. 20A 0 5 Iul a2@@ep S8mitamr ke psedpcedo], an
electrically conductive material layer made of tungsten
for a cathode electrode is formed on the first support
member 11 by a sputtering method, and then, the
electrically conductive material layer for a cathode
20 electrode is patterned by lithography and a dry etching
method. Then, the fine convexo-concave portion 12A is
formed in a surface of the electrically conductive
material layer for a cathode electrode, and steps
similar to [Step-610] to [Step~-630] are carried out,
25 whereby a field emission device similar to one shown in
Fig. 20A can be produced.

Otherwise, in a step similar to [Step-600],
the electrically conductive material layer made of
tungsten for a cathode electrode is formed on the first

30 support member 11 by a sputtering method, and then, the
fine convexo-concave portion 12A is formed in a surface
of the electrically conductive material layer for a
cathode electrode. Then, the electrically conductive
-material layer for a cathode electrode is patterned by
35 lithography and a dry etching method, and steps similar
to [Step-610] to [Step-630] are carried out, whereby a
field emission device similar to one shown in Fig. 20A




Fig. 20B shows a variant of the field em ssion device shown in FE%'J&P%ms
In the field em ssion device shown in Fig. 20B, the average hei ght
position of peaks 5 of the fine convexo-concave portion 12A is present at a
| evel | ower than the | ower surface of the insulating layer 13 on the first
: support menber 11 side (that is, |owered). For producing such a field

em ssion device, the dry etching in a $%p-sinilar to [ Step-710] can be 10
conti nued fcncéhlﬁﬁuyxodﬁaadyj of time. In such a constitution, the

[ [ central ,portiagn of the_qpening, portion

el ectric field intensi %y neg

15 can be further incrédse 0BFr S‘°W§133W8€6§aé?tf Pit *hGpEiple| gMéAFESNon 15
device in mhid&viace:csi’tomg imyErg 1 2BA.s far n:ad ﬁmelbeemﬁﬁﬁi@ﬁed&léée

cat hode el ecty r e§pﬁpd| t e ron-emt.tin port on 16
(nore specific H %‘f edst '—JIQ’t‘et'Lb’1 conv th ggﬁ&‘g&é’npgrft Pgﬁ Fon) .

Pref erabl ©  t3fe %\femﬁnatqm@xcamncm@ |Pprt2@nrrddé ks preseati alt having a
smal | er work fdipct iQRved tﬂaﬁfiﬁ:rﬁe MRl @uﬁca@:%t 'othtt%x glh@%%%%éﬁggr i ned

el ectrode 12.. The material for the coating |ayer can

dependi ng upotf¥§fe Ll filife (G107 oS uPRete Member: dis Siltst i(f§athdseat hode
el ectrode 12 1cmqmda)ru|a:br2§rdaﬁt:ehqneachetaw@eltih@mggéfoﬁIaétrt@éiﬁ 14 and

th t hod 2. th t den tt | ect to b
Fequi red and S G FRHL AT PR ROT0AR 4§ (BRperTio8 £RDl Bos
anor phousl @i axmrdinuaerfathe deargeary pdryst of2Bime.nete stcanmar phous

di anond, the HdERtuEOdensd Bél@‘ct‘igié gﬁ.‘%ﬁ ?_Sx}e{i)%itgeﬂ%'&e@ E_?Lea di spl ay

can be obtained at_ an el'ectric fi I"ess
t hi ckness of ENERamFicy & s joperdnsr worddono 1SucAnakeefuatherhat t he
coating | ayerindfageai reflect the fine convexo-concave portion 12A. That

35 is because it is ne ol glzgs% to for(rgrit he_fine co%exo concave portion
12A if the concave por 8h f SPRYSt #n Eoﬁ38§o tEhEafBiE8iPon 12A are
filled with td%fimtﬁmgllﬁ&wm@ﬁﬁttm lleapeer 1PBBitso fhlraktiennt hesur f ace of

the el ectron-gyrface of the cathode electrode 12 corresponding to the
electron-emitting portion 16 (more specifically, at
least on the fine convexo-concave portion 12A).
Preferably, the above coating layer 12B is
20 made of a material having a smaller work function &
than a material constituting the cathode electrode 12.
The material for the coating layer 12B can be determined
depending upon the work function of a material
constituting the cathode electrode 12, a potential
25 difference between the gate electrode 14 and the cathode
electrode 12, the current density of emitted electrons
to be required and so on. The material for the coating
layer 12B includes amorphous diamond. When the coating
layer 12B is made of amorphous diamond, the current
_30'_density of emitted electrons required for a display can
be obtained at an electric field of 5 x 107 V/m or less.
The thickness of the coating layer 12B ié
determined to such an extent that the coating layer712B
can reflect the fine convexo-concave portion 12A. That
35 1is because it is meaningless to form the fine convexo-
-concave portion 12A if the concave portions of the fine
convexo-concave portion 12A are filled with the coating




em t.ting portion. Therefore when t he flne convexo- concave port'ﬁq%&ﬁﬁzhﬁ
~fornmed while reflecting, for exanple, crystal grain dianeters of

electron 5 emtting portion, preferably, the thickness of the coating
llayer 12B is approxinately 30 to 100 nm al though the thickness differs
dependi ng upon di mensions of the fine convexo-concave portion 12A. \Wen
the average height position of peaks of83%he fine convexo 10 concave

portion 12A I}say@ﬁ\elm t® ﬂlé@&’&h Q@é%ffﬁ‘ce'&f\ﬂéhé%f gpsition of the
i nsul ati ng Iag to be exact, i S nore pref erredt ower the average

height positTBhth “%e%%tb?nt hé'?h&?&tﬁ%ﬁ’rl 1Ps fdng |copEERXomel ow t he
| ower surf acecpusave opootidhmel 2xsis afcbmedl ayeile efpactingaldor after

[ Step-710], the m@gggcégt¥£@gfr%é%léq§de nqﬁgt us |anond can be forned

on the entire s FI%5ating | ayer
12B is al s® depbsting perbior: cmrév@lrmfy (trios 1sktuawk1)esfsnrmﬁactmen the gate

el ectrode 14 @@Qtiﬁ? f@&éﬁS}ﬁﬁﬂngmhﬁ%§£¥é§%e et qﬁPQﬁhf:ﬂErt'on S

renoved concu rent w th the renova i ng nask. The coating
| ayer 12B carPbePoihe eyt dvssi e ans ﬁbepeﬁcbkngem alingyilghani xed
gas or OO H2 of xeite gﬁ:ﬁu@Scc&wéW@@l@ﬁﬁe poet idie ﬁmtl RBchayge 12B made of

anor phous 25 forned t her eco | n of the conpound
cont ai ni ng car bon. 8%14‘1 eposfjh Ion }%‘? t%‘ I8 ssivexar

el ectrically eomace |m@rm1er1%ﬁ isyeywearssd taf d L]ll’igﬂi]ﬁlbe]fcﬁf tawiecat hode
s uttering
el ectrode 15 1 QERLOEANE dds ali RO G MIBNGT AL 0 SRU et 100

nmet hod, then, the electrically con trve na

el ectrode i s St erHed $Hyo5q iﬁi@?%ﬁﬁﬁdar’@ aaer éﬂ'tﬁ”llwmé"ldrﬁlghtd t hen,

the fine convsxattistay®e medks OF ki Icﬁaaitﬁrrf@d.alybr a Mg AGe 1w dihe ,
el ectrlcally§éﬂgyct|v materlal l%{% for acathode electro e Then,

t he coating layer 198 i Vo riERE 2 OTh e ddify NSRRI tleveose i n
[Step- 618} to [Step- 6@@?Gmﬂaaaimwueaf¢am [whepebyoqhetheebdanﬁgJUL 2005

90 em ssion Ogyd£€ U b dhorphdd REMRIEdbe formed on the
' entire surface, for example, by a CVD method. The
coating layer 12B is also deposited on an etching mask
(not shown) formed on the gate electrode 14 and the
~ 20 insulating layer 13. This deposit portion is removed
concurrently with the removal of the etching mask. The
coating layer 12B can be formed by a CVD method using,
for example, CH4/H2 mixed gas or CO/H, mixed gas as a
source gas, and the coating layer 12B made of amorphous
25 diamond is formed by thermal decomposition of the
' compound containing carbon. |

Otherwise, in a step similar to [Step-600], an
electrically conductive material layer made of tungsten
for a cathode electrode is formed on the first support

30 member 11 by a sputtering method, then, the electrically
conductive material layer for a cathode electrode is
patterned by lithography and a dry etching method, and
then, the fine convexo-concave portion 12A is formed in
a surface of the electrically conductive material layer

35 for a cathode electrode. Then, the coating layer 12B,is
formed, and then, procedures similar to those in [Step-
610] to [Step-630] are Carried out, whereby the field



- ~surface.of the cathode electrode 12)

“Qtherwise, in a step simlar to [Step-600], an electrically cond gtJ,_ye 5
material | ayer nade of tungsten for a cat hode el ectrode is forrred on t%m
first support 5 nenber 11 by a sputtering nethod, then, the fine
convexo-concave portion 12A is forned in a surface of the electrically
conductive material |ayer for a cathode electrode, and then, the coating
| ayer 12B is formed. Then, the coating9Gyer 12B and the electrically 10

conducti ve nmedmidsion aiwléé)rsrﬁwﬁatﬂp@qgel 0l QAL K Srol@icesr.ned by
| it hography and a dry et?1 | ng nmet hod, and procedureS simlar to those in

[ Step-610] to [Step- 630 S€ar i@ SHEP RABLEBY fRe[PrePdseRAlssABN
devi ce shown elecﬂ-‘mg:a]ZlJy ctlamdm:tpm&dumrﬂ r_v\ﬁnféeledb][fe titﬁﬁt&ﬁl‘l:les'@.I TOF
constituting c yer, 62 Q cted fromnmaterials
whi ch have a Tar ger&agé%%c%dfﬁy erectT o Sﬂa‘ﬁ“‘féi th?a%th L1LSc CHPERI

conduct i ved netestber Mhilgh 4 spud-toonigtd method heheat,hate dieet rode. 20 The
coating | ayercdfveRe-ddRAE Pobition e_Lﬁ?t r%'fogrﬁﬂa ;g ap% t%@ el@¢e(on the

t-ty em Ssi on

- devi ce shown it Bipcticalily qanducisiove satariad; é@-YeGB(fPI gheagbadeng
‘layer 12B carena:ﬁmd@,daamtﬁlﬁrsurﬁr@&:o%&ﬁf tlfa«g,re&atlh@dqself%ﬁn@ade 12 which

surface is e osed I.n. the .bottom por pen| n rtion 15.
Q herwi se, imqS P66 % ﬁi)]ed C%\%te[ﬁ uctive
mat eri al 1fay&0ﬁ¢xcfalmu¢mxte:naledlaymie ficer faoromesthodie terlemtfrbﬁet agepport

ggggﬁ(r:tlve : rﬁéa%}%cg?/%ﬁ ]Triq-'ﬂ tho ds B%I{YO g%%l%%dh}@%hgﬁf%%?? !a?le

patterned by PHIGaByiampfitidan fd’r%@&ﬁﬁlm [Fepod 10[1Ctat é5teppé3Pilel d
em ssion devigee (d\ég:rﬂéd dutg, vﬁﬁE’r \Pe?ne.a SENIMR i G sR Nt u@krl%@%ﬁo%ﬁ ,
sectional vi ew crater ty Egl‘éﬁ em ssion device. 1In the
crater-type f¥bl dl%'m B PR “:f hode electrode 112 having a

pluralityl®f projecti oothertiises @he ddte2G@3 forOtonit2futongemhéting
el ectrons and,£ONGAY & RAGL IS b]el%l?}:opérly selected from materials

which have a larger secondary electron gain & than an
electrically conductive material which is to constitute
the cathode electrode. '

20 The coating layer may be formed on the
electron-emitting portion 16 (on the surface of the
cathode electrode 12) of the flat-type field emission
device shown in Fig. 19C. 1In this case, after [Step-
630], the coating layer 12B can be formed on the surface

25 of the cathode electrode 12 which surface is exposed in
the bottom portion of the opening portion 15. Otherwise,
in [Step-600], for example, an electrically conductive

- material layer for a cathode electrode is formed on the
first support member 11; then, the coating layer 12B is

30 formed on the electrically conductive material layer for
a cathode electrode, and these layers are patterned by
lithography and a dry etching method.

[Crater-type field emission device (No. 1)]
Fig. 25B shows a schematic partial cross-
35 sectional view of the crater-type field emission device.
. In the crater-type field emission device, a cathode
electrode 112 having a plurality of projection portions.



each of which is surrounded by the projection portion 112Ais pra:g G gwg
“the first support nenber 11. Fig. 24B shows a schematic perspective VI éw
of the crater 5 type field em ssion device fromwhich an insulating |ayer
13 and a gate electrode 14 are renoved. Wile the formof each concave
portion is not specially linmted, each concave portion typically has a
nearly. spherical surface, which is rel-ated 4o the 10 following fact. In the

producti on ofjyidwe p@pv&ﬂ@ltrpg el c?%c{d&lﬁu cﬁﬁ}a@%ﬂ; (i%ns ezr es are

used, and part of each sphere is ecte |on o each
concave portioHF19B.¥ s esmnded fr tﬁhfin ProRctisn porddony

spherical surfkx®,ig l‘;emvm@ﬁtdrprtmrﬂlm Huphbl?A sinndiing fhg, concave
portion 1128i435r| ed or Certn]! and in this case, the concave portion
ney it

112B and -t he" B? o} 8815 6h ST %%%W‘?’ol‘@-%@ Fh& sr&ten ke or
cal der a-1 i%ke fywenfikal pmisstidrondenirde dirdid 27 idrs a‘mrlnesmillfatﬂlm@ el ectrons,

so that the t%@f‘dl:?q{ﬁd ap elj(gl%équoe@ecqllp%r% Cl.é ar. le;t;i preferably is

"sharp in view i nproving el ectron em ssion effici enc The profile of
top end portion 112C offhédéen theoifeam of peachi soentaga paytibavésanokrregul ar

convexo- COﬂCaé/jr_fécfﬁm rllrm'ycéas féa’&h cottav@ e i@ ¢ 1%‘11 ?th' %” portions
112A per pixel agrsf/ hsét:’be re uI ar r random Each conc i on o112 2B may

be surroundétf i JRICHD A S gstliatesy toalt@ﬁg t he
ci rcunf erkht |fédl]cbwnatg |mto.f t[hethenpa:\tducnﬁbhl of théBabahd tpPabEPE cases,

each concave r oun t he proj.ectian portlon 112A
30 di scontinu aﬁ)ﬂang the CI rcu Z’tiear} eéctalrc?n drhan %c fve

portion 112B. of rﬁétcﬁé SR iot r;ﬁfd(ﬁm% Jirhé:hafb(fwa:martaw oft yepehf ield
eni ssi on devidghe s Qacﬁﬁgﬁirf '1Q@|ﬂ Y. whBg éBEH c8£c£9é”}689t£3ﬁ f‘ﬁ gode

el ectrode |ntheform tripe 35 on the first support er conpri ses
the steps of D¥HrhilRf Ycaﬁ @ (?t‘%r(f(%’qrntthﬁepﬂfé’ﬂ%ﬂoa poritpenon the

first suplor t1T@Arbarmrdunelios e cdirectiveog@radver iNee0 it $hg2B05r - 92 a
plurality Of SARGIES:, 3% RN @ctag%,s el 3 Qve portion 112B and
the projection portion 112A as a whole have a crater-
like or caldera-like form. The projection portion 112a
. is for emitting electrons, so that the top end portion
20 112C of each particularly preferably is sharp in view of
improving electron emission efficiency. The profile of
top end portion 112C of each projection portion 112A may
have an irreqular convexo-concave form or may be flat.
The layout of the projection portions 112A per pixel may
25 be reqular or random. Each concave portion 112B may be
surrounded by the projection portion 1122 continued
along the circumferential direction of the concave
portion 112B, and in some cases, each concave portion
112B may be surrounded by the projection portion 112A
- 30 discontinuous along the circumferential direction of the
| concave portion 112B.

In the method of producing the above crater-
type field emission device, more specifically, the step
of forming the cathode electrode in the form of a strlpe

35 on the first support member comprises the steps of
forming a cathode electrode in the form of a stripe on
the first support member, the cathode electrode covering




remove a portion of the cathode el ectrode which portion covers tpg‘{ gm&
ctio

. spheres, to formthe cathode el ectrode having a pl urallty of pro

portions for emtting 5 el ectrons and concave portions each of which is
surrounded by the projection portion and reflects part of the sphere.
Preferably, the spheres are renoved by state change and/ or chem cal change
of the spheres. The state 10 change and/or- chem cal change of the sphere

refer(s) to chgnaes,pueP &6 Drhnég‘@ﬂdmtd hﬁf %?Héa}%& hbi nat i ons

generation, deconposition, c ustlon an carbo

" of these. ForF@WR¥R|2, PAFeHR el SR reathade rﬁa]%—‘téﬁ@d@n vBrigdnipeoutdosr i al |

more prefer abédverslStttehes;sméﬁ§§ 18 EE J1ORMRI At HeRID WSId ArodB @i ARRYVal  of
the spheres and %]re]nova}a ortion of the cathode ., el ectrode which

portion cover® Q & CLIRT RALNF 05U SHE%aD ake pl ace
concur r ent} y,ebectihens rambvadnadve tpozstphﬁf&seaaﬂﬁ dmezlﬁern)\i% of portions of

20 the catho t Iqxe_r. nd. the el ectrode
whi ch portloﬁfu%%dtcﬁ%% ﬁgreﬂ‘fﬂe eceslsoglr %nflpre ec&? 84 ake pl ace
concurrent | y.oFdehe es@higfe: when part of the spheres remain after the

portion of the cathode E@J&"éﬂa@ﬁ. Mhiteh Spleiredn 268V Shfhoged BG. SROEEE 1 S

renoved or after the a ortJon and ortions of the”insulating
layer and t he"RfR ‘é‘%’? ené’r"ea]réfﬁﬁ}@f dth&he FRhaLes -spFeeestatn be

renoved |H1 erchaztgepaartdmtt athentitedll tdarsRh e SpRde: Qfelf@l:i:(sqr g;@m c

mat eri al and el es. al onbust xanpl e, carbon

nonoxi de, carbon IOXI a%t% V;§3£15C Haii a(ie'nfg-’rtéjpdt éfg)atnbut%crg@ﬁse a
pressure in @@Qﬁ@@@p&d&ecmslmmm@umm e atarbee iedaddionode near

~the sphere ba$tSonhaihei sHE S MY ADEbIt ¥xhini b, | SnefXEREded. The
portion of the cathode electrode whi ch 35 portioh cbvers the sphere is

di ssi pat ed byPRIMFGDrARE Jradg IR AR Qr9ay G ke lpr slog@ imgiefesabilah and
the concHve tios tsgpheres catderaphase by dngastamey.edThe bedblza2088 - 93

Q herw se, whgq, tgbehélpé]se r&ea Ak fov PR porgcolrgtjtu%fe %he cathode

electrode which portion covers the sphere are not

necessarily required to take place concurrently, or the
removal of the spheres and the removal of portions of

20 the cathode electrode, the insulating layer and the gate
electrode which portions cover the sphere are not
necessarily required to take place concurrently. For
example, when part of the spheres remain after the
portion of the cathode electrode which portion covers

25 the sphere is removed or after the above portion and the
portions of the insulating layer and the gate electrode
are removed, the remaining spheres can be removed later.
' In particular, when the spheres are made of an
organic material and when the spheres are combusted, for

30 example, carbon monoxide, carbon dioxide and vapor steam
are generated to increase a pressure in a closed space
near the sphere, and the cathode electrode near ther
sphere bursts when a pressure durability limit is
exceeded. The portion of the cathode electrode which

35 portion covers the sphere is dissipated by the force of
the burst, to form the projection portion and the |
concave portion, and the sphere is also removed.



t he .cat hode el ectrode, the insulating | ayer and the gate el ec_tr_og_ﬁ gy[%ﬁ
according to a simlar nechanismwhen a pressure durability limt%s
exceeded. The portions of 5 the cathode el ectrode, the insulating |ayer and
the gate electrode which portions cover the sphere are dissipated by the
force of the burst, to formthe projection portion and the concave portion
and to formthe opening portion at the $arme tine, and the sphere is also

removed. 10 ToBher®is8p W6 Cifle PO LSS EXFS] SEbP dhnpd S U @iifisedgyer and
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ticularl bly,,.its. 25 portion covering no spheres has a thjckness
ﬁggr: ;uegLeuy géjgég&gi %%E‘flger‘ %?m%g%ﬂ“%’phaé? .ﬁﬁ Stertd 9 i TSP ssi on
devi ce (N0 3¥hattibsbenclespenieg partieion tdwel siheireschEani dem raminwed by
state change fQﬁ'éPraﬁ@%&%a@%@c@o&@%éﬁnvoﬁ%e e Lieh I o1 URVEr ., the

bursting of the cathode eleCtrode |s not | I e spheres ctan be
easi |y renovetPR§resxerRq P Pred fihPoriae is fuymed dngether it er -

‘type field entlsei pamélexl C‘@f(tEKE S?Heﬁ@. b?:nd];%%?’_ﬁsi I&a@ﬁ,l %h%{/\%ntitﬁf‘ﬁqugieﬂ?ng
ortion is forned prior to.the removal o e sphere. en e

Bort-i on has a"*T%r rO%i%%%ﬁt%%nofﬁ@%pﬁg}ee’feﬁ ng%‘iﬂ?éjrse ‘%arf be renoved
with an ek?erepbpsédrspacdhesextmngraiiore® ithed sile2B0may B4 i ncl udes

physical forcegrisdetz&8. 2 eI 45 thY ckness of portion of the
cathode electrode which portion covers the sphere is
decreased to such an extent that the portion can be
dissipated by the burst. Otherwise, preferably, the

20 thickness of each of portions of the cathode electrode,
the insulating layer and the gate electrode which
portions cover the sphere is decreased to such an extent
that the portions can be dissipated by the burst. In
the insulating layer, particularly preferably, its

25 portion covering no spheres has a thickness nearly equal
to a diameter of each sphere.

In [Crater-type field emission device (No. 3)]
to be described later, the spheres can be removed by
state change and/or chemical change of the spheres.

30 Since, however, the bursting of the cathode electrode is
not involved, the spheres can be easily removed by
exerting an external force in some cases. In [Crater-
type field emission device (No. 4)] to be described
later, the opening portion is formed prior to the

35 removal of the'sphere. When the opening portion has'a
larger diameter than the sphere, the sphere can be
removed with an external force. The external force



blowing wth air or an inert gas, a pressure caused by blowng a \#?gg
liquid, a magnetic suction force, an electrostatic force and a cg rl%agﬁl

force. Unlike 5 [Crater-type field em ssion device (No. 1)], in [Crater-
type field em ssion device (No. 3)] or [Crater-type field em ssion device
‘(No. 4)], it is not required to dissipate the portion of the cathode

el ectrode which covers the sphere, or~ 941 sone cases, it is not required

110 to di ssi patreldiealous R ik el Q% YPrdditre Bilsali g | aver and

the gate el ectrode, so that, there is an advantdge that there i s“caused no
residue from3HTiGy e AT Me 10 998Ul & PAGSSHYSr CaHseHebyat e

el ect r ode. 1aamow:{rfqae«asnyn§_qdie1,d aeliﬂa‘iﬁ'ﬂe@lcd%‘gi&q_gh’\kfor%)a]d laar
[Crater-type fq I SSi evice {No. 4)] .t escribe ater,
preferably, a‘%l eéakﬁeﬂt%zlcg&r ace a@fd( t%geré%ﬁﬁgaﬁséﬁ’rf:ﬁer eVitikenade of a
materi al Havilfgater-dige fislet feadisalione devdee( qiof.adg ], edsi garatear a 20
maerial constytdiinald SRR deRAlddf O N GIOTR ragaseRypLhan
materials constituting an insulating |ayer qﬁd.a gate e eqtyg e. In

[ Crater-type Fi%hd eHsssiWh d%’é\ﬂecd%ﬂ\lo.‘l M)y] itt ie sethsequdlred: tode, the

insulating |dswipne e gt e et hehekle ¢ eet-ceevehidh 25 | east
top portionsigf t he and there can be obtagined a state where the

_ her es A
opening'portl(ﬂyﬁﬁ?féyénﬁéﬁq¥e%la¥ﬁ AU S §ASEFar 1dnd St REtyZeaudred: r ode
from t he lhedimMimpipkiz dihemsibeneofporitd onpemnidngpopaibnenodi ther s
dependi ng, for I qﬁQﬂf relat] i th hickness of a
nmat eri al for%gggﬁﬁgglﬁhé' ath%’éﬁtg%%g@ﬁghg}gg%g%?%§u §t%§6%lg§8reand t he
gate el ect rode® IFhRdROtdEI SISt Fhegschssghased mot hedddoe fopm nbet he

cat hode el ectdaindd ke dotsWart,i R a%2h 1334 nghe agate orel Bkt EQ‘EQ; and the
interfacial t nsion#zurface tension) 35 of a material for éach of the

cat hode el ect §ﬁ§rq I nsulating |ayer and the gate electrode. In

[Crater-thipe field eni dsi §@rdeerceyphlofid)ly emibk2605dedbcer (NEX aggy-type
field em ss.i Ut R4 AR N Y Rission device (No. 4)] to be
described later, preferably, at least the surface of the
sphere used therein is made of a material having a
larger interfacial tension (surface tension) than a
20 material constituting a cathode electrode, or in some
cases, than materials constituting an insulating layer
and a gate electrode. In [Crater-type field emission
device (No. 4)], the cathode electrode, the insulating
layer and the gate electrode thereby do not cover at
25 least top portions of the spheres, and there can be
obtained a state where the opening portion is formed in
the insulating layer and the gate electrode from the
beginning. The diameter of the opening portion differs
depending, for example, upon a relationship between the
30 thickness of a material for each of the cathode
electrode, the insulating layer and the gate electrode
and the diameter of each sPhere} methods of forming the
cathode electrode, the insulating layer and the gaté
electrode; and the interfacial tension (surface tension)
35 of a material for each of the cathode electrode, the‘: '
insulating layer and the gate electrode.
In [Crater-type field emission device (No. 3)]



described later, it is sufficient that the spheres have at | east % 2005
surfaces which satisfy the above condition concerning the interfg |ay
tension. That is, the 5 portion having a |arger interfacial tension than
any one of the cathode electrode, the insulating layer and the gate

el ectrode nay be only a surface of the sphere or may be the entirety of
the sphere. Further, the material for 48 surface and/or the entlrety of

the 10 spheraaﬂapcﬁwc@'m-ﬁ B 1 r@ﬁfésil%n R IVH L fli%efrtoa‘be or
conmbi nation o 4 an th??fi c materjial with an organic material

[ Crater-type 1‘dgﬁf'de-‘\}? d SNF Lofgntohady dher sphsaes; éuaereem ssi on
devi ce (No. @ﬂ,leaﬂterthéﬁe;mdum vilies reeds sd thke ke opelikqde are 15

~made of a ge P terlal nd. nthe i a in i's nmade of
a silicon di or%r%'[e mal%'g&r sdemr Vﬁetensdé)ﬁ‘éra ghl J@ﬁ%y hydr ophi | i ¢

state is for mrtns:'mdemyw cﬂqﬂlargqexupmtdmﬁacadﬂf rt@msa@mortﬂneah \adilye bnar e

present on t Ror Nelcdiadid a1 AL HAIC L HANAIAAANS R0l d 1RPonds and

hydroxyl group derived from ad wat er are present “on the surface of

the insul ati riffteyRhectiqde manhdei@ry pasurdacs of dhrespheaet oruse

spheres - havingy hg@lrﬁlwﬂ@ﬁtclr%ﬂﬁ &ﬁ‘_e-ttlfe‘i‘aatpﬂ@fe | ayefﬁheihethgat erial for the
hydr ophobi c iﬁ%face tr atr{%!?e r 25 Iug%% fluqune F%SIH% such as

pol ytetraflu e _

sur f ace- t¥eatsphmre [meperbe sand 1ndr<ﬁrpm tmegreriiadi,dant b&glay;d_k:onda@@mag_ur face-

treatment |aysr d SE@iSlAAGE f GO SndBdT? Galkdle ;90 Gore may be

gl ass, ceramc or a polyner materi al W1‘:"I uorPne resin.
AIthough not ¥R Madendaled, IhhéCopganreyraatbeldl enbssionsdeviceng a

Tater al “has an x0T ErE 4 o POl her 18] g Sou oo e 55 RS- dkc r bl y

Targe cont ent B UL IE AR AR RBnadd (56 HAGR §lesvERse: one

t enper at ur%e imadeemqfi reedyenearad \mm:mli Ineatﬁrxf:iﬁrlesmalr eheanbyed ibgugambugt i on, a
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- glass, generally, a highly hydrophilic state is formed

since hydroxyl groups derived from adsorbed water are

present on the metal material and since dangling bonds

20 of 8i~0 bonds and hydroxyl group derived from adsorbed
water are present on the surface of the insulating layer.
It is therefore particularly effective to use spheres
having hydrophobic surface-treatment layers. The
material for the hydrophobic surface-treatment layer

25 includes fluorine resins such as polytetrafluoroethylene.
When the sphere has a hydrophobic surface-treatment
layer, and, if a portion inside the hydrophobic surface-
treatment layer is considered a core, the material for
the core may be glass, ceramic or a polymer material

30 other than the fluorine resin.

Although not specially limited, the organic

material for constituting a sphere is preferably a
‘general-purpose polymer material. When the polymer
material has an extremely high polymerization degree or

35 has an extremely large content of double and triple'
bonds, too high a combustion temperature is required,
and when the spheres are removed by combustion, a



el ectrode, the insulating layer or the gate electrode. It is theb%fgﬂl‘?zms
preferred to select a polynmer material which is conbustible or

carboni zable at a tenperature at 5 which no detrinental effect is caused on
the above layer and el ectrodes. Wen a material which requires calcining
or sintering at a post step, such as a glass paste, is used for form ng
the insulating layer, it is preferredt® select a pol ymer material which

is 10 conbustdi@tﬁnﬁén@ﬂb@f\fé@@hﬁa the &élié“éd“d}g ﬁ{e% Rfdd'9 tenperature
of the gl ass ‘gfste sn of der.to decrease the nunber of the manufacturing

_steps. Since GIOTEER %as‘ftee Rulating LAYRa o gy Jaim alaairods
appr oxi nmat el yI63ﬂs thetdforenhteténred etpaeialiadte Hipdiigndiolngtirimat eri al

f bl t 0. 500 T, exa | es of the poI yrrer
mat or ol | ol At bt coubde PO e P Conban iy 2 Nipansetie 4
mel am ne, 5fovhh¢@eh9déewn@mqmmmamwmmﬂcym sher akeoeollayens. For
securing o reusdblecbayous of s 20n3hlaehes Mikhe EhbaL aUPPOTT menber,

there may be used fi xabl e spheres capabl e of adher fixabl e spheres
spheres made SRLIGHIIRY OT reR PR R (B RPSTOeEn $8iCh st raldlassxpandabl e

m cr ospheres piwenglsflme@xmmlﬁm ritld digiit 1Y 101 denaer ylnityile 25

~copol ynmer as ]%Ié (g 1 nJcCi? ncap Iatl n i sobut an as g foam ng agent
can-be used & %ﬁ‘é’f% ?r? 1ifrérﬂ Nietued ce (No. 1)7,

t he abovel® h@Mﬁ%lb&@M&ﬁ@mmﬂﬂ@ma a:raelcﬁnnjrfg/ed: Ey}citdrd@:é&tr@j dl tnh
is t | of t ene an e

this case, @eh% AceAbSds Lld i ddie P drtdi® 3 Rl

encapsul ated 1 s0 utane is gasl un ergo expansion.
there are forNElP®BPHvE erﬁ@‘sifﬂfé?‘é”slfﬁh\ﬂﬁﬂy% dBapeeen g@pssxpﬂatel y 4

tines as |ariges as eysh cabted1d Dl bl dtha- & grangifox it 1
[Crater-type field em ssion devi cgdj(Non%l)] t he 35 Rro ectlon ortlons f or

emtting el ectrord e SIS ti08n capResatrrenofekbr BPlymEEhmAsesialounded by
the projEstiin mostérabbnhpmidaiadds 355 dormoFct herfhfeadil 2005 97

sphere can be.{gniRd | 9 Wife GHNANE S8YL08 i dd ude styrene,
urethane, acryl, vinyl, divinylbenzene, melamine,
formaldehyde and polymethylene homopolymers or
copolymers. For securing a reliable layout of the
20 spheres on the first support member, there may be used
fixable spheres capable of adhering. As fixable spheres,
spheres made of .an acryl resin can be used.
Otherwise, thermally expandable microspheres
having, for example, a vinylidene chloride-acrylonitrile
25 copolymer as outer shells and encapsulating isobutane as
a foaming agent can be used as spheres. In [Crater—-type
field emission device (No. 1)], the above thermally
expandable microspheres are employed and heated. 1In
this case, a polymer constituting the outer shells is
30 softened, and the encapsulated isobutane is gasified to
| undergo expansion. As a result, there are formed hollow
true spheres having a diameter approximately 4 times as
large as a diameter found before the expansion. As a
| result, [Crater-type field emission device (No. 1)], the
35 projection portions for emitting electrons and the '
concave portions each of which is surrounded by the
‘projection portion and reflects part of form of the



addi tion to the above concave portions and the above projection g6y biORgs
further, the opening portions can be also fornmed through the gate -

- electrode and the 5 insulating layer. In the present specification, the
expansi on of thermally expandabl e m crospheres by heating is also included
in the concept of the renoval of the sphere. Then, thermally expandable

m crospheres -can be renmpved with a propEr -solvent. 10 In [Crater-type

fio1d em ssi sprlens ool Mo Adinea Ui il MR SlUIRME Gaver g (he spher es
S

can be forned after a plurality of the eres are arranged on the first
support menbefddirion o the Et}?o‘feh C[C@ca%‘@ -R‘%lﬁeloﬁﬁ étndi dfiss Ahsivedevi ce (No.

3)] or [E:rat egsrctj@etifcbzelpbﬁﬁlm ,SSﬁtmftmdl Géhéf fpe ]&qdifést %rdxp?d t
| ater, the of,arra a ra 0 e eres on the irs
suppor t rrerrber Qﬁt%d%%ﬂ% (ggf}n%eltﬂgc#}% %ﬁlecr‘?]t%r%%nm %% sprayed onto
the first %uppmttlartentmrlam dpr aenpresenspbpeeifithediencanhbe applied a
nmet hod in r | t nel distance at
a const ant d| stance |n é} idﬁ@f: 3 IIdum %Iﬁé @rﬂ%le%rssls fal di spl ay.
Speci fi cal | y,heakng ciay I%Jeﬁ%plrr&iﬂ-lgiﬁﬁ figy fé}%mn@nm@ismm gemavadugh a

nozzle with ag€oms €Aas Thh , b%h@%ﬁﬁnweﬁ?hhaagiesﬁﬂé%éﬁﬁéﬁegl ect ed
through the nozz be in ate in ey are

ere
di spersed in & q/d?%t;enéov{cg a (ﬁ% SO LS spheres can be sprayed by
means ofl@n apparat uimr[ca:anmtﬂmxypmlfcjeﬂc‘s egaRSialn Yevsed i(No.t hg f,i el d of

an el ectrostafj g aé)lrgd%deoqioq;e{%qch%l n ﬁ‘ﬁggrst exa Ie the ﬁpheres

negatively charge can be sprayed TS
with an el ect3®=8%td eBwaliguet ddiegrhemgorre dirswhagege OI)SItﬂIIEG t he

spheres used £1:€s¥ &ipord ImedsherV | tmbeh%seatsaeer' i\& FerhPErSP
sprayed onto hleCiS erst suci)%%ort menber_ adhere to the surface the first

support menb X9 N etk & diGrategidape dd@lche adhering
spheres db noémmdry daticefd hel ] Tol Be 2eriBed figtsdr ,Swpeort nmenber

in prOCEdure%méEhéa”E%tJE?éEHf&H a plurality of the spheres on the

first support member includes a dry method in which the
spheres are sprayed onto the first support member. For
spraying the spheres, there can be applied a method in

20 which spacers are sprayed for maintaining a panel
distance at a constant distance in the field of
producing a liquid crystal display. Specifically, a so-
called spray gun for ejecting the spheres through a
nozzle with a compressed gas can be used. When the

25 spheres are ejected through the nozzle, the spheres may
be in a state in which they are dispersed in a volatile
solvent. Otherwise, the spheres can be sprayed by means
of an apparatus or a method which is generally used in
the field of an electrostatic powder application'Or

30 coating. For example, the spheres negatively charged
can be sprayed to the first support member grounded,
with an electrostatic spray gqun, using a corona
discharge. Since the spheres used are very small as
will be described later, the spheres sprayed onto the

35 first support member adhere to the surface of the first
support member, for example, with an electrostatic force,
and the adhering spheres do not easily fall off the



‘When the spheres are pressed after a plurality of the spheres ar ,agr D@r}%d
on the first support nenber, overlapping of a plurality of the sgh res
the first 5 support nenber can be overcone, and the spheres can be densely
arranged on the first support nenber so as to forma single |ayer.

O herwi se, there may be enployed a constitution in which, in [Crater-type
field emssion 10 devi ce (No 2)] t o begglescri bed Iater a conposition

| ayer conpos h eres _and a ode | ectrode
material in gidl sper |ng age %g’r?rje%(} &?etshézof i:g tﬁﬁﬁber

t hereby to aWhemydhe gphangs t%ra)@m&rbm’.m @ngllue“aﬂ_mtyt ofuphert menber
and 15 to cOv@h&aGh RN MLl e 1§l 'ﬂ%tﬁg‘i&)@%‘i@em‘éfhﬂ%}sed of the

cat hode el ectrode naterial, and thereafter i sper sl ng agent is

renoved. The TEHRIGRRITGH Ak pdvaalify ofopde ?P@Prssspnr eofifast e, and

t he corrporBantsuqd}darWInmmﬁ Ya@f HehovidrsmleS RthdraeR! spaerbe eghesked as 20
requi red depeng upon_the Preferably, the nethod of

_ ( 11N bov erties.
forning the COMSSHA BT AR ﬁ:lfengip 1SS SUPRRTSY f“eﬁ‘gﬁﬁeﬁ % Af| §fes a
screen- pri nt ifmgm reetsiodyleTyipiyead.l y, the cathode el ectrode material is

preferably forned of fb%‘ﬁe%ﬁsbd ‘Eﬁeg}%"hﬁ%r% I gm ?gﬁp%eci pitation rate
€

than the sphere in the dispersin or the above fine
particles i rfngledwtdgBdodn pay 1§1t r[&rxtamﬂﬁ—atn@en fagldApméssihn

di spersi ng a&&ﬂildé \2%@ DL M4 HRILAHRIG 1aS coBbsiREBnOr Sintered

as required. _-The net od of 30 the co lon | ayer on the first
support menberdY§hdmpesed ?d": Cﬁﬁ (ﬁ’@pﬁlp h§LRSt BBE, 2a spin

coating met horhténaien edermoder mtuargamatﬂm(i diplerisiag ageatessare

arranged, 12@% 1:5,eC thode el ectrode
made of a cattiﬁj g%eltglct %g%gtr &9 g&%g:rfe rref%ﬁg %5 ForalHEG fhe
above conpoR¥uTEH-itgy &t the |S$)bfeé’@.ﬂ mdﬁh@ Famssr suppertameober endct r ode.
05JUL200515 9% d3nef Waxh sSphddd it tohee ddt@lodiee @188k 2Bde composed

of the cathode electrode material, and thereafter, the

dispersing agent is removed. The composition can have
the property of a slurry or paste, and the component and
viscosity of the dispersing agent can be selected as

20 required depending upon the above properties.
Preferably, the method of forming the composition layer
on the first support member includes a screen-printing
method. Typically, the cathode electrode material is
preferably formed of fine particles having a lower

25 precipitation rate than the sphere in the dispersing
agent. The material for the above fine particles
includes carbon, barium, strontium and iron. After the
dispersing agent is removed, the cathode electfode is
calcined or sintered as required. The method of forming

30 - the composition layer on the first support member
includes a spraying method, a dropping method, a spin
coating method and a screen-printing method. When the
spheres are arranged, each sphere is concurrently
covered with the cathode electrode made of a cathode

35 electrode material. In some method of forming the above
composition layer, it is requlred to pattern the cathode
electrode.



device (No. 3)] or [Crater-type field emission device (NO 4)] tgshg“_mns
described later, there nmay be enployed a constitution in which a
conposition | ayer conposed of a 5 dispersion of the spheres in a dispersing
agent is fornmed on the first support menber, thereby to arrange a
plurality of the spheres on the first support nmenber, and then the

di spersing agent is renoved. The conposidion can have the property of a

slurry or paste, 10 an onent. and Vi Scosi f. the di.spersing agent
can be sel ected as rquFkggwggggngﬁngcﬁggﬁrt%gpgb%égidpfgﬁgﬁfP_s to be

o2 "2 G Sper G S0P 300 duhe PSR AT D DB A SRR DY
as a dispersjyg. 5 , .
FRUETE A Rt sl i oS
support nmenberCh , | , s@i n

cogltoi ng et hoik ors e alheD dptdritss Bl RO sHaa- e aRfepgt igde and the
cat hode el ecttode . 20 te in directions different fromeach other (for
exanpl e, a pr%?%‘befq Gt ﬁﬁ?g&dld:fsqi retRpd & errddé"?ﬁeﬂf e T GEFeBPCaast ri pe
and a proj ectplorralnege off dhee spitchede orelthat rfddesti rsuq;ip@rftomnbfeﬁa fst ri pef
‘make .an angl f d I tier in the formo

25 stri pes.g %@%t@%\%_ tﬁ%émJ%%§£ %%%%;%%gm gggt i ons positioned
in the over| &PENF ¥efocan havwe Efomex g0 1Ty Ys oftf peiséet, t hat
the proj emd i aihd Rl | AMpHMPIBRE R ddbig, QrerdhaPiiiRhe 29N adRe.  Even
I f the projeg%¥fﬁ¥£ortk$ns %% t he QOQ&?VE portgggzgﬁgbeX|sépkgﬁg region
different fr RRr Qﬁﬁﬁ &, ﬁﬁﬁﬁﬁ%ﬁ% F@Fb portions
and concave pardpenrisies dmaibe amgrigahdi tmyphealmyulahiﬁgﬁhﬁyerhand do not

. work to emt_asgl Wsh lds s [ ef.or robl em if the spheres are
arranged on ﬁfgl en El_re glurafsac%.oﬁ:%ﬁ;nl ggr#?lggl_f}'%mﬁesr?dpgﬁt fons of the

cat hode el ec¥RRES i d9e0H atangy they dlispersing gareatelcent bede (gate

el ect r ode)s Wby tnjp%1(&\&@_&54&&9*1e@ﬁe%@gﬁé&%%o%m&% themoved,

arrangenment positions of _i ndividual spheres an )
g. lJcomposu:lon layer on the-%lrst support member includes a

spraying method, a dropping method, a spin coating
method and a screen-printing method.
The gate electrode and the cathode electrode
20 extend in directions different from each other (for
example, a projection image of the gate electrode in the
form of a stripe and a projection image of the cathode
electrode in the form of a stripe make an angle of 90°),
and for example, they are patterned in the form of
25 stripes. Electrons are emitted from the projection
portions positioned in the overlapping region. It is
therefore functionally sufficient that the projection
.portions are present in the overlapping region alone.
Even if the projection portions and the concave portions
30 exist in a region different from the overlapping region,
however, such projection portions and concave portions
remain covered with the insulating layer'and do not work
to emit electrons. It is therefore no problem if the
spheres are arranged on the entire surface. _
35 In contrast, when portions of the cathode
electrode, the insulating layer and the gate electrode
(gate electrode) which portions cover the sphere are



formation positions of the opening portions have one-to- one Ps JUL 2005
correspondence, so that opening portions are nade in a region different
fromthe overl appi ng-region. The 5 opening portion forned in a region
different fromthe overlapping region will be referred to as "ineffective
openi ng portion" and distinguished fromthe original opening portion which
wor ks for electron em ssion. Meanwhi Lejpeven if ineffective opening ]
ortions are ' ' Iy t.he. .Qverl apping regio t he
Fnef fective o];%ﬁ%‘ﬁ%@ggﬁl o_n%‘%ﬁ%ﬁiggkf&éaﬁa?ﬁg]%fr kﬁ(%ﬂ}’ @ sé’rﬂ%srsel%r?ng’evi ces,
nor do they cg‘t’ﬁﬁﬂ’é&@ﬁ PRI RN £f dife @pashing eqdifcomniroe onetw-fi el d
eni ssi on deviers EOFF@Shdnidre OVES | R b Bhortionk® 41225 d ey ef ore
is as follows. Even if i rojection_ portion and the concave portion are
exposed in th? r%%’t‘?%rﬁ’p%f‘ﬂp% HF M - heh ST kIR T8 i H®™por Then, no  gate

el ectrode 5 s dpeminy quoittison pfermed di p ot trir@ﬂd:ﬁ difﬁer;eliﬂ‘f fraen \tglr?)peni ng
portion. O herw \ Lf the 2 te electro I S r.me n t.he upper
end portion o‘?‘y%]agap&hrg f%eé(': l|Ct\;he %%'e%%% Ibeof%ql?ﬁffecr?ei%ermt S5Vt i on
portion nor tPRERUME QL' cand slisxpiospuidhed Herdmtthemoriayiiaan; or

e Der o, Rghely BoPOrdd A ddifcs SNC VBN Uik @i0sed 1n Lhe

bottom portion of the 25 ineffective opening portion a no gate el ectrode

is formed i MeEMRbHer SRP pbf tinpffart v cnamiaee pertieas fanest support

menber ismrerﬂbm@xmseii.r'eﬁjidrheﬁﬂﬂf@ ChARUIRS dihﬂ_-lzﬂ.ra?iﬁi?ﬂ@ %}é@'ldd‘t; thg
spheres are’ nge n.,ihe entire surface. (0] or In a boundary
bet ween 30 tﬁ%}_g%v%}?dfa%%cftﬁgv‘? SR PHHAS 6}‘?% a5 %Sﬁua’é’dﬂﬁ @S t he

openi ng por t i Bre ld hemid st etewiceshe sphelce tdmy loausel egiyed dependi ng upon
the diameter gleaifandPLAREN W RHd ilkroldhdll HPLEL ¢ e Concave
portion, display screen 35 di nensions a display having the field
eni ssion deVEREFSIAhAGART kel thy evesilerppisy megiopvwer Thppi ng
_region arnth t heeausethafefdite fieldh a0 OEdedUir2008 prodldrigdgVi ces
per pixel. Thpeof%fonr?taer{d Qghet Q:emlséoa{]veer epc;rstion are exposed in the
bottom portion of the ineffective opening portion, no
gate electrode is formed on the upper end portion of the
ineffective opening portion. Otherwise, even if the
20 gate electrode is formed in the upper end portion of the
ineffective opening portion, neither the projection
portion nor the concave portion is exposed in the bottom
portion; or neither the projection portion nor the
concave portion is exposed in the bottom portion of the
25 ineffective opening portion and no gate electrode is
formed in the upper end portion and the surface of the
first support member is merely exposed. It therefore
causes no problem even if the spheres are arranged on
the entire surface. A hole formed in a boundary between
- 30 the overlapping region and other region is included in
' the opening portion.
| The diameter of the sphere can be selected
depending upon the diameter of a desired opening portion,
the diameter of the concave portion, display screen
35 dimensions of a display having the field emission
devices, the number of pixels, dimensions of the
overlapping region and the number of the field emission



preferably in the range of fromO0.1 to 10 m For exanple, spheregs'_,uL 2005
comercially avail able as spacers for a liquid crystal display are
preferred since they have a 5 particle dianmeter distribution of 1 to 3 %
Wiile the formof the sphere is ideally truly spherical, it is not
necessarily required to be truly spherical. In some nethod of producing
the field em ssion devices, opening poghhons or ineffective opening

mh th h ranged, and
PO oror Pl O e R IR RudER Sl B, 2RETSERGRA 1 ot 1 s
“density of apmrefenstky yirOthd ardtpd oismm:fnesd JIy o umr esanpl e, when
the spheres aé%% @Nasithe té’&ﬁé ;{{ipﬁfafll e[%sj; %paac% idy of 15

- approxi mat el y spher es] mp, overtapprng region

has di nensi onsi@H1d. Grymhad Gi%‘l?ﬂrﬁY ad{ﬂn%@ﬁ%t@@ stgeres phave haatee apr esent

in the oves| appiticle aﬂiaeﬁét@_ﬂdimmﬁﬂ&irﬁldf HOQprpjsect AR 1ROEKLONS are
f or med. VMen he pr hggtlo ortlons rOXIHE tely.in 20 such a nunber are

forned per ?%p € the lqef Ykt PheiGaler d oS MOtconcave
portions, 'cam@mbsd&yril}e ﬁécpmtma:l itan Ben tt:d‘tﬂypwpheﬁﬁ:ajj anghegofest ri bution

and th h t rage andthe current
densi ty of e s i & sHOARELPthe &GN AR B, hering

bri ght ness c@REEPHR ahiimaffhiedtiys andniag IHDI[t@rCatSerGétrym fﬁcedmécbm ssion
device (Noo Ld pérFtisis el difd %igﬁ{ertééoea]:fé eal&a%nj 8 3&@%}%&% (o 2)]

to[(:ratertlg]F |l el d.em ssion device (No. 4)] be escr

~ part of the f e fHH9IS therrharss |°r¥1 ttﬁ\? fidmntoSUmReIEoncave
portion congterir N tdelealeiciy wE Qipﬁﬁdmgr;]a{ﬂiﬂly amo Hee SQIUDJfI le of top

nd portion q e n irregul ar !
. gonvggo l:oncaé %gér]sr#%{r?] Cﬂ) ee%%é}%ig n‘r‘}@%“ %’%t%ﬁ’ TV %F%I%lné?ﬁ%%qon
device (No. 191 gre [@J%ﬁ‘érsuagqié: M@hﬁremrssa clerdgetiyc ®f{ No. 2)] in

particul ars tdeorabavedigp Kb rgifﬂél%/ﬁnzf 05&8de¥ égj Bmée }H
05JUL2005 10 cathode el ectrode, so he top en on o
overlapping region has dlmenSLOns of 0. mm x 0 2

each

approximately 100 spheres are present in the overlapplng
region, and approximately 100 projection portions are
formed. When the projection portions approximately in
20 such a number are formed per overlapping region, the
fluctuation of diameters of the concave portions, caused
by the fluctuation in the particle diameter distribution
and the sphericity of the spheres, is nearly averaged,
and the current density of emitted electrons per pixel
25 (or per subpixel) and the brightness come to be uniform
in practlce
In [Crater-type field emission dev1ce (No. 1)]
or any one of [Crater-type field emission device (No.
2)] to [Crater-type field emission device (No. 4)] to be
30 described later, part of the form of the sphere is’
reflected in the form of the concave portion _
constituting the electron-emitting portion. The profile
of top end portion of each projection portion may have
an irreqular convexo-concave form or may be flat. In
35 [Crater-type field emission device (No. 1)] or [Crater-
type field emission device (No. 2}] in particular, the
above top end portion is formed by fracture of the



~projection portion is |liable to have an irregular form \Wen theUEPﬂU@%&s
portion of the each projection portion is sharpened by fracture,

advant ageously, the top end 5 portion can function as a highly efficient

‘electron- emtting portion. In [Crater-type field em ssion device (No. 1)]
to [Crater-type field em ssion device (No. 4)], the projection portion
surroundi ng the concave portion conmes §g2be ringed or circular, and in

t hi d.t t t whole
have ¢ he. T or o Rt B, M, Bae el Sk B BeRE LBROPSCERER por 1 ons
on the fi rstPrgmﬁm?Jtomm@b’é?lqmwadllaégw &o baveaadonraerduldepéEndm.upon t he
met hod of ar rand ng, Qﬁﬁf%ﬁn:gkﬁhc&5t%@?e%ﬂﬂvﬁrgﬁécggﬁﬂogo?%lbﬂe wet

met hod is enployed the | ayout proj ection he "substrate

cones to be ¥ardbEPaned @Yatfé?a-qtyﬂﬁf@rf |aé1V@né@ag§9p@AYdeﬁh@etpﬂoen@)] to
[ Crat er - t ype gdred {bre i85 I fuhANGIC & I&Ohlﬁ}ﬂ wen cibat d9eeR@BLOY portion

Is fornmed in th |nsulat|n Iay the for of the insulating

| ayer, theree%ﬁ%} %Bogé FlBﬁp?n hﬁi@he%;iﬁbﬁ%c@?v%9¢ayer i s
formed for aWMQMrk»Hanagﬁnﬁtanﬂiygujﬂmi&ﬂ@m&s@ﬁohhdevmbejQﬁblon)gortlons
after the for ﬁyﬁﬁg ect] tive |layer
I s renoved %HH 5%2§1%§uﬁ%$¥1%kﬁﬁ§qﬁ Qi?hgggc%erlgP%%%g t he
protective | SRes ﬁé?Gﬁééﬂéh¥%;;QHnCInﬂ§1@§th@@doﬂnpﬁbdacpﬂgebhehE|eId

eni ssi on 1cﬂe\@cﬁﬁcaafe [ﬁxeélefn ta‘ﬁéi‘i Hﬂeekifcg@c%ibﬁn pé%‘t'l% Q%‘Xa 32%11]% éf235\£" ;'ndbe

expl ai ned mn regﬁgeﬁﬁ) I gs
25B. Fi gs. Ve 3A% %R Pe CLSHRE T Gaﬁgteﬂfraal end views, Figs. 25A and
25B are schenatlc parﬂh&llayo&a—SECthen@kogeeuﬁonapdrEiqﬁs @#Bthe?23B and

those i n Fi o gon st BRBREE Malf o8 Zh0p s 80 00k R ™ v o1 e
cat hode el ectdeRfnds] Ay dhiengreghod of arranglng the spheres. When

15 "the above dry method or the wet method is employed, the
layout of the projection portions on the substrate comes
to be random. .

' In [Crater-type field emission device (No. 1)]
to [Crater-type field emission device (No. 4)], when the

20 opening portion is formed in the insulating layer after
the formation of the insulating layer, there may be
employed a constitution in which a protective layer is
formed for avoiding damage of top end portions of the
projection portions after the formation of the

25 projection portions, and the protective layer is removed
after the opening portion is formed. The material for
the protective layer includes chromium.

The method of producing the field emission
device of [Crater—type field emission device (No. 1)]

30 will be explained with reference to Figs. 22A, 22B, 23A,
23B, 24A, 24B, 25A and 25B. Figs. 22A, 23A and 24A are
schematic partial end views, Figs. 25A and 25B are
schematic partial cross-sectional views, and Figs. 22B,
23B and 24B are schematic partial perspective views

35 showing wider ranges than those in Figs. 22A, 23A and
24A. | |
[Step-800]



plurality of spheres 70 is forned on the first support nenber JUL 2005
Specifically, the spheres 70 are arranged on the entire surface oT5 t he
first support menber 11 made, 5 for exanple, of glass substrate. The
spheres 70 are nade, for exanple, of a polynethyl ene-based pol yner
material, and they have an average particle dianmeter of approximately 5 m
and a partrcl e diameter distribution _ofgkess than 1 % The spheres 70 are

d the 10 f 11 _at t densi t
Appr oi mat el y. 1000 spharEEhmBr CREAogs: &) S5roatnd LinEPHBaLEP Spr ayi ng
t he spheres whiralispyr of guphdned Jdess éamtdabcbmft@prfayjsmg sappoxttur e of
e aPneres dldhdt MO ALbLEISOLUTRY ARc2oPRERA] 9h SLECLLPE,LOS sRTC oS

in 15 a powder state a nozz he arr eres d on
the first supp® enfdfisersurrage af e dish @tUrRqu@r gerbeirgd 1 z@/ieand 22B

tsﬂows sEcrs a f%t eg:%ntlg[h@ fwwasg%upaﬁéﬁod@hel sﬁhéeés iéZaiééngér mﬁd on
e spnheres an e I r u or er . an SNOwW a
state where &% at%&’@@%’o&%oﬁ?qﬁ”“quﬂﬂe'ﬁ%ée@am JAEEE ectrode 112
can be for nedpatfenrialexamal e;helyy meem prveitdgey paradidien dpagiee e olfhe form

25 of a stripe. In this . case, phere ,7Q ar arrangd on.the entire
surface of t i % or%t q@n SlaTEhET ALEHE 1OHHdPEs 70 are
natural | y notofcdwrgsdhan tlh %. heTbat therelseaﬂreue atzasgednonntkeg. 23B.

Then, the catihede KlRHMOdRmbES 19 Y %néo%r a%xa.shmrggm% 120 30 C for

renovi ng wat er and a sol vent contail ned |n ,the ctrode 112 and

flattening t fPREEHNEeIN 000 FPheres /M’ Witht @nSBEAY uFeD - t Rhespheres 70
do not undemmwcmmayimge;m@wex@mem&a aCfé@iﬁg quhhgnahoves
screen- prrntrnqnq:sl] oafc%rbon Raste %5 with met hod in
whi ch an electrica AR Al ?ef“’é r8de 112 for

constituting Wmm@@w @del ﬁl@a‘@%nfe@mtlm@ @heUspbereslah
entire sqrg‘ aGe Rtd & elRe tirdnfld YadRen@ct inke HP%SH;@J:! spheres 70

are held on the first support member 11 by an
electrostatic force. Figs. 22A and 22B shows such a
state. |

[Step~810]

20 The cathode electrode 112 is formed on the
spheres 70 and the first support member 1l1. Figs. 23A
and 23B show a state where the cathode electrode 112 is
formed. The cathode electrode 112 can be formed, for
example, by screen-printing a carbon paste in the form

25 of a stripe. In this case, the spheres 70 are arranged
on the entire surface of the first support member 11, so
that some of the spheres 70 are naturally not covered
with the cathode electrode 112 shown in Fig. 23B. Then,
the cathode electrode 112‘is dried, for example, at 150

30 °C for removing water and a solvent contained in the
cathode electrode 112 and flattening the cathode
electrode 112. At this temperature, the spheres 70 do
not undergo any state change and/or chemical change.
The above screen-printing using a carbon paste may be

35 replaced with a method in which an electrically ‘
conductive material for a cathode electrode 112 for
constituting a cathode electrode 112 is formed on the



| ayer for a cathode electrode 112 is patterned by general Iithogﬁgphﬁ_?@?
a general dry etching nethod to formthe cathode el ectrode 112 in*the m
of a stripe. 5 Wien the lithography is applied, generally, a resist |ayer
is formed by a spin coating nethod. In the spin coating, if the nunber of
spinning of the first support menber 11 is approximately 500 rpm and if
the spinning tinme period is approxinatehy several seconds |ong, the 10

h 70 first t 11 without d i ff
ShiTting in sour i i1, e b e T ons s d T S e eraae 112
whi ch ~porti oy@ovir the affimsie s kg tacele digvds ppttenmedndy 15 t he
spheres 70, vhs{&hy et dSdlf B & %J}%q_ %ﬂ&ctgeﬁ:ggﬁﬁng%et&%moa

plurality of projection portions 112A emttirn ectrons and Concave

- portions 112§p°%&h%f0%m4? islaqfmasinddd By the gose@di én spaipeon 112A
and refled s yadd ttHe MOMMAYrHA6H ISPRQA 16k, GeBieradd 244 3@ i%4B show the
~ thus-obtained state. eciﬂ%gg%ug, the spheres Zg¥§%e conpust ed, by heating

around 530 C WY - HETH 1T SPEHDS ¢ chPcFRgdSPiRe

pressure in eamdtinigseid sprereninberhioth speicnispheife the ifdrseapigppedtt

i ncreases toggther wW{ih ]ﬁgggﬂﬁyg fo o D 70, .and_t he
_portion of the.cafﬁggéhg%gﬁ%ro e 1 Q&M%qghqg%???%%q§%$%$%%¥ﬁgn§8ﬁére 70
bursts when &8 (RETLOPrids AR QUMEidlin wavieral isecondsedong attiesuch a

portion i B0 r espntes AR areHld d&HY Higeli o ﬁﬁ%t hiz$ell4A and the
concave portlo% 112B are forned 30 in part of, tp e cathode el ectrode 112
formed on t hé"¥FH¥t dnppRing & PRIGRHDY d8nPo5diio8ns of the sphere

remain as a restiapeBH T er the renoval of the spheres, the residue can be
removed with a proper 1 1 qui p l.ng _upon terigl constitutin
the spheres used. 35 F%?e%&??%of%rﬁg‘%, %Q%(&-L‘lol ﬁs%ﬁgﬂ%ﬁggﬁa%? ‘fgllcgl forrredgon
the cathode RIEEIITICAEX diee tSphefrass t7.0s gpiso remesede byl rem®vingUL 2005
105 Specif i cald YepHe¥e£XaTPlthereHy) 35 RASIE fotmed 8€%athode

electrode 112 having a plurality of projection portions

112A for emitting electrons and concave portions 112B
each of which is surrounded by the projection portion
112A and reflects part of form of each sphere 70. Figs.
20 24A and 24B show the thus-obtained state. Specifically,
the spheres 70 are combusted by heating around 530 °C
while the cathode electrode 112 is also calcined. The
pressure in each closed space in which each sphere 70 is
captured increases together with the combustion of the
25 spheres 70, and the portion of the cathode electrode 112
which portion covers the sphere 70 bursts when a certain
pressure durability limit is exceeded, and such a
portion is removed. As a result, the projection
portions 112A and the concave portions 112B are formed
30 in part of the cathode electrode 112 formed on the first
support member 11. When some portions of the sphere
remain as a residue after the removal of the spheres,
the residue can be removed with a proper wash liquid
depending upon a material constituting the spheres used.
35 [Step-830] '
Then, the insulating layexr 13 is formed on the
cathode electrode 112 and the first support member 11.



- printed on the entire surface to forma |ayer having a th'icknessogfd L 200
approxinmately 5 m Then, the insulating layer 13 is dried, for exanp?e, gt
150 Cto renove 5 water and a solvent contained in the insulating | ayer 13
and to flatten the insulating |ayer 13. The above screen-printing using a
gl ass paste may be replaced, for exanple, with the formation of an Si Q2

| ayer by a plasma CVD nethod. 10 [Stepi®30}+ Then, the stripe-shaped gate

el ectrode 14 drpciffaldid yon fdie duasuhdl,l R0 hake! pl3teS§e EkPeepd”) - The
gate el ectrode 14 can bé forned by screen-print Png, for exanple, with a
car bon past e RGOy By entdng sartpse fo fpgne asdayere haxiagdiang

direction of iGikEdOBE iaBRES MR St LRS- SPREEY Gt &1 RberiLpge 14 forns
an angle of 90 with the extend&g% di fection of projection 1nmage of the
2

stri pe- shaped ¥ hdde 16 &ieSue SXpBte ffe 198t CetRckeBAEC14 is dried,
for exanplae, witel5EGQR@ fsorlvesrpwondaisieer iandhe dakuéaticgniaiyeedintn t he

gate electroggy 14 %%tftlﬁ?{[ g rlgﬁshﬁ_%tqglée i_%ly%g;] (r}%Qe he cthen the

~materials constituting the gate electro the insulating |ayer 13
are cal ci ned SGYreSMPEASF INITHE 186 ey lgSSnPasgewnaly heciebdacpdst domay be

replaced 25 wxydngdike RAGELAWLTOVmAAON OF Aand@li®, el 8665006 ABLELERL | ayer
for constitut a.gate electrode 14 on the entire surface of the
i nsul ating | Hf§§5ﬁ§ patterning the gate electrode material |ayer by

general |lix hdetapB4did a general drying etching nethod. 30 [ Step-850]

Then, in the overl appi egi e b [,0] [ i of ,the gate
el ectrode 14 and the gggﬁéc?ﬁ%nggﬁggg gﬁaPEg gg?éoggegﬁggﬁ?og% 152
overl ap, thf&xpad o foe iiasuilatiag deyed L3 t(seegitig.eREayrodBh&5 14 and

the insul ati ;@ﬂeamrec&?mdbhqn;e%ht %_ee&aﬁrﬂedabypg@&@th%erBtihg,PFEBJJreCt i on
portions 112A and _the .c ncav%(;%ortlons 112B . in the bottom portion of the O

5 JUL 2005 FFETRISen®idihér CATROIs Paphe dBehig TRER: PEnalStEARShe
15

In this case, the extending direction of projection
image of the stripe-shaped gate electrode 14 forms an
angle of 90° with the extending direction of projection
~image of the stripe-shaped cathode electrode 112. Then,
the gate electrode 14 is dried, for example, at 150°C

20 for removing water and a solvent contained in the gate
electrode 14 and flattening the gate electrode 14, and
then the materials constituting the gate electrode 14
and the insulating layer 13 are calcined or sintered.
The screen printing with a carbon paste may be replaced

25 with the procedures of forming a gate electrode material
layer for constituting a gate electrode 14 on the entire
surface of the insulating layer 13 and patterning the
gate electrode material layer by general lithography and
a general drying etching method.

30 [Step-850]

Then, in the overlapping region where the
projection image of the gate electrode 14 and the '
projection image of the cathode electrode 112 overlap,
the opening portion 15 is formed in the gate electrode

35 14 and the insulating layer 13, thereby to expose a
plurality of the projection portions 112A and the
concave portions 112B in the bottom portion of the



obtained by formng a resist mask according to general [|ithograp ﬁﬁdﬁﬂg 5
etching through the resist mask. Preferably, the etching is carr Fn
under - a condition 5 where sufficiently high etching selectivity to the

cat hode el ectrode 112 is secured. Alternatively, after the formation of
the projection portions 112A, preferably, a protective |ayer nade of
chromumis fornmed in advance, and aft&oé6the opening portion 15 is 10

formed, the RGSEOIq wodaal 15 1 SRRV EhenT e potboon ! £81 ahy gk |5 removed

InthIS manner, the field em ssion deVice an be
obt ai ned. As %bﬁq%tb%fqunﬁet%é@%ﬁtpwuwomm - ugpertile| d

eni ssi on deviXitHdxaghy ,arid'leaﬁﬁ: thrRyre O Y@ iatCaRgki.t ution in which
[ St ep- 830] t arrled out after. [ Step-810] and then [ Step-
820] is carri e%FSéo@[fabaer t %ﬁg ng s Sffrdea %H fQ‘ defe a5 FREALS 18R t he
cal ci ni ng %of Whﬂremﬂuﬁﬁxnredhiytﬂnghgyﬂuhyﬂgeaem@milhétqndothﬁelnsulatlng

'chy.?{eé?’oﬁ?”a‘%e‘er&% o ﬁtlal%ﬁ&%%‘i%ﬁ* i D TarheETeRRp Akt |

further, a he @najed ifone poatt iones dgéai,ng portion is

formed on th ﬁéﬁé&aﬁﬁlyl,g d Ftecti®n adedP maieBed chiof@lid §4 out. In this
manner, portions of the . cathode e cJoectrode 112, the |nsulat|n% | ayer 13 and
the gate el e’gqxfl%ed% Y, 3R S0 AT AL HEFy &S RPSBIRG EOFG18Fe 151 dfipved,

- wher eby tHe ofemed), prre iporoteart e flmylmd ist Heniogled.hergeh ¢ ﬁﬂlgctrod_e 14 .
and the insul ating f%ﬁ{fléo r]eg’no%% t hf ﬁ%r%‘&-&ﬁéﬁ"% L{éﬂgcg on havi ng t he

proj ection portion emttifg electron Je portion
112B whi ch | eRiFFiuhdayige shewnrig) ébtg-o@ZQOCmeelbbAaanédr efl ects part

of the formof each sphenevi@iaak B Eﬁé”ﬁ@thB?lt Bgeﬁ%aﬂé?.n lectrode 35

112 which is positioned in the bottom portlon 0 ening portion. That
is, the press e dae disddy emdssden QM%q@h(ggchlédheFBe¥G maYcapt ur ed

i ncreasesl® e WmPRfed ) Zorsagattdionwiinh whieh gEitept B30 j0kot herepher es
70, and 850] are carried out after [Step-810] and then [Step-

820] is carried out. In this case, the combustion of
the spheres and the calcining of the materials for the
gate electrode 14 and the insulating layer 13 can be

20 carried out concurrently.
| Otherwise, [Step—830] is carried out after
[Step~-810], and in a step similar to [Step-840], further,
‘a stripe-shaped gate electrode‘free of the opening
portion is formed on the insulating layer. Then, [Step-

25 820] is carried out. In this manner, portions of the
cathode electrode 112, the insulating layer 13 and the
gate electrode 14 which portions cover the sphere 70 are
‘removed, whereby the opening portion can be formed
through the gate electrode 14 and the insulating layer

30 13 and the electron-emitting portion having the
projection portion 112A for emitting electrons and the
concave portion 112B which is surrounded by the _
projection portion 112A and'reflects part of the form of
each sphere 70 can be formed in the cathode electrode

35 112 which is positioned in the bottom portion of the
opening portion. That is, the pressure in each closed
space in which each sphere 70 is captured increases



portions of the cathode el ectrode 112, the insulating |ayer 13 aﬁ%
gate el ectrode 14 which portions cover the sphere are burst when a cerggmn
pressure durability 5 1imt is exceeded, and the opening portion is forned
together with the projection portion 112A and the concave portion 112B.
Further, the spheres 70 are renoved. The opening portion is forned through
the gate el ectrode 14 and the i nsul at =n@OFayer 13 and reflects 10 part of

formof the sphgsendd. wiifh tiee RSB O i fe ddiRRREMNI PRI tion, there
remai ns the projection ¢ |on 112A for emtting electrons and the concave
r i&ﬁj

portion 1128 BRFEHRS <N HeEPrHECt] the dinslBtA%nd
refl ects partlaljear hies fzmdnt‘lie tmem@rd@ 0L G @oﬁa&mﬁxsf Icﬁivdarem ssion

devi ce (No. T, rod C|n ter-type field 3|on devi ce
(No. 2)] w.|| %eh alne %%IE atalﬂé}/srpsfé% SEARIL B0, The
met hod of 20 bxrwl'uclmgﬂf@%ti@irt@rpfb ﬁheelqpmrsxlpmruim des (Mome?) ] differs

from the met hag, Of P QUal Nthd G fld W ce (No. 1)]
in that the step of arrangi ng %%p ura 1";-:\!:I?me€irs]ﬂ eres %glon the first
t te

support nenbefONAAVE RPXifEY é‘rGPeﬁ-"@r ?ﬁlﬁgspbﬁr?ﬁﬁﬁ BEE support 25
nmenber 11, a caipesdii ahd @p@mﬁlg pRIRasad ief f@rﬁ@&peah:bugn vhkChats a

dlsperS|on of er I he ¢ hod el ectrode terial in a
di spersi ng ag%]; Ctrcﬁﬂ%r]g‘f) %%Ia}f‘? (’%p]t ‘5}3{ aF ¢ S70 on the
first suppdrtpametrbet fldnnamﬁ/elrhmgsphmrespma.r esnvvn:hle bbetdfh parhada efFectrode

112 made of tie, C@é%gj%j&, &cgrcgge tﬂ@f@rf&ﬁalxﬁéqdcﬁé]%oi]e%gﬁv' ng the

di sper si ng agent e ‘above step 1's a wet tep 900]

First, a pl ur%‘?#'ﬂplbflﬂf’e %%@I@stm%r%lea@%%m e aeadavest support
nenber 11. S tﬁi&aHNZB wHiCH OTB oSl A d &Y By Ythégﬁaﬁsézch@n
an

O oS Lol o R Ao ls S IEnSR: (G A0 e et ote © S
15 70.
[Crater-type field emission device (No. 2)]

The method of producing [Crater-type field
emission device (No. 2)] will be explained with
reference to Figs. 26A, 26B and 26C. The method of

20 producing [Crater-type field emission device (No. 2)]
differs from the method of producing [Crater-type field
emission device (No. 1)] in that the step of arranging a
plurality of the spheres 70 on the first support member
11 includes the steps of forming, on the first support

25 member 11, a composition layer 71 composed of a
composition which is a dispersion of the spheres 70 and
the cathode electrode material in a dispersing agent,
thereby to arrange a plurality of the spheres 70 on the

_ first support member 11, covering the spheres with the

30 cathode electrode 112 made of the cathode electrode

- material, and then, removing the dispersing agent, that
is, the above step is a wet method.
[Step-900}]
First, a plurality of the spheres 70 are
+ 35 arranged on the first support member 11. Specificaliy,
the composition layer 71 composed of a composition which
is a dispersion of the spheres 70 and the cathode



formed on the first support nenber 11. That is, for exanple, |so Bsonyl !
al cohol is used as a dispersing agent 71A, and the conposition is prep&g%d
by dispersing the 5 spheres 70 which are made of a pol ynet hyl ene pol yner
mat eri al and have an average particle dianmeter of approximately 5 pm and
carbon particles having an average particle. dianeter of 0.05 mas the
cathode electrode material 71B, in theldB8spersing agent 71A. 10 The

conposition i t [ rt erp,31 .:in the form
SLSCE LGS iR O {1 of | aéélsige%%qrpgg SRR L

of a stripe, to formth onposition | Jhows Sa state
found i mrediERENSA 17 e‘?h‘fE h’%lﬁfcﬁf (RS fofmete e driposThabnikayéer 71. 15

[Step-910] | nexdifpoLoMPRSdprcHy ] ayiRdonoll el iy e o IdiSpe rBURRPHgdmRTDEr
11, the spher ﬁ%70 SO0 reC| itates to be arran%af on the first” support

nmenber 11 and’ tthe 2t IHRR dat ALeRareR by §3spersisia 48 on the
20 spher ess 7Cspineiceder G |wlsicmtmrmrIﬁaderdEra bbltymefthiybehe gaiIRawe el ectrode

112 made of t%%ﬁ{@%&'}%ﬁ} e‘#gﬁgras({é 3{?1@1 lem‘ﬁr;ba%@‘:ff Ir#érality of the

spheres 70 can ar range ppor the spheres
70 can be covappxbxindtelr Tatmhcdel aadiarogartliz1?s mmddnef anhe cat hode

el ectrode. Ml g4 Ble T 208 S d RUSOUAIQEL il Al €p- 920

. Then, the dispersi 1A 1 s renpved |I|zat|on 1g. 26C
- shows the th %F?c}f“eg“aﬁ%l@l BB Strbﬂ:r%ﬁﬁlsﬂ?é??mﬁ &gendi Mfillkar to
T[St ep-82010t01‘1ié3tcﬂqﬁnpc%0dlom J[sc@iﬁeﬂ-smrfuea @rﬁrﬂh%smﬁ.—sie\@u@o(ﬂﬂo 1)] or
variants of the b irg\rl\Lﬂ{‘ret ojgn a[ 'd ter- tyq:e If-ﬁ’lab\ﬁ em ssion device
i e

(No. 1)] is carrled out ere B&h S8 h@% simlar to the
field en155|cﬂpmﬁﬂﬁxﬁaonﬁkﬂvﬁnrﬂlq gFlQSB26anshewsoapseabd fpandt er-type

field en ssi Oihuﬁ’é‘d'i&@ei}N%f@ﬂ the himaAldh JOLneBnPsNd oAf 1RyRGHCI Ng
[Crater type f|eI
15 [Step-910] _

In the composition layer 71 held on the first
support member 11, the spheres 70 soon precipitates to
be arranged on the first support member 11 and the
cathode electrode material 71B also precipitates on the

20 spheres 70 and the first support member 11 to form a
cathode electrode 112 made of the cathode electrode
material 71B, whereby a plurality of the spheres 70 can
be arranged on the first support member 11 and the
spheres 70 can be covered with the cathode electrode 112

- 25 made of the cathode electrode material. Fig. 26B shows
the thus-obtained state.
[Step-920]

Then, the dispersing agent 71A is removed by
volatilization. Fig. 26C shows the thus-obtained state.

30 [Step-930] ' |

Then, steps similar to [Step-820] to [Step-
850] in [Crater-type field emission device (No. 1)} or
variants of the production method in [Crater-type field
emission device (No. 1)] is carried out, whereby a field

35 emission device similar to the field emission device
shown in Fig. 25B can be completed.

[Crater-type field emission device (No. 3)]



em ssion device (No. 2)] will be explained. The step of forrnngmgﬁ.b ULzms
. cathode electrode in the formof a stripe on the first support

nore specifically, conprises 5 the steps of arranging a plurality of
spheres on a first support nmenber; form ng a cathode el ectrode which has a
plurality of the projection portions for emtting electrons and the
concave portions each of which is sucrqgnded by the projection portion and

reflects part 10 of forg ofmettfh?ds%r}ep%od%r&%%reégggit S| E*ﬁ%ﬂtfg%ﬁg each

- projection portjon belngeforrre Ilna“circu and
removi ng t he ephesian defsiephdies 2rk widk ehtzgak];dmmfwi £ The suppoof menber

by spraying. fhenspharesdesie ditomgbls s B Ve 15

[Crater-type flelséj eni ssi on device al ne
reference to BrQstiZeia, Sm%d“%rhé?‘%ﬁ%eﬁ&%?lfl{%léﬂhlmﬂﬁ%t a

pl ura:c i tyli’lo)f ﬂ[élecﬁeapsllﬁf aﬁhﬁcaa{hglaﬂgﬁﬂ pRf-00 the f lsfpﬁex%.tjéoﬁﬁf tah'f%.'ii%‘%r 11.
Specifically, ' e spheres 170 are arranged on.the entire
~surface of the“ﬂ?ﬁpr suppor‘t méf ték? é%?ﬂ%e

substrate. Thelephleirts A7 Cche @IfCDIEﬂBIiLdJy poartodrdi rfipra emmte:mmj erl aI 170A
made, for ex [ |. and _coating the
%ﬂ%é&r&ﬁsfhﬁﬁséﬂé’63ﬂé§%g§¥ﬁ%ntr%ﬁ%%fﬁﬁfﬁgw%li% 18 o

core. material 170A wth a surface-tre
pol yt et r af | uGFHEEMAdaRE Fedhe wqq@%m@m@nmmmmm

di anet er 10 Eﬂﬁﬂﬁb@mﬁﬁﬁﬂﬁhé5dﬁﬁﬁﬁbﬁiodﬂﬁﬂé(ff%sﬂméﬁﬁﬂd%% Hettle DU Of
| ess than 1 %_ The 30 spheres 1 are(;arran ed on the first support menber

11 in a den&TPBFSPhERG &Y e lgcunterencenoth a spray

gun. The arr g sz;pﬁfmeas,alrﬁ) Iaarmmeigjtme stm&xfelsr.st'rﬁapgphér@ﬂbﬁé 11 by
an el ectrost ' ined.state

[ St ep- 1010] %%%ﬁ&&&n @Ggsftlis}p% Ité]n%lee?‘%%% %3; gﬁr@g&n d cg}f’ﬁode '
el ectrode 115BheASH YR @ dvdspRifohijssutfiase-Freatyenz0dsyer.110

portions 15l 2A ¢t ety & iRl 1RE lenids i RRACRY ERR! ©)qNwill be
explained with reference to Figs. 27a, 27B and 27C
hereinafter.
[Step-1000]
, First, a plurality of spheres 170 are arranged
20 on the first support member 11. Specifically, a
plurality of the spheres 170 are arranged on the entire
surface of the first support member 11 made, for example,
of glass substrate. The.spheres 170 are formed by
providing a core material 170A made, for example, of a
25 divinylbenzene polymer material and coating the core
material 170A with a surface-treatment 1ayer'170B made
of a polytetrafluoroethylene resin, and the spheres 170
have an average diameter of approximately 5 um and a
particle.diametgr distribution of less than 1 %. The
30 spheres 170 are arranged on the first support member 11
in a density of approximately 1000 spheres/mm? at random
with a spray gqun. The arranged spheres 170 are held on
the first support member 11 by an electrostatic force.
Fig. 27A shows the thus-obtained state.
35 [Step-10107] _
' Then, on the first support member 11 is formed
a cathode electrode 112 having a plurality of projection



112B each. of . which is surrounded by the projection portion 112A a%p L 2005
reflects part of formof the sphere 170, the projection portions i%
being forned around the 5 spheres 170. Specifically, as described in
[Crater-type field em ssion device (No. 1)], for exanple, a carbon paste
is screen-printed in the formof a stripe. In [Crater-type field em ssion
device (No. 3)], the surface of each sph@re 170 has hydr ophobi ¢ nature due

. to the 10 sur t-nent y t th ar bon
screen-print egtf?%ﬁlcﬁlhealslp erfélrif%hl eg‘% tr}% &51 |°88°aé{%dpa’ﬂ-’8p}88d of f
and i s depositiB satihdf hhigpgherse Slmomrxglefdohyl tthe projjectiion portion

112A. The t opy&Rd oPort f ] | | %t%@. ot so
15 shar pened&as thoat I1ﬂ2%%€§§%@yﬁ%§fﬁ?ﬁﬂ%ﬁ%&25 %7%

portion of tHe'®RIVDIREEHBELRBIEOre MRk peing fogmeshgrange theen the
sphere 170 ansplidveed iTEL. SpPROftcHR eraéldegaﬁtbéutﬁﬁ fOeac@PLEYBepOrti on

112B. Wiile FH g, ,27B shows state r sent 20 between the
- cat hode electﬁiéhgfﬁﬁ?%ﬁﬁ?q dS]’tﬁgg' Cal EcCAEFE™112 and
- the sphere 17asire is sq:mﬂm@rmttdd aax:h:hcai Herm mfsenstedpes. Then, the
cat hode el ectrodg XHR S 0 F ws t he
t hus- obtalnedfstaf%;%: 15%&]é%1 n, an exté@ha%)#drggeiéagfégged on

t he - spheres a7®agh rsé?ﬁﬁﬁé’-‘ tjﬁéJ dfehesirophobigmnaiart due tougbert nenber
11. Specifi catdytaddacrmitieatof dyiovialop,i Y 4ees anwshirdenmphhed and a

A R A R
chemi cal charage:l olrageed pHef end nlm elegpeditfad adopnnd frhle exhegee 1 70y
combust s on Wi i e DA Sty diCYILA YR Ll g se1on devi e
[ St ep-850] i PYTHidrerli3heh G§CJUmrmwtmn1pprmp@| 4134 dsi ootdewi ce (No.
1)] are cesrisithiPined e @hat in [Crater-type field emission device

{(No. 1})]. A portion of the cathode electrode 112 which
portion enters between the sphere 170 and the first
support member 11 constitutes the concave portion 112B.
While Fig. 27B shows a state where a gap 1s present

20 Dbetween the cathode electrode 112 and the sphere 170,

~ the cathode electrode 112 and the sphere 170 are in

contact with each other in some cases. Then, the
cathode electrode 112 is dried, for example, at 150 °C.
Fig. 27B shows the thus-obtained state.

25 [Step-1020]

Then, an external force is exerted on the
spheres 170 to remove the spheres 170 from the first
support member 11. Specifically, the method of removal
includes a washing method and a method of blowing a

30 compressed gas. Fig. 27C shows the thus-obtained state.
The spheres can be also removed by the state change
and/or chemical change of the spheres, more specifically,
for example, by combustion, which is also applicable to
[Crater-type field emission dev;ce (No. 4)] to be |

35 described below.
[Step-1030]

Then, [Step-830] to [Step-850] in [Crater-type



there can be obtained a field em ssion device which is al nost thg S@n@@g
“the device shown in Fig. 25B. In a variant of the production net hoé 0
[Crater-type field em ssion device (No. 3)], there may be enployed a
~constitution in which [Step-830] to [Step- 850] of [Crater-type field

em ssion device (No. 1)] are carried out after [Step-1010] and then

[ Step-1020] is carried out. 10 [Crater-l}lype field em ssion device (No. I I4)]
The net hod of U 0k ~1VP&: 1 6 | SSj i ce . Wi

be expl ai ned.f%Iewst ep olf&{ %%%%"'y @ﬁjef Sla?#oaa_'leg gfaerglregﬁce{\éu%ﬁ %rf%’ym of a
stripe on tHe9%% s‘%a%dﬁ)d?htqrﬂémsgr% st lel SRdESiianaldeyiosomrickes s15 t he

steps of arr aiigidir aHd Weald tas afhe RISFR% Yhdnd irStFigSURRY.L nenber; and
faorm ng a cathode el ectrode whi.ch. has a plurality of the projection

p A
portions for emitting & &ciPedn@L e BredEtion: MekBo8abk of which is
sur roundeds byf Qe qar-o yass i fire b remicys iatd deafilceet(@opart) 130 teferichaafor m of

t he sphere, t f i . ber,. each.prqj.ecti portion being
fo(ramag in a %c%%led%%%eél%%%é&c%%erl@ i .ecﬁx|o a{%q?ﬁ)s-&!%gt]i %é’ I[%{F 1S
formed on t HO®htaF o Gatierdyrend igislentiissy drayie ilcay (Mg .oAgNi Rge
por{i ons abovguhiiReRARY G et NABHL 1YL d PerkAldhpae 3R epl qebiogdg and the

first support men_beé. The spheres are renoved € openi'ng portions
are fornmed. |99 @Btthod of producing the field em ssion device in

[ Crater-tMpe [fdmimsigss (ﬁidiﬁi/ieiﬁs(én‘i%n 43)dv30,i€% R'Ndf.a!4l)t]yt hof the Sphelrzesh
are arranged on the figgt support er rayin e_s res. Eac
“sphere has a hydrophob::lile ?ﬁe‘r% gge-c’%‘raggtoﬁélﬁ’tmﬁg)@g?‘%%ér gYB?- F}EE field

eni ssi on dewieiNg dgvics | (Nche 2gXplvailie deniexdp laehexdencEhée osEegsof 28A,
288, 29A and £ APl tiiloac® eiiddtsload Bl Wil e brt € 301BLER1T0 are
arranged on the first support menmber 11. Specifically, —“a step SimTar to
the [ Step-10061¢ diqsh fERaspaamhayy aoye) gpepdds-callyy? comprisiesn devi ce
(No. 3)] i% oare isatepitof arranging a plurality of spheres on a first

- support member; and forming a cathode electrode which

has a plurality of the projection portions for emitting
electrons and the concave portions each of which is
surrounded by the projection portion and reflects part

20 of the form of the sphere, on the first support member,
each projection portion being formed in a circumference
of each sphere. When an insulating layer is formed on
the entire surface, the insulating layer having opening
portions above the spheres is formed on the cathode

25 electrode and the first support member. The spheres are
removed after the opening portions are formed. In the
method of producing the field emission device in

 [Crater-type field emission device (No. 4)], a plurality

of the spheres are arranged on the first'support member

30 by spfaying the spheres. Each sphere has a hydrophobic
surface-treatment iayer. [Crater-type field emission
device (No. 4)] will be explained with reference to Figs.
28A, 28B, 29A and 29B.
[Step-1100] , '

35 First, a plurality of the spheres 170 are
arranged on the first support member 11. Specifically,
a step similar to the [Step-1000] of [Crater-type field



[ St ep-1110] Then, fornmed on the first support nenber 11 is a cat b%dQUL 2005
el ectrode 112 having a plurality of projection 5 portions 112A for.
emtting.el ectrons and concave portions each of which is surrounded by the
projection portion 112A and reflects part of the formof the sphere 170,
each projection portion 112A being formed in a circunference of each
sphere 170. Specifically, a step 10 s+nilar-to [ Step-1010] of [Crater-type

field-em ssi aini glepdit dNee Ino . B MY @hr¥led balkeP-1120]  An insul ating
| ayer 113 havi ng openi n]g portions 'I5A above the spheres is forned on the
cat hode 15 el &XtSRel 4D and the first support nenber 11. Specifically, a

glhass palste i's Iscreen- Erhiemt,ecfo&mleuhgn €Rkl ]gfe.rsur fsa9po§:el fn@gﬂﬂé@ t@%% for
the insulatin er Vi a thi ess. _of _approxinate m e screen-
printing wit hégacab e peg]ﬁcgg:coadﬁa Eﬁeﬁc M (?ub% T 3 YZG’%SE’P?E’JFEFHQP as in
[ Crater-type pdrtiren Bidorfaeamidt(ikg elbxtrofise asudr caneavke each sphere
170 has hydrqﬂgggi tQ t. r t Igﬁ r B, so
that the screewqﬁﬁﬁ&%? gﬁgggﬁﬁég%égféﬁﬁﬁﬁﬂgﬁgbé E@%é e %Cgéé%dropped

of f on the sERFFEAYOLEN anthiref iashs aards ofs thge foggulodt ithe sphere113

whi ch portiomie, dhd@agrsriion bortSn NS AW ihe icbsmel fiacq tension. As
aresult, the to ortion&(;jv each sphere 170 is exposed_into the opening
‘portion 15A Wt HoR-HIRS WEE T d /O -nsoPEE+ hyCRAYEr 218TeRig. 28A
shows t hel@ husimuitar ned [Fregi-icao ] i [Shewerenlypd Faeld Ehd sisdpnend

portion of t ﬂ%gn' riis . | arger diameter than the sphere
170. Wen thetngﬁr ac@fl?'r gﬁt]ﬁrel(r%{]ﬁ]agﬁ?el%%i?%'has a smaller interfacial
t ensi on t han R0 baste, the opening portion i5A tends to have a

sral | er dianeter. '35 Vhen itle18uihac eabeeal Tenhal aHe op&RBahas an extrenel y
hée peni ng portion i5A

Londs 10 haveSF Lo ARG S0s USRS LE1 §orRREnont kb ASGAEEENG | ayer
113 is dri®ed,efertmdmpli® atd the first support member 11.
Specifically, a glass paste is screen-printed on the
entire surface to form a layer for the insulating layer
having a thickness of approximately 5 um. The screen-
printing with a glass pasté can be carried out in the
20 same manner as in [Crater-type field emission device (No.
1)]1. The surface of each sphere 170 has hydrophobic
nature due to the surface-treatment layer 170B, so that
the screen-printed glass paste is immediately repelled
and dropped off on the sphere 170 and that a portion of
25 the insulating layer 113 which portion is on each sphere
170 shrinks due to its surface tension. As a result,

- the top portion of each sphere 170 is exposed into the
opening portion 15A without being covered with the
insulating layer 113. Fig. 28A shows the thus-obtained

30 state. In a shown embodiment, the top end portion of
the opening portion 15A has a larger diameter than the
sphere 170. When the surface-treatment layer 170B has a
smaller interfacial tension than the glass paste, the
opening portion 15A tends to have a smaller diameter.

35 When the surface-treatment layer 170B has an extremély
larger interfacial tension than the glass paste, the
opening portion 15A tends to have a. larger diameter.



150 C. [Step-1130] Then, a gate el ectrode 114 having an opening g{m{m n
~15B communi cating with the opening portion 15A is forned on the ig ul a S
| ayer 113. Specifically, a carbon paste is screen-printed in the formof a
stripe. The screen-printing with a carbon paste can be carried out in the
same manner as in [Crater-type field em ssion 10 devicé (No. 1)]. Since,
however, the surface of the sphere 1401bas-hydrophobic nature due to the

surface- treatmNt dryemnshidB i Q 3Pgst eRpri an _the
‘sphere 170 is i medi atelny repéﬁ%a'aﬁébghri %ks%giﬁ%%t ([_)%OIE"[ §§o lgtir tél_'ce
tension to fddA aCstate where it 15 adheres only to the surface of the
i nsul ating | gy@depldid.30]n this case, the gate el ectrode 114 may be '

sonetimes forned so ag,to droop.fromthe ening. end portion of the
insul ating layer 113 i AP§Trhé gﬁgﬁiﬁgEEBFPBEnligAhﬁglngoﬁﬁ eREBARYI Then,

the gate d eqomwdenl 14H ssahmued caftdmg? tridhanghlee popehnihg0portibg. 188B shows

t he thus-conpl gﬁgF, e. r - men r 170B has a

smal ler interfacia E?%E%ﬁ5%¥¥ﬁgﬁ%P%§§%§£%%&?%;gﬁef t%%ég%%%%?%gypo?tion 15A
tends to hav&arborpagtediigmaicaeen-prdntede inuthec formeafmanstivaper. 170B

~has an extreney 25 ded-gAi Nty kA%l E"a%g)%np%@%@ bhg gar Ea%ig]@&tre, the
r .

openi ng portion 15A tends to have a | arge | airet er . %Step-l ! hen, the
sphere 170 e gt iM% FEBo TR &St idn [GEAERE-SYPR hdep6r EMGAE1PBA and
15B i s rdfovetkvice3QNSpedi)fli.cabligcel hrowghere 4HO ssrcasbusteehdy heating

t he sphere at oXi I typical t erature for calcining a
gl ass paste, Which ﬁggf?ﬁﬁy§$§%x§%$ggc¥§a%§§ c?ﬁ% g gbﬁtgprﬁﬁgeEathode
el ectrode llZxraai@entnd@yen g OBaydhel tarkod phastgaserekcreprideedlidén | n 35

this case, thhd apledd N d auerinkbdAidiihecpaleecbill Ladentleghave the
openi ng portions 1I5A and 15B from the bé&gi nning unlike ater-type field
em ssion devit®e ¢S5 OYOL s¥adsce. tepsiopnGo fprm oStpke phereofttihe cat hode
el ectrodaslladhiehes only to the surface of the insulating layer 113.

In this case, the gate electrode 114 may be sometimes
formed so as to droop from the opening end portion of
the insulating layer 113 into the opening portion 15a to
some extent. Then, the gaté electrode 114 is dried, for

20 example, at 150 °C. Fig. 28B shows the thus—-completed
state. When the surface-treatment layer 170B has a
smaller interfacial tension than the carbon paste, the
opening portion 15A tends to have a smaller diameter.
When the surface-treatment layer 170B has an extremely

25 larger interfacial tension than the carbon paste, the
opening portion 15A tends to have a larger diameter.
[Step-1140]

Then, the sphere 170 exposed in the bottom

portion of the opening portions 15A and 15B is removed.

30 Specifically, the sphere 170 is combusted by heating the
sphere at approximately 530 °C, a typical temperature
for calcining a glass paste, which heating also works to
calcine or sinter the cathode electrode 112, the
insulating layer 113 and the gate electrode 114. 1In

35 this case, the insulating layer 113 and the gate ‘

' electrode 114 have the opening portions 15A and 15B from
the beginning unlike [Crater-type field emission device



i nsul ating |layer 113 or the gate electrode 114 is not dissipated g$ ggéuﬁ
case, and the sphere 170 is readily renoved. When the upper end 8 #I f
the opening 5 portions 15A and 15B has a | arger dianmeter than the sphere
170, the sphere 170 can be renoved by an external force such as washing or
bl owi ng of a conpressed gas ~w thout conbusting the sphere 170. Fig. 28A
shows the thus-conpleted state. 10 [ Stgpa1150] Part of the insulating

| ayer 113 whi p corresponds .t o sid | surface of _the opening
“portion 15A i .éblﬂ?'so i})’piéggal Ei%/ﬁetpc"ﬂ:etd,o%ﬁ}%ﬁ%@%léecﬁ% dt2de e shown
in Fig. 29B cHrsbeattianpllayar 118 1F tilies gartsodilmentrodend Idnd spavotti on of the
gate el ectrode;gdi 1§§§%§1QHﬁP | | f rr%% f.Qr i .easing the
electric fieldl?ﬁ%%%sit I n thgﬁ%%QhFQEFBg#ffgﬁﬁfgfl E&%e}#%%éi#ield

eni ssi on devik@OEY: 815 (HRs URPSEhEREL Perpaeni af thesepeningect i onal

view of ti® gstgeciome Torpldh®nisIsien devihter HiQmRALS- kHRe finel d emission
devi ce conpriﬁﬁf a gﬁﬂfoqﬁﬁieéﬁftroﬂﬁ 212 formed on a first support nenber
11 in the fdRATT a 5tripe SBIGHSUd S RS &empyeds Bye dlof¥teanad; st
support nmenbeforkde anotlt hes cetsinioey eredilonda? b, a2Tonpiteased gagl ectrode 14
formed on the,i t v2 |4 f.orym of,.a stripe, An eni ng
‘portion 15 igdi orﬁgdk?ﬁ¥%ﬁﬂﬁﬁ¥ﬁ%éba émgﬁﬁcqudeﬁig'a%éktﬁQOVﬁsgﬁﬁting

| ayer 13. An B¥He-gomliehed BLRtsf. t he cathode el ectrode 212 is exposed in

t he bott arp pordteofsgpe opening 30 portion 15.. A voltage is applied to
the cathode el ectrode_212 a%d %lhe_%ate el ectrode 14, whereby el ectrons
are enitted fromthe ed§& pltt F8f 21sRlatipgelaygrhddd whéehrpast212. As

shown in Fi g.c@0Rspomimday eheordiiden whllA 3y bE taemegeninghe first
sunpor eTDs R P YIP s ARIGE AL LBl BBE S BEGRETS
2005 115 sc&dissign desice wglcwgemt ¥i@ .f i28Bd cem bei congdeiced . mayn
15 this embodiment, the end portion of the gate electrode
114 faces downward, which is preferred for increasing
the electric field intensity in the opening portion 15.
[Edge-type field emission device]
Fig. 30A shows a schematic partial cross-
20 sectional view of the edge-type field emission device.
The edge-type field emission device comprises a cathode
electrode 212 formed on a first support member 1l in the
form of a stripe; an insulating layer 13 formed on the'
first support member 11 and the cathode electrode 212;
25 ‘and a gate electrode 14 formed on the insulating layer
13 in the form of a stripe. An opening portion 15 is
formed through the gate electrode 14 and the insulating
layer 13. An edge portion 212A of the cathode electrode
212 is exposed‘in the bottom portion of the opening
30 portion 15. A voltage is applied to the cathode
electrode 212 and the gate electrode 14, whereby
electrons are emitted from the edge portion 212A of the
cathode electrode 212. ‘
As shown in Fig. 30B, a concave portion 11A
- 35 may be formed in the first support member 11 below the
cathode electrode 212 inside the opening portion 15.
Otherwise, as Fig. 30C shows a schematic partial cross-



conprise a first gate electrode 14A forned on the first support- a@ﬁ
a first insulating l-ayer 13A forned on the first support nenber and
first gate 5 el ectrode 14A; a cathode el ectrode 212 formed on the f!rst
insul ating |layer 13A; a second insulating |ayer 13B forned on the first
insul ating |layer 13A and the cathode el ectrode 212; and a second gate

el ectrode 14B forned on the second insuhgting Iayer 13B. And, an 10

.‘openi ng porti d Hgg £ eIe rode 14B, the
sgcond i nsul a%béé? ayer&{l%@ t%lﬂ‘;[ éc}&) {e%“[cﬁt %hsf qlc? e fl}a\yst

i nsul ating | aF;‘@FPH@? a Aplxsiy egaes t&lﬂﬁm of4R Homechode tdleedtimsde 212 is
exposed on a SiglsoMel heriest hﬂop@rm&tpolrﬁdlﬂraéﬁg A f/%taa@q%fn%dapp' I ed

to the cat hode e ectrpde 212 and the first and seco at e ectrodes 14A

and 14B, wher@byt %I%Hsr%rﬁl%ﬁ%r%rﬁ‘?“ﬂ%t trlomtchéheddd 150r 19a%® 212A of the
cat hode el®ctebeletdde Tre; retdwithaie prloshice e edgedypa fdd d 20

devigce 0 | e Fi 30 .expl,ained with
Cef orence to HEAL Wl LSS ARE, 19 st SR JRE Wi evs of
the first supbi®tformeden e fiSiteprlROGtimp Eyest 1320 ampbrtdvd matel y 0. 2
m t hi ck tUngsé&ihoché‘yéieé@rcfd'ﬁ@ﬁz-orhﬂd"eaféécﬁncﬁg%:‘{%; dlf@t{ih}gdt ungstde for

exanple of glass substrate by a sputtering en | ayer
i's patterned IO i tdHFGIA alﬁ‘eﬁu@iﬂlrr&g diaind 3Fet hBBdacadr di ng to

p !, T b Ao e fonm et et S LS o
first |nsuat er i.ch is. made .0 an as I ckne
appr oxi mat el y jda‘%t ?# ]sd]ifor%% T 1@“]14%% B & t he

cat hode el ept¢aﬁdm®.2elmia'octd Zhgsterthien fihestf arxmuifam.mj r:lja@fri &_?E-nr ma;jh
Shcond et 11 S U P S M B D L
of Si 2 and HEPSSed i ¥kiesidg Wl of the opening portion 15. A
15 wvoltage is applied to the cathode electrode 212 and the
first and second gate electrodes 14A and 14B, whereby
electrons are emitted from the edge portion 212A of the
cathode electrode 212.
The method of producing the edge-type field
20 emission device shown, for example, in Fig. 30C will be
explained with reference to Figs. 31A, 31B and 31C
showing schematic partial end views of the first support
member, etc.
[Step-1200]
25 First, an approximately 0.2 um thick tungsten
layer is formed on the first support member 11 made, for
-example, of glass substrate by a sputtering method, and
the tungsten layer is patterned by photolithography and
a dry etching method according to general procedures, to
30 form the first gate electrode 14A. Then,lthe first -
insulating layer 13A, which is made of $i0, and has a
thickness of approximately 0.3 um, is formed on the
entire surface, and then the cathode electrode 212 made
of tungsten in the form of a stripe is formed on the
35 first lnsulatlng layer 13A (see Fig. 31Aa).
[Step~1210}]
Then, the second insulating layer 13B, which,



m is formed on the entire surface, and then the second gate el eﬁtr
inthe formof a stripe is forned on the second insulating | ayer P3

Fig. 31B).

The 5 materi al

e&@gB

for the second gate el ectrode 14B nay be the

same as, or different from the material for the first gate electrode 14A
Then, a resist layer 67 is formed on the 10 entire surface,
and a resist -opening portion 67A is ferhké &n the resist |layer 67 such that

[ St ep- 1220]

part of the ik faeandle ! ey SRERANG O, eLRG! Qgealﬁﬁibﬁnségo gdg 7 The
resi st opening portion 67A has a rectangular torm

en viewed as a

pl an

view. The rediBngiit &romsdndadhe Btigeosugifdgee, ergih thienapeosierane y 100

m and a m norgats dd demngide af4msererdle FBrid o0 aKMrripan
el ectrode 14q:
67A i s ani sotT¥

pically et IS -k

isl FraReoRe ogate

exposed in th atto orti of the, resji st opening portion
Ibé('s d ﬁ]a@v nﬂ%@ (8l 19-E 3 8hodT™€0 form an

openi ng 20 poratieyiallhay the ssewontd gateuledisiotyddey duBlaByebeostd i n the

bot tom por | Ol ddie PSRRIl * 1o GHEARIGH! L setiglied g, or m an

openi ng portion (see Fig.

Since 't he seco Insul-atimg a

made of Si oFatRetel @By ildPearried out using a buffered 25 hydrofluoric

aci d aqueous dp-i1@pojrhe side wall

surface of the opening portion forned

in the second insulati | ayer 13B recedes fromthe opening end portion
Hohire ! t

of the opening portion

CESERE S8¥ERdOdat-8 Terwet, 88ethgB. In t

hi s

case, thelt ecossimnountfas B aetisel beéniynga@icustiong st7he igt ching tine

period. In

| ower end of the opening portion

0 SnRiToi RN Lo U WSly oS! @ DS (G35 Lad oyt YRl | th

nmed i'n"the “seco ng | ay

e
er

13B

recedes from$HEasgehdhan@eqend igstreorelegsrodenildd peor exposkdrmed. in the

second gate e dlablgodptiB t33hhe9a @l8Chr 94e 0 int
bott om portion of Lﬁé odgaingsyg??iqn s dr ?étched 5%é%F%éEZE%
under a condi't15h ‘W‘?é?eéi
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iBhd 0, ddfVas TP nrefEARFglar form has a

major side length of approximately 100 um and a minor

side length of several um to 10 um. Then, the second
gate electrode 14B exposed in the bottom portion of the

resist opening portion 67A is anisotropically etched,
for example, by an RIE method, to form an opening
portion. Then, the second insulating layer 13B exposed
in the bottom portion of the opening portion is
isotropically etched to form an opening portion (see Fig.
31C). Since the second insulating layer 13B is made of
$i0;, wet etching is carried out using a buffered
hydrofluoric acid aqueous solution. The side wall
surface of the opening portion formed in the second
insulating layer 13B recedes from the opening end
portion of the opening portion formed in the second gate
electrode 14B. 1In this case, the recess amount can be
controlled by adjusting the etching time period. In
this embodiment, the wet etching is carried out until
the lower end of the opening portion formed in the
second insulating layer 13B recedes from the openiné end
portion of the opening portion formed in the second gate
electrode 14B. '
The cathode electrode 212 exposed in the
bottom portion of the opening portion is dry-etched

he

1



species. In the-dry-etching using ions as main etching species,
cﬁarged particles can be accelerated by applying a biased voltagég *“aﬁm5
object to be etched or 5 utilizing interaction of plasma and a magnetic
field, and generally, anisotropic etching proceeds, so that the etched
object has a perpendicular wall as a processed surface. In this step,
however, the main etching species in-pla%ma contains sonme incidence

conponent s 1Qurhptt g o iasi M@I@wtﬁr{soraﬁéﬁ%s@%r RENHHaGY Rkich)ng2nd

obliquely enteri onents are al so generated due to scatteri'ng on the
end gort?/on ofP et‘h]g’ nﬁpnﬁhﬁoﬁf:ﬁ’oﬁtcgéngt HELng; hOPﬁeaﬁxﬁﬂéé@dGEG}Mﬁ@e of the

cat hode \(/avlh ectspmﬂes?,lz,orm mmaml"gaémal@jtalﬂﬂl)clﬁmldaneb?h|a@@e§|ég<§r+?§aar§,2ter 15
not_ reach since

;ﬁ?gFSZd b;ct %%Q%5¥¥lon %E$Qﬁﬂ§§ L, oI lh§f5]e8|res havi ng

a smaller 3 ndlfddﬂ@-n*adgl@mqmm?egﬁefr @JIa@ntaheanlabraJMagnfettLh:e flilenst, support

menber 11 showmd JuiH}el1 1801 ed’ﬂl%bgo\%ﬂ%b eIt'cttM_nga ol s20 o !ﬂla,l tﬁBeCI €s

havi ng.a larger incidence angle ower terln dro
Ther ef or e, V\/rﬁqcé‘ei%@%tt TGP & REgmenddsa Llagomaildn a@f at I@ém@&éﬁledg portion

formed in thewetdwde ral entigogeep}2nbeet8s] | ¥hbiAgdn Uetshifgt he 1 ower end
25 portion of_the o §$enlgg1§ort|on farmed in the . ,second insulfating |ayer

13B, the position CERFALnS: SOt RCLRENSSe APREOBSESon f or med
in the ca]tmodmvzei@@trrgie&s mZﬁes:qmtOermmctthr @m@lmddpp&laremg}r panti on

t hereof . Thatyyss; engdoe R n of. the cathode
el ectrode . Zlg)dec eases toma the PbFMa lS% %%ﬁrﬁn 8 %Jectlon

di rection, afifatfferigyyenmdhg erd ppxtiions I@ér @%@Pemngep@mhen,V\Ben SF6

i's used as arcieithiing tORS exide® e@atshh(i@%c@ ot kede catdondNe1BBreyae! I ently
processed. 3 EQ first |nsulartnPr ayer 13A exposed in.a, bottom portiodn
0

of the openi A% &P E?ﬁﬁo&@chéﬁtFE&€12f29P§er . .
- i sotropi ddl | yregticined whichf dom ©rigidlal2@05houldilBotakeapBnisRgcpOkhizon in

the first i nSUAldNO 4 $hikdBed by the opening portion. In this
' case, main etching species having a smaller incidence
angle with regard to the normal of the first support
member 11 show a higher entering probability, and main
20 etching species having a larger incidence angle show a
lower entering probability.
| Therefore, while the p051tlon of upper end
portlon of the opening portion formed in the cathode
electrode 212 is nearly lined up with the lower end
25 portion of the opening portion formed in the second
insulating layer 13B, the position of the lower end
portion of the opening portion formed in the cathode
electrode 212 is projected from the upper end portion
thereof. That is, the thickness of the edge portion
30 212A of the cathode electrode 212 decreases toward the
' forward end portion in the projection direction, and the
edge portion 212A is sharpened. For example, when SFg
is used as an etching gas, the cathode electrode 212 can
be excellently processed.
35 The first insulating layer 13A exposed in éi
bottom portion of the opening portion formed in the
cathode electrode 212 is isotropically etched, to form



wher,eby the opening portion 15 is conpleted. In this embodi ment ?FBUL
etching is carried out using a buffered hydrofluoric acid aqueoug 2005
solution. The side wall 5 surface of the opening portion fornmed in the
first insulating |ayer 13A recedes fromthe | ower end portion of the
~opening portion formed in the cathode electrode 212. In this case, the
recess amount can be controlled by aejd38ing the etching time period.

After the 10 gonpbeiind sdrtfith OReNKY PoFdd qmslﬁa'élbf‘g et dlayer 90 is
renoved, wher el?étherﬁﬁgnstltullon shown in Fig C can be obtai’ned.

[ Spi ndt-type Y PLAG I WEVRT RPTRAGT dmt lf ﬁomﬂited?tﬁﬁ:t i 7 KBiBod] 15 A
vari ant of t Imnlnmﬁilmhtf,omqu celuch iy ai s Sprdted YR fusallrdy Qmmmmé@w ce

al ready expl |eld em s gn d V|ce will be
explained with re fe%n%%@tgc&% %%%e J‘% Fi 3 51338 and Fi gs.
34A and 34B sHOGH e stherhe |Qpepsnmq PorxoamEormagds iof taxef |ﬁlsistsupport
menber and thﬁléamﬂ@qaﬁw nﬁsgtryéteecié@&cﬁmﬁﬁ %ﬁi %%%et - - 35)

is produced in princi t he owan steps 0 ng a cat hode
el ectrode 12 ¥h %9 nlré‘-hrﬁfb‘? Jr%%‘tiﬁ%ﬂ afe the

i n;ul ating | a@/H( 13nonhiilse cagat, h&chel ebe@tssoaﬁlxzﬁataadnt be Eblﬁﬁkowelaorti ”gs
substrate n el ect.rode 0 in ating |ayer ,
30 (d) forni rjlbgy &i ‘%%ﬁ r?bgd}) %atcﬁ‘ q%@\f[i‘%djetnr'?éa F‘(ﬁﬁﬁﬁ gﬁ@ctrode 12
exposed i ¥ a mlﬁﬁm tofortheneypfing giorttaast ]an tihee imesidlsat ilagydrayer 13,

(@) form ng agy el £Gtahdald Y - e dBHA RSB Shalh Y £,
el ectron- enlttlngigﬁrtlon tthe entire surface inc udlng € inside of
t he opening 313 ming a nask material |ayer 82 on the 0 5

JuL 2005 119[s§ir§fé-fﬂﬁ?é|ﬂﬁecﬂi‘%éé’%d“§e?f A WAL SgAS 1o mask
Production method]

15 A variant of the method for producing a
Spindt-type field emission device already explained in
the [Spindt-type field emission device] will be
explained with reference to Figs. 32A and 32B, Figs. 33A
and 33B and Figs. 34A and 34B showing schematic partial

20 end views of a first support member and the like. The
Spindt-type field emission device (see Fig. 35) is
produced in principle by the following steps of;

(a) forming a cathode electrode 12 on a first
supporting substrate 11,

25 _ (b) forming an insulating layer 13 on the
cathode electrode 12 and the first supporting substrate
11, |

(c) forming a gate electrode 14 on the
insulating layer 13,
- 30 (d) forming an opening portion 15 having the
cathode electrode 12 exposed in a bottom portion thereof,
at least in the insulating layer 13,
(e) forming an electrically conductive
material layer 81 for an electron-emitting portion on

35 the entire surface including the inside of the opening

portion 15, |
(f) forming a mask material layer 82 on the



a reglon .of the el ectrically conductive material layer 81 which b g“ﬂpzbg
positioned in a central portion of the opening portion 15, and 5 ? f
etching the electrically conductive material |ayer 81 and the mask
material layer 82 under an anisotropic etching condition where an etching
rate of the electrically conductive material layer 81 in the direction
perpendi cular to the first supporting-1@lSubstrate 11 is higher -than an

etching rate efedtei d@sly dBHAIdEvd E}Naeéeﬁ?al flalghf‘r G eef i %”t%e%%%i&d' cul ar
to the first ﬁ%ﬂf;tln substrate 11, to form electron- emtt

el ectrode 16F° B O] it R ke C%}%trﬁv@alwe@dﬁdudﬁm mat eri al
layer 81 and $taswiaidioprddiendipgddinidiasd nith & aNteall RIrBic Jdhe cat hode

el ectrode 12 gx t he open portion 15. [Step-1300] The cat hode
el ectrode 12 corrp@&b”gq rbg éls formed on the first supporting

substrate A1 20 prepar e(d;) faﬁcrﬁexwm eliyecftcn:rlmaﬂgyanoanpcmxveatel ylP 6 m
thick SiQ2 | c rically
RO P HASS FUDS A RAC WAl 1 Yhded

conductive material |ayer, conposed o tho S%€¢trode is

deposi ted on %Iheanlfﬁ%lf%lt?prﬁﬁqmﬁw Sanstirtgiran Mlerfeoranem@g byate 25
sputtering n&imaﬂm@reﬁecﬁi@dﬂl horrib iR el iaalilayerc@1duet ivhe

material |ayer..is_ patterned ereby there n be formed a plurality of
cat hode el ectTode '@ Qég] éFééFFb&glfflﬁﬂ?EQQH%HQ1 for exanple,
of 50 pm l(hncbtﬁrﬁetmmotﬂe i} doitglose tharn sarsrmm&drfg mwmmwhe?&a%@d hode
el ectrode 12 t I x&@) he Lnsuyl ating

| ayer 13 corrprgéseé}ﬂ%f% gé)florfme Iﬁ%leqi iFf e:pseu lcu ﬁé’c:%‘h “cal | Y,
on the cat hdeler st stBRAIE iy aﬁ@&ﬂf@ﬁﬁ rlskt, dippfonmi mg ﬁll@smra!m- 11 by a
pl asma CVD neinhiogt s ndl QR dd efg@eition Sid eaﬁost%%u%edaosfo%f‘ee gas. The

et ode 1 YETGIRALS GG TGS o o SUGUBeZogs top20”
i nsul ati nkp | sgret &3t itdre lgatineleaormmdall £dms, die they Wathode
electrode 12 exposed in the opening portion 15.
[Step-~1300]
The cathode electrode 12 composed of chromium

(Cr) is formed on the first supporting substrate 11
20 prepared, for example, by forming an approximately 0.6
um thick SiO, layer on a glass substrate. Specifically,
an electrically conductive material layer composed of
chromium for a cathode electrode is deposited on the
first supporting substrate 11, for example, by a
25 sputtering method or a CVD method, and the electrically
~conductive material layer is patterned, whereby there
can be formed a plurality of cathode electrodes 12. The
cathode electrode 12 has a width, for example, of 50 um
and one cathode electrode 12 is spaced from another
- 30 cathode electrode 12 at a distance, for example, of 30
um. Then, the insulating layer 13 composed of $i0, is
formed on the entire surface, specifically, on the
cathode electrode 12 and the first supporting substfate
11 by a plasma CVD method using TEOS (tetraethoxysilane)
35 as a source gas. The insulating layer 13 has a
thickness of approximately 1 um. Then, the gate
electrode 14 is formed on the entire surface on the

=1



of a stripe and extending in the direction at right angles with S an

cat hode el ectrode 12. Then, in an overl appi ng regi on where a cat htde 5 2005
el ectrode 12 in the formof a stripe and the gate- electrode 14 in the form
of. a stripe, that is, in a one pixel region, opening portions 15 are
formed through the gate-electrode 14 and the insulating | ayer 13. The
opening portion 15 has, for exanple, #hd20ormof a 10 circle having a

diameter of 0jgsfHl¥ben vmy@ﬂ 23 atl@éac?até”@ﬂéct%ﬂfé a4 yr,a@%}siéef&ﬁo

t housands of o enlng #gortlg ﬁ%ﬂ orned per one, pi xel q}on (one
‘over | appi ng rgg BnFLrEBF 29 n?%ﬁe? Ppehi ML I EFOHOn 13t % a resist

| ayer fornmed apgyesewdthlbhphesthoddogiephyods 1med as a mask, first, the
opening portions 15 arfy, (ﬁrned in the ate electrode and t eni ng

portions 15 are forned Th the 1 il AT %L HEE TE35 O q?laE,c‘—’l si st
| ayer is renpeédchbyodehliagin(the fogn @QA‘) s0ipstapd 1310 gaten, an

adhesi on | ayeélégtfédéomﬂnoehé heorfbt '€ é%lfioage Ba f&“tiﬁr%@néﬂat hod

(see Fig. 32B)., The adhesion layer 1s provi I nprovi ng t adhesi on
of an el ectriBhred E%ﬂﬂﬂ%t|9@eﬂ%§%r9%ﬁt4%®%r1%139% ﬁQﬁmﬁﬁfEhiﬁRHhrﬁﬁﬁstep
to followto gaeemwbai:oﬂg Laysnd ﬂﬁeeﬁmsmlci OIB\Ahq'h% no

gat e-el ectrode_is.forned |de wal surface e openi ng
portions 15. ogﬁn%%ﬁdP?FBho?haﬁo?%%gs ?§FTE%%’tEP?d$ fectrically
conduct i veOrmatetcdé hayeng8d, difweevsthest op. 3 3on lvitkai Blewedi £ 4 pXaiposed

of tungsten, | $e {,orr@lésa]ﬁ%’o k&%&i?é&g S L3Nl %Sgyelgso?%%%gl ng met hod. -

[ Step-1320] The electric conductive materia
el ectron- eni t PPRELPBEt 1Bnare formed Eﬁﬁt¢ﬁ?e§ﬂ¥¢k&QEH%QHf@RR?lncludlng t he

i nsi de of theoﬁé@naﬁpmgrie Tor p. %@Mﬁ@@e&hee%@m& R0t Sn@ reduced
QU0 nod e, SherLrLoalbyseorduet e imt e el Latey U1 having @ 05 o
n f aﬁﬁ? ST nbdeey B conposed of
15 photolithography is used as a mask, flrst the opening
portions 15 are formed in the gate-electrode 14, and the
opening portiohs 15 are formed in the insulating layer
13. After RIE, the resist layer is removed by ashing
(see Fig. 323).
20 [Step-1310]
Then, an adhesion layer 80 is formed on the
entire surface by a sputtering method (see Fig. 32B).
The adhesion layer is provided for improving the
adhesion of an electrically conductive material layer 81
25 to be formed in a step to follow to the insulating layer
13 exposed in a region where no gate-electrode is formed
‘and to the side wall surfaces of the opening portions 15.
On condition that tungsten is used to form the
electrically conductive material layer 81, the adhesion
30 layer 80, which is composed of tungsten, is formed as a
0.07 um thick layer by a DC sputtering method.
[Step-1320]
The electrically conductive material layef 81
for an electron-emitting portion is formed on the entire
35 surface including the inside of the opening portion'15
- by a hydrogen reduction pressure reduced CVD method, the
~electrically conductive material layer 81 having a



tungsten (see Fig. 33A). In the surface of the forned electrlcalg% 2005
conductive material layer 81, fornmed is a recess 8l1A reflecting sf%b
between the top end surface 5 and the surface of bottom portion of the
opening portion 15. [Step-1330] A nmask material layer 82 is formed so as
to cover a region (specifically, the recess 81A) of the 10 electrically
conductive material layer 81 which regiQBl s positioned.in the central

portion of t Q pe Q.35 mthic i st
Fg;elro as thgﬁlrrlé Tt er | ap&*rgd}ej%%gfi Cq #@L%‘ﬁi &ngelcggﬁo §I P)%S
conduct i ve met¥tgsien frge Fidhy BB nIH}Stbéaﬁuﬁéaﬁﬁt abdthseforngd 33B).

The mask nat aﬂ@dtﬁjamrl THrRREA e MR dHGaSS @f,! R releRClid Gal |y
conductive naterial aye 8l to forn1a n%)rI{ | at surface.. Then, the

mask mat eri alTTEYE 88‘]273‘ eGP D2 &F9R 9580 Thes TR SRFySNIESSEai ni ng
gas. The €t chamt tile tsmmiaws ed 2Hdtten morfdiain b free o@:fedj.lm«i; @ogetioncal |y
conductive npierial layer 81 is exposed, whereby the mask material |ayer
82 remains so as to forma flat surface by filling itself in the recess
81A of the elfe%‘%ﬁ‘ﬁ*c]aﬁ:*‘%/] conductive material layer 81 (see Fig. 34A). 25

[ Step-1340] Then, the g ﬁfa%'k' ‘fr@ﬁ:'e)tl(&qn(ilé%hrvﬁ2@%eEbﬂnedl QChs 81, the mask
material |ayer 82 and the adhesion , |ayef 80 are etched to forma coni cal

el ect ron- em t$9¥fF Qﬂ?ﬁQHQQk¥%Hﬁ§R§ﬁR§#¥XJ thepyrechrss & 1&)e oft ¢hed under an
30 ani sotI(Dplﬂ@itﬂmcﬂl@%ﬁd@tﬂ@ﬁﬁmlﬁmhﬂwﬂ &tie whficht heqgalgctrical l'y

conducti ve ri n | ng rate of the nmask material
| ayer 82. T%E’ef%%lot%%ﬁ{gedrqb‘?%f ikl P A e ShE CREALTG 5 JUL 2005
122 Tabl e 2 gdEttiimd Scondpeicdfiichlalectr Dcabl ymcendokt reeisat eayet | ayer

81, etc] SF6 {d awd affkl A1 A% doW Y ate R ¥n the .

electrically conductive material layer 81 by a spin
15 coating method (see Fig. 33B). The mask material layer
- '82 absorbs the recess 8lA of the electfically conductive
material layer 81 to form a nearly flat surface. Then,
the mask material layer 82 is etched by an RIE method
using oxygen-containing gas. The etching is terminated
20 when a flat surface of the electrically conductive
material layer 81 is exposed, whereby the mask material
layer 82 remains so as to form a flat surface by filling
itself in the recess 81A of the electrically conductive
material layer 81 (see Fig. 34A). '
25 [Step-1340]
Then, the electrically conductive material
layer 81, the mask material layer 82 and the adhesion
~layer 80 are etched to form a conical electron-emitting
electrode 16E (see fig. 34B). - These are etched under an
30 anisotropic etching condition where an etching rate of
the electrically conductive material 81 is higher than
an etching rate of the mask material layér 82. The
following Table 2 shows the etching condition.



Ar flow rate 90 SCCM. Pressure 35 Pa RF power 0.7 kW (13.56 MHz) _5
| nsi de the opening portion 15 formed in the insul at®Ag’Ytades

[ St ep- 1350]

13, the side wall surface of the opening portion 15 is receded under a
i sotropic etching 10 condition, whereby an field em ssion device shown
Fig. 35 is conpleted. The isotropic etching can be carried out a dry
etching .nethod using radical as main etgppng species such as chem cal
‘etching, or by a wet etching nmethod using an etching solution. As an
etching 15 solution, for exanple, there may be used a m xture containi
49 % hydr of | @akle & i d aqueous solution and pure water in a 49 %
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conductive matérial O 5 JUL 2005 123 |ayer 81 is naturally higher than
the etching rid%®wfl33Me mask material |ayer 82 conposed of a resist

~material. In a regionryaene ﬁﬁe”%@%nﬁﬁ?ﬁb?%kiBEYES 83rh8qaPifsept, the
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opening portion 15 is receded under an isotropic etching

condition, whereby an field emission device shown in Fig.
35 is completed. The isotropic etching can be carried
out a dry etching method using radical as main etching
species such as chemical dry etching, or by a wet
etching method using an etdhing solution. BAs an etching
solution, for example, there may be used a mixture
containing a 49 % hydrofluoric acid aqueous solution and
pure water in a 49 % hydrofluoric acid aqueous
solution/pure water volume ratio of 1/100.

The mechanism of forming the electron-emitting
electrode 16E in [Step-1340] will be explained with
reference to Figs. 36A and 36B. Fig. 36A schematically
shows how the surface profile of a material to be etched
changes at constant time intervals as the etching
proceeds, and Fig. 36B is a graph showing a relationship
between an etching time and a thickness of the material
being etched in the center of the opening portion 15.
The mask material layer has a thickness h, in the center
of the opening portion 15, and the electron-emitting
electrode 16E has a height h. in the center of the
opening portion 15. ,

Under the etching condition shown in Table 2,
the etching rate of the electrically conductive material

b€ goes down.

‘I'n



in a region where the mask material layer 82 is present, the ele rb&gh&g
conductive material |ayer 81 begins to be etched only after the :
material layer 82 is 10. renoved first. Wile the mask material layer 82 is
etched, therefore, the decrenmental rate of thickness of the material being
etched is low (hp decrenental interval), and the decrenental rate of

t hi ckness of the material being etchedigsnmes to-be as high as the etching

15 rate in the [ [ enfe only when
t he mask mat EFI%@|%E#%%%%pe§}£S@{% tq{c?ecfcg%rerﬁ%:lﬂl%ﬂ erva %tf The tine

at whi ch t he e TRth digkfpial rﬂt@f%@%é@mxp%&f h&asdgt mqqxeadent er
of the openimgn mrﬁa@ibriltinrvéleé &hd headstaatatien alayeaay e 3@ §a-dantd | argest

t hi ckness, ear in a i on arer. to the circunference of
t he openi ng n%b % W@r% Urfé?g’ a&'ﬁ%all hEB P lhas a small er
t hi ckness.5 | mlmhmdmm]ey eemiens td e | eszthent)- samd tﬁhmglﬁjfeﬁier@ﬁet];& havi ng

a conical formis {for %n‘feu&%‘? %é‘-ﬂi@gy E%eet{tdg%ng at gogi:rgh

el ectrically conductive ayer e etching “rate of’the nmask
material |ayed g Wé@@ﬁe Ehediagk maheniadl hayer 1§ def emesento as

"sel ective ragi® éxecacric%ﬁw} con%tsﬁ}@%dﬁ@rlraﬁt Il%yte& 31 %%Jgitng 2N 30
i mport ant fa or ffg*}%g the height and the form of 7the
el ectron- em “ﬂﬁﬂqﬁtm%qulalbelaéﬁ?ﬁ &ndF with
referencel@.o ﬁrgsve&?ﬂ,rs'HB thl&?@he magk Rdbeshianslayker ppofst he
el ectron-em t 6 e C e ratiog.t aresi t is
relatively 35‘&1'&9(#3 qﬁ{élo%sh%oﬂvg c{'aeq%%eﬁnn%%gﬁaﬁt he‘%e e?ﬁ tgﬂ‘ gﬁﬂ d:s
el ectr ode 1681%6!@@6”@185@15&111@/@1?@1&61) i lpw ddipstecyementali vel y I ar ge
Fig. 378 shousibif) ofaddiCil tekibrerAl5 rarel 4 SliRAkeUy OF i

i

el ectrode  16E when, tf](epse ective ratio to aresist Is inter
seen that w tHRHEF1IFhGENRG strhelt cresttia e a8 Sidh a5 dhiesetadag | I m
decrease 1f t:i'mteelﬁcttrh@e&égadmnm:é ‘e Medsk inedtdrayar lExy%lr ig® Sharp as

conpar ed wi t r];#é?er{ﬂ lcgﬂﬂf%v f nIiasE]lc erlmalt e.l.ralyaelr Bazyeglsapp T t hat the

electron-em t
{he decremental 1nterval) The time at which the h.

decremental interval begins comes the last in the center
of the opening portion 15 where tlie mask material layer
20 82 has a largest thickness, and comes earlier in a
region nearer to the circumference of the opening
portion 15 where the mask material layer 82 has a
smaller thickness. In the above manner, the electron-
emitting electrode 16E having a conical form is formed.
25 The ratio of the etching rate of the
electrically conductive material layer 81 to the etching
rate of the mask material layer 82 composed of a resist
material will be referred to as "selective ratio to a
resist". The selective ratio to a resist is an
30 important factor for determining the height and the form
of the electrdn—emitting electrode 16E. This point will
be explained with reference to Figs. 37a, 37B and 37cC.
Fig. 37A shows a form of the electron-emitting electrode
16E when the selective ratio to a resist is relatlvely
'35 small. Fig. 37C shows a form of the electron—emlttlng
electrode 16E when the selective ratio to a resist is
relatively large. Fig. 37B shows a form of the




el ectrode 16E has a |arger height and a sharper form The selectungg@t

to a resist decreases with an increase in the 02 flowrate relative to the
SF6 flow 10 rate. Wien an etching apparatus which nmakes it possible to
change the incidence energy of ion by co-using substrate bias is used, the
selective ratio to a resist can be decreased by increasing the RF bias
power or decreasing the frequency of-AC24usrent for bias 15 application.

When the sel egfdMerdmildm 9y r@t%éﬂrdd% alt%ﬁ %lte%d’tﬂet éeﬁh b2

preferably at least 2, npre preferably east ove et ch| ng,
natural |y, ittQsd FRSAfY & tigitsmadiaten gﬁtséﬁeéﬁﬁvethﬁ‘éh?’h‘ghrétll o to the

20 gate el ectimsedde aitd titi'ee felldndereieaiidde ¥ rddider, tdhe aandi tion
shown in Tabl no. pr ause The eason therefore.is as bel ow.

em |
The nateri al ‘?e%%%"ﬁ% Lﬂifo 9 IS et 8 uﬂ"l(Yre & <detod@Yed ect r ode
12 is hardiy &l ciedshartth ds ummipgeeasbntidimithg 25 let dec:x@atsm@fes;heUnder t he

above conditi n a nore can
be obtai ned. “Qf ?Irlt%félfﬁl V]%Tye d eri g;sc{ eactn{agze\c/i{hge ar |lg%t %ﬁtfjtq r?r oducti on
met hod] 30 VR}eFH#rdeyf dmﬁ:tét orrngahdeightsgindda sheaper dlodmsni ssi on

device is a vgHd agd1&dtihe N¥idRlc h Qfesﬁwdtéaféa&égewl% @fy Spi ndt-type
field em ssion device., IH th %iﬁlant of _production nethod, the region
i<7e

of the el ectYteHtISP cdh VeFP5P FEyeri¥Ri ER FBEi SRsiSlAW% covered
with the Maskcate er Whlenl ayeetcaingeapparavas ahlcnomanéedlwl pbsthBle

Vari ant -2 of q%%t I% Qﬁd ”Q f productlon met hod, a
nearly funneté§ BE%% E?é%%% aV|ﬁ8na%?bl §?nﬁbrt|on and a
wi dened port i BPSEoHRIMNIGE iy Wad tihe wsdectdme @htuhet©obumn@ns¢ort|on

is formed in @asWd aterdaddtf ) aGidridading GoRAYE e s - layer by,
ut|I|Z|ng as 8 between the er end 5 surface and th surface of bottom

portion of t °r|f e VLS Eor: hd-afask nateri al

| ayer is 15 appllcatlon When the selective ratio to a resist is
selected, it is at least 1.5, preferably at least 2,
more preferably at least 3.
In the above etching, naturally, it is

required to secure a high selective etching ratio to the

20 gate electrode 14 and the cathode electrode 12. Under
the condition shown in Table 2, no problem is caused.
The reason therefore is as below. The material
constituting the gate electrode 14 or the cathode
electrode 12 is hardly etched with fluorine-containing

25 etching species. Under the above condition, a selective

- etching ratio of approximately 10 or more can be

obtained.
[Spindt-type field emission device: Variant-2 of
production methodj

30 Variant-2 of production method of Spindt-type
field emission device is a variant of the Variant-1 of
production method of Spindt-type field emission device.
In the variant-2 of production method, the region of the
electrically conductive materiairlayer which region is

35 covered with the mask material layer can be narrowed -as
compared with the Variant-2 of production method. In
the Variant-2 of production method, a nearly funnel-like



formed on the entire surface of the electrically conductive matepigghuL 2p05

| ayer. Then, the mask material |ayer and the electrically conductive
‘material |ayer are 10 renoved in a plane in parallel with the surface of
the first supporting substrate, whereby the mask material |ayer is

retained in the columar portion. Variant-2 of production method of

Spi ndt -t ype field em ssion device w LI 1pe expl ained hereinafter with 15
reference to ﬁlA 38B, 39A, 39B, 40A and 40B show ng schematic
partial end \h’ WG & CUNBGT R tdeRs @nst @ vadenetspestisno)

First, the catdmmim isdaacinepaa th? tits }‘@pﬁd eglrdi o%oth@ecﬂlhﬁfnalium%_bﬂg
substrate 11547 t~'s n elect |ca ondyctive eria ayer for a
cathode el ectyd eIT+es fglr ma(f'uor cqur%‘ e’lil1eﬁtlr éq’&rl t E‘E‘Hé%s“’eo. 1 1AM,
a Ti layer (mitskniads Imvan byamt&llmdc;ayaerste(g hled:lvmes:s t®e4u@5peraeiid | ayer
t hi ckness; 5 £ddi |

( % sﬁﬂ?fac% Ed}ﬁ %i‘lé O%X%I 0(‘]‘.1(%%%% %6:[91 %D%fat-ﬁ te?’gné‘ngmat hod

(thickness 0.02 m in this for exa sput
to forma st RHEEayhid ha @rtrﬁHﬁd Bhet Iﬂa&%ﬂ-&ln lalyerf dem of a

stripe. Fi gUfiRﬁ:liﬁﬂ:D\Mrf f’cﬂlé@r{iﬁ&% @ig@tardé?%fl%g@sea{eﬁb&%t%ﬂrlgye; urnggg a

0.7 30thC|sua ayer. Is formed on e enti

specPP}cally I 4% qggﬂﬁéo &5 subBER at the Mask gmakeréat hode

el ectrode 12 lbazy@: rﬂraisrtmecéllelmithmmnqsum@dﬁ%v(at ﬁia}téﬁh?xy.&yle@ngfkeas 3
t£- t ogmof a stri ormed on

source gag -El%v%%aygﬁ a@urtlh %a%%l&%} Qﬁt rtﬁ' spgfac Egoﬁﬁﬁ

35 the insulatin hiCK ayer
composed of $i@s :§QPBQﬁ§}Qﬂ1ﬂqh§U§ﬂﬂeneW@@Eﬁb@éthﬁhEBSBJuEZEELai 126

et chi ng- st op leaapar 83 retdiffe %A ol AimbRe p E%%!rngne gz thg f'tﬁ'ed
cleotrical 1y conductiveotiarsreap® brbife98h nELhsy PR spledh - Fobtone

el ectrically conductive
later. 5 Wierfiede @&P@%O@cﬁ%’d@elwlﬁd-s b@uﬁﬁ{pdﬁeneﬂyhhm‘ghnafchrnglth

durabi | it ageifetlerdie @i hiiRg: .CoRAI L i30R f abat N89s, 40A and 40B
' showing schematic partial end views of a first
supporting substrate, etc.
[Step-1400] _
First, the cathode electrode 12 is formed on
20 the first supporting substrate 11. That is, an
electrically conductive material layer for a cathode
electrode is formed by stacking a TiN layer (thickness
0.1 wm), a Ti layer (thickness 5 nm), an Al-Cu layer
(thickness 0.4 pum), a Ti layer (thickness 5 nm), a TiN
25 layer (thickness 0.02 pum) and a Ti layer (thickness 0.02

um) in this order, for example, by a DC sputtering
method to form a stacked layer and patterning the

stacked layer in the form of a stripe. Figures show the

cathode electrode 12 as a single layer. Then, a 0.7 pum
30 thick insulating layer 13 is formed on the entire

surface, specifically, on the first supporting substrate

11 and the cathode electrode 12 by a plasma CVD method

using TEOS (tetraethoxysilane) as a source gas. Then, a

gate-electrode 14 in the form of a stripe is formed on
35 the insulating layer 13.

Further, a 0.2 um thick etching-stop layer 83
composed of Si0, is formed on the entire surface. The



~electrically conductive material layer 81, the etching stop layep sSFULl

be omtted. Then, an opening portion 15 is forned through the etchlng op
| ayer 83, the gate 10 electrode 14 and the insulating |layer 13 by an R E
met hod. The cathode el ectrode 12 is exposed in a bottom portion of the
opening portion 15. In this manner, a state shown in Fig. 38A is obtained.
[ Step-1410] 15 Then, a 0.03 mthick adhesi on |ayer 80 conposed, for

exanpl e, of tangst rf%?éj: t rfa |_u e inside
of the openi ng p |El6trsloggL see %I”__b, l%eéhc%] ésr’ﬁe?nscli Cfg %t%l (Bﬁtﬂl%tl%

conduct i ve metferihe Tigid %‘Pﬁﬁal@lhrﬁieéﬂézﬂ AOHE areinks F@ 2Ooect ctrhle s forned
on the entir éwfmu&iéldwg«ﬂéifi tﬂ@%l@%tﬁfléallqyol%%d%t&%re“on 15. In

Vari ant -2 of roduction nethod, the thjckness of the electrically
conducti ve rré?%‘?%‘ra]'r DAY B sl%éatté‘?hrﬁqﬂé& S hdC £oMeed&€I81A having a
| arger depi h Wham thhe g@ness @iAdde 25 Ve Eﬁﬁf—ﬂhdﬁenﬂﬂ@dm@ho@t@ltﬂﬁ@d i's

"formedlnthe ak t hlckness f th ically

conductive \?ﬂégrgj?fq?%yﬁ%és p%g_‘ﬁ;er nﬁ Jet's g’?’&)y there can be
formed a near¢lediriredlly leondstsiyes MR teialg Jaayea:olalrmanhqo@ttcﬂﬁ.ungMB and a
wi dened port i onyS e R0 Gy G 103 tdd) T hReHPPSR 8?&1?9{18&{%@{89%}{”““

portion 81B in the surface of the conductive mat eri a

utilizing a stepthetAEsd HEFBHe then e tahing & tom Layes §@rrf abe @Iﬁtb"ottom
portion ofot mmud@ D@ratrchﬂ:h]eB 1ns{1ﬁ1aaﬁn394&@ye15 1B e a@;ﬂR&@pr oxi mat el y

0.5 pmthick rial of co Is formed on
the entire siiFacy of cgtég%’i 8§Flc§frn§ Sgt F§ee§B§S§®LlEOBSb°E§9m
mat eri al | ayepordiidyy o 131&3619&)11385 mErtiong Iset hod thiés mbhger3%4). Table 3

shows a condidipns afp &H‘P 95ty olfss ; Pl g Table 3 Plating Copper |
sul fate (CuSO4 5H2C% ]g/qilter sol utlég&ltgorrmﬁln (37 % HCHO 20 m/liter

15 Then, a 0.03 um thick adhesion layer 80
composed, for example, of tungsten is formed on the
entire surface including the inside of the opening
portion 15 (see Fig. 38B). Then, an electrically
conductive material layer 81 for an electron-emitting

20 portion is formed on the entire surface including the
inside of the opening portion 15. In Variant-2 of
production method, the thickness of the electrically
conductive material layer 81 is determined such that a
recess 8lA having a larger depth than the recess 81A in

25 Variant-1 of production method is formed in the surface.
That is, the thickness of the electrically conductive
material layer 81 is properly determined, whereby there
can be formed a nearly funnel-like recess 81A having a
columnar portion 81B and a widened portion 81C

30 communicating with the upper end of the columnar portion
81B in the surface of the conductive material layer 81
by utilizing a step between the upper end surface and
the surface of bottom portion of the opening portion 15.
[Step-1420]

35 Then, an approximately 0.5 um thick mask
material layer 82 composed of copper (Cu) is formed on
the entire surface of the electrically conductive



Sodi um hydroxi de (NaOH) 10 g/liter Potassium sodiumtartarate 20 %/ 2@5
Plating bath 50 C tenperature [Step-1430] Then, the mask naterlal fay

82 and the 10 electrically conductive nmateri al Iayer 81 are renoved in
plane in parallel with the surface of the first supporting substrate 11,
to retain the mask material |ayer 82 in the columar portion 81B (see Fig.
39B). The above renoval can be carried qat,-for exanple, by a 15

chem cal / mec @8NP Qg%:

el ectricall y%‘%ﬁiﬁl \%éfrén}{ E?Ji a ;er l[e%sg%-r%a%é%r?at er ﬁ%[d I(Ei:’%eer 82 and
the adhesi on Fi%yeto0- afl'é‘bétec@eéh&’fﬂ@ela gendatienr ofi shet eheagrodessnditi on
where etchin Iéﬁfﬁgof the electrically conductive material |ayer 81 and

t he adhesion |layer 80 are higher than an etching rate of the mask nateri al
| ayer 82. As a result, an electron-emtting electrode 16E having a conical
formis fdsnechble the opening 25 portion 15 (see Fig. 40A)... Wien the top
end portion of the electron-emtting electrode 16E has a residual nask
material |ayer-—82. the residyal mask material layer 82 can be renoved by a
wet et chi ng |ngkadfondisi ng a di|lQapgebr Fpdrfafteu qrduSCaGiELOgqUBOgSL s0knt i on. 30

[ St ep- 1450] {Isaisisheidde openi ng-oggc Aiiion (B3 f%o?I inthe Q@ s 20 128

i nsul ating llayer 13, the sidg surface (o] opening portron 15 is

receded under an i sotropic et (,Srﬂdffglm vl isie (\R]@é)rHéby ant & i ld t&s ssj on
device showy in Fig. 40Bis cupisiieth stiditdi Sadrti@atid@eihhiiRest op

| ayer 5 83 Iﬁ%ﬁg?DVEﬁ;‘F tie |bgtlup|b etching;—there—~can—be—enptoyed
t hose expl ai . ?Eﬁn 1 |of prSductlon nmet hod. Meanwhile, in the

el ectron- em {ttemperxdttaote ode |16E forned in Variant-2 of production nethod
a shar per

[Step-1430] ,
' Then, the mask material layer 82 and the
10 electrically conductive material layer 81 are removed in
a plane in parallel with the surface of the first
sﬁpporting substrate 11, to retain the mask material
layer 82 in the columnar portion 81B (see Fig. 39B).
The above removal can be carried out, for example, by a
15 chemical/mechanical polishing (CMP) method.
[Step-1440]
Then, the electrically conductive material
. layer 81, the mask material layer 82 and the adhesion
layer 80 are etched under an anisotropic etching
.20 condition where etching rates of the electrically
conductive material layer 81 and the adhesion layer 80
are higher than an etching rate of the mask material
layer 82. As a result, an electron-emitting electrode
- 16E having a conical form is formed in the opening
25 portion 15 (see Fig. 40A). When the top end portion of
the electron-emitting electrode 16E has a residual mask
material layer 82, the residual mask material layer 82
can be removed by a wet etching method using a diluted
hydroflucric acid aqueous solution. ’
30 [Step-1450]
| Inside the opening portion 15 formed in the



10 conical formis forned than the counterpart in the eI ectron errp
el ectrode 16E fornmed in Variant-1 of production nethod. This dif rencngs
caused by differences in formof the nmask nmaterial |ayers 82 and the

. ratio of the etchi ng rate of electrically conductive 15 material |ayer 81

to the etching rate of the mask material |ayer 82. The above differences
will be explained with reference to Ei ggg 41A and 4lB Fi gs. 41A and 41B

'show how t he £Ge f1 nges at
constant int e%gqs orp‘% Olrre‘}(%:ol ’ Ztg?édf%&@hg’v\%qa%%ar?e usi ghcg’e?rask mat eri al
| ayer 82 conRREHLNGPASPISET | 15fam1d3 RigpedsB Widsrs an G&Emmg Gﬂ:qmsllg

materi al |ayf&oﬁﬁ&ﬁi&ﬂ“”ﬁﬁbfgbfiiﬁ*ﬁfﬁldﬁgﬁﬂgéio iy iy Eldd Gaf Fay. |
~assuned that the etchln%rrate he el ectrlcanl conducti ve materlal
|l ayer 81 and 1R %5 CH;SIPT at @‘tthtlﬁetéﬂlﬁesFBﬁ ?598#“805513? {A¥eEane, and

showi ng of5t has mheséméca.yeeo&Othe Qﬁbﬁ:ﬁ:@ﬁlbneEbﬂing41ﬁhe@EdcéﬁBbeV\hen t he

mask materi al 0 S A41A), the mask
materi al’ Iayerlﬁ%%g Ossa@;;pe q's Jrrhe ﬁ‘g g Or‘#él%gﬁlr?@e t he
et chi ng rat e mgthd. mask material |ayer 82 [ s sufficiently | ow as conpared

with the etching rate A t he .el ectri cal leﬁ c%nductivi mat er i al Iayer 81, so
that an el ectron-enit tIRG S et ddfe RGN e P& NB 5185 tEREpor t i on
can be fornedl6E nfeomd dgt ,Vashiemta-2rask prosthertiizan metdodd?2 acamam@d: of a

resi st mef@riabnd Sy Usksn (S cFﬁgedt 11;1{4“%0@1%& trf‘t”% aver 82 is

liable to 05JUL2005 - 129 sa pear durin ng SI nce the et chi ng
rate of the $ERKCTRR éﬁ%tﬂr@&l%ﬁ@%dts%@qw d$ Megiamdhilngf rate of

Ithe el Sctri C%Mdmﬁmﬂmé@dmh emgah lcl_c})f@lérfgﬂlce A;st teﬁugale sk mat e{lt al
ayer di sappears, t ere ore,.the ni cal form of, el ectron-enjtting
el ectrode 16 f% m&%%&‘.e ARt dlaceria et &4 49 ayer 82

remaining i rthme:a:lmimmfartl"@r&ucmuﬁjl&dtas f rdredtrtilail ivhednetiatdfre t he
el ectron-gn t§dng- £l ecid{pde gk dags Qé%cr{*ﬂﬁfigh A the mask
material layer 82. The above differences will be
explained with reference to Figs. 41A and 41B. Figs.
41A and 41B show how the surface profile of a material
being etched changes at constant intervals of time. Fig.
20 41A shows a case using a mask material layer 82 composed
of copper, and Fig. 41B shows a case using a mask
material layer 82 composed of a resist material. For
simplification, it is assumed that the etching rate of
the electrically conductive material layer 81 and the
25 etching rate of the adhesion layer 80 are the same, and
showing of the adhesion layer 80 is omitted in Figs. 41a

and 41B. :
When the mask material layer 82 composed of

copper is used (see Fig. 41A), the mask material layef
30 82 disappears in no case during etching since the
‘etching rate of the mask material layer 82 is
sufficiently low as compared with the etehing rate of
the electrically conductive material layer 81, so that
an electron-emitting electrode 16E having a sharp top
35 end portion can be formed. In contrast, when a mask
material layer 82 composed of a resist material is used
(see Fig. 41B), the mask material layer 82 is liable to



10 even if ‘the depth of the columar portion 81B changes to soneg exjiNhg
That is, the depth of the columar portion 81B can vary dependi ng upon t%e
t hi ckness of the electrically conductive material |layer 81 and the
fluctuation of the step coverage. Since, however, the 15 width of the
columar portion 81B is nearly constant regardless of the depth, the wdth

of the mask material |ayer 82 conmes +olbe wearly constant, so that there
is not much fidfHANACeuINT %ﬂeoréfec@lf % i€l cRC L | g¢trode 16E
finally formed. IE? cont rastrhfl N the nas ) erhl aF%@Q;t%ePng?t%et%% ned in

the recess 8IS MRSKRRATET G tW%@I@ r%ft é’roltalsol Ajeh @gakes edehangi ng

upon- whet herrdthe ofeaghs dtiaTaa 1hacehdiRMiveOmat es TRl 1a§ert 81 .50 that
t he coni cal fo m of, .t he el ectr.on- %gahtln el ectrode 1%£ﬁpe%pns to _becone
&

obtuse earl i é?' e i Jrask materd t‘f‘éﬁaaﬁéararénd K& i

material |Jayeroni8&lhadorsn sifalther elidctkmesenifidng edectroes 1$EN
efficiency of dhe figl evi ce changes dependi ng upon a potenti al
di fference bet't ween ﬂcﬁ %&Hé%ﬁms%r ‘ode and the cathode el ectrode, a

di st ance between 30 th@'ugébé*rel &ber paskamatendadailpyes BReremadningd a work

function of au{ra:trﬁ-;r i LueRns igdstd ik e elLCt %{érl%mthtdtn%hléorfb'xﬁf‘ofand It
al so changes formof top _end portion of the el ectron

th
emtting porth qq:gﬁcgp%rﬂ‘&té%ﬂ‘rgee&teé’f Od&d 168 RE FWGVe chénget i on of
35 the fdrom aswbrt hief aftehidepitatof afhe hmhmtawlah Isﬁssgbgsa@s;frsequi red.
S dt-t
S0ty i s StV (8 L5 B i oo,

producti.on ne ar 1 ant
Vari ant -2 of Sbdan |wmmdmg mwm%mhmk@[e%ppddtmﬂ on met hod, a

nearly funnelglddta IROBSS IOMEIRE i¥ed nfe@leH A 1&9{414 @1 ang nw dened portjon

conmuni catin W|th the upper. end portion of thé columar portion is
formed in a é#Eb@ﬁqgﬂqﬁYQ£ﬂﬁﬁmnﬁ%BcenaP%W?HPrkayb? in step
(e), the kol wiritth mﬂt‘dnm cdlefrrent ipogtd et Sl Bdisweriartile coppeanend surface

and the regardless of the depth, the width of the mask material

layer 82 comes to be nearly constant, so that there is
not much difference in the form of the electron-emitting
electrode 16E finally formed. In contrast, in the mask
20 material layer 82 retained in the recess 81A, the width
of the mask material layer changes depending upon
whether the recess 81A has a large depth or a small
depth, so that the conical form of the electron-emitting
electrode 16E begins to become obtuse earlier when the
25 recess 81lA is shallower and when the mask material layer
'82 has s smaller thickness. The electron emission
efficiency of the field emission device changes
- depending upon a potential difference between the gate
electrode and the cathode electrode, a distance between
30 the gate electrode and the cathode electrode and a work
function of a material constituting the electron-
emitting portion, and it also changes depending upon the
form of top end portion of the electron emitting portion.
It is therefore preferred to make the above selection of
35 the form and the etching rate of the mask material léyer
as required.
[Spindt-type field emission device: Variant-3 of



-+ 10 surface of bottom portion-of the opening portion, and in stepg(f yu bRE
mask material layer is formed on the entire surface of the electrically
conductive material |layer, and the mask material |layer on the electrically
conductive material |ayer and inside the w dened portion 15 is renoved,
whereby the mask material layer is retained in the columar portion.

Vari ant-3 of production nethod of Spintisetype field em ssion device wll
be expl ai ned phsheiedd letMddy reference to Figs. 42A, 42B and 43 showi ng
schematic partial end views of" the first 20 supporting substrate, etc.

[ St ep- 1500] Procedur es V@§ 28 trde Ofo PrRAMSH 1on MREhRdsks Aaveriant| afer 82

[sgown ilzzgig;v&%az' rf/tr@_ctaﬂr;ixeﬂilmﬂiddmmermﬁacﬁ.a@nweneega@%ahﬁ-g%ﬁp- &400] to
t ep- in ariant-2 of production nethod,. and then the mas
material |ay r‘%i’g‘%‘%ﬁ‘i}‘ Wﬁ%éj’elae&%reﬁ %}‘Wﬂﬂ' B & ECRgSe MBYiNGager 81
and i nsi ded t heo himtene pqoridroraml @ wsdensrbped;tilon cemiunidat imgsk nmateri al
| ayer 82 int i . 9. ..1n thi.s case, wet 30
etching is cﬁﬁ%ﬁ%megf%e%(da%%%ﬁ 't%ﬁeetl:%(%g_lcl?t gjﬁ%aﬁyg)rogﬁl&& & acid
aqueous sol utfomeq\Higr epypufiare o thss lelestaricall lyagendgztiveposed of

copper can benats@tiaot iNBler LMD Wid)Nouhd AVIRGL Be elignt rical ly
conductive materj al jlgggler 1 composed of tungsten. The 35 height of the
mask mat er i alrefésﬁé?t e FHHER Ry T9ESh D& SiPRRTa et SES AL BIE fther s

dependi ngt Wposurt freceetathibug: tdn MoMEdGE Hewee vpieninke petrehiong thinge iper i od
is not so O 05 3 ri.Gt | gn s.the mask nmaterial |ayer 82
filled in t%et]%_dé%e’d th(])er 'gﬂllaosﬁé g%%%ls%%flu%a&e%e v%&’.rm? eopegi‘ n therefore -
is as fol | owEntAXH ash adn thise elgicinticafl 1yt keondmcic ivet ewitalrilkdyer 82 is
substanti al | ider SaiiRi ahed nlddk aRAVE-1d1Sa4ehobnRee @ idapyly of the
col umar porti%& 81B wi th reference tlo Fi &?%HA,I.I an% t_E'gtcﬁglg%Itil_of the
mask - mat eri al€9 tigre malerd aigjlayedt Poet 10 ide theomidgneghportion

el ect ron-¥mi tits neredveet ,r aderklly tthebeamaski falderikar Teger is retained

in the columnar portion. Variant-3 of production method
of Spindt-type field emission device will be explained
hereinafter with reference to Figs. 42A, 42B and 43
showing schematic partial end views of the first .

20 supporting substfate, etc.
[Step-1500]

Procedures up to the formation of the mask
material layer 82 shown in Fig. 39A are carried out in
the same manner as in [Step-1400} to [Step-1420] in

25 Variant-2 of production method, and then the mask
material layer 82 only on the electrically conductive
material layer 81 and inside the widened portion 81C is
removed, to retain the mask material layer 82 in the
columnar portion 81B (see Fig. 42A). In this case, wet

30 etching is carried out, for example, with a diluted
hydrofluoric acid aqueous solution, whereby only the
mask material layer 82 composed of coppef can be -
selectively removed without removing the electrically
conductive material layer 81 composed of tungsten. The

35 height of the mask material layer 82 remaining in thé
columnar portion 81B differs depending upon the etching

- time period. However, the etching time period is not so



10 [ St ep-1510] Then, the el ectrical | y conductive material |ayer 8%, ytiheys
mask material Iayer 82 and the adhesion |ayer 80 are etched in the sane
manner as in Variant-2 of production nmethod, to formthe electron-enmtting
15 el ectrode 16E shown in Fig. 428. Wile the el ectron- enitti ng el ectrode
16E may naturally have a conical form as a whole as shown in Fig. 40A

Fig. 42B shows a variant in which a topapoction al one has a conlcal fornl'
‘Such a formi U £ k 20 rlal

P ed i fheSehfEEe Aol Nnd St dilee il T2 JTI%/te of

t he mask mat e¥he|wid BPriion eﬂmlwlﬁulﬂugrrer@m-a ﬂ‘hemrdaesnnot at
~all affect th@héf@@&t@lefaérEbfdéﬁ§'“3% %Hb%hb%QoReBﬁCEh@dﬁelﬁﬁtlg%

[ St ep- 1520] In t he openi ng portlon 15 forned i nsul ati ayer

the side wal |*Rerfate BAteREAL ol RN P Dokt i BN aldck dd lﬁm a@h

i sotropi ¢ Bt cthegabevd diisenss idrerneide tdie fheldbfiA s ahdl@g1ershiown in 30
Fig. 43 is co Ieted

mner as. | 1 DRECH LD (BT AT RO b o Fekb 1 rf e (i Dok Bthuct s on

nethod.. [ Spphdthe ypasK imdteriasslayeel deas Var inajort efffeqir etuatteon
met hod] 35 Vapdaftsd %e%?@ﬁ&é&%rﬁ‘ﬂ S et Addiedlo e Variant -1 of
producti on net . shows tic partial vi ew of

Spi ndt - t ype fiE0iLyi FW#ﬂOSJULZOOS - 132 device produced by using
Var i ant - 41 of pegﬂgtbl.cisp@] net hod Vari-ant-4 of production nmethod differs

fromVariant-1 of pro t|o od in that the el ectron- emttlng portion
has a base 84 and a. g#} iﬁﬁ¥§%ﬁq: in F ORI YFe M EEFEAdt acked on
t he base 84. Hhﬁeba&b,Suhesma$k¢mﬁmﬂkxﬁl IHEEHEHZN&KH thﬁuhdﬂu31on

el ectron- eni tiéﬂ&reéﬁcé]ggd@téﬁéilﬁ aggrpsoaﬁgéjﬁs ng al TR Ia%toézt ween t he

Specifically, menber for stanc
el ectron- em t@F igrefeetiericragPdnd h@%é?ﬂ&]@mron—emttlng

15 electrode 16E shown in Fig. 42B. While the electron-
emitting electrode 16E may naturally have a conical form
as a whole as shown in Fig. 40A, Fig. 42B shows a '
variant in which a top portion alone has a conical form.
Such a form is produced when the height of the mask

20 material layer 82 filled in the columnar portion 81B is
small or when the etching rate of the mask material
layer 82 is relatively high. Such a form does not at
all affect the function of the electron—emlttlng
electrode 16E.

25 [Step-1520]

In the opening portion 15 formed in the
1nsulat1nq layer 13, the side wall surface of the
opening portion 15 is receded under an isotropic etching
condition, whereby the fieid emission device shown in

30 Fig. 43 is completed. The isotropic etching can be-
carried out in the same manner as in the production
method explained in Variant-2 of production method..
[Spindt-type field emission device: Variant-4 of
production method]

35 Variant-4 of production method is a’varianfiof

 the Variant-1 of production method. Fig. 44 shows a
schematic partial end view of Spindt-type field emission



10 portion of the gate electrode 14, has a function as a resistageejbaygE
and is constituted of a polysilicon |layer containing an inpurity. The

el ectron-enmitting electrode 16E is conposed of tungsten, and has a coni cal
form nore specifically, the formof a circular cone. 15 An adhesion |ayer
80 conposed of TiNis forned between the base 84 and the electron-emtting
el ectrode 16E. The adhesion | ayer 80-i $3pot a conponent essential for the

function of t&@vﬁg@%f&ﬂlféﬂ tﬁe} g%;ﬂﬁg a‘]{}i_l:ﬂ%-zl' >Df %rf%\ﬁu%etq.&cnormeg:hfor bsm

production-rel ated reason. ng | I'S SCrape

i mredi at el y bEABRN e QfatRrdustt gy anetthadh whir etrr$e fepe Vagridingorlt iogn of

the base 84, pwbdi#AcH mmﬁmmgup%ﬂarprthlcﬁel\é@ﬂmi-eﬁﬁft 90296% met hod
will be expl al ned herelgdlg ter with reference to Figs. 45A_45B, 25 46A,

46B, 47A and 2B 1EHH & L eharop-ai toingh e leatsode
supporti ng subsE rﬂtae:;ke&i on s dnl60]. Frhet bapéoeedmee&ompobédt be

formation of Sard s the sa nner

30 in [Step-1 ] I N arla%cﬁ%pro uctl on rreq:ﬁ' gﬁz é’rs?gl%gglairslcally

- conducti ve net@peged gferargihiegn matfaxising Specwseail.iyf, othedbaset 8¢ entire

surface | Nl 4l e Nl ncpfaddi PRENLINGE PRI Kifkubin TR, el ectrically
a

conducti ve materl al layer 84A also works as 35 a resistance |layer, is

constituted JFLECINMMEHEINT |GhrRGErade JOF FOS Shee@nspiageasha CVD
met hod. Then pcartifdratdﬁl‘u]:ﬂg dai;&relﬁﬁ:tﬁ_@aﬁ iyt ehsofa FurRSHiShn laayer is

05JUL2005 1 he n I.re surfa by, a p|n oat| nmet hod so
as to form aslﬁear%}{é}ﬁj SJ éace e&H d:l E? Oﬁ’l Yﬁé %EH eni ng
| ayer 85 and l&n@:elcecm‘qramng/ agp rignpetriiviey . nﬁherehéctagaeeﬁiﬁtanq et ched
under a cond'diR MR ¢ A ML DO, AURS i NBRRikaNe

sane, to fill bottom portiaon openi ng portio base

portion 84 hatfly FIYLSRASHEL %at}flﬁh dehesdomm 9f aysprcuties eomigi-ng can be
carried o Inn adiRiFGoretiger B0 RGO RIC M T igAS sC ForRicd B tdeen

chtori ne- Contéﬂrnrg%e 84 and the electron-emitting electrode 16E.
The adhesion layer 80 is not a component essential for
the function of the electron-emitting portion but is
provided for a production-related reason. The
20 insulating layer 13 is scraped from immediately below
the gate electrode 14 toward the upper end portion of
the base 84, to form an opening portion 15.
Variant-4 of production method will be
explained hereinafter with reference to Figs. 45a, 45B,
25 46a, 46B, 47A and 47B showing schematic partial end
| views of the first supporting substrate, etc.
[Step~1600]
First, procedures up to the formation of the
opening portion 15 are carried out in the same manner as
30 in [Step-1300] in Variant-1 of production method. Then,
an electrically conductive material layer 84A for
forming the base is formed on the entire surface
including the inside of the opening portion 15. The
electrically conductive material layer 84A also works as
35 a resistance layer, is constituted of a polysilicon’
layer and can be formed by a plasma CVD method. Then, a
flattening layer 85 constituted of a resist layer is



10 gas and an oxygen-containing gas. Since the etching is carrled 508UL 2005
after the surface of the electrically conductive material |ayer 84A S
flattened with the flattening |layer 85, the base 84 cones to have a fl at
upper surface. 15 [Step-1610] Then, an adhesion layer 80 is formed on the
entire surface including the inside of rest of the opening portion 15, and
an electrically conductive material laygs 81 for an electron-emtting

portion 1s 2GR St Arsy | C'sg)%n%ofat&&ngnﬁ\te%%oaf orest of

t he openlng portion_15 the re openi n
the el ectricad il weankyt &liad SIUdeé‘tCGBJ(S@@e@'JH g45A6A) TiremR, adhe5| on

layer 80 is tthed fatferibigk akid¥ lgy eind &mrée@lwt&l%aqtlsg%bﬁau%%%t hod,

and the electricall onductl e materi ayer 8l is a 6 mth

tungst en | ayét? ?%H%ﬁifﬁﬁ? eﬁF%§§LF%‘ ¥Rnr¥@€§§ 81A

refl ecting a estadpind etatmsn ctﬂqa:hqamrla@/missmrrfeammg tthe SuflegCc&ocof bottom
portion of t p for f ace,of .t he

el ectricall y@o%d%%npgr{a#gﬁ%ﬁ% he é)%%%{r%t ga%fg%bl] lj‘Ir’hen%h tﬁ‘gsk
material | aydrassp pagisian lﬁ‘ledlaé’fln%& cfs'haé?c uppear sug fagendgeenFtilge entire

surface of thgpel eghel e@bhYngoBAHCHEVEaPRE BE] @ﬁtlﬁﬁeénBﬂIEy méchan 35
coating nethod to forma nearly flat surface (F he mask materia

| ayer 82 absdtHdd AR AN BHRY FAN@IdRS & & PrtlF?@“é’P@@tallPé-é‘Igl y
conduct i Vi neday iaald Iaye:rxyﬂ;brﬁ&ljﬂr%ﬁ@ﬁng gh amﬁcéotna étaﬂ_ﬁﬁbyly at

surface. Then, [ 82 IS tch | E net hod usi ng
an oxygen gas ]{ﬁee&% aﬁf)%r t?‘n %%écr%cr?gal ﬁgt a\?ﬁé’n a flat
surface of tfﬂ?Qﬂ&ﬂﬁhﬂ&xﬂﬂ%ﬁRXﬁinLﬂMeae85Awaﬁe¢IQWtbapdrw&rhl$hexposed I n
this manner, ghed@Bsing MY A5, YRS idd B4 %ﬂe%e%' Ral/Re of §44¢S 81A of

t he electrlcall conducti-ve material 81 to forma flat surface and t he
mask mat eri al“H SUEEac€forned so as to cover a region of the

el ectricaldy ESueghscte Me]
Then, an adhesion layer 80 is formed on the
.entire surface including the inside of rest of the
opening portion 15, and an electrically conductive
material layer 81 for an electron-emitting portion is
20 formed on the entire surface including the inside of
rest of the opening portion 15, to £fill the rest of the
opening portion 15 with the electrically conductive
material layer 81 (see Fig. 46A). The adhesion layer 80
is a 0.07 pum thick TiN layer formed by a sputtering
25 method, and the electrically conductive material layer
8l is a 0.6 pum thick tungsten layer formed by a reduced
pressure CVD method. A recess 81A reflecting a step
between the upper end surface and the surface of bottom
portion of the opening portion 15 is formed in the
30 surface of the electrically conductive material layer 81.
[Step-1620]
| Then, a mask material layer 82 constituted of
a resist layer is formed on the entire surface of the
electrically conductive material layer 81 by a spin
35 coating method to form a nearly flat surface (Fig. 46B).
The mask material layer 82 absorbs the recess 81A in the
surface of the electrically conductive material layer 81



10 material layer 81 which region is positioned in the center of gtshguL a5
openi ng portion 15. [Step-1630] Then, the electrically conductive nateri al
| ayer 81, the mask material |ayer 82 and the adhesion 15 layer 80 are
etched.together in the sane manner as in [Step-1340] in Variant-2 of
production nmethod, whereby the electron-enitting electrode 16E having a
coni cal form dependi ng upon the sel ectiige £atio to a resist based on the

above- descri hggy neahahi s Rand ﬁa@@%g(l £0 &ﬁgﬁr7g§2 a]%)%e]fcormad and the
IS corrp

el ectron-em tting portion see F i nside the
openi ng por FEEIRE Janar i82 tife atehachtivhgn RI& mezhodhasdinge anval |

surface of theypanidie N@dd ij_gl,S dy.ecedederchhfgeby é@rﬁﬁﬁ{a@e&m ssion
devi ce shown .i.n Fi 44 can gbt ai ned. I%ﬁg!n t-type f d eni ssion
device: Vari afte I‘S%fflag} C(?n ttﬁ’(?d]e hesh 13 Yo CopEgGtd¥eon net hod i s
a vari ant of matesrar ilsavter? 8df ipr edgpeisicen FEhPﬁHlSFannéEB ﬁﬂ@wﬁa§k3g g
schemati c par d v & field e ssiong deyice produce
by using Var |I%a{r§ér5l%n’f la{rfegfugzl (?L% ric‘1:‘ttth A iTA r§C8fssp|8&g‘u&fl Remet hod
differs frome\la?qtéitc‘-ad—lm comdsdiidivieo comahsticd 81 tioatfolrie aelfdatr on- emtting
portion has suh@se S4ArN4R GRHKCHat®Ar A P%n@ tstz' a8 %‘iﬁ%ﬁoga 6 33 16E

st acked on':TB{abase 84I|ketheeectron emt fon1n riant -4 of

~production ndthS&PYe& Fe8-984 oF §h@o@&@§§r¥1&@1éﬂe Cl?ﬁ‘fjéf:ﬂ'—&lve and the

el ect r on-ldi uuamm.lmagms snmlc@ﬂ e@lgiede ik6bosg tGoneased eheanot her
mat eri al . t[f Icagéx: e 84 S a nber for adjusting a distance
bet ween the e ron- en1 % &eOTB t he openi ng end portion of

the gate el ec[tSrt(ﬁl“e-1§430]has ab functlon as a re5| stance layer and is :
constituted of a polyghbheoRnbaksectentall ngoﬁaugﬁg%'fuxtemle' ectrons,

emtting el ectrode 16E|s conposed o,tuns a conical form
nore speci fi g’zﬁ yaderdd arlaé’@ﬁ'e 82ARngdikbsi adhesyen 80

conposed I 'mdyeﬁsso are etched together in the same manner as in _
[Step-~1340] in Variant-2 of production method, whereby
the electron-~emitting electrode 16E having a conical
form depending upon the selective ratio to a resiet
based on the above-described mechanism and the adhesion
20 layer 80 are formed, and the electron-emitting portion
is completed (see Fig. 47B). Then, inside the opening
portion 15 formed in the insulating layer 13, the side
wall surface of the opening portion 15 is receded,
whereby an field emission device shown in Fig. 44 can be
25 obtained.
[Spindt-type field emission device: Variant-5 of
production method]
Variant-5 of production method is a variant of
the Variant-2 of production method. Fig. 49B shows a
30 schematic partial end view of Spindt-type field emission
device produced by using Variant-5 of production method.
Variant-5 of production method differs from Variant-2 of
production method in that the electron-emitting portion
has a base 84 and a conical electron-emitting electrode
35 16E stacked on the base 84 like the electron—emittin§
portion in Variant-4 of production method. The base 84
is composed of one material, and the electron-emitting



10 formed between the base 84 and the electron-emtting electrodgslfif ppfe
adhesion layer 80 is not a conponent essential for the function o?‘the
electron-emtting portion but is provided for a production-rel ated reason.
The insulating layer 13 is scraped frominmmediately 15 below the gate

el ectrode 14 toward the upper end portion of the base 84, to forman
opening portion 15. Variant-5 of produci?on-nethod will be explained

herei nafter Witdh-tr@IRY aBee ik0 BposefBdr 48BthetMNarBLE149B showi ng
schemati c partlaLfand iews of a 20 first supporting substrate, etc.

[ Step-1700] FHSGL ﬁﬁ@&ﬁ@ﬂuF@? BES€o 8tnd St &r MEMPEE &Prt REIUSHERENE porti on
15 Sre carri@dsmﬂnde1Hétwee&n&hﬁF@ﬂébt&&nrbmiksgﬁg-éi@@trb&evasﬁﬁahdl ?f
production od. an_el.ectri.c conductivye terial |ayer for
form ng thgg%hsg&F%q$%¥§é% gﬁrﬁﬁgneﬁ;i%begg?%§c8i9ﬁ¥Fﬂ an4fhgasi si de of
t he openi g gomdtgen 5is andeslhistaneet diayell wndcésdoonstétohedr odl al ayer is
et ched, wher hase okl ' of i ng. portion
T5 can’ be 30 Ty g e ek Coacadpifly At RRphtEy?. IHE O Ah
surface, the TS fhEphecdentéF itheopresedsohafrngstens| andshagace can

be formed ind kersaE MING mdve BpekdreraltQQ] the Yarnapk-4 of production
nmet hod. Furt her the adhesion | ayer.80 and the electrically conductive 35
material | ay& P S8 el ebbr ﬁﬁ%ﬁ?‘??i ﬁ@y%r&? orCIEpese o?fge']@cﬁi%l y
formed oG hdcamed dedweeac éhienblagei 8¢ tne thesedecakoneemiatihje openi ng

portion 15. ldh ddlzpdets@e 05k 2080es 1o 3Payt POl N £ KNGS Sy UodliShent,
el ectrically conductive nateri al ayer 8 Y&" et er'hihed such " nearly
funnel -1i ke SS8E8ds-3g1 ARakheg fanssliomet sbet pdéaCIBnagmistihdened

portion 81C gRFBikIC Huthd swWplrbvilRduBRer acpdoBartien-ob1atbheregkygnar
portion 81B is farned in_a jurfaci of. the “el ctrlcaLh%sconductlve mat eri al
| ayer 81, the ol t PgETa 18 FéfFEE?Pﬁé rOPe pIEEREERLY he upper end

surface df t heloestthef gate elecitmgdeonti aowhrdantet hppesuehdcpootibhe
bOtton]port“yftﬁﬁg?ﬁEe EQ%ntotQ%rﬁpﬁh opening portion 15.
: | Variant-5 of production method will be
explained hereinafter with reference to Figs. 48A, 48B,
49A and 49B showing schematic partial end views of a
20 first supporting substréte, etc.
[Step-1700]

First, procedures up to the formation of the
opening portion 15 are carried out in the same manner as
in [Step-1300] in variant-1 of production method. Then,

25_'an-electrically conductive material layer for forming
the base is formed on the entire surface including the
~ inside of the opening portion 15, and the electrically
conductive material layer is etched, whereby the base 84
filling bottom portibn of the opening portion 15 can be
30 formed. While the base 84 shown in Figures has a flat
surface, the surface may be dented. The base 84 having
a flat surface can be formed in the same manner as in
[Step-1600] in Variant-4 of production method. Further,
the adhesion layer 80 and the electrically conductive
35 material layer 81 for an electron-emitting portion ére
consecutively formed on the entire surface including the
inside of rest of the opening portion 15. 1In this case,



10 material layer 82 is formed on the electrically conductive nmaperyal opos
- layer 81. The mask material layer 82 is conposed, for exanple, of copper.
Fig. 48A shows the thus-conpleted state. [Step-1710] 15 The nmask materi al
| ayer 82 and the electrically conductive material |ayer 81 are renoved in
a plane in parallel with the surface of the first supporting substrate 11,
to retain the nmask material |ayer 82—!h36he col umar portion 81B (see Fig.
488%1. 20 IT?e ﬂ@l _ \rf__ﬁhirc%ﬂéé’ﬁh C?:a(ﬂ:;lvﬂge e(lt@z[]dﬂr@.‘é_aqll h'&bn@u@%&ﬁﬂeca{ateria_l

mechani cal / pal i shi ng - net 0 in e sa manner. as_in

[ St ep- 1430] ?lr?}%l:r irbgntl-sz d?ﬁteﬁ‘ﬂﬁ\?agis W roefod nfggzﬁ- 1#egeLl-28kenen; the
el ectrical | y mewredhectd Mee ntierg &l cdlayeiar8 porttiennadle amden alidenpdr 82 agd
t he adhesi on Vi r s ” electron-emttin el_ectrode
16E havi ng axggﬁF%g %ﬁéﬁﬁﬁﬁgggﬁggﬁﬁ&%bgﬁI@L%ﬂes&Pngi%8%rngglgB 8% esi st -
based on tthe Hiwowvoldeww ped BEMELRariss ForMedsdnl ayetsfege bE ehehed in
the same maRIcEs d IySieRidiAddlvd Ra¥ardiant 12y2h BrQduhb @B ufRkRod. The

el ectron-emtting portion conprises the electron-emtting electrode 16E,

the base 84 UYWL EHdhd&GTdFqtayst 86 EP R e b ENke YRPEKe €BPect r on 35

enmitting el ecﬁdﬁﬂiﬂ:ﬁlﬁﬁ an tmtbaﬁel% opkinlig gt mrtﬁbgctésoanggkhbi ng
ortion ma y e nica .orm_as _a o] I g shows a

gt ate vvherg gsell}prlaﬁaf%eofo%%e\]ao porfion | grﬁggg 8'ﬁh?l§'fFP?e’Ba§ bott om
portion o0 t meatsyeisInd aysor 82011 For8ech ca fivemeilecyrddaddy when the mask
material | ayeiofidilive ghatidAiRa E.W%rlpo‘?ﬁ%oﬂagﬂ APerfa 2?%%%?6' ght or

when the etching rate of the nas materia ayer 82 1sre y hi gh.
The above forfh o&LHRASes, for spERlarhOf GoPPREn ofighedBhcthown-

em tting por titen tHuS eorbl¥ted Bigite.i nsi de the opening portion 15, the |,
side - [Step-1710]
15 The mask material layer 82 and the

electrically conductive material layer 81 are removed in
a plane in parallel with the surface of the first
supporting substrate 11, to retain the mask material
layer 82 in the columnar portion 81B (see Fig. 48B).

20 The above removal can be carried out by a chemical
mechanical/polishing method (CMP method) in the same
manner as in [Step-1430] in Variant-2 of production

.method.
[Step-1720]

25 Then, the electrically conductive material
layer 81, the mask material layer 82 and the adhesion
layer 80 are etched, to form an electron-emitting
electrode 16E having a conical form depending upon the
selective ratio to a resist based on the above-described

30 mechanism. These layers can be etched in the same
manner as in [Step-1440] in Variant-2 of production
method. The electron-emitting portion comprises the
electron-emitting electrode 16E, the base 84 and the

_ adhesion layer 80 remaining between the electron-

35 emitting electrode 16E and the base 84. While the 7
electron-emitting portion may naturally have a conical
form as a whole, Fig. 49A shows a state where a part of



10 wal | surface of the insul ati ng layer 13 is receded under an isgisr 9@ Gggs
etching condition, whereby an field em ssion device shown in Fig. 49B iIs
conpl eted. The isotropic etching condition can be the sane as those
explained in Variant-1 of production nethod. 15 [Spindt-type field em ssion
device: Variant-6 of production nmethod] Variant-6 of production nethod is
a variant of the Variant-3 of producti d87nmethod. Variant-6 of production

met hod di f f ertshé reame/aa4 aind -3 Kifedpriaf ust tom %(bﬁﬁfdip‘blﬂ rtlhfeh Fpenifg

el ectron-em t h 84 _an ca ectr nemttlng

el ectrode 16%561[':\‘91%90f§ onstuﬁg1 5‘a%§r§14lﬁ PEO%EF? 2“0 ﬁr%ﬁ tion nethod.

Vari ant -6 of matRiial oyt M mllﬂedaareMGalomddlmﬂae:r gloxafiloer 84 hias

reference to flgnaﬁpﬁé},_ 1J_n ﬁvﬁ%x? Qg{i tiAle ¢ Y e#a%f a first
rocedure

supportin substrat e, Step- 18 S up to 1 fkor mat i on of
t he mask t@‘?%‘fla}]a YEEZ e digfiadd vty ihigthe Theeahawaefomm 30 in

[ Step-.1700] idveémantatd 41 RIoBE! itk Rihad.onl N thel e dthe rask

material | ayer E% n the eIectrlcaIIy conductive material layer 81 and in
t he wi dened p%?lt TYenoved, "t her eby to retain the mask nmateri al
l-ayer 82 in t[rﬁeteerlm:r portlon 81B (see Fig. 50). The 35 mask materi al

| ayer 82 conposed of ¢ r removed . W novi ng
the electri caI I condﬁlﬁt i v'e(i?rl%tl?% g?ﬁél %%?’\ig‘f ggﬁﬁ&?&d 1§A1’ ﬁﬁg?f" f or
05JUL2005L0 - Brasie ohthetirawditigavliayer did disedeiopdied! umdeirc aci d

aqueous_sol utamsm;ﬁas teffohidld ddMIIRRS, Ynelctly %91 ftl@g lectrically
conductive materi al I%%ar Sléﬁl the _nmsk material | ayer |sotrop|cally

et ching the OpR Iy Fig.cAPHhd S &Pd@tedt- | Fhehe sane
manner as i n Marimopid aﬁcmrm;lluxﬂndmtmﬁ heth bed FBhat slayee s Q‘Jh@s@m ssion |

gfev; e % %jpplT@%%a s DR L TN ARY Gk, 2 e @ variant
pindt-type field emission device: Variant-6 of
production method]

Variant-6 of production method is a variant of
the Variant-3 of production method. variant-6 of
production method differs from Variant-3 of production

20 method in that the electron-emitting portion has a base
84 and a conical electron-emitting electrode 16E stacked
on the base 84 like Variant-4 of production method.
Variant-6 of production method will be explained
hereinafter with reference to Fig. 50 showing a

25 schematic partial end view of a first supporting

' substrate, etc.

[Step-1800]

Procedures up to the formation of the mask
material layer 82 are carried out in the same manner as

30 in [Step-1700] in Variant-5 of production method. Then,
only the mask material layer 82 on the electrically
conductive material layer 81 and in the widened portion

© 81C is removed, thereby to retain the mask material
layer 82 in the columnar portion 81B (see Fig. 50). The

35 mask material layer 82 composed of copper can be N
‘selectively removed without removing the electrically
conductive material layer 81 composed of tungsten, for



10 that has been already explained. The flat-type field em ssion @avijge s
(No. 3) differs fromthe flat-type field emssion device (No. 1) in that
it has the fourth structure. That is, the flat-type field em ssion device
(No. 3) conprises; 15 (A) a gate electrode support 313 nade of an
insulating material in the formof a stripe and formed on a first support
menber 11, (B) a gate el ectrode 314 madé38f-a stripe- ~shaped material |ayer

et 15y ooEL) oy ot 004 e S el L b

material |ayer ectron em

stripe- shapgaa%‘?%ur# aﬁorh‘%é]é:gn‘m?ierﬁgfgfa&n&i& EEhSFﬁBF PhechER&RFal | ayer

314A is in ctdmamlewmrineaut)op:cmddmere)fmdﬂm:dlgﬂiaaqﬁaftﬁlo(é@dsttm@ort 2t5t313

and that the [ I,.1ione oV e ectron emtting
it Iﬁ& peldolnarg(%lgrdz:ﬂ I%1 atf PR YS %orlnj&&? t(g1

portion. The stripe-s yer % he top
surface of?t hinsyealeing dayend Jumior 4, 3ER e h:aa:rh@i oedr dipl eéhadhesi ve

(for exanple,s#fe aRMYsEHY aidivig-adhes W) tyo%ﬁme%%otd"ere may be

-enpl oyed a structure in which both end portlons e stripe-shaped
mat eri al | ayelF %A Ype fidhdenissiorn weeaent(Nd. 3ddi ons of the first

Suppor{  member 11, a5 a0 it LI 3BHS aBvacBOTREiCaPRL! Al

cross-sectional view of vicinity of the 35 circunferential ‘regio

first support® nEHpeAnY Pf tl’?fﬁ'ef]sﬁk&m%eﬂll%ld ﬁgﬁ-sééé’@pld@"lmeoj(é?@tldﬁs 316
are forned ou:hathmasrmerffe{meta &84 amfﬁedlaf g?g ifﬂ.g'ét-t 5tﬁyb13005 139

support nenber_ .1 a nce t | nade € sa

material as t Sls erl(g‘?' nst Lf{}t#ge Eéf rtlhp‘):"efé'ﬁg"p m:iéil | ayer
314A is pre- melﬁﬁiqntdBVIQﬁ)anfeﬂmaﬂﬂ ﬁha; priojhect ithre ToGirtAnd, while the
5 stripe-shapgd-ym@tgrd al phayes 5314 gq:r %?Eﬁdfé%?a ?ﬁggjp_gn ?é@fge .

material |ayer 314A 1s wel ded to t exanple, “w't
| aser: The prdfct?bFIRFrisesy be forned for exanple, sinultaneously wth

the fornmegion of the gahe selpal @d@c&%ﬂ@rkuﬁﬁ%rt 313 made of an
insulating material in the form of a stripe and formed

on a first support member 11,
(B) a gate electrode 314 made of a stripe-
shaped material layer 314A having a plurality of opening
20 portions 315 formed through the material layer 314A, and
(C) an electron emitting portion,
wherein the stripe-shaped material layer 314A
is arranged such that the material layer 314A is in
contact with a top surface of the gate electrode support
25" 313 and that the opening portion 315 is positioned above
 the electron emitting portion. The stripe-shaped '
material layer 314A is bonded to the top surface of the
gate electrode support 313 with a heat-curable adhesive
(for example, an epoxy-containing adhesive). Otherwise,
30 there may be employed a structure in which both end
portions of the stripe-shaped material layer 314A are
fixed to circumferential regions of the first support
member 11, as shown in Fig. 51 which shows a schematic
partial cross-sectional view of vicinity of the
35 circumferential region of the first support member il.
More specifically, for example, projections 316 are
. formed on the circumferential regions of the first



10-- One exanpl e of the production nethod of the flat-type field 6& $ |%5
device (No. 3) will be explained below [Step-1900] First, a cathode

el ectrode 12 (nade of Cr) 15 constituted of a stripe- shaped electrically
conductive material for a cathode el ectrode, extending in the first
direction, is fornmed on the first support menber 11 in the sane manner as
in [Step-600] of the flat-type field —enggsion device (No. 1). 20

[ St ep- 1910] Then n_i nsul ati.n 13 is for t. tire surface
in the sane % %“fs‘f’e[ Stlé‘pqé’ié’%j%(?lncet'h@ fflEE‘i a?gn{“@ Pon devi ce
(No. 1). Thermf hmemange pertermdrd Hs dahe hmrtmdatlhlfomgbohbeutnsﬁlhgti ng 25
llayer 13 by L t rnatively. faor
exanpl e, the ope%%%%’poﬁ%%’E%pfgﬁﬁﬂhggbl%%% gﬁgb th§? %ﬁ#ﬁgghgnfgrnatlon
of the insul &d9m@uniagps of3 the Predesddopr 3d6i. ngAJh@t helaile nthéi s manner,

that surface qfrithe staideedmflagla10de vk \8*1'491“ 1%0 atPan§eRoNdaet O the

electron emttin poEflon can be _expoOsed ottom portion of th

openi ng por t it apgel IR iads diayemn élﬂéyéﬁ T§198§r§§pGH&stpénthe gat e
el ectrode supmidmt ﬁm flost @tair@ﬁ@], wikhlhenaskete sthépsrohepeionutesi al

| ayer 314A havin ural i openi n rtions 315 are.arranged such
“that the opeﬁ?ngh%b%Fﬁgﬁ§ﬁ3 areaggﬁfil%ﬁgﬁl Bove s ¥ Yﬁ%h 65@ 140 the
el ectron enmi thommggion icdhshengatieatelidat rode suppolrdpéd3nat eri al | ayer 314A
is in a state where itghg e%&%%t 8¢ e FEOQ@EE shel%ﬁﬁga pHPeRels 513
3, .and rurther

made of the. |nsulat|n%laye ESI’IE aped 5 materi al
| ayer 314A i £1& ieldhemissdnr devécs dNo-diPPf WidAt bErom the fir st

di rection, whﬁﬂﬂhMjkthgﬂkﬂL el ectrode 314 that is fornmed of the
stripe- shape te irg'o%l | ayer 314A and has a plurality of the opening
portions 315 }?os oned above the el ectron emtti ng

First, a cathode electrode 12 (made of Cr)

15 constituted of a stripe-shaped electrically conductive
material for a cathode electrode, extending in the first
direction, is formed on the first support member 11 in
the same manner as -in [Step-600] of the flat-type field
emission device (No. 1).

20 [Step-1910]

Then, an insulating layer 13 is formed on the
entire surface in the same manner as in [Step-610] of
the flat-type field emission device (No. 1). Then,
opening portions 15 are formed through the insulating

25 layer 13 by lithography and an etching technique.
Alternatively, for example, the opening portions 15 may
be formed together with the formation of the insulating
layer 13 by a screen printing method. In this manner,
that surface of the cathode electrode 12 which

30 corresponds to the electron emitting portion can be
exposed in a bottom portion of the opening portions 15.
The above insulating layer 13 corresponds to the gate
electrode support 313.

[Step-1920] '

35 Then, the stripe-shaped material layer 314A
having a plurality of opening portions 315 are arranged
such that the opening portions 315 are positioned above



10 portion. The above nethod of forming the gate el ectrode can h@ ann! begsl
to the production of the above various field em ssion devices. | Fat-type
field em ssion device (No. 4)] 15 The flat-type field em ssion device (No.
4) is a variant of the flat-type display device (No. 3). In the flat-type
field em ssion device (No. 4), unlike the flat-type field em ssion device
(No. 3), the gate electrode support 31314t the formof a rib is forned 20
bet ween the ¢ thgﬁf el ectrodes (12 as shown in Fig. 52A showi ng a schematic

partial crosdhG &USGTICN S {HiB% PO TIENG. 3B9BtEASWENE STRARECI ¢ | ayout of
cat hode el ectatogesi materdial eyeapadandiserinala banees whedd, igatie el ectrodes
314 and gate ct.r.od upparts . 313. The stripe;sh d terial .|l ayer
314A i's bonc?g'l&%o(#taecfé% Ecglr% g@éteofe]Teﬁ%gré)aee Slelpgct':nggeguBlpg%ret °f3‘f§evm th a
heat - cur abl e igghdgitiaq flayeaxdifpl encafuadey-, tbet sitwipg-stiapsdve) . _
Qtherwi se,5 agnshgu, 1 rlar@p& 33ha SROURGARRC IETRELC sBRLIAL AT IoReCt | Onal
view, there 30 may be enpl oyed a structure i.n which bot ené’portlons of
the stripe-siHfdETattefram thfe f iFBtaddTectiioBd Wherebye iieed8f€i al regi ons

of the first sluppoddaemierchbt isMicemeeeoifl k@l ktribel stupenl e,

proj ections SIQT%;e forrred3 t he c'rcunfeﬁgntial re%L%%%aof the first 35
support menb&E L Madn 4 ayeth PR PSR RIS Al E Vs e PBFPEP9as t he
mat eri al for pornstdrtsutllig itsheaostirtiipaeds hiwee: hee eillaictraye exd t4Angs '
pre-fonnpg)ogxaﬂgqﬂlp 5 JUL 2005 - 141 surface of the projection 316 in
advance. And, ﬁle the stripe-shaped material |ayer 314A is arranged, the
~ stri pe-shaped materi al Thgyapo¥yesmethodepfefiormingethpogatet gilactrpds 317,

for exanple, oird lbed dpisielled Tol e Ipoduta ol @fd taRl a%ioRe davieas(No. 4)
can be producged or exaqple hy a production nethod to be explained .
bel ow. [ St ep- emESYON GRYICESe el ectrode support 313 is

‘ - [Flat-type field emission device (No. 4)]

15 The flat-type field emission device (No. 4) is
a variant of the flat-type display device (No. 3). In
the flat-type field emission device (No. 4), unlike the
flat-type field emission device (No. 3), the gate
electrode support 313 in the form of a rib is formed

20 between the cathode electrodes 12 as shown in Fig. 52A

~ showing a schematic partial cross-sectional view thereof.
Fig. 52B showé.é schematic layout of cathode electrodes
12, stripe-shaped material layers 314A, gate electrodes
314 and gate electrode supports 313.

25 ' The stripe-shaped material layer 314A is
bonded to a top surface of the gate electrode support
313 with a heat-curable adhesive (for example, an epoxy-
containing adhesive). Otherwise, as shown in Fig. 51
showing a schematic partial cross-sectional view, there

30 may be employed a structure in which both end portions
of the stripe-shaped material layer 314A are fixed to
circumferential regions of the first support member 11.
More specifically, for examﬁle, projections 316 are
formed on the circumferential regions of the first

35 support member 11, and a thin film 317 made of the same
material as the material for constituting the stripe-
shaped material layer 314A is pre-formed on a top




- The net hod

10 formed on the first support nenmber 11, for exanple, by a sandggLﬁgjmﬂg
nmet hod. [ St ep- 2010] Then, the electron emtting portion is forned t
first support nmenber 11. Specifically, a mask 15 |l ayer made of a resi st
material is formed on the entire surface by a spin coating nethod, and the
mask layer in a region where the cathode electrode is to be forned,

bet ween the gate el ectrode supports 34314hd~313, is renoved. Then, an

el ectri cal |y Ot o (i ehidlectlohfyle il AvGakiadeaRl 2oLk HE made of

chrom um (Cr) entire surface 1 n ane’ manner as in

[ St ep- 600] ofth%@qfnla-t&-t%kw@eﬁ gl eariiodsilayededildd (RoarrapgedndthBen, the
mask |ayer i syrgpaethagdd kit caQMe 1 apeacedunes s (e qeheeh! ikedl hyvove

conducti ve eri 5 r the at hode_ el ectrode, forned on the nmask
layer, is "3#6\%? ]ﬁrf%%lﬂé t "OFE P2 1BFEC-is to work as  an
el ectron @ntting port iThe f&amhmypbefme&d thésgaba deveeer ge.sygpports 313

and 313. [St g%oéro%c%n’fo@%xéﬁ@l%IS%&: gu%%h%r iJ.%ln nﬁlﬁﬁa?’%‘m

havi ng - a pIu ality openi Hg “por ranged— suc
plurality of hehexppadingg pelawns 315 are positioned above the el ectron
emtting pongybﬁuyb t the stripe-shaped material layer 314Ais in a
state 35 where the stripe-shaped material |ayer 314A is supported on the
“gate el ectrode support §1F€%, %ﬁ@r@ﬁ&etﬁéeﬁﬁFQdeeFEEPPEHe3é 4iBormed of the
stri pe- shlapecfdmrteei Idi'i ey 67106 GupRht iéfibedl4A h@sirexamplierabiyt w of the
openi ng pOFtlé) gtln %igg}gped above the el ectron emtting portion.
arran ri'‘pe-shaped nmaterial |ayer 314A can be as

descri bed eﬂxﬂﬁ?eﬂizﬂiQJabove nethod of fornming the gate electrode can be
applied to the productwg@nofthgeeggefﬁgﬁaé EEinP‘EB?t?BhSEBOE ggces L n

the flat-type field em ssion device -type
eni ssi on devi¥e (% ISt SwPRaTsn member 11.  Specifically,’a mask

15 layer made of a resist material is formed on the entire
surface by a spin coating method, and the ﬁask layer in
a region where the cathode electrode is to be formed;
between the gate electrode supports 313 and 313, is
removed. Then, an electrically conductive material

20 layer for a cathode electrode made of chromium (Cr) is
formed on the entire surface in the same manner as in
[Step—-600] of the flat-type field emission device (No.
1), and then, the mask layer is removed. By the above
procedures, the electrically conductive material layer

25 for the cathode electrode, formed on the mask layer, is

. removed, and the cathode electrode 12 that is to work as
an electron emitting portion remains between the gate
electrode supports 313 and 313.

[Step-2020]

30 Then, the stripe-shaped material layer 314A
having a plurality of opening portions 315 is arranged
such that a plurality of the opening portions 315 are
positioned above the electron emitting portion and that
the stripe-shaped material layer 314A is in a state

35 where the stripe-shaped material layer 314A is supported
on the gate electrode supports 313, whereby the gate
electrode 314 formed of the stripe-shaped material layer



10 form of the opening portion shall not be limted to a circul argigosmm g5
Figs. 53A, 53B, 53C and 53D show variant exanples of the opening portion
315 made through the stripe-shaped nmaterial |ayer 314A. [Field em ssion
devi-ce having focus el ectrode] 15 Fig. 54 shows a schematic partial end
view of an electron emtting portion 16 and a focus electrode 100. In an
exanpl e shown in Fig. 54, a second -insufat+ng layer 101 is forned on a

ate electro i £ f.ocus ~glkegt.r ode 100
go is for rredd%lnéj?hl_le&};%%%‘n%d élﬁtﬂqé%g {g{e%%%ﬁfi%%nb%%&l%%%g 3§§r t&?son 102

comuni cat i nPF H-NEDFRaYR) theomliestren enitdinad portdegh t BBef ocus
el ectrode 10Gnetitbd td¥e SN i HHAlSt18 JeAdMaphlil ma¥iidig 12 13Riehdt - t ype

field em ssiao q;rjﬁeviceis sh?vn as,.an. exanpl e, the field 25 em ssi on devi ce

shal | not be (P ffeas feserdbed, €-of the above various field
em ssion divices can b@heusedveAnkithlod efi foradndetheegaaabenedtwbiih t he

above focus e t I . St jally .

i ncor por at.i ng%%?nl%egdﬁéi%de:gésb (Eﬁlﬁoﬁ%%l&pl%g:&% i%%n%nll%t ﬁ‘%&t‘)& Vta)r%é'oa Sove
various fi el diiemid Smorssidayidaasicashe steps of forning the second
insulating, layer 101 19N ¢hige raRfetQpectrieds éﬂligg%hhaew&&! ggbpgs 2}' ayer

13, formng the focus electrode 100°0n the second 35 insul ati ayer 101

and then for Mgt ety Pekd FEFLAARYHTR HEXodls dhecirsde 100
.and the Becofhm refiltdie npdrayry piiitioch deiail edtexe anafited @)L 2005 -
143 thereof s fore omtted. pepdi,ng on_pa rnin of .the focus
el ectrode, tﬁ%L‘%gﬁége(gi%Tgg%g%ﬁySgg’agghdcaggeﬁggt%%ﬁeshggiﬁﬁréaP rmin
whi ch focus ezl oflriles oppadnofpostiicm S esiendhiromgbhnéher a
plurality 5 af¢+#&f M ort. rpgone or a plurality of pixels,
are gat hered ofF_ n@lgblgbaﬁné%%ﬂsé%%ctlrd de r?aivq'iAng a formin which the

ef fective fielftgid S PMHidaTiLe Heambfogiseled@atires®ly conducti ve
material .1:Not only theFiecus 4elstetvisode sicheimatied ply-ttiBe end view of

an electron emitting portion 16 and a focus electrode
100. In an example shown in Fig. 54, a second
insulating layer 101 is formed on a gate electrode 14
and an insulating layer 13, and the focus electrode 100

20 is formed on the second insulating layer 101. An
opening portion 102 communicating with an opening
portion 15 is formed through the focus electrode 100 and
the second insulating layer 101. While a Spindt-type
field emission device is shown as an example, the field

25 emission device shall not be limited thereto, and any
one of the above various field emission devices can be
used.

A field emission device combined with the
above focus electrode 100 can be produced by
30 substantially incorporating, into the steps of the

production method of the above various field emission
devices, the steps of forming the second insulating.
layer 101 on the gate electrode 14 and the insulating
layer 13, forming the focus electrode 100 on the second

35 insulating layer 101 and then forming the opening
portion 102 through thé focus electrode 100 and the
second insulating layer 10l. A detailed explanation




10 -above nethod, but also the focus electrode can be formed by f@ining g
insulating filmnmade, for exanple, of SiO2 on each surface of a netal
sheet made, for exanple, of 42 % N - Fe alloy having a thickness of several
tens mcrometers and then formng the opening portions 102 in 15 regions
correspondi ng to pixels by punching or etching. And, the cathode panel, the
net al sheet and the anode panel are staéRed, a frane is arranged in

circunferent it%{e ey d £ [ @stﬁgl%é{&&etzv@qlo S, pa gnggﬁlgjf a% gi)ggﬁgri_& arried

out to bond t i nsulatin rmed on ne su sheet

and the ins®atthey feges eﬂ@%d@) Hdved fiaeats ed@ichimiong fuaymbef ér rred on the
ot her -surfacerbud heldmirlaes hfaaﬁlxﬁ%ch them q@p%ﬁn@mu\wg&@trﬁ&s

menbers are inte rat ed foI | owed ::é%c vacuum n d sealing.. In_this manner,

the 25 displ & Qf BHT R TSRRE T C\/éﬂr’;‘? 9hé Hi‘é’tr}?&déYpanel and

the nmetal shest @r@zﬁﬁm@ﬁtﬁm pdfmairrmrdr icheC anf |aeq:1<mrtam¢yb@fd t hese
dre

menbers, and the t he cat ne th neI ar ssenbl ed,
whereby the (Psp ay’ Enﬁ? $0 cgon]%)l Ye(?.e aﬁ;%: 5’\7% ?’t%’d‘élg
el ectrode is &prfimmlem Wltltté’l ditep | efif extiviore tiodiald st mvmmwmhsta tution,

(2) ' const! tgdan o Midfbales AP Uondlandnedigate el ectrode and
the focus el ectrode provid I n_the cat hode panel e col d cat hode

field 35 en ssion di spMaF (%’r]erézél?mfoFblst ﬁ‘éeFltFWeelléctfPé'ﬂ‘@d brothged in
ot he ool e L e hona
of the co athode fie 5 JU 5 144 ssion di.spl a cary esponds
to the seconcciD tg ayn Lfll)l_‘%\lrt%rf‘s’tm ey rE’? W‘Hlﬁg é#o

el ectrode prowi dsakh rButkacE o Ppametalofshded: cmide, (fatmmr[plﬂ,doe?m ssion
di splay corr t t Vi e JddySt o
Substrate angﬁt)%;%lcat z‘ﬂlc?l;eg%ar OJF&, eegr:{elﬁig(t e sgi g%céyeé]%nld t{eLg’sf ocus

el ectrode pr d%%“??ﬁﬁﬁhea%t% Inteing ftheh ©RaRidg RHdeRS i1012d i@ni ssi on

di spl ay co5 r esppivhd édiee§asedithg eiceq_:tlrxa% M0 \HuiRthiiny 016 1ReARG.
substrate. And, the cathode panel, the metal sheet and the anode
‘panel are stacked, a frame is arranged in
circumferential portions of the two panels, and heat
treatment is carried out to bond the insulating film
20 formed on one surface of the metal sheet and the
insulating layer 13 and to bond the insulating film
formed on the other surface of the metal sheet and the
anode panel, whereby these members are integrated,
followed by vacuuming and sealing. In this manner, the
25 display can be also completed. Alternatively, the
cathode panel and the metal sheet are stacked, heat
treatment is carried out to bond these members, and then
the cathode panel and the anode panel are assembled,
whereby the display can be also completed.
30 When the above focus electrode is provided,
the display comes to have the above constitution,

(2) a constitution in which the dathode
electrode, the gate electrode and the focus electrode
provided in the cathode panel of the cold cathode field

35 emission display correspond to the first electrode |
provided in the first substrate, and the anode electrode
provided in the anode panel of the cold cathode field



10 For these constitutions, the knocking treatnent nethod in Exagglguﬁgmg
4 or 5 can be carried out. Alternatively, the display cones to have the ©
- above constitution, 15 (6) a constitution in which the cathode el ectrode,
the gate el ectrode and the focus electrode provided in the cathode panel
of the cold cathode field em ssion display correspond to el ectrodes
provided in the substrate. For such -a bbhstitution, the substrate 20

knocking tre . i e 6,Qr can he ed .out. The
present'inven§|O%Eﬁgghggg%agkgégggg Ogﬁs Fﬁetégs?§C8PdE§§ #Egdﬁér8Fnabove,
whil e the present invéAdi ancehatitnbiobeiniwiiel theremodthrlous 25

condi tions 0%1%@%:%@%@b&BQlHEEaEHEQES”%hBBQ ﬁ?ﬂeith %HQSE6§HG knocki ng

treat ment net hod expl ai ned e structures and
consti t ut i on§ashodre figdrdyeripRdan fispdagnresrerrandpl k9 khe £hsstiel d

en1ssnog ¢EVEaﬁ%tib@egp!@ﬂlaéde&ﬁ”ﬁhésﬁigdtcQﬁbb&rﬁ@féﬁﬁ&gﬁﬁgan? a:gered as
require urt ucti 0 e co ode fie
_en955|on §BF§99 gegﬁ % e|&8§nﬁegﬁoﬁi88%F8§§ ard & QBFGEn as
exanpl es anded&wtmedeh@mgwddaddlaltheedaahodeqpanem ofFﬁhéhebldvarious
mat er i al s used B39 4PEAdY %bﬂ”a gh159° Lk%gpSHhS%OEhseg' bEGRqaT e al s
e changed aftere ¢

" given as exanples an as required h regard
to the fiel dedficdsres paevided ﬂﬁeﬁéehéﬁéoodSSQUEtzaDQ 145 been expl ai ned

erbOd'ngqfﬁ i n which gﬁeretﬁéééoaongﬂltutﬂangor£h@nkﬁ@%ﬁfﬁéon eﬂ1SSI0n o
el ectrode orresponds ne _opening portion in npst cases, there nmay be
enpl oyed an 3ﬁﬁ@%ﬂ%@ﬁt %ﬂﬁ g&lgvy of 5°€IécFFBnbgnFﬁFFhﬁdportlons
(el ectron enosgi.on electrodes) correspond to one opening portion or an

enbodi nent in which ong EéfﬁEFEQGEQ}t£ﬁggdP%%i5§ coﬁglegér a‘\?ﬁn?&ssmn

el ectrode) corresponds of 0 g porti ons, depends
upon structuﬁ@@VGfConStltutlon,

15 {(6) a constitution in which the cathode
electrode, the gate electrode and the focus electrode
provided in the cathode panel of the cold cathode field
emission display correspond to electrodes provided in
the substrate. For such a constitution, the substrate

20 knocking treatment method in Example 3, 6 or 7 can be
carried out. '

The present invention has been explained on
the basis of Examples hereinabove, while the present
invention shall not be limited thereto. Various

25 conditions of the knocking treatment method and the
substrate knocking treatment method explained. in
Examples and the structures and constitutions of the
cold cathode field emission display and the field
emission devices are given as examples and can be

30 changed and altered as required. Further, the
production methods of the cold cathode field emission
displays and the field emission devices are also given
as examples and can be changed and altered as required.

Further, various materials used in the

35 productions of the field emission devices are also given
as examples and can be changed and altered as required.
With regard to the field emission devices, there have



10 the field enission devices. Aternativel y, there may be al so
an embodi nent in which a plurality of opening portions are forned througa
the gate el ectrode, one opening portion conmunicating with a plurality of
t he opening portions is fornmed through the insulating 15 | ayer, and one or
a plurality of electron emtting portions are forned. The gate el ectrode
can be forned so as to-have a formi+s Wbckh the effective field is covered
with one sh el of Gf rd d cti mat eri al haV|ng an 20
openi ng. pOI‘tI%OI’l q)%ﬁt %‘ne% caé%%dﬂne q\? Wé‘ Cthaé’el (F&re% g)?alrrpl e, 160
volts) is ap;ﬂmJéd:JtrUJ tHey tgatre (@Ilml:hﬂme emifsd.ona edwicttaiodeg el enment

constituted, df - &AL ,td)foneTF;%,ééﬁrg g)ct rogmb et %@@t hege @l ectrode

constituting a pixel and the cat r|V|n rcurt, and the

vol t age apph“ﬁﬁ|Qﬁ1%ﬁB%Q¥QQJQHu§mhﬂﬂﬁmﬁm§-émeéﬁwéﬁeac@ﬂgﬂﬁﬂaﬁwh@fthe pi xe

i s controld eelditdie eppaitaldppoftildies g tswnt erikgiemement, to control

the Iight em ssi c#g%'e of thsa?p%ecﬁ Alternatlv%w% .t he cat hode-

el ect rode cartesjbeecqtf SEEESR YD Ha RS, WS HOT BRI RE éFf ecti ve

filed is covemﬁhbdxmﬁﬂt(mmevéheﬂﬂ qnezﬁiedtmdnwemﬂﬂtﬁn@o@@umnnme mat eri al

| ayer.. In thi | 0

el ectrode. An a SW tc qﬂe%ﬁ%t\geﬂrﬁjtse't)l t%ut%% lp?’glrdtsexa %I gcl%&%ﬁ% S

provi ded bet \@%mﬂwn%@%@@ e dihiste demends wpomy Sa'»ry@tellr@@n@ft he gat e-

el ectrodepglr 'ﬁﬂé"%i@l&?@tﬁmssﬁ.@l tdéﬁu‘&';é agﬁl@@?hhﬁil{réﬂg ghate fn8¥tl*9§ gate

el ectrode con tltut|%§¥ éﬁxel 5 JUL 200 6 contro ed by the

operation of & Eﬁ“g T At Ch Re LR &&ion state of

t he pi xel . Th@emlrtcﬁgmx\ﬂldnsgtaere tﬂmﬂmetdte:ht@ldglge:h@p@alted el’re@ttrhdeqatihode

el ectrode nay,be 0 te. el rode tq
éﬁ(ﬂ e :%%Nﬁﬂil§?ﬁﬂgﬁasgiéﬁec§}1%¥3113¥ %ﬁl

field- evaporate |ons presen S case,
after the pultte vanengw aautiang sicef ameshpibhrdought kde dmissd ardingage V1 to
the gate § ectdpde, mrg;tlefné Ran 4 hauralitae @ rarfld 89 o0 Jrlig tadighode

el ectrode, there
portions are formed.

The gate electrode can be formed so as to have
a form in which the effective field is covered with one
sheet of an electrically conductive material (having an
. 20 opening portion). In this case, a positive voltage (for
example, 160 volts) is applied to the gate electrode.
And, a switching element constituted, for example, of
TFT is provided between the cathode electrode .
constituting a pixel and the cathode-electrode driving
.25 circuit, and the voltage application state to the
cathode electrode constituting the pixel is controlled
by the operation of the above switching element, to
control the light emission state of the pixel.
Alternatively, the cathode electrode can be formed so as
30 to have a form in which the effective filed is covered
with one sheet of an electrically conductive material
layer. In this case, for example, 0 volt is applied to
the cathode electreode. And, a switching element
constituted, for example, of TFT is provided between the
35 gate electrode constituting a pixel and the gate-
electrode driving circuit, and the voltage application
state to the gate electrode constituting the pixel is



10 carried out the current-detection step of applying the voltaggs\Viit gys
the cathode el ectrode higher than the voltage applied to the gate

el ectrode to detect a current flow ng between the gate el ectrode and the
-cat hode el ectrode. Wien the current flow ng between the 15 gate el ectrode
and the cathode el ectrode cones to be a predeterm ned value or less, there
may be repeated the pul se-voltage-applyidig-step and the current-detection

“step in which | hi t han_the val V1 is. set | t
V1 hnd"a vol ESPERIGRES B e RESSGLIOR Bge 05 FYLEEiad HLADGATe) Log0 Voo
ge

Furt her, whemdnterolvdhikaddghi2 emissiba bBeéatgualf thet péxettual operation

vol tage VoP of the fl a&.hgygglg'éagl 9y ﬁ%&f,t}%{e}&%é@%l d %i%]t ge

pul se-vol t age- appl yi ng step and-t he ent tTon'’s )
vol t age hi gh&o tthen cashode edlecagedel may et ssepwifewovobPudgewvseand t he

voltage V3 i apiaticd & \leU@at@ual dberbbe 26! ¥3k140BoRBb-aRevOl tage VOP,
untill the currént flow ng between the gate el ectrode and the cathode

el ectrode coRFOIESHFONS BLESF R ¢ HatFe 9i€9 e.ThéRoHBLSt FEf®irn t he
30 above casestean the @alsestrodtageHappdRting kyephefsapplytimgneheas in the
operation of ¢ knockin e h xpl ained. . for_.exanple, in
Exanple 4 or Hélrl éro% eagt%r %-g%ﬁﬁﬁ%nag%%rgg%ﬁ%g%‘%e [)&gl%lll%’g tl&%rggﬁa? ut ed of
devi ces generlbagsaldped isgr frac a1R5 cadhdet edrctypdef i sherenineyi be devi ces.

The surfage LWL iR tHRE dirlehtelietaic? oo Wice eeﬁag)giging thest
support nmenber nmade of %IBass and gal rs of electrodes 05JUL200 147 formed

on the first VI5isa VieekBeFhPnCREROHS flEFtFadei RighehetRrRCER®des being
made of an eheqiydgaldppldeuet ivhe gmieedlalctsvde &5 Hemeexi de (Sn(2), gold

(P0) and hayie S (evarich PRk 3t G CPh S LEGTERERoABE BBPng ar T anged
at constant igatérods elegdpode. AWbanbbhet bunrént nflewing nedtemer ache
el ectrodes AJQu AldAAIRN MHd ithY i3 thyaeehedtiBaeneorbecthoge af a pair
of the electrodes, and a colum-direction wiring is .
- predetermined value or less, there may be repeated the
- pulse-voltage-applying step and the current-detection
step in which a voltage higher than the voltage V; is
set as a new voltage V; and a voltage higher than the
20 voltage V, is set at a new voltage V,. Further, when the
voltage V, comes to be equal to the actual operation
voltage Vo of the flat-type display device, there may
be repeated the pulse-voltage-applying step and the
current-detection step in which a voltage higher than
25 the voltage V; is set at a new voltage V; and the
| Voltage V., is set at a value equal to the actual
operation voltage Vg, until the current flowing between
the gate electrode and the cathode electrode comes to be
a predetermined value or less. The operation in the
30 above cases can be carried out substantially the same
manner as in the operation of the knocking treatment

method explained, for example, in Example 4 or 5.
The electron-emitting portion can be also

constituted of devices generally called surface

35 conduction type field emission devices. The surface'i
conduction type field emission device comprises a first
support member made of glass and pairs of electrodes




10 connected to the other electrode of the pair of the electrodegg Jiegga
voltage is applied to a pair of the electrodes, an electric fleld i's
applied to the carbon thin filnms opposed to each other through the gap,
and electrons are emitted fromthe carbon thin film Such 15 electrons are
“allowed to collide w t:h a phosphor |ayer on an anode panel to excite the
phosphor layer to emt |ight, whereby m47lesired i mage can be obtained. In

the present isanid oy e dLGeChie ReRBRM 1 thl® rBlACbEORRE 68D be

reliably renoved by 20 field evaporation. Ther &f or e etvveen
the el ect r odédd®felasd-rodgs bpdeaimgsieapidan @éeé‘&ﬁlSéll§uEBP€§§ élvea stabl e

gperatl ﬁn Caﬂn&%ﬂlﬁﬂ.dlslﬁﬂ} a%ndzllnt hﬁil@ieCE(Enb%RQbQ@]l_@?@A@)f|ﬂ1|5.:dilf!ftﬁe di Zgl ay
evi ce havin [ ual j i feti urt her,,

dur 1 ng the pGHdET GRaF Py 155id¢ o Pt sp CATRUBy PeePa LLBALHR) Prieor
parti cl es Sand Eetinit raold |hwgr1mfg @ ddomet iaoea sneps paurbefmuﬂer at ed. V\hen t he

knocking tre tqu QHt&S i hod
accordi ng toaeglhe second asp ct ¥ presenig%%(rl#erq ttgﬁggegtgaﬁ% I"éyed, the
knocki ng tredt marbaatrii® fpdadiilsy fazdesl onegaghd eIATtERAehe HetP@ased. 0 5

JUL 2005 - 1%%1‘\@1 vﬁrﬁad‘@&'ﬁdi‘ﬁuédt%@i RN bnethedthbdr birak- bukRe
di spl ay device | n whi a first subst rcgte provided with a first el ectrode

and a second ¥uddts aﬁléa%r&ﬂe(fe'd afd 1B £ R eSEOrr ¥d&E 188 18 sposed with
a vacuum Npaasrndcigrbaed dad wadiert kd ddtrsidennd tsmC@ladLSulfsh:h&t es and the

first substrae; Iqié‘%e s%ﬁgpld SH?;R—. %gelgrg Bg ggdtao ég ﬁ%hgﬁei n their
C|rcum‘erent|a 1 ons, sald g9¢ 3 St ép W's appl'yi Ag-a
voltage V 1 tei-etcrm:crder%,t &gl edtgadsic rﬁlgaﬁeif JISn@mJPé-bﬁdl ttag&hgplairbent o t he

second el ect rgg, 0] 1Y Sl UL EdcdH JHHRTE Mo hlf&hteh &ab," shae! ectrode
by field evaporation, , in which, after the first vo tagﬂ_ appllcatlon step

of applyi ng tHEIHWMHATE LI Heh TEAthe SaThcEe High&d hanSURR vol t age
applied tis tdleecaenid zﬁ&eé(zﬂfl(lﬂrﬁad tdee AdartE Wﬂﬁgﬁp@mkﬁﬁﬁt i1efest ep of

applying a voI Lage \V/ ecand e rod her .t han the val tage
applied to t hE" 9 %noc% ecﬁalbe estlos S acrl%lee c()aut %Ots |elld'l eva%— r S8 Y

_projections pkigent whenehy se cteai wec cimagte, caandbet Mptaiamedol t age 15 h| gher
than the voltage V 1 |2: b 25, A8 volta voItage hi gher t han t he
new

.voltage V2 is set as v&regeéltvﬂ‘nvﬁ tlﬁ’él'ﬂ §t PygH Sgé ppI i cation

step and t he presant in the electrodes can be reliably removed by

20 field evaporation. Therefore, a discharge between the
electrodes of the flat-type display device can be
suppressed, a stable operation can be realized, and
there can be cbtained a flat-type display device having
high display qualities and a long lifetime. Further,

25 during the production of the flat-type display device,
~controlling of particles and controlling of production
steps can be moderated. When the knocking treatment
method or the substrate knocking treatment method
according to the second aspect of the present invention

30 is employed, the knocking treatment can be speedily’
completed and TAT can be decreased.

k Kk ok x %



- vol tage-application step are repeated. 2. The knocki ng treatment ggtJundgpm
a flat-type display device according to 20 claim1l1, in which the value of
the voltage V 1 and the value of the voltage V2 are equal to each other.
3. The knocking treatnent nmethod in a flat-type display device according to
claim1, in which the flat-type displ ayl48evice is a cold cathode field

em ssion display; 25 a cathode electrode and a gate el ectrode provided in
a cat hode.panel of the cold cathode field em ssion display correspond to
the first electrode provided in the fgrgiMSsubstrate; and an anode

el ectrode provided in an anode panel of the cold cathode field em ssion
di splay corresponds to the second el ectrode provided in the second
"substrate. 30 4. ,The ' r I ' f -t di sp

devi ce accof‘di ngAt gnocgﬁgﬁ%a%geﬁhnﬁg%%ﬁﬁtagaw gff H &j%@ dc??iscglléﬁgl\l/%c%ﬁ?s a
col d cat hodsubstrate dpretided ivaith di 8t @lectrfdd addlla 2@0hd sultsttita peatidwideith a

el ectrode, a gate electrode and a, focus el ectrode proyided in a.cathode
panel of t FEOBGRIECEANYELisPrEdWRhasEeEHM FPASS %Eﬁrfg‘@l:%(bg%ﬁﬂ ?]?%ﬁfsﬁén irst

el ectrode proyjg ?ﬁi%s.?;rg%eﬁtaﬂﬁ tk?é;jﬁ&% siHifak Al fhe 8REn@RuRAAREEIHBRAdIOE Bt OVi ded

in an anode pane e Cco cathode field em ssion display corresponds
t 0 t he secontherinahtir odenpiemniidgwriionst he 5 second substrate. 5. A knocking

treatnent nmethod i.n a flat-type display device in, which finst 0
substrate provi d&aid patpedycqm rgs_[mge?tgrgw%agpm %V@@@Sn\gll %’3“6;%#{#%%@ ec%trog?/i ded
with a seca@eﬁdh@ﬁhwﬂ@ge%@nw RS 8&koll ERcRodee Wb SPAE®dofibe bRYSRdn
between the first and second substrates and the first substrate and the

second $Qbstheafinst eleetrasisrigeticld cveperationst, e which, wfier thecitstvaiageapplication
P o0 S oSO SRERRL R YR A6 ARR gy IR e Yorkidit

first electf a vol tage app he sec ectrode
to renove athy @cefd tledtrqieetenkcdnd vdllage-hpplichtied eep oddpplioingfd edlthge V, to
evaporation, in which, after the pul s?-vol tpﬁgg aﬁ]pl i nq st.ep of .pul sew se
appl yi ng t héhassrendydeniroge iyghepdar thesyoliapearnlisgée _egﬁ{fétre $RRAC £ 1 ge
applied to tt@ﬁelt%]ﬁééa@&a@ HE LA ondgfeﬁ&{tqmﬁed&k&ﬁ EBRroteCmPlheAPPMARE t he

vol tage V2 to econ ctro i gher than the voltage applied to the
first ellgct higher ilmn tlar vdlinde Vyis 20ast onaeveltdgedV ¢ avokage Higlenithey thevoltagn t he
first electrode and the second .el ectrode. 6., The knocking tr ment t hod
o At YPe OB POy e A DR o O eEERR B AP SRR ARG b
current -f|0%ﬁg%eb£;p\ﬁgﬁ{bntsl?® drk tpeatgliect rode and the second el ectrode
reaches a predeterm ned value or |ower, a voltage higher than the voltage V

1 25 is set as a new voltage V1, a voltage higher than the voltage V2 is

set as a new vol V2. nd.th -.vol - ap i
current-det gcti o;ﬁgﬁgﬁ’c éatrreéigié%qﬁe%g@& ﬁfhaeh%ﬁ@g%ﬁéﬁ%ﬁggﬁ%%{;@o@n@%% in a
flat-type dict@hay islenicheh@cslos of thg voRagecV pind the vilne whiheholtakeW, troequall t age

V2 conmes to be equal to an actual operation 30 voltage VO of the flat-type
di spl ay deviteeachpthesi t age hi gher than the voltage V 1 is set

3. The knocking treatment method in a flat-type display device according to
claim 1, in which the flat-type display device is a cold cathode field emission display;
25  a cathode electrode and a gate electrode provided in a cathode panel of the cold
cathode field emission display correspond to the first electrode provided in the first
substrate; and an anode electrode provided in an anode panel of the cold cathode ficld

emission display corresponds to the second electrode provided in the second substrate.

30 4. The knocking treatment method in a flat-type display device according to
claim 1, in which the flat-type display device is a cold cathode field emission display;



as a new voltage V1, the voltage V2 is set at a value equal to thgsagbuafgs
operation 05JUL 2005 -150-, voltage Vop, and the pul se-voltage-applying
step and the current-detection step are repeated until the current flow ng
between the first electrode and the second el ectrode cones to be a
predeterm ned value or smaller. 5 8 A kdfbcking treatnent nethod in a
flat-type display device, in which a first substrate provided with a first
. electrode and a second substrate provided with a second el ectrode are

- di sposed Wi hRaBodAEBUPBRPASR: eREGSROSRI RELVEEArddB rdvidsitinandthods pand
substrates and the first substrate and the second substrate are bonded to
each ot her of thetchls qathnide dight emission displagcottespond 1@thsdirst ehestiedel prowigdsdiisi ng

pul sewi se appl yi ltage V1 t.o the first.el.ectrode ., hiagher.than

Vol tage apphitedt sufd o By dpobd elSfads BVl &P Blogedhelir S, 1
the first ekshbdodeldhymikiien displaparripsnds tb thevbicohd teheirbli@prdvided idi thpl ay
device is a cold cathode field em ssion display; a cathode el ectrode and a
gate el edtr 8#OPFRAMEEd in a cathode panel of the cold cathode field

em ssion diisplay correspond to the first 15 el ectrode provided in the first
substrate; and an anode el ectrode provided in an anode panel of the cold
cat hode field em ssion display corresponds to the second el ectrode

provided in the second substrate. 9. . A knocking treatnent nethod in a
flat-type display device in which a first 20 substrate provided with a

first el ectrode anfnhGkpflRBAmMSHORIRESHPL @M—%Q d{‘épﬁeﬁr devi&eROUich! £eitdode
are di sposed with a vacuum space i nterposed betweéen'the first and, second

substratt@s awibtratsepiovidstl willhgt fit eclentndde adse corndsaibsiratatprovided vathded t o

each other.in thei ircunferential portions, said method cappr.isin ,
pul sevi se. afpTPRREoRodb rEabroor Wl Lecpiiribats Biepotd bBteen R artadn a
vol t age applse@aldtsabdtiessiedanél fiedt 8abst@ttearidotht @B3NE sabfifgd &etboabedfe&eht i n
the first electrode by field evapaoration, , in which the flat-type display

devi ce is aO8sr i thelickegaloredialP@HPRSi on di spl ay; a cat hode el ectrode, a
| d L . i i fi.th
gate el ectrode a@%d%étﬁ&&'éom@{lsg% gﬁ%@é Q%ﬂlglgg 5'\{%51%%‘%2% ?fglgtfﬁgr{‘aéafbd the

cold cathode field emssion y COrres ectrode
provi ded5i n higher fhian atvoliagsippiied jo inde@nd @hededeloaeinood e pBfectioph@vésdsdni n an

anode panel of _the, col at e field enm ssion display corresponds to the
second el ectﬂ!"?og?t ﬁllWPg%gyltlF]f”?‘? ﬁ@a@é@&ﬁ‘d %Wblc?la?%‘? @esﬂlﬁﬁ"%@esappiymg 151
10. A -knoc %teﬁ%fbh%é&rﬁ@%pﬁgfgﬁﬁgvb%g% \SMQ%% ﬁfs?elfe%?ocﬁ: Hiélibtr‘t%a)’lpcﬁé vé?i't%@' ay

device conprising disposing the substrate for a flat-type display Vi ce
havi ng an elagpligdoddghe Secand elkcgerdss vcatrenttdsteckino steprid ahplyingghamokdgec{xtode f or

k Ki it i nt bet h trat ; t.hen,
st epvi o apdhy et bd R 3B g i Rctegr Bt e U RRE SR Ser i e
appl i ed2bo theetettecdukRaefdwinhg bBaedeh fige 11t L8R add the second electrode.

6. The knocking treatment method in a flat-type display device according to
claim 5,. in which, when the current flowing between the first electrode and the second
electrode reaches a predetermined value or lower, a voltage higher than the voltage V),
25  is set as a new voltage Vi, a voltage higher than the voltage V, is set as a new voltage

Va, and the pulse-voltage-applying step and the current-detection step are repeated.

7. The knocking freatment method in a flat-type display device according to
claim 6, in which, when the voltage V, comes to be equal to an actual operation
30 voltage Vp of the flat-type display device, a voltage higher than the voltage V; is set

as a new voltage Vi, the voltage V, is sef at a value equal to the actual operation



proj ection present in the flrst el ectrode by field evaporation. P 3@_%@3
ay ée

. The-’knocking treatnment nmethod in a substrate for a flat-type disp

~accor di ng to claim10, in which the substrate for a flat-type di spl ay
device is a substrate for a cold cathode field em ssion display; and a
cat hode el ectrode and a gate el ectrodeljfrovided in a cathode panel of the
cold cathode field em ssion display. correspond to the el ectrode provided
in the substrate for a flat- -type di splay device. 15 ' ‘12. The knocking

treat ment ngg) V&b, an@ YRS bhidd-Qoltie-appf stey R8d Ghé Bhdht R E6h s@ ¢ di hg
to claim10, Fur%gv\h(?}ch t he }s)ubstra%e a?pyln?éflgt type display devi cg is a.

substrate ftapeatednid tbepmtivé flomangibesweersthe dirsti edgsitade anthtie seenmdiedasérode

el ectrode, a,gate beea ectrode nvd aofo%ﬁs el ectrode provided in a cathode
panel of th% €614 *C 43 o?é”f“%‘t % angston di splay correspond to the

el ectrode provided in the substrate for a flat- type d| spl ay device.  13.
The knocking treatment nmethod in a substrate for t-type displ ay deV| ce

. accardiny t& cl afrkaeskingnirepment makod st Haliyps étSPbtlyffleé(tht Wowhigh pfigsy

- device.is .a r and an" .
~anode el ectro%ga%t]@%wd@%%&t@gnﬁ{asg%%nggéngﬁ gedf E%C%égcsgﬁg %&Eo‘gaéy%d .

em ssi on di sgpoay etaotrocéesmortﬂaao’seﬂ itk aevaeatmagiece mtanposdédbetweenhhae Srdbahd at e
for a flat- t eddls gwc AtEfAkncm tre ment @%n anlé
Gobstrato 1 ooo0nd SRRl S8 st 5inulecBA Ty Mot SRR f Dondst g el
substrate fgﬂleﬁufthgﬁ-cﬁ-&j}ﬁfe%nﬁm @mg[esw ce having an el ectrode -and a .
~-substrate for knocking having an-el ectrode for knocking with a vacuum space

05JUL2008 - 152 smdenqt@sb@rmmmwlservesem&mamelta@ﬁl thin firphdlestmids e

ap,p,l,y-,i-n-g a:yoltage: V1 o t he.: ectrode than .a-volta lied to
- the o1 ectr ol ErrER R S elefheirbPyef o saRa S Els bORRe R B AR BB P o1

el ecttode byhefirgl ae@meo@&tdt@evap‘éral@n Thehlkchahk flagyhé ei%plﬁgi‘ﬂbwﬁeidwﬁbldn a
"substrate for_a flat-type-display device according to claim 14, |n whi ch,

Cafter the pathedsbeld sgussignydisplag cathade slechofieand 2 gate glssirgdaprovided Wbkt age
V1 to.the el, e ode
. for knocki ng&%b %lljér’rr%d@%d%(?g&#ﬂgﬁe ‘S’f;&lédpae%ms\iﬂn agpiag &b&eggé tlg’gg{ Stto t he
el ectrod@ i slecaodd lﬁdvﬂaeﬂmﬁled‘esmlbstaate;lmﬁemtanbﬁ@whectg)deqtrmded utdtearealdect rode .
and the 10 el ectrode for 16. The knocki n at ment in a
substrate f @RS Fh oqig Gat ha?s%t@ﬂseweéwp cCBFTEItR?& %easptﬁnﬁse i ch,
when the cunijgce‘medflh% Rdoetwesnet he el ectrode and the el ect rode for '

| knocki ng -comes to be a predeterm ned value or smaller, a voltage 15 hi gher
than the voltage V 1 is set as a new voltage V 1; a voItage hi gher than the -

oLt V2o SRR B L bRe AMlaralel BosanRel o Step

20  substrate provided with a first electrode and a second substrate provided ‘with a 7

second electrode are disposed with a vacuum space mterposed between the first and."
second substrates and the ﬁrst substrate and the second substrate are bonded to each .
- otheri m thetr cucumferentlal porttons o |
said method compnsmg pulsevvtse applying a VoItage V; to the ﬁrst electrode
| 25  higher than a voltage applied to the second electrode to remove a projection present in_
the first electrode by field evaporation, , in Wh_l(;h the flat-type dtsplay device is a cold
cathode ﬁeld emission dlsplay, a cathode electrode, a gate. electrode and a focus.
~ electrode provided in a cathode panel of the cold cathode field emission dlsplay
correspond to the first electrode provided in the first substrate; and an anode electrode
- 30.  provided in an ancde panel of the cold cathode field emission display corresponds to .

the second electrode provided in the second substrate.



17. The knocking t reat ment nethod ina flat-type display. device' ﬁQﬂﬁthQ
to ‘20 claim 16, in which, mhen the voltage V2 conmes to be equal, "o an
“actual operation voltage VO of the flat-type display device, a voltage
higher than the voltage V1 is set' as a new voltage VI, the voltage V2 is
set at- a value equal to the actual opertitron voltage VO , and the
pul se-vol t age- appl yi ng step. and the current-detection step are repeated
until the current flow ng between the electrode and the electrode for 25
knocki ng cones to be a predeterm ned value or smaller. 18. The knocki ng
~treatnment nmethod in a substrate for a flat-type display device according
to claim 14, |n whi ch the substrate for a flat-type d|$play device is a
substrate f a Go e S Y. . ¢at .
el ectrode and a %&akﬁ'oc%@tfg ﬁ'e efotd%n%thg’g]vi?ldéegﬂbswa%ok&tah f%{lgr @n&eigpl%f(ag Ye col d
_cat hode f|ebmmpmmﬁgdﬁ@oﬂh@ﬂkaammﬁneﬁﬁspﬂmﬁyp@dmphy(Etﬁemaﬁﬂgannmﬂmded in
the substrate_ for t=type di splay device. 05JUL2.15 - 153- , 19. The
. knocki-ng-t r 83 ﬁéﬂts ﬁe%ﬁ&&otlﬂn% aYipg pp glesireds fog knpdling gyt 2/ vagugy siesi ce .
. Laccording- i h 11, ty i yo
Gocoraing- MAaEbaddent e bR S St sRPCA AL S1vude WlBThEY
cat hode el eclertoatlz, highgrathen 5 edltage rapplhechtmﬂm élemtu};ieetbe@omidm tpronoed in a
cat hode panel .of. t SSIO di splay correspond to the
Ceerr odb pPEURHEN oo e Gedr ) TN APORYRE i ool oy v oo, 90,
The knocking treatnment nmethod in a substrate for a flat-type di spl ay device
10 accordln? to:claimi14,. in wiich'the substrate for a flat- type dlsplay
‘device 1¢ allsubdbe éEﬂ@Clﬁm traatmntjrr@quomea ﬁlﬂiétl'ateefﬁf ssflasrivnti dipplay dewisel an

__.anode-elect rgco?dlﬁ %’ 'c(iial Qv%jc% ﬁl%nsllbgt?ata ra- %tqé;?at ho?a a{lév?c:; d. em SS' on |

~d|splay correspon e el’ect rode

flat- type disptayg tﬂﬁa/ b@ld.caﬂ.15de field emission display; and a cathode electrode and a gate
electrode provided in a cathode panel of the cold cathode field emission display
correspond to the électrode provided in the sltbstrate for a ﬂat—type display device.
15 ‘ | .. - g :
12. The knocking treatment method in a substrate for a flat-type display device
according to claim 10, in which the substrate for a ﬂat4type display device is a,
. sabstrate for a cold cathode field emission display; attd__a cathode electrode, a gate
eleotrode and a.focus electrode provided in a cathode pane'lrolf the cold cathode field
20 em:iss’ion display correspond to the electrode provided in the substrate for a ﬂat-'-typ_e 7
-disol_ay device. | ’ . :
, 13 The knockmg treatment method in a substrate for'a ﬂat-type d1sp1ay dev1ce .
) 'accordlng to claim 10, in whlch the substrate for a ﬂat -type display devicé is a
25  substrate for a cold cathode field emission display; and an anode electrode provided in_
an anode panel of the cold cathode field emission dtsplay corresponds to the electrode

 provided in the substrate for a flat-type d1sp1ay device.

14. A knocking treatment method in a substrate for a flat-type display device
- 30 comprising disposing the substrate for a flat-type display device having an electrode - .

and a substrate for knocking having an electrode for knockt'ng with a vacuum space
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o interpo'sed between the substrates, and then, pulsewise applying a volt'age V) to the
electrode higher than a voltage applied to the electrode for knocking to remove a

projection present in the first electrode by field evaporation.

15 The knockmg treatment method in a substrate for a ﬂat—type display. dev1ce_

-':‘""-‘-'accordlng 1o elalm 14 in wh1ch aﬁer‘me'lpulse—voltage-applyulg step of pulsew1se:'
applying the -voltage Vi to the_electrode ‘higher than the ;voltage Vi applled to the )
electrode for knocking, the curfent~tietection step of applying the voltage V,'to the |

. electrode is carried out to detect a current ﬂowmg between the electrode and the

10 el'ecnode for knockmg IR

16; | The knocking treatment metholtl in a substrate -for‘a'_ﬂat-type display device
according to claim 15, in which, when tlrle._current flowing between the electrode and
the electrode for knocking comes to be a nredetermmed value or smaller, a voltage
15  higher than the Voltage Vi is set as a new voltage V1, a voltage higher than the voltage
V2 is set as a new voltage V;, and the pulse-vdltage»applying step and the current-

detection step are repeated.

17';.' The 'knock‘jng treatment method in a flat-type display device according to
20 claim‘ 16, in which, when the voltage V; comes to be equal to an actual operation
Voltage Vop of the flat-type display device, a voltage h1gher than the voltage Viis set
as a new voltage VI, the Voltage Vi i is sct at a value equal to the actual operatlon
) ,voltage VOP, and the pulse-voltage -applying step and the current-detecnon step are
" 'repeatecl untxl the current flowing between - the clecirode and the electrode for

25 knockmg comes o be a predetermined value or smaller.

18, The knocking ,jtr_eatment ‘method ‘in a .substrate.for a ﬂat-tjj}.)e' display. device
according to claim 14, in which the substrate for a flat-type display device is a
substrate for a cold cathode field emission display; and a cathode electrode and a gate

30  electrode provided in a cathode panel of the cold cathode field emission display .

correspond to the electrode provided in the-substrate for a ﬂat-type display device.
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19.  The knocking treatment method in a substrate for a flat-type display device
according- to claim 14, in which the substrate for a flat-type dlsplay device is a
substrate for a cold cathode ﬁeld emission display; and a cathode electrode a gate

5 ¢electrode and a_focus electrode prov1ded ina cathode panel of the cold cathode field

- éiission dlsplay correspond' to the’ electrode provrded in the substrate for a flat type T

display device.

S 10 accordmg to clarrn 14 in Wh10h the substrate for a ﬂat type drsplay dev1ce is. a

anode p_anel of the cold cathode ﬁe_ld émission dlsp_lay corresponds to the electrode

provided in the substrate for a flat-type display device.

15



