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DI SPLAY PANEL AND FLAT- PANEL DI SPLAY DEVI CE 5 TECHNI CAL FI ELD The present
invention relates to a phosphor powder (phosphor crystal particle) and a
production nethod thereof, a display panel constituted -of such 10 phosphor
powders and a flat-panel display device having such a display panel.
BACKGROUND ART As an i mage displ ay deV|ce that can be 15 substituted for -
currently mai nstream cat hode ray tube™ (CRT) flat- type (flat-panel)

di spl ay devices are studied in vagseaspmagg. Such fat-panel display
devices include a liquid crystal display (LCD), an electrolum nescence
display (ELD) and a plasma display 20 (PDP). There has been al so proposed a
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vacuum fromn Aﬁ? Ub a8t Yh PG 0y thRFf@  excitation, a so-called
field en155|on isplay (FED), and It attracts attention fromthe Vi ewpoi nt
of the 28 brightness of a display screen and | ow power consunption. Fig. 4
shows a typirgehncosstFtwtbon of the cold cathode field em ssion display.
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Spindt-type field em ssion device having a conical electron-emtting 1 4
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BACKGROUND ART
As an image display device that can be

15 substituted for a currently mainstream cathode ray tube
(CRT), flat-type (flat-panel) display devices are
studied in various ways. Such fat-panel display devices
include a ligquid crystal display (LCD), an
electroluminescence display (ELD) and a plasma display

20 (PDP). There has been also proposed a cold cathode
field emission display capable of emitting electrons
into a vacuum from a solid without relying on thermal
excitation, a so-called field emission display (FED),
and it attracts attention from the viewpoint of the

25 brightness of a display screen and low power consumption.

Fig. 4 shows a typical constitution of the cold
cathode field emission display. In this cold cathode
field emission display, a display panel 20 and a back
panel 10 are placed so as to face each other, and these

30 two panels 10 and 20 are bonded to each other through a
frame.(not shown) in their circumferential portions. A
space closed with these two panels forms a vacuum space.
The back panel 10 has cold cathode field emission
devices (to be referred to as "field emission devices”

35 hereinafter) as electron-emitting elements. One exaﬁple
shown in Fig. 4 is a so-called Spindt~-type field |

emission device having a conical electron-emitting

-
.



-2~ portion 16. The Spindt-type.field em ssion device conprisesta s¢

stri pe-shaped cathode el ectrode 12 forned on a substrate 11; an |nsur§FPng

.layer 13 fornmed on the cathode electrode 12 and the substrate 11; a strhpe

5 shaped gate el ectrode 14 forned on the insulating layer 13; and a i

conical electron-emtting portion 16 formed in an opening portion 15 g

formed in the gate electrode 14 and the insulating |ayer 13. The ' %;;n
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cathode electrode 12, and a negatively positive voltage
(scanning signal) is applied to the gate electrode 14
from a gate-electrode driving circuit 32. An electric
20 field is generated due to the application of these
voltages, and due to the electric field, electrons are
emitted from the top end of the electron-emitting
portion 16 on the basis of a guantum tunnel effect. The
fieid emission device shall not be limited to the above
25 Spindt-type field emission device, and field emission
devices of other types such as plane-type, edge-type,
flat-type or crown-type field emission devices are used
in some cases. Further, reversibly, the scanning signal
may be inputted to the cathode electrode 12, and the
30 wvideo signal may be inputted to the gate electrode 14.
' The display panel 20 has a plurality of
luminescent layers 22 which are formed on a support
member 21 made of glass or the like and have the form of
dots or stripes, and an anode electrode 24 made of an
35 electrically conductive reflection film formed on the
" luminescent layers 22 and the support member 21. A
positive voltage higher than the positive voltage



-4 SEP 2Ws -3- applied to the gate electrode 14 is applied to t he 1anggg o

el ectrode 24 from an accel erati ng power source (anode- el ectrode drivi
-circuit) 33, and it works to guide electrons enmtted fromthe H
el ectron-emtting portion 16 5 to the vacuum space toward the Iun1nescent

| ayer 22. Further, the anode el ectrode_ 24 functions to protect the =
phosphor powders (phosphor particles) c%nstltutlng the | um nescent Iayer"
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out a practical function as a cold 30 cathode field em ssion display, and a
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only carries out its function as an anode electrode but

also carries out the function of a member known as a
metal back layer in the field of a cathode ray tube
(CRT). The anode electrode 24 is generally constituted
20 of a thin aluminum film. A black matrix 23 is formed
between one luminescent layer 22 and another luminescent
layer 22.
‘ Fig. 5A shows a schematic plan view of the
display panel having luminescent layers 22R, 22G and 22B
25 formed in the form of dots, and Fig. 5B shows a
schematic partial cross-sectional view taken along a
‘line X-X in Fig. 5A. A region where the luminescent
layers 22R, 22G and 22B are arranged is an effective
field which carries out a practical function as a cold
30 cathode field emission display, and a region where the
anode electrode is formed is nearly in agreement with
the effective field. For clear showing in Fig. 5A, the
region where the anode electrode is formed is provided
with slanting lines. A circumferential region to the
35 effective field is an ineffective field for supporting
the function of the effective field, where peripheral
circuits are formed and a display screen is mechanically



circuits are formed and a di splay screen is nechanically -4 suppdm 8¢p Zdisn
the cold cathode field em ssion display, the anode el ectrode is not
.necessarily required to be constituted of the anode el ectrode 24 nade of,
an 5 electrically conductive reflection filmas mentioned above. It may be °
constituted of an anode electrode 25 mgde of a transparent electrically ; -
conductive film forned on the support nenber 21, as is shown in Fig. 5C @;
which is a s%¢EFQN¢%dpart|al cross-sectional view 10 simlarly taken along
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nuneral s, a t Akl omtted. Fig.
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el ectrical | yfeshadcenvehe cfpROTbrimembex 2hd ¥ gis SIOWBhoWF I corSti tuti on

i n which theyppede; sl Scééﬁéﬁa%ﬁ:'éaﬁ’élﬂfﬁd@r@ésﬁsééﬁiﬁﬂi)&l epfew! ectrical ly
conductive film anode flectrodes 24. and_25 is forned nearly

on the er H@”%?‘?g—ig B?]L?ﬂea%‘?lf‘%c?l e ErH B THe- WspiBy el. In the
col d cat hodestippbdtemesbenn2il| sphaly dhathe 3dndde acldatrpaee! 24li spday

device, the Byiggfgkﬁéér‘%aﬁgb ﬁeEﬁéoﬁx%%i??fgﬁr%g?%lgf ﬁx‘?” the

counterpart in a ca SOt i cul 0 increase an
el ectron- accefEpgting %Eﬂ-dge to the level of an electron-accelerating

voltage in the cathady.r &k Lubes 35 dohchla® i60bdaabhadecti ehd em ssion

di spl ay, |f the _electron-accelerati ng voltage I S.too hlg sgark
dlsplay panel having the Yuminesdent layers Z2R, 22G and

22B formed in the form of stripes, and Figs. 6B and 6C
show schematic partial cross-sectional views taken along
 a line X-X in Fig. 6A. In Figs. 6A, 6B and 6C, the same
portions as those in Figs. 5A, 5B and 5C are shown by
20 the same reference numerals, and detailed explanations
of the same portions are omitted. Fig. 6B shows a
constitution in which the anode electrode 24 is made of
an electrically conductive reflection film, and Fig. 6C
shows a constitution in which the anode electrode 25 is
256 made of a transparent electrically conductive film.
Each of the anode electrodes 24 and 25 is formed nearly
on the entire surface of the effective field of the
display panel.
In the cold cathode field emission display that
30 is a flat-panel display device, the flying distance of
electrons is far smaller than the counterpart in a
cathode ray tube, so that it is difficult to increase an
electron-accelerating voltage to the level of an
electron—accélerating voltage in the cathode ray tube.
35 In the cold cathode field emission display, if the
electron-accelerating voltage is too high, spark
discharge is liable to take place between the gate




di scharge is |liable to take place between the gate 1 4 SEP2005 -3-4 g
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the accelerating voltage is set at 31.5 kilovolts and
when the luminescent layer is made of ZnS, Monte Carlo
simulation is conducted with regard to a relationship
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35

between an energy'loss of electrons which have

entered

the luminescent layer and the electron penetration depth

into the luminescent layer on the basis of the

Bethe

expression represented by the following equation (1)

(see "Practical Scanning Electron Microscopy”,
Goldstein and H. Yokowitz, p 50, Plenun Press,

J. I.
New York

(1975)). Fig. 20 shows the result thereof. It is seen
from Fig. 20 that when the accelerating voltage is 31.5

kilovolts, the peak of electron energy loss is

positioned approximately 1 pm apart from the surface of
the luminescent layer. Further, electrons enter
approximately 5 um deep from the surface of the
luminescent layer. In the simulation, it is assumed

that electrons lose approximately 43 eV in average (mean

free path : approximately 4.8 nm) due to one scattering,

and they stop after they suffer elastic scatterings

approximately 150 times in average.
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approxi mately 150 tinmes in average. -6 -(dEmdX) = 2ated4No(Z/A) 14 ¢ SEP
(p/ En,)In(1.166E,,/J) (1) In the cold cathode field enission display, 2&E '
hoviever, the accelerating voltage is required to be 5 approxinmately 10 5
kil ovolts or |ower, for exanple, approximately 6 kilovolts. Wen the

acceleratlng voltage iIs set at 6 kI|OV%|tS and when the | um nescent Iay%r__

i s made of ZnS, Monte Carlo sinulation™S conducted with regard to a o
rel ationship betwei/an)le enehuy z/09%p?E. plect I DESEWYCh have Fp jered the
| um nescent |ayer and the el ectron penetration depth |nto t he nlnescentw
| ayer on the basis of the above Bethe expression, and Figs. 21 and 22 show
the results. In Fign 2he roldscatbodedfibad ens846nmdl sptiyal um num 15 i
thin filmis o h Y, nd in Fig.
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el ectron eneaﬁprbﬁﬁﬁatélyoélkip@@alﬁgarvnhﬁlQ%kew@aalé¥ﬁéﬁmjace of the
| um nescent %ﬁ Furthe ﬁctr ent er ~onl %&?fOXIH&te|y 0.2 to 0.3
Km deep fronV? aq@u??a%% o?tt %eﬁﬁdlﬂaéh 1TWRIReFEERL hode
field em ssi baydispsapada MﬂIEﬂSIhﬂoﬂﬁ@ﬁ¢&f3¢l$¢mﬂD¢tfﬁﬁi1$S | ower than
that in the b ect netration depth into the
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| um nescent [ayer e elec ceived only
in a narrl8w eneggpnlosst b€ ehﬁcheenenwhiehehavgaemteuedrtye only near the

surface of t e y t her,
approxmatel)m(ﬁm%gglsegﬁe méYég gﬁ%rtﬁg %fg?ectrgﬁs contr utes$€% Ilght

eni ssi on, ananFﬁethénﬁPﬁiﬁﬁsﬁﬁbFo%ﬁﬁﬁfe@? Boe obasis het Eh@rgyovg converted
to heat. ThaBethe aggtesslgﬁpeaﬁaeﬁlggreallanaeﬁz shewSthé ages@itshe
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thereforéﬁlstUusséaﬂmted forinbd 6oribhefsarface of the luminescent
layer, and in Fig. 22, it is assumed that a 0. 07 Lm
thick aluminum thin film is formed on the surface of the
luminescent layer. Figs. 21 and 22 show that the peak
of electron enerqgy loss is positioned near the outermost
20 surface of the luminescent layer. Further, electrons
‘enter only approximately 0.2 to 0.3 um deep from the
surface of the luminescent layer. In the cold cathode
field emission display in which the accelerating voltage
is lower than that in the cathode ray tube, the electron
26 penetration depth into the luminescent layer is small,
and the electron energy can be received only in a narrow
region of the luminescent layer (particularly, only near
the surface of the luminescent layer).
In the luminescent layer, further, approximately
30 10 % of the energy of electrons contributes to light
emission, and the remaining approximately 90 % of the
energy is converted to heat. That is, heat is generated
greatly near the surface of the luminescent layer. As a
result, when the luminescent layer is constituted of
36 phosphor powders made of a sulfide, sulfur that is a
component therefore is dissociated in the form of a

single atom or in the form of sulfur monoxide (S0O) or
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Thereforle, tb‘?(&@h&ﬁpﬂ@iclpdoa\ﬂﬁﬁﬁnlmt’&hﬂmiﬁﬂrﬁhi? eﬁcmﬁé’cpltﬁl e | dﬁ
constantly is deteriorate r eat as_c are 1, er_phos r

powder s, ands‘t‘ﬁga‘ﬁﬂo%% hb#e p %g%ﬂ‘%rg%lf e?rl"%\rlg}%ﬁqzlt‘%sjtse r&flﬂg%&t he
counterpart doethbe dasbodbatayntobesuFimt he$) fremdin®rimsa surface of the
phosphor po e | O tLaln | @rgm&f‘t pr oduci ng
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have | at tibceldpescte. anbpEby@R, approximately 0.03 um deep from the

surface. Fig. 23 clearly shows that the peak of

electron energy loss is positioned in a region of the
luminescent layer which region is made of Zn due to the
dissociation of sulfur (S) from ZnS. Further, electrons

20 reach only approximately 0.2 um deep from the surface of
the luminescent layer.

In the cold cathode field emission display,
further, the position in the luminescent layer (more
specifically, phosphor powders) with which position

25 - electrons emitted from one field emission device collide
is generally constant unlike the cathode ray tube.
Therefore, the phosphbr powders with which the electrons
collide constantly is deteriorated greatly as.compared
with other phosphor powders, and the phosphor powders

30 are deteriorated faster that the counferpart in the
cathode ray tube.

Further, the outermost surface of the phosphor
powder suffers various strains during the processes of
producing the phosphor powders and producing the display

35 panel and is liable to have lattice defects. Moreover,

- it is required to drive the cold cathode field emission
‘display at a higher current density (emitted-electron




it"is required to drive the cold cathode field enission displ ay13t s@p
- higher current density (emtted-electron i 14 SEp2W5 -8- density) t%anzgﬁe

cathode ray tube for attaining desired |um nescence efficiency. For
exanple, a current density in the cathode ray tube is 0.1 to 1 Alcn®,
while the cold cathode field em ssion.glisplay requires a current 5 density
of-as high as 5 to 10 A/lcn2. It is therefore required to operate the
out er nost  suisadeyf thise thieospitbodgowayr tubeafpsr atbainéagbgeshsed hi gh-
excitation ClQH{g.'nltésgfé?rceWé'f'ﬁcti@?mng OrsAt BRgRoTe el 4 Qmsshorashsptpy i s

L a efe l'i abl

operated, - crys cts are e 10_.to be forned or ltiplied newy
in the phos@orthsowddhodegiayh tubec dfsiOddr &8 QOM@éGEb'tWﬁiikn¥§éoration of
the |uni neseancefHdad Fiend enisedond digpliay. réqaizbeva- expranned
deterioration of the _I|um nescent | qyer Jor thezphgﬁihor om%srer esults in
the 15 1 udengtitoh HF Bty ghitOc dHoPPATE I urhi hede St B

iciency, the
cont am nat i afecpfirted ernaperameEondE sudfermose sardacet kddé&hei el d em ssi on

di spl ay and consequent a 1. relialil) l.i.fetime
characteri st’%’a%qssﬂo}?ogt%ogﬂdceoﬁdg%%t %’%J}glﬁne}xl&%%ysg%g?}gpégﬁa% It is 20
t heref ore stexmigtatidysicadittuians-cl ¥pidel theneetdncathager Laelghosphor

powders fregf{ é}?t&féﬂ%}iw1 &:;élaéted:,&c el PSS e dafaeales, for
|nprOV|n?che cold cathode field em ssion displ inreliability and

|i fetinel@hatadrerfemmed ongnpdrinkied Mevy iifetE SoaPhaT POYYSirhode ray

tube, it is yeohIBS donsdaaasen dimeitie aetmriciadiornmbhadre t hat

~collides with the |lum nescent layver.. That is, it s required to increase

the current ﬂ‘é‘ﬁ%‘??@ce% et%gﬂe‘f%%‘%/?%nt%e%rn?%%eaq fc'aosi“JIel%:cl'es with the

| umi nescent 30 | ayefhel rbbhieserpl hbdedhdekesioraheonphetplee powders that

emt 110Nt i 0f REH.ERE PAYLE Ot AN hidiiifod QiR TRARN AN i 2
the g a e

phenonenon | €ads to eheration _ ¢ a ring.. The above magent a
ring ref dps fougtuation of emitted-light color and . luminescence

efficiency, the contamination of internal components of
the cold cathode field emission display and a consequent
decrease in reliability and lifetime characteristics of
the cold cathode field emission display. It is

20 therefore strongly desired to develop a luminescent
layer or phosphor powders free from deterioration, that
is, free from crystal defects, for improving the cold
cathode field emission display in reliability and
lifetime characteristics.

25 For attaining finer display with a cathode ray
tube, it is required to decrease a diameter of an
electron beam that collides with the luminescent layer.
That is, it is required to increase the current density
of the electron beam that collides with the luminescent

30 layer. In this method, however, the phosphor powders
that emit light in green are particularly liable to be
damaged, and such a phenomenon leads to the generation
of a magenta ring. The above magenta ring refers to a
phenomenon in which the phosphor powders that emit light

35 in red and light in blue are scarcely damaged, and in
the cathode ray tube, a magenta color that is a

complementary color to green is observed in the form of



_phenonenon I n which the phosphor powders that emt light 35 in r¢q g
li'ght in blue are scarcely damaged, and in the cathode ray tube, &gﬁt
-color that is a conplenmentary color to green is observed in the forn1of 14

SEP2 5 -9- aring. In the conventional cathode ray tube, the current
density of the electron beamthat colllggs with the [um nescent |ayer and
the lifetime of the cathode ray tube are inversely proportional to each
other. For % priauent tagthedeoneaseionalheathbaéi neyotubde thehode ray tube
whi | e increasin he current ensi t f t he ectron at_.col | ides
withthelurﬁ‘#e%ct%t ORI of] rfl|s ch)Cr]féJ bgg‘l?:tg%cg d%%pg%%ﬂ
| um nescent ﬁla;/ekumneqsimscpﬁm’quwd@ sthmllo-tfeltsﬂ@r efd&her cothodgd to a | ess
10 degree, t f%% AT S rogﬂx%& N0+ lBeh o¥B@hee. pb 1S

j ect t

t herefore an he present ention to provide phosphor powders
that haved crBEREENtIRG ctidequeass dfs Weyrlddedideand ddCeCadhRCded TRy a | ess

é5 degree eV1fi£bé RyRSEe fﬂ{c%als@ﬂg; Rald Qﬂ;ﬁfeﬂﬂ rﬂééldlaﬂﬁldf téiehalt sufferI a
ecrease in um nesc nce e I.Cle ree a I,S a ane
constituted FeSHER ptmﬁt &%&%‘r‘i‘e ﬁ% 91%[5’3&9 q:f‘}?/ dvi ce
provi ded w the sie rs*armgxy e siarel t&@i@teﬁ@;@&ﬂﬁnﬁﬁeﬁd@uﬂ\l\xﬂyﬁmﬂhe

h h f
Beni oving { HeaBRuer gryaet dhide o AR dord dnlibell AN A0 " T

mat eri al limdéegtee P5that ei@ndmsmwmg:ml td%feﬁlzﬁ@q E} dfeﬁshe perl odi c
tabl e and angglggent comi ng under the group VI of the periodic table, an
activator % co-activator, wherein the anount ratio of the activator to
t he host naterlal i 3t1ig therefgre an1eP3eph eE BYSVWRTERENBO when t he
anount ratiojfafehbeohosd phbeidal phosph@arpojersetight ,hans digstal

fgea;y{ Ysgﬁggh%ec%s l ar g&r;lge é&%eteé Oarllnd a uéaldetgexalg@.%@éd Ci?cpcae%ésaé ion of

15 degree even in use for a long period of time, namely,

that suffer a decrease in luminescence efficiency to a
less degree, a display panel constituted of such
phosphor powders, and a flat-panel display device
provided with such a display panel.
20 ‘
DISCLOSURE OF THE INVENTION
The phosphor powder according to a first aspect

of the present invention for achieving the above object
is a phosphor powder composed of a host material made of
25 an element coming under the group II of the periodic
table and an element coming under the group VI of the
.periodic table, an activator and a co-activator,
wherein the amount ratio of the activator to the
host material is 1 x 10™ to 1 x 107> parts by weight
30 when the amount ratio of the host material is 1 part by
weight, and the co-activator has a molar concentration
equal to a molar concentration of the activator.
The display panel according to a first asPect of
the present invention for achieving the above object is
35 a display panel comprising a support member, a
luminescent layer made of phosphor powders which emit
light upon irradiation with electrons that come flying




- The display panel according to a first aspect of the present |nyqngtggu%or
achi eving the above object is 35 a display panel conprising a suppor
menber, a |um nescent | ayer nmade of phosphor powders which emit [|ight upon
irradiation with electrons that conme flying 14 SP2005 -10- through a vacuum
space, and an el ectrode, wherein said phpsphor powder is conposed of a

host material nmade of an el enent com ng under the group Il of the periodic
tabl e and antbrenght acvatwgmuspace | hand am celedlirade t he periodic table, an

activator and a co1 Xg%gﬁ@tgglfagﬂﬁgggognpggagfaigo ﬁ&PéﬁgdaB%igator to the

host nmaterial is en t anount
rati o of thehAsEt mabkesind| mpde j10Han %yem@n@momqlm dﬁdﬂ‘%lheﬂ&) @KW at or has

a nolar concemt pattpA gaA¥IHALE t&bﬂ@'@ﬁdC&@C@iéméﬁﬁfﬁbﬁ&néfﬁh&ﬁ%'ﬂﬁéor The
flat- panel di spl ay_devi ce accord g q% first aspect of” the present
i nvent i on°f oBTER; &4 A§ £he P%BbQ@ %b %% e 2 IFLAVRLRI AR BISY devi ce

conpri si ng aact5vdtspla§nﬁanel and a back panel havi ng a pIurallty of

el ectron emtting r I a n bei ng

di sposed to face ea oyhghrougﬁ of Bgcuu gﬁg% ﬁ? ? §83£
therebetmeenmamﬁgnéﬂnlﬁhé HlépTa¢0pén§I1@0mmanﬁashw:mgxghﬁ whEg: rtdveber, a
| um nescent Eﬁﬁﬁht”%ﬁ%lefthEEBhﬁésEOMQEéﬁlaﬂhighl?ﬁ&ft'

irradiation with electrons _that cone fl fromthe elﬁgtron enmtting
region, afd ard &h@c?PUé@tlgéFﬂrphégpﬁomobéﬁd%?n?gnEﬁﬂﬁﬁg%deﬁﬂa% ¥ost 25
material madg @blak ebadeAtraeibAJodntre &Beigaesp.!! of the periodic

Lable and an el erontycom g iden Uis o R Lol e er gal g Labl ey an
host 30 natemlabtlaspentlﬁf4the preséft3ipuensiby fergachibeinghtheanount
ratio of theaE%§% %%H%%Ea&siﬁ %lB%LbagglmﬁEQBiay device comprising a
16 display panel and a back panel having a plurality of
electron emitting regions, the display panel and the
back panel being disposed to face each other through a
vacuum space interposed therebetween,
wherein the display panel comprises a support
20 member, a luminescent layer made of phosphor powders
which emit light upon irradiation with electrons that
come flying from the electron emitting region, and an
electrode,
said phosphor powder is composed of a host
25 material made of an element coming under the group II of
the periodic table and an element coming under the group
VI of the periodic table, an activator and a co-
activator, and '
the amount ratio of the activator to the host
30 material is 1 x 107 to 1 x 107> parts by weight when the
amount ratio of the host material is 1 part by weight,
and the co-activator has a molar concentration equal to
a molar concentration of the activator.
The phosphor powder, the display panel and the
36 flat-type display device according to the first aspect
of the present invention will be generically simply
referred to as "first aspect of the present invention"



and the co-activator has a nolar concentration equal to a nolarqy
concentration of the activator. The phosphor powder, the display pangfzgﬁd
the 35 flat-type display device according to the first aspect of the
present invention will be generically sinply referred to as "first aspect
of the present invention" -11- for conveni ence hereinafter. In the first
aspect of the present invention, the ahbunt ratio of the activator

(correspondingrt@ogﬁengéﬁ@@tﬁéréﬂnafgefieId of sem conductor technol ogy) is
5 defined, whereby er_af ht em ssi centers can be . therefore
provi ded, so that eﬁpbggP 51F55h SBﬁngPin%EEaﬂrﬁﬁeBFtépﬁﬁﬁtlﬁﬂrther it is

al so made posbebhmotiot aabid afpthblaotihatothecammmﬁﬁomdlmgmmm|ames t hat
Qo not. cont AEBULEoLOsh! OhE 2UL9S 8P LORLEAIER-ANY E0Alaf g fopgent ration

extinction t ecrease activa I CI ace
Furt her, ®hedgbined,cwhesgbyaai bumbert ag bbgbbtemaﬁamomc@¢m@ep@nummg to a

donor in thepki Itﬁ@r@&o%%”?ﬁ@@ﬁ&éaor sbeehae! ea¥dct Sye A Q%Lfgsﬁsnequa' to
(0}

t he nol ar concentration activator, ereby re Igh |ight
emi ssion ef FPBi BRcPLEAANBE - o FFRFHIRE » 1 Acftli3hSsh Madee Rafsiihle r"eR io of the
acti vat or |Sadeﬁunadprabmemhehaelahe sRBGRDt bt iapupitise ﬁﬁa@cabvator i's

arranged to %b concentration of the agtiyv %
wher eby a_phB?Ethn%E EFeong?ﬁggtl?mtﬁﬁ}BQeﬂn?ﬁea§?§s?ﬁ IFH? and t here
can be ouwalneucenpma$pbnrexpmndémonhahaﬂoés hotdeuﬁéadetactmvatﬂonn t he
cont i nuous g&%lcg@n@ ol QREO lgge does not nuch

ce ef ac |v

decrease in ['Um néesce I'Ccle t he co-acti vator
can be neas@P@@ePGKaﬁﬁéprOinﬁbﬁtCpaﬁpﬁévbyoéhéﬁptﬁﬁsnﬂaﬂysgsto for

exanpl e, at Ol RhieoFiaeal ¥ Eeﬂbgnaﬂeﬁabofeeﬁﬁgﬁég?‘iC9§d' ng to a

second aspect of the pr sent I gventi achi evin above object 30
i s a phospho?Y 8@@@%’ rFQcEgFrQQESF ﬁoPﬁﬁﬂggﬁtlgﬁrchE e

Crystal-lrﬂtlaatummhaﬁ: M&ﬁeebgrremamkhhag high light emission
- efficiency can be obtained. In addition, the amount
ratio of the activator is defined, and the molar
concentration of the co-activator is arranged to be
equal to the molar concentration of the activator,

20 whereby a phosphor powder obtained is improved in
crystallinity, and there can be obtained a phosphor
powder that does not much deteriorate in the continuous
use for a long period of time, that is, which does not
much decrease in luminescence efficiency.

25 The activator and the co-activator can be
measured for their amount ratios by chemical analysis,
for example, atomic absorption analysis.

The phosphor powder according to-a second aspect
of the present invention for achieving the above object

30 1is a phosphor powder having a surface free of a topmost-
surface crystal-lattice-defect layer or a surface-
damagéd layer.

The display panel according to a second aspect
of the present invention for achieving the above object

35 is a display panel comprising a support member, a
luminescent layer made of phosphor powders which emit
light upon irradiation with electrons that come flying



damaged | ayer. The display panel according to a second aspect off 4 EEP
present invention for achieving the above object 35 is a display pa & 12005
conprising a support nenber, a |lum nescent |ayer nade of phosphor powders
which emt light upon irradiation with electrons that cone flying 14
SEP2QU5 -12- through a vacuum space, and_an el ectrode, wherein said
phosphor powder has a surface free of a topnost-surface

crystal -1 at tiheowsf ectvacaym space, sud &geedamgode.ayer. 5 The fl at - panel
di spl ay device accopfipgihosgid- SHESOPbASRAePhdd e RifsEitle ifNaLi on for

achieving the above object 1s a tlat-panel display device conprising a

di spl ay pane®f ahdtepmrgkSarace S diaktdcefedecte l@yeroRed t ti ng
regi ons, thegehsadbaydfyda angdydie 10 back panel being disposed to face
each other through a vgguum s}ga edigﬁﬁégo ed. t her ebcg}e&fen, wherein the

di spl ay panel conpr Fe&st525TRARE VIO MRS RY 512 made of
phosphor povsierend Wispdctennt thehbregent |imesitaiarofon tavhalesdinrgriche hat 15
come flying t ectr  t %ng reqi qﬂg- ' oI nd said
phosphor p(_)\/\ijﬁ%‘?‘%as %ecgt!l:” %cegr#fée]ee% a %‘ggﬁ%ﬁ-suﬁ%&cﬁ@glﬁq% &
crystal - | at tdtepliay epanehyand or back pangle-Trunayed [Rysraliy e phosphor
powder, the gisplaynPantte iy £8@iond Aleiey REi PR Parltelidify agkording to

the second aspect of the present invention wll ‘be 1%}?Pperi cally sinply
referredPo Backserpel BRbag dLFPeRA phe skifte SRR IeT 15‘1”%)"F°"c%}1\if’eni ence

herei nafter.vaéulfi §peceeLnberpsHedt tinbrétheryasent invention, the
t opnost -surface crys

. W@gl-Latghce-defEct Iaﬁe; Qr thesesugfaﬁebg%gaged | ayer
is removed fromthe FPABe “6F FHEP Sﬁogﬁ 6 58“55}, %0%t RaPP] phosphor
powder obt ai menbes, anpunirdscentriayarl | nade \of grltbsplerre pewAdies obt ai ned a
- 30 phosphor pAWHRT h Rt 1 §9RE B9A MFPaGELEIdR W €n ! S1dbErons that
15 come flying from the electron emitting region, and an
electrode, and
said phosphor powder has a surface free of a
topmost-surface crystal-lattice-defect layer or a
surface-damaged layer.
20 The phosphor powder, the display panel and the
flat-type display device according to the second aspect
of the present invention will be generically simply
referred to as "second aspect of the present invention”
for convenience hereinafter.
25 In the second aspect of the present invention,
the topmost-surface crystal-lattice-defect layer or the
surface-damaged layer is removed from the surface of the
phosphor powder, so that a phosphor poﬁder obtained is
improved in crystallinity; and there can be obtained a
30 phosphor powder that does not much deteriorate in the
continuous use for a long period of time, that is, which
does not much decrease in luminescence efficiency.
By preparing a laminar sample of cross section
of the phosphor powder and observing the laminar sample
35 for a bright field image and a lattice image through a
transmission electron microscope, it can be inspected
whether or not the topmost-surface crystal-lattice-



continuous ‘use for a long period of time, that is, which does net, ggﬁgﬁt
decrease in |lum nescence efficiency. By preparing a | am nar sanple 0 Ss
section of the phosphor powder and observing the lam nar sanple 35 for a
bright field inmage and a lattice imge through a transm ssion el ectron

m croscope, it can be inspected whether, or not the topnost-surface
crystal-lattice 1 4 SEP 2W -13- defect:ﬁayer or the surface-danaged | ayer

is renoved debect hbager facetld duef phwsirmrgepbidgyer Tilwe qehesitbr powder

according tog gﬁg@ 5§§HH ;Q*ﬁﬂﬁ 4on for achieving the
above obj ect f%ﬁrgﬁ%. é%mwég'ﬂﬁgﬁﬁga I'n surface coated with a
cheni cal - reacti on IEQQrPBQﬁPhPﬁlﬁ@W@ﬁﬁsﬁﬁ@@¥@l%ﬁ|H0 Fhehird phagephnel
according togg EﬂérﬂréééﬁﬁtlﬂéenﬁiﬁhFﬁé%*%ﬁhléVﬁﬁﬁ'ﬁHbféHbégﬂﬁﬁﬁédﬁlthe

above object . is Iay anel conprising a support nenber a 10

| um nesceft ?—%y%rplﬁﬁ WEh PahHRd & SRR FRrated gkl dhon

irradiation mnéﬁlehzcré@@slémalayémmcdﬂbainnngfﬁnbsﬂhdti@uauﬂaspace and an
- el ectrode, wherein hor E ac& aated th_a

cheni cal -reaction Ii@ VnP 8 1§C5ﬂ5§ﬁﬂgr Q 3cFAiTGaSPPEE- Bhnel

di spl ay devitheapresdnhglmmeat1¢m|f@ra@¢hxﬂvxﬂgtth£Fnhnuﬁnobjamnnlmn for

achi evi ng th ofj %m%: | ce conprising a
di spl ay pane gﬁiggagﬁﬁ%%n% a%%%ﬁg r%%gé&f?,ﬁ%@ﬂ%% %ectron emtting
regi ons, 19hel§m§5ﬁ§9ep§nbﬁY§ﬁdm@ﬁ% oH aplRo E@W¢@F%ﬂ@ﬁ%@%da@§tface each

ot her thrOUQmléhtvaﬁéﬁnhﬁﬁaéﬁatﬂéﬁrﬁﬂﬁﬁdeié§%f$ﬁéW@E@t dhgs ek yimg di spl ay
port nenber m nes ent¥%3% made of” phosphor
fec

panel conprls
powder s ﬁﬁFeﬁggngtVFFﬁﬂ? ﬁBﬁﬁefr?%g i o trons that, cone
flying fron1the el ectheare iamsiatidn phosphor, pawdeanhasl ecsnodaceand sai d

phosphor powdg,, ﬁswitﬁuﬁf BREmEAL S ULE R 15DEM E8he LERFALON | ayer

cont ai ni ng phosphoric
15 phosphorlc aCld.

The flat-panel display device according to a
third aspect of the present invention for achieving the
above cbject is a flat-panel display device comprising a
display panel and a back panel having a plurality of -

20 electron emitting regions, the display panel and the
back panel being disposed to face each other through a
vacuum space interposed therebetween,

wherein the display panel comprises a support
member, a luminescent layer made of phosphor powders

25 which emit light upon irradiation with electrons that
come flying from the electron emitting region, and an
electrode, and

~ said phosphor powder has a surface coated with a
chemical-reaction layer containing phosphoric acid.

30 The phosphor powder, the display panel and the
flat-type display device according to the third aspect
of the present invention will be generically simply
referred to as "third aspect of the present\invention“
for convenience hereinafter.

36 In the third aspect of the present invention,
the average thickness of the chemical-reaction layer is
desirably 1 nm to 5 nm. When the average thickness of



30 The phosphor powder, the display panel and the flat-type di spl,,ax P | ce
according to the third aspect of the present invention wll be geneF %5
sinply referred to as "third aspect of the present invention" for

conveni ence hereinafter. 35 In the third aspect of the present invention,

t he average thickness of the chemcal-regaction layer is desirably 1 nmto
5 nm Wen the average thickness of 1 414SEP2 14- the chem cal -reaction

layer is tOOtﬁéUéEEmiééﬂureédﬁMﬁHﬁIdyﬁi-hﬁoﬁmkhaaﬂﬁﬁﬁphﬁkﬂﬂnwder may be

absorbed by ,_the chem er ch cal.-_ reaction
| ayer has a THiRRAEsES ‘?%{m'ils e P ° %orﬁ & ﬁgss bi% e o?: e by
chenical-reabme0@h¢m@@mlfzﬂa¢k£dnwkﬂyBHW1 Deber@biyacahereaﬁm@nalstep in a

producti on vkﬁ&{ r i aslNe
chemi cal - rgg%%l on&ﬁtl é]?g[%%ér‘le erab ﬁ%’ggﬁ"’flcdsbgﬁgglp ate or cal ci um
phosphat e5 M%lhl%ur%qmﬁwe@ctéoﬂhé§ﬁﬁ§r cphwEr LorgeRvdRt i onal |y,

mere hfs be@!f@eegﬁkﬁa@é-@r@ﬁﬂé&@tlé\te phig sghﬂdcﬁﬂﬁfmalxﬁéﬁm tex aaedherﬁhtoh
e surface of a 0s nmet hg od in ic
a powder ed sPh‘P%Eh £ B V@Wédtmgc’ o‘%ﬁ'%“ﬁbec} %@E‘ﬂ?fa g‘ thfg'LS Rosphor
PoMgr._hAccaﬁdaaglbﬁ Saydi ebs npokef dyaih e mgdesehtziny esliasphate has been
ound t hat e ho owder is irradiated with energy flux, the
silicais dgegﬁfﬂ@ ﬁgﬁaﬁﬁtgfystal in the surface of the phosphor powder
to whi chibhe silicahsas sdréace itseea:meau 06 hapbo2phardpbwder,It is

consi der ed thhv&ﬂ%mﬁhgiﬁggegm saﬁééﬁ%ﬁ.ﬁyﬁe&%tlﬁéﬂw phosphori c

acid is forne cal -reaction [ayer
under goes a Whhﬁhoﬁléﬁapﬁa%ﬁaﬁlb?ﬂﬁkiht‘ana‘i’-‘h‘ér§uF‘Pa’é]%eo“’f“rfﬁ%e fPEsphor

powder, and Eh@éﬁﬁb@' pbaaércsydgf g@1-§@_es:n@5h@@togaalwtma ufn ophide
surface of t

%gsgg $8T 15 I4F b0 b e SUARLL oo O b NS
cheni cal - r eat POHOFLFEr 514 tlllﬁt hwBHosBhar P EhRaE? FASi RRFEEEE Ph
crystal | i1 t y. phBsphber poddrrge Momsrdiolg easistyudiosumade thie Wikem cal -

present inventor, it has been found that when a phosphor

powder ig irradiated with energy flux, the silica is
decomposed and a crystal in the surface of the phosphor
powder to which the silica has adhered is caused to have
20 a defect. It is considered that when the chemical-
reaction layer containing phosphoric acid is formed on
the phosphor powder, the chemical-reaction layer
undergoes a kind of epitaxial growth on the surface of
the phosphor powder, and a crystal lattice defect does
26 not easily occur on the surface of the phosphor powder
due to the formation of the chemical-reaction layer, so
that the phosphor powder is improved in crystallinity.
Further, damage does not easily occur in the chemical-
. reaction layer even under irradiation with energy flux,
30 so that there can be cobtained a phosphor powder that
" does not easily deteriorate in continuous use for a long
period of time, that is, which does not easily decrease
in luminescence efficiency. '
By preparing a laminar sample of cross section
35 of the phosphor powder and observing the laminar sample
for a bright field image and a lattice image through a
transmission electron microscope, it can be inspected




reaction |layer even under irradiation with energy flux, 30 so that, ggﬁre
can be obtained a phosphor powder that does not easily deteriorate 2005
continuous use for a long period of time, that is, which does not easily
decrease in |um nescence efficiency. By preparing a | am nar sanple of
cross section 35 of the phosphor powdefs and observing the |am nar sanple
for a bright field image and a lattice image through a transni ssion

el ectron m cwiethee, of tneantie ¢dhapenlededd:iathetayar drs rfsirmee on

chemi cal -reagtio && 4p gﬁgj £ £ acenaf 15he . PhaspRaesgowder
The | ayer tﬁ?%in%%%ﬁycan e %ﬁ 0 ﬁﬁggtrggj y the sane %%fhog. T esphosphor
powder accor @*Rgbe 2 bsP JUPAPERDERY thye gtamhdngithadnt i nvention for

afchl teVI Ing t[‘ezgg‘éve?%@ ﬁbsPhéfapat&%Ehgég@,@aﬂﬁ? B@thtﬂo@rtE”@%y\ﬁéﬂL e T50
of a eas : e tenperature eing. a femperatyre at ich a

U nescoRceoBr Hiti BREGeR Batheeiiion oot ATHiFFHSE dte VeI BAFS! 25C i n
a thermal quescai pgospRopepdedenneevinden diamppeyatpare|Tsacobrdtng to a

" fourth aspec o DI | OV ' fLor | evi | ect
281 spl ay panerSEondfi el N b teO e BENG A Mgl SIS 201 P00 1S

phosphor powsbishwai twnénescesce | ghf icpercy rrearkes ob/hieh &l ectrons that

conme flying 155 AHSBeACHAGHETESPREE, aBNF AN 6] QL WiRMGa WRRIRIch iR d
phosphor powder has a tenperature ~T50 of at |east 200C, the tenperature

T50 bei nd¥a PREABEMARGRe at which a | unminescence efficiency reaches 20 1/2
of a lum nescence efrfheCidarRei agt pdbeli AcackAehgilko guEBQRitAgappelber nance.
The fl at-panel. displ ay devi ce accordi to a. fourth aspect of. the present
i nvention fonaghFe9F§§eP eln388§é°8b?§5ta?gl%va%t- %ng?oﬁ?s%?%ﬁc evi ce
conpri si ng aidsaddippapyppasklaadmprbatkdpanstiphavt ngembetural ity of
g! ectron em ;ﬂ,h&geg@%h%n;ayrak}emgaa%eypﬂagﬁhofngo&asrs b@ﬁkcﬂagﬁit bei ng
| sposed to face each other through a ~vacUuum space | nterpose
t her ebet wden light upon irradiation with electrons that come flying
through a vacuum space, and an electrode,
wherein said phosphor powder has a temperature
Tso of at least 200°C, the temperature Tso being a
temperaturé at which a luminescence efficiency reaches
20 1/2 of a luminescence efficiency at 25°C in a thermal
quenching performance.
The flat-panel display device according to a
fourth aspect of the present invention for achieving the
above object is a flat-panel display device comprising a
26 display panel and a back panel having a plurality of
electron emitting regions, the display panel and the
back panel being disposed to face each other through a
~ vacuum space interposed therebetween,
' wherein the display panel comprises a support
30 member, a luminescent layer made of phosphor powders
which emit light upon irradiation with electrons that
come flying from the electron emitting region, and an
electrode, and
said phosphor powder has a temperature Ts, of at
35 least 200°C, the temperature Tso being a temperature at
which a luminescence efficiency reaches 1/2 of a

luminescence efficiency at 25°C in a thermal quenching



wherein the display panel conprises a support 30 nember, a [umg qvﬁg
| ayer nmade of phosphor powders which emit |ight upon |rrad|at|on
-electrons that conme flying fromthe electron emtting region, and an

el ectrode, and said phosphor powder has a tenperature T50 of at 35 |east
200C, the tenperature T50 being a'tenpeégture at which a | um nescence
efficiency reaches 1/2 of a |um nescence efficiency at 25C in a thernal
qguenchi ng - lpep€oinanaace. The phosphor powder, the display panel and the

flat-type display d%ﬂ{C h%% |§%Phggthg anlég}g§p§g£?08 Pﬁhghgresent

invention wll be gener erre aspect of the
pr esent |nveﬁﬁﬁbﬁtYPBodlgpheﬁndeﬁb@eh@¢@¢n@im@rt0Ith@f@pﬂtmht¢ﬁmg@bct of

the present bevenbl phescesinobhiiohNgil nmérgéﬁ'éflg Issﬁ&%%gast 200C,

pr ef er abl | east " 250C, still nore preferab at 10 eas et nore
pr ef er abl aFeﬁ§§§?d4GGCaSI f?Hﬁthoﬁ?PﬁcEs%ECF %fP¥%%e%Fe§@ﬁ?nFH9%ntlon
t he tenperat gpe Eéﬁvbﬁldﬁﬁénﬁdreiﬁafﬁéi there can be obtalned a phosphor

powder inproved in cr al ljnity and ere_can ai ned a phosphor
Powder ¢ hat tioes 15 Wbt ot the PERESEAPE Hie BREPRIGuATIERtAER a | ong
period of timnsithbﬂyhsthahtehpématunetTeaaslptd&ees&séoofﬂ | um nescence

ef ficiency. t her u quHF sphor powder
is called " é&%g%%%ﬁi g%tg% ﬂogg 0 c%gggg{erls:ﬁ%égﬁégﬁk%gﬁgr powder is
measur ed lfOor lela@m R&§Cencrekinore apesfenaldhC 4t nieast 4&41 Go of .

l'um nescence effici eftYdhe tf&ﬂ%}p%ﬂabﬁ)%\p%qlé %réﬁ%%“&%@én%&&num nescence

efficiency while the phosphor powd heat ed, "and t he tenperature T50 can

be 25 det er mthed {SHPERATHES ?5@flsr’ré’§'sfd-r"&‘r”entsor é@tﬂtt §:h(?fres€€‘ﬁl B&ni nescence
ef ficiency cmjtacih@a @ l;m&s@hotrhpoﬁheep&mpropeudeh tzﬁyéeamemiuyeanan t he

actual continyoys yse of e pliosphar gowgler 181 20L4ng BRGLodogl time,

156 not easily deteriorate in continuous use for a long
period of time, that is, which does not easily decrease
in luminescence efficiency.

The above thermal quenching performance of the
phosphor powder is called "temperature extinction

20 characteristic". A phosphor powder is measured fox
luminescence efficiency at 25°C (initial value of
luminescence efficiency), the phosphor powder is
measured for luminescence efficiency while the phosphor
powder is heated, and the temperature Tso, can be

25 determined on the basis of measurement results of such
luminescence efficiency characteristics of the phosphor
powder to temperature. In the actual continuous use of
the phosphor powder for a long period of time, the
initial value of the luminescence efficiency before _

30 measurement is restored when the temperature is brought
back to 25°C.

In the phosphor powder according to the flrst to
fourth aspects of the present invention, the phosphor
powder includes a phosphor powder composition formed by

35 dispersing, in a dispersing agent, the phosphor powder
specified in any one of these embodiments.

The phosphor powder in the preferred embodimentl




“ini-tial value of 'the Iun1nescence efficiency before 30 neasurene?t é
restored when the tenperature is brought back to 25C. In the phospﬁ P 2005
powder according to the first to fourth aspects of the present invention,
. the phosphor powder includes a phosphor powder conposition forned by 35
di spersing, in a dispersing agent, the phosphor powder specified in any
one of these enbodi nents. The phosphor pgowder in the preferred enbodi nent
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equal to the® REFERREF St of 2R REtidatemand "4 rPQ'rﬁ@Jé%f’&é)r-or in the
first aspectapdl ¥hen PHes@RbunDVENti®NE WD Kl anmistidBtis Dipdke host

15 materi al | rabl t he anD rati o of the

acti vat or i’%r‘@?g‘%&%f ggevfel%b]qy ‘pa’fﬁ? ?“31%1? g‘FﬁtJ(% opi§ 3% @(toff) 4 part
by wei ghu0(8@e ppx) 10'4spatc|t bgr wepobte(abPyppmy £0-2 pald” %pam&l iyt (500
ppm) - to 6 X p Y h Véﬂ&'ﬂc tio of the
activator W%Qgﬁt ﬁ%ﬁoq }iﬂﬂ)g émgrt &Rgivx?e]fg a nu%er ch %

em ssi on cenF@r@CFévﬁﬁﬁrshﬁlﬁgua nH°|¥h¢stﬂ4¥|%QnQeﬂ%F%%&@ﬁe¢fg¢h€

en ssi on. V\Vleatibatoetmtmﬁ Hild Gdife hfr a6t Cffn:@t{?%@iﬁac]t %fl@&ne part by
wei ght, the anmount o Ities, that, do_not contri but é? o |ight
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~eni ssi on i ncPE§EEET éﬂ&ggﬁeoﬁohﬂgﬁ?rE??oﬁmo%&Y|5%Y+%n kot "decr ease

activati ad embierdatyisay pankebplaeeghﬁhade$heahbﬁartmenammmmai|on of the

co- ratio of the activator is preferably 3 x 10™ part by
weight (300 ppm) to 8 x 107! part by weight (800 ppm),
still more preferably 5 x 107* part by weight (500 ppm)
to 6 x 107* part by weight (600 ppm). When the amount

20 ratio of the activator is less than 1 x 10™ part by
weight, a number of light emission centers is too small,
and it is difficult to cause light emission. When the
amount ratioc of the activator exceeds 1 x 1073 part by
weight, the amount of impurities that do not contribute

25 to light emission increases, and the concentration
extinction that is to decrease activation efficiéncy may
take place. That the molar concentration of the co-
activator is equal to the molar concentration of the
activator, that is, that the number of atoms (atomic %)

30 of the co-activator is equal to the number of atoms

' (atomic %) of the activator means that when the molar
concentration of the activator is 1.00, the molar
concentration of the co-activator is brought close to
0.95 to 1.05, preferably to 0.98 to 1.02, more

356 preferably to as close as 1.00.

In the phosphor powder in the preferred

embodiments of the second to fourth aspects of the



~activator is equal to the nolar concentration of the activator, 1thg% ﬁiﬁ
that the nunber of atons (atomc % 30 of the co-activator is equal 8 e
nunber- of atons (atomc % of the activator neans that when the nol ar
concentration of the activator i's 1.00, the nmolar concentration of the
-co-activator is brought close to 0.95 Qf 1.05, preferably to 0.98 to 1.02,
more 35 preferably to as close as 1.00. 1n the phosphor powder in the
preferred epbesemenisveritidme, ymrbncfum:rfemr tim atsmeqimdﬁcﬁzlm 14 SEP 2M

present inv dy hosphor
powder acco?gétﬂg?og?he éﬁg%}&%o ﬁd{f’ll rd asp ecfltd('gqxf (ra%serﬁ invention to
be descri bedthl-ﬁﬁe@SP%*éfh ehethp prepand |Ja'1v‘i‘16b1r@ rket é?& slesaribestie of 5

el enent s corrwaeynd@ﬁeﬁ hendreads ddteril Ofcdie n%féﬂ%lf ts’ﬂ%é‘de Qg in the
first aspect e present inyention, there may be enp

consti tut efﬂmﬁﬂ?%hc?rﬁk“g RGNt e cﬁrQ}&?%tﬂ ut i 'y Q%é%ﬂe%‘%‘r‘? al are
2ine (Zn) antasuef uor (8. théief Pt ereadpdet ©ONSHe tptesient veid @ntj vator i s

- sil A t tituti th tivat i

S et D 588 ARy ShETEROAL, o OSSR o 1
Al t er nati vel ¢lenerte hey @@némtmwadgatmrmm material mmndne el enent s
for constitufizny Lhe Qﬁﬁ*ﬁufmgﬂ' af he Se Péifierft %ﬁ%ﬁrﬁ% J{‘fh the

el ement for “constitutin activator 1s copper elenent
f or constptuﬁ?ﬁ@vﬁﬁﬁrcbsa%%lW%?onghrdﬂ%h e%?WSHtTﬁ%rabove phosphor

powder em tsgbhg’ﬁﬁ_ttﬂlﬁ@e@ﬂe J@Ea@fQWtcH: ﬁéeamﬁlﬁ&ﬁ f}@p tltmtédnght he host
an e group

20 material i cIudeﬁ aﬂ add£$|on fo z
VI el enent | fitPldeR e8P ﬂFuﬂ?% % PRy i RIES- in addition to sul fur
(S). That isAltbenatmﬂblpattberefmayebelem@m¢ye@faI¢éﬁ&tgmmm¢nnfim
constituting
(Zn/' S, Se) , E}‘Eé ‘3?& %?&‘ﬁéh%r {f‘% g&f%t{séiﬁ@g é%%ﬁ‘% ‘ﬁ%%éém? (Cd/ Te)
(Cd/'Ss, Se)l5 (éﬁﬁSzIéy (ZpTdasd, SQ;fuzcﬁ$B,sbhqeqlememtcﬂ¢£» (Zn, Cd/ Se),

' constituting the activator is copper (Cu), and the

element for constituting the co-activator is aluminum
(Al). The above phosphor powder emits light in green.
The group II element for constituting the host

20 material includes cadmium (Cd) in addition to zinc (Zn),
and the group VI element includes selenium (Se) and
tellurium (Te) in addition to sulfur (S). That is, the
combination of the elements of IXI/VI groups for
constituting the host material includes (Zn/S), (Zn/Se),

25 (Zn/Te), (Zn/S,Se), (Zn/sS,Te), (Zn/Se,Te), (Zn/s,Se,Te),
(cd/s), (cd/se), (cd/Te), (cd/s,Se), (cd/s,Te),
(Cd/Se,Te), (Cd/S,Se,Te), (Zn,Cd/S), (Zn,Cd/se),
(Zzn,cd/Te), (2n,cd/s,Se), (Zn,Cd/s,Te), (Zn,Cd/Se,Te)
and (Zn,Cd/S,Se,Te).

30 . The activator includes gold (Au) in addition to
silver (Ag) and copper {(Cu). In this case, the phosphor
powder emits light in green. Further, the co-activator
includes gallium (Ga) and indium (In)-in addition to
aluminum (Al).

35 As specific examples of the phosphor powder in
the first aspect of the present invention, as specific
examples of the phosphor powder in the preferred




(Zn, Cd/ Te), (Zn,Cd/S, Se), (Zn,Cd/S, Te), (Zn,Cd/ Se, Te) and (Zn, Cdl,§ SEPEG}S
30 . The activator includes gold (Au) in addition to silver (Ag)

copper (Cu). In this case, the phosphor powder emts light in green.
Further, the co-activator includes gallium(Ga) and indium (In) in
addition to alumnum (Al). 35 As specifjc exanples of the phosphor powder
in the first aspect of the present invention, as specific exanples of the
phosphor pOV\élﬁﬁodlﬂnéxh& e fitie atbdorl SERFMrtlP-aspeadi meftcheof the second
to fourth aspects of.the presen i 1§, £xanpl es of the
phosphor povﬁ%‘?s%?%dh%v%mb Pthe I%)ra%u%%éof#lr?e% ag&)]“fseg'e%f{or}%}s hor powder
according top]nth%plﬁcbr spowder prefiupt iy Brafpuddugiaye met i éh to be

descri bed | @@@éf 553*?3 t gt I ddid udes

[ ZnS: Ag, Al ] Zg% A % osp%%?g%%%le]%ﬁ htgh tﬂel%c?sé% ght in green
i ncl udes PZnts,f wvres?%gw%l%]w Refesnsied Agtey Ah%q) s: Ag, Al ]
and 10 [Zn(shSEphde. %defi%ﬁﬁﬁremﬁﬁsspﬁghﬁIih£b&ﬁ&”iﬁh1ﬁdé§e phosphor

powder accordln tot of the ent
i nventi on, ﬁzﬁg 896t ﬂlﬁn xgﬁ%$é%g6#a héj“bH§§ ‘”ﬁ&%&g#gﬁﬁggﬁied by the
production nmeinhod mightISnpgneqaﬂnoxmphmm pmdrCa /Ll p the first to third -

povcier that broschy Bheat Y o LR fs iR RE L Do S P L

al so |ncI10de$ZPZﬁSSAg]=A9aMI] t he phosphor powder that emts Ilght in green

includes 20 [Zn2Si Ofuiigitls, [aZRped)i $ic0kxan@1bs( &% €HLSp oEUfther
t he phosphor powder that erits ITght in red i ncludes %én3£ %2 Vh2+] ,
[ (Zn, Cd) S: AgPCvEey CﬁcEﬁﬁd}ng[‘i‘?OEgeEﬁ%??ndaﬁ‘a F99B50 RERECLEPENERS (he

phosphor pOWE&ésbh@t iekehsiohi, gbk A8 gpddnshcoeaagplegcbﬁdme[Y202$ Eu3+],
Agn 11 25 PRRRRRG:PRtuge! habaSabbonl! SRt bPodh8bebaPhUERLACLEES [20S:

15 phosphor powder according to the first to third aspects
of the present invention to be described later, the
phosphor powder that emits light in blue includes the
above phosphor powders and also includes [ZnS:Ag], and
the phosphor powder that emits light in green includes

20 [2Zn,Si0Os:Mn?*], [(2Zn,Cd)S;Ag] and [(Zn,Cd)S:Cu]. Further,
the phosphor powder that emits‘light in red includes
[Zn;(POs)2:Mn?"], [(Zn,Cd)S:Ag]l, [YVO,:Eu™], [Y.,0,S:Eu’"]
and [Y:0s:Eu’*]. Further, the phosphor powder that emits
light in reddish orange includes [Y,0,S:Eu’’], and the

25 phosphor powder that emits light in violet-blue includes
[ZnS;Ag].

In the first to fourth aspects of the present
invention, preferably, the éhlorine concentration of a
chlorine-containing compound (for example, NaCl)

30 contained in the phosphor powder is not more than 20 ppm,
or a detection limit of a measuring apparatus or less.
The above chlorine-containing compound is used for
decreasing the firing temperature in the firing step in
the production method of a phosphor powder to be

35 described later, and it is added in the step of mixing
the host material with the activator and the co-
activator. When the chlorine concentration of the

[y



~Inthe first to fourth aspects of the present invention, preferqb,'l t he
chl orine concentration of a chlorine-containing conpound (for exanéfg,m
NaCl) 30 contained in the phosphor powder is not nore than 20 ppm or a
detection limt of a neasuring apparatus or |less. The above

chl ori ne-containing compound is used far., decreasing the firing tenperature
inthe firing step in the production et hod of a phosphor powder to be 35
d_eSEr i Eed ! a:tiﬂorﬁdild—dadnth@ir&ddﬁcbd@dd”tﬁi Sd(ﬁitd‘ifnéf >§_irnlg:hé_ hdislonmat eri al
with the actjvator and t CO- tivator. en, .t he orine concentration
of the 14 SEPREE .50 ta i dhhe it A s OTIOURE. GOtR AIRSPHGT t he
phosphor poweieder smayodédxgrse hes@ rgistal thenidhl afineheqimsphatiqggowder may
decrease, so0; | Of i cOnNGahtratd [ sirably of the above

val ue or Ies%%hgésr%ﬁ%%rﬁfa%g%ct of t‘ﬁagldpér)&sren%sgﬁyention can be conbined
with the 8econd asp&be Shirfieappesenefi Wienpresent Thavertionhear kan be

enpl oyed a cepgbifhedi 9ich tyd Sdcodd Cad UMY StHd §9€esent invention.
crystal -lattijce-defect rr th surf ace-damaged | ayer i s renoved from

| ayer o e
the surface GREFHES 10%%%;%9 RRVRIELIFRRE R AUSEH R K which
chem cal - r eatheé obophayersulf ded natyyied Y- 1 dthei dordd feds pepfedfort Nthegr esent
I nvention ca RiLned wi he. second _aspgct af, t he rese l,nventi on.
That is, theggpggﬁgﬁéﬁﬁ%‘?‘gﬂy%%y o JC% ?Ip?ﬂ?(?oﬁrcf% ch%mf]ﬁaec‘? 0 %I%q surface
crystal 18 |phosphodcpewedet ajmmediatdkby shrlae ethianelysl ¢al-ereastiorenoved
fromthe sur of ANhgeRhasRhar, P 8 S&%tci v aspect
of the prese%tgﬁgrn\_/ent I on ca%g'go | r?gélr\%ﬁh{ %r ett ﬁé&h?; (ggt%lé(r?f@t he
present i nveAtVB8Rt1TRaEARsbe fapeingd Wt ipheyeerendaserct ietittkd in

“whi ch the suptasenef ihlenPhEBPhAIhANAOWLES tHer e QRIrE baMdnplidiRd a
chem cal -reaction.layer contaj ning hosphorjc_acpd. The production nethod
of a phosphoF088§ﬂtP lﬁBchd%hbcﬁot%gfF?ETO%Eﬁ%%¥ %ﬁetﬂﬁY% ent invention
(to 25 BHé skaktimesdeféetr ddyen as thersarfiapecdamndgedielayer is
removed from the surface of the phosphor powder.
Alternatively, the fourth aspect of the present
invention can be combined with the third aspect of the
present invention. That is, there can be employed a
20 constitution in which the surface of the phosphor powder
is coated with the chemical-reaction layer containing
phosphoric acid.
The production method of a phosphor powder
acceording to a first aspect of the present invention (to
26 be sometimes referred to as "first aspect of the
production method according to the present invention) is
a production method which comprises preparing a host
material by a solution—preﬁaration step and a reaction
step, then, mixing the host material with an activator
30 and a co-activator, and then carrying out a firing step
and a surface-treatment step, and
the production method further comprises a
removal step of removing a topmost-surface crystal-
lattice~defect layer or a surface-damaged layer formed
36 1in the surface of the firing product between the firing
step and the surface-treatment step.
In the production method according to the first




‘producti on nethod according to the present invention) is a prod ctlon

nmet hod whi ch conprises preparing a host material by a solution- Breé &F 050N
step and a reaction step, then, mxing the host material with an activator
30 and a co-activator, and then carrying out a firing step and a
surface-treatnent step, and the product on nethod further conprises a
renmoval step of renoving a topnost- surfailce crystal- lattice-defect |ayer or
~a surface- daasgect | ¢y ethd Qreeerd dinvelrtd osiyr fraee tefpricee fsurifiageepr oduct

between the firi nd, t rf t producti on
met hod accordr%suglo f‘%&%fc?ers € ecfélfaﬁe%ﬁt{ %%eﬁ%trf%t %ija#rﬁigt gfesent
i nventi on, th@@nmﬁm&@c@omrm audfaag o d’éf&a@thdimlm @owder ,

surface- da y. W t c;;\;fﬁ fn t ovvder
so that the ospcji’ﬁ1 @ﬂe 6 ]? (;rvgod\}'re% Jihsﬁ 12'%’; ?Lnl ty, shﬁh t here
can be obﬁalm H‘-fp?\o% W\d&ﬁ‘ ehainethas Bhst dtete for a

conti nuous UgSed Ofiol mhEN KPSt DsrHie tide,a tc'flﬂltnﬁ:oué’\hié‘é] ﬂsles;a not much

decrease in m nescence fflCIe In the production methqd according to
the first %‘”&gp@‘ﬁl‘a Jp‘F%seﬁ%/ at Y ‘#’ee MvAD ep can

conprise an d@ﬁﬁehseglmrhmmCmcareﬁmmerg:yr eatnent. The tenperature in

the above anneal ing %ﬁgnggpdhgt&gﬁsﬁgéﬁl)%hAB%{:diﬁ?nt&hﬁhé H.P%ti s 15

terrperature in the irn e ann eat nen
pref er ablly) caspeet ofitthe aremln@vmmheﬂee oiremmral rekep gaan

at mospher e, mgﬂgs ahewﬂéahﬂ& PFENERN D or tAe Ot o O ibdie Phosphor

powder. ot her In the etching treatnent, it is desitable to use, as an

etching sol 'G%‘Poﬁemae§BFﬁF?ohnpF]é%a‘l"Jé‘a"%yth?%%’gn% MRt R 20 sol ution
consi sting ofepheaphgr léwaei thihothexpiping beatpepdiospdoin ctizei d at 600C)

010t CrCHyts, BUARE, AAeE oISl TSRl gt 9 the
1: 2. 15 preferably carried out in a reducing atmosphere or an
inert gas atmosphere, from the viewpoint of preventing
the oxidation of the phosphor powder. Otherwise, in the
etching treatment, it is desirable to use, as an etching
solution, a solution prepared by mixing a persaturated

20 solution consisting of phosphoric acid (for example, hot
phosphoric acid at 60°C) into which CrO; is added, with
concentrated hydrochloric acid in the persaturated
solution:the concentratéd hydrochloric acid mixing ratio
of 1:2.

25 : In the production method according to the first
aspect of the present invention, preferably, a washing
step is provided between the firing step and the removal
step, and the firing prodﬁct is washed such that the
chlorine concentration of the chlorine?containing

30 compound (for example, NaCl) contained in the phosphor
powder is not more than 20 ppm, or a detection limit of
a measuring apparatus or less. By the above procedure,
the phosphor powder can be improved in crystallinity.

In the surface-treatment step, preferably, the surface

35 of the phosphor powder is coated with a chemical-
reaction layer containing phosphoric acid. The
chemical-reaction layer preferably has an average




25 In the production nmethod according to the first aspect of thg prgﬁg%
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- powder  ABcoPEPARCHCR B p%c}i’ %ﬁta‘f‘iﬂ&q%ﬂ%no Rto be
soneti mes refecornd 6D 'alsmi‘@empmb’asqnﬁcth@fpxtémerpt athwedntoioniretddske accor di ng
to the presea&s{:g%ggalgg a production nethod which conprises preparing

a host mater y a solu |on-preparat|on step and a reaction step, then,
m xi ng the host mat 8hraprefugtanmasetbadopf2e phasphes- revilent or, and then

~carrying out aécéi:&iﬂ@ ﬁéeﬂ sé’@é‘n@ ssphéeceot r@ﬁ’é ’?ﬂéséﬁ@plm)@%fd)ﬁ‘ the

firing steplsfo lI{awasm‘g steg |r|ng£roduct S
washed sd°t hateabe somet es referred to as "second aspect

production method according to the present invention) is

a production method which comprises preparing a host
material by a solution-preparation step and a reaction
step, then, mixing the host material with an activator

20 and a co-activator, and then carrying out a firing step
and a surface-treatment step,

wherein the firing step is followed by a washing
step, and the firing product is washed so that a
chlorine-containing compound contained in the phosphor

25 powder has a chlorine concentration of 20 ppm or less.

In the productlon method according to the second
aspect of the present invention, preferably, the surface
of the phosphor powder is coated with a chemical-
reaction layer containing phosphoric acid in the

30 surface-treatment step.

The production method of a phosphor powder
according to a third aspect of the present invention (to
be sometimes referred to as "third aspect of the
production method according to the present invention) is

36 a production method which comprises preparing a host
materiél by a solution-preparation step and a reaction
step, then, mixing the host material with an activator




chl ori ne-cont ai ni ng conpound contai ned in the phosphor 25 pomder1agﬁﬂ§
chl orine concentration of 20 ppmor less. In the production netho 2005
according to the second aspect of the present invention,-preferably, the
surface of the phosphor powder is coated with a chem cal reaction |ayer
cont ai ni ng phosphoric acid in the 30_5.Lface-treatnent step. The '
production nethod of a phosphor powder ""according to a third aspect of the
present invemd en dd-@actieasorst anes thehecaedytingasutt hi fdrasgestepf the

production nethod according to t ent invention) is 35 a production
met hod whi cﬁrﬁgrﬁ)ﬁu§§0c§r é:%grai%ﬁ“&g%‘ %c%% * material by a sol ution-preparation
step and a reacti orwhetein thersunfiadenPh Hdehahosphayr ikAwdgs Hsan acti vat or

1 4. SEP 2V,543:q AP  rdflilcal HeacRAGn! ﬁ%.?(e(i:a'bb)‘lit%ﬂng.ﬁb a firing step
and a surface-treatnent step, wherein the surface of the phosphor powder is

coat ed wi% h RPQERIAES -acdst tino Fhvea P fasRr Fsatg e th #5Shhori ¢ acid in the
surface-treat ment ste@. pHESHIG® SHede POVSIEr Shefpidwerpt emrdntiitvent i on  can
be used for const%i tuti %&ﬂ for eg__ar;q)lte, a cf;)l d e ca?&prl%dea{ icec\hqi em ssi on

di splay or tFfRPf %His%g T CSdE " hardln) Her €6t £ 4 ‘'cdmierci al  (hone- use) ,
i ndustrial (dathdde efiainl emis scionpdiapldy gimphe fiftagit panslod@aesds ng or
projection t t . fiac 1t her. 19218 (HASM

di splay or éf)lg%ﬁ?p%ﬁ%eeéﬁr%o . cglé{rlea@(%g?e'% ei‘)z)'r qarﬁﬁ; Eén%ra}lve(lr[? or DC
driven plésnexamplel oy comprierdispraekambieital REgrsicasiemseCr 15
separation V‘@Hﬁeéii@ﬁ)t&&é gk ld heay URIsY toebeice plaiteus el ectrodes

ne. separ at | BRCTRET FhaR AT CCRRHEY | O Dt Por BRPSL I TRG ent T ayer
made of the phespbar panekr ol cameaC bétiveem onedQ0dstpen gplasmaal | and
el d em oo SePERYpRayEhse netdh R aiEle! oF HRBEEE afben e C0e Tl
15 separation walls (ribs) formed on the support member;
various electrodes (for example, data electrode) formed
on the support member located between one separation
wall and another separation wall;‘and a luminescent
layer made of the phosphor powders formed between one
20 separation wall and another separation wall. The front
panel (anode panel) of the cold cathode field emission
display and the face plate of the cathode ray tube will
be discussed later.
The display,panel of the present invention
95 includes a so-called face plate of a commercial (home-
use), industrial (for example, computer display),
digital broadcasting or projection type cathode ray
tube; or a front panel'(anode panel) for a cold cathode
field emission display. The face plate for a cathode
30 ray tube generally comprises a glass panel
(corresponding to the support member in the display
panel of the present invention) and phosphor powders,
and has luminéscent layers formed on an inner surface of
the glass panel in the form of stripes or dots; a black
35 matrix formed on the inner surface of the glass panel
between one luminescent layer and another luminescent
layer; and a metal back layer (corresponding to the




be-di scussed later. The di splay panel of the present invention 2% |§Efljudes
a so-called face plate of a commercial (home- use), industrial (for

-exanpl e, conputer display), digital broadcasting or projection type
cathode ray tube; or a front panel (anode panel) for a cold cathode field
em ssion display. The face plate for a,gathode 30 ray tube generally
conprises a gl ass panel (corresponding to the support nenber in the
di splay pansleatfrddee ipr edendiispleyt panpland thespresepswdarentiand has
L um nescent J ayers Jd{“{%d 1SR 13l ACerdf crhe1GeashaRangl. [0 the

ot ac I X

formof stripes or formed on the I nner _surface of
the gl ass pakw Eunsrwmanadnd anadenessed) ofy & cld £ashREe tdfilfescent

le?gg[roggdlﬁet e dcl)ris)gﬁa%y anrc of %%gow@u@gatdﬂ Sﬁaﬁ%d o h
: e present inve or on the
| umi nesceht }13WRFS Wt?ﬁg Hiey @h9RRNQI POVASE %\ﬁ{]fﬁ’ﬂg‘i panel ) of
i’i col d Cat[loﬂ@nﬁl@ﬁ st és‘ildlﬂhdbwl(ammmmmaﬂs lmyaanaooﬁnqierdm
um nescen ers e phosphor r dd f%?%' form
of stripes & 1(116 c?u’rﬁ‘nfe% %?n'ila%/ersgcf) eﬂ% ared%@é;(ttern |dr§ﬂﬂ1€ebeformof
stripes or dm&ecprmppn@blqr&t rresk (d%)nwlse@blﬁﬁ)s ankedw  (Breen (Q
and bl ue (B)anaack a4 BLAEEOR) ol HSGPORS: [ D1odt 5Iagip] Mdria and 10 an
cOo

anode el ectro rrespon

to the electrode in i Spl a anel of
the presdft anv@h@d%n?le%tm%k(CW?$R°W%e9 %&%%@Pg‘ﬁg ee

| um nescent ﬂl:ﬁ&e&lé‘?ﬂayaﬁﬂﬁéﬁrof uph@eseesént ayerentdien fi spl aapknel of the
5 devi ce of .the present invention.in

flat-type displa b -
mentioned a Fgﬁﬁgxpﬂﬂglb?a SHReY RETYEFR r O ol ST %%%Ci#ﬂgfdgen1gs?gﬁ

di spl ay. TheanotHecalhmiirebcent kayesion display will be discussed |ater.
In the display panelyof Jiie Ryesent BYCRHOR1at-tyB8 Higplhg! ay panel of

the fl at-panel display present i1nvention, the |l um nescent
| ayer carnlbbedevice of the present invention includes the above—

mentioned a front panel (anode panel) for a cold cathode
field emission display. The cold cathode field emission
display will be discussed later.
In the display panel of the present invention or
- 20 the display panel of the flat-panel display device of

the present invention, the luminescent layer can be
formed by a screen printing method or a slurry method.
In the screen printing method, the phosphor powder
composition is printed on the support member (on the

25 electrode and the support member in some cases), the
applied composition is dried and fired, whereby the
luminescent layer can be formed. In the slurry method,
the phosphor powder composition containing a ‘
photosensitive polymer and being in the state of a

30 slurry is applied to the support member (to the
electrode and the support member in some cases) to form
a coating film, and then, the photosensitive polymer is
insolubilized to a developer solution by exposure to
light, whereby the luminescent layer can be formed. For

35 displaying three primary coloxrs of (R,G,B), three
phdsphor powder compositions or three slurries are
consecutively used, and the luminescent layers for




formed by a screen printing nethod or a slurry method. In the sgreen
printing nmethod, the phosphor powder conposition is printed on fed &R 20051 t
menber (on the 25 el ectrode and the support nenber in sonme cases), the
applied conposition is dried and fired, whereby the |um nescent |ayer can
be fornmed. in the slurry nethod, the phosphor powder conposition
containing a photosensitive polyner aﬁﬁ*being in the state of a 30 slurry

is applied t&t\i@@lﬁ}‘ﬂpﬁﬁt ERACH UhAde cdlldid [P NG drdids 1RP AHe MeNber

in sone cases) to form™a coating film and then, the photosensitive
polyner is ¥ BT dn%tlmé?%ﬂé}e ST Oéﬁ‘posure to |ight,
wher eby t he |un\neSIﬁnthéapﬁbsphﬁrbpo&déﬂﬁdomﬁb$lﬂﬁoﬂ}S@éﬁgfngamhbee
primary colors f t hree ospho r |ons or three
slurries are"’ %cgn%% %*/ge??/r?fs%% egcpn rI‘Ih% V\ﬁgsgg‘% Pay s for -25-
emtting bi gmmpmsstmmmleecm«ims mmybrambw tdfe a screen printing

method or thgy YL g™ ok 48 5%@5&&%&@ SNt PRI 1R, Water can
be used as a spers ne ium The p osp or” powder 5 conposition may
contain pol yR¥ ¥°1B¢E%h18€i¥ééedls%ﬁs?fér%l ERRgRSHrive rRR]sY‘Pﬁlﬁg I&ént | and

ammoni um blﬁh@ ﬂﬁ@@fd@ﬁst@ﬁdu@é @r@é@s@smﬁu/@ rmé The phosphor
powders of t

rese venti o urface treate e,%helr
nanufacturlnﬁuﬁfﬁgﬁsgre?g? I%nlﬂ% c%HE&Eﬁé??ﬁF?ﬁ%b % and
adhesi on 10heimptoviay ehecdlspebeﬂmgcpno@erﬂyedm@sa@hesmmmgyhémﬁmi.for'
maki ng t he phosphorABpgg E%r&% EggmpE§ e?g hggﬁﬂ%ﬁogn gﬂékg&i The

energy of the el ecti'on beam I'rra 'on 0O e phosp ers is
preferably sépramakéng. ShkephospRorkpewderst b Eh@vﬁr%%ﬁ@tllmﬁ¢@$ﬂ°n

speci fical |l yeﬁhelmaﬁéph%@%@f@ @ e Wr{in B‘élﬁ@tﬂdﬂﬂ' ng a cold
cathode field em ssion disp ora _front anel anoﬁgﬁggp I) thereof or

a connerC|aIlrFﬁéﬁétEQB)OflHHESPP?%Ph?¥oP° ﬁﬁﬁlé ¥i EpFady,
di gi tal hisoadcaskiengter 3pr RERCt i D thpealedtdastengtalcdtiben, or a face plate

thereof . Clh%%@%i%ic%&i&? PRY Bﬁosphor powders can be used for

constituting a cold cathode field emission display or a
front panel (anode panel) thereof; or a commercial
(home-use), industrial (for example, computer display),

20 digital broadcasting or projection type cathode ray tube
or a face plate thereof. Otherwise, there may be
employed a constitution in which the energy of the
electron beam for irradiation of the phosphor powders is
0.5 keV to 10 keV and the electron penetration depth

256 from the surface of the phosphor powder is 0.5 pm or
less. In the above constitution, specifically, the
phosphor powders can be used for constituting a cold
cathode field emission display or a front panel (anode
panel) therefore. Otherwise, in the phosphor powders of

30 the present invention, an ultraviolet ray can be used as
an energy beam. In this case, preferably, the
ultraviolet ray for irradiation of the phosphor powders
has a wavelength of 100 nm to 400 nm. In the above
constitution, specifically, the phosphor powders can be

35 used for constituting a plasma display or a rear panel
therefore.

‘When the flat-type display device of the present



enpl oyed a constitution in which the energy of the electron beam

i rradi ati on of the phosphor powders is 0.5 keV to 10 keV and the e t%n
penetration depth 25 fromthe surface of the phosphor powder is 0.5 mor

| ess. I'n the above constitution, specifically, the phosphor powders can be
used for constituting a cold cathode fjgld em ssion display or a front
panel (anode panel) therefore. Qherwise, in the phosphor powders of 30
the present ipwemtiom,isrconstidvitsiktof ay ald atlsste dsielah energy beam

In this CaSeemPé@i&‘i a@ié/plé;he tkﬂé trﬁe?ﬁ’éﬂﬁ foy d‘d}{sﬁi%%&r?é Qe of the
phosphor powders has a wavel ength of 100 nmto rm | n the above

const i t ut i ondnegeceieekrede ‘f%ﬁﬁﬂ%’ﬁ#ﬁﬂg gnderes %FWCE% G or
constituti ngpeopéas dyrsséllé@&@y dépendBed upssie! thd fw:eém@m‘s&erbﬁ hehe

const i1t Bd G914 EOTIAS TS 15 2 i R < BPR), ifire RBFOAPS) for

constitutingcohé cativode ef beld ozt soioreshispliay i 4 Herman:tsmxim can be

I I d de .
Prerd eni ool rbS CEFE atutey ioh R CGREadS U 4 Sy Pay G drddl o
display is a@daﬁbﬁﬂs@h@nan@%ee%@%*@r‘@ﬁ% pARGy melummf?%@mhdkaygr a di spl ay
screen), anQr&“%aéﬁédaGﬂd&@'@&;%%l PE 1e) ﬂaéPelﬂlUE'i‘d’é*S&ﬁﬁéﬂ aysE are

stacked on the suggort menb er, not 10 only the support nenber.
but al so 1Phe®Bh¥dEhe| BepPoHE MeFReribRg ‘T‘Je%fal?}é% wede elerkEdent, and a

transparent. 1eb@mtr1§a_’céqu£@@duc<blu@ ﬂﬁ&ﬂépélfeﬁtlphaﬂé andram@aﬂen@xn de
hode f ems Il on: IayELs a

(ITO is used lib]

reflection t fJSV\(h'Fﬁga ngC%%ﬂ‘é? ﬁ%ec%?#%gb%}\diu? %Fd?‘% i‘,?een) or
when t he col dxidet i3®@)f iel dsedi sdihemn dilepleold sathodemsiialsi on type and
the |um nesc@ﬁig%géﬁrdﬁgglég %“Qdfef%éé{:i&qet é géﬁécﬁs%%aﬁgf support

menber in this use e material for
- the anode1520°@F§8f5PBH@Sc§ﬁ Eedi‘aFBbéYl ?‘%@?B(},t eﬁrfWBﬁPnﬁFﬁrF‘alg to be

cathode field emission display is a transmission type

and the luminescent layer and the anode electrode are
stacked on the support member in this order, ITO can be
used, and besides ITO, the material for the anode

20 electrode can be properly selected from materials to be
discussed later with respect of a cathode electrode or a
gate electrode. When the anode electrode is constituted
of aluminum (Al) or chromium (Cr), for example, the
specific thickness of the anode electrode is 3 x 107° m

25 (30 nm) to 1.5 x 1077 m (150 nm), preferably 5 x 107° m
(50 nm) to 1 x 107 m (100 nm). The anode electrode can
be formed by a vapor deposition method or a sputtering
method. The anode electrode may be an anode electrode
having a form in which the effective field is covered

30 with one sheet-shaped electrically conductive material
or may be an anode electrode having a form in which
anode electrode units each of which corresponds to one
or a plurality of electron-emitting portions or one or a
plurality of pixels are gathered. When the anode

35 electrode has the former constitution, the anode
electrode can be connected to the anode-electrode
driving circuit. When the anode electrode has the




di scussed later with respect of a cathode electrode or a gate ei ctrode.
When the anode el ectrode is constituted of alumnum (A) or chr 'ﬁﬁ?@ﬂﬁ),
for exanple, the specific thickness of the anode electrode is 3 x 10-8 m
25 (30 nm to 1.5 x 10-7 in (150 nm, preferably 5 x 108 m (50 nm to 1 X
10-7 m (100 nnm). The anode el ectrode can be formed by a vapor deposition
met hod or ‘a sputtering nethod. The anddé el ect r ode may be an anode

el ect Lode- m%h 'iigﬁ: ?:Jrfyﬁﬂﬁ%i\ﬁﬂ,cﬁdﬂ“‘éx%ﬁﬁ;ﬂ.@,i \é%.dlhi %mdbseqrg&rmesodem
one sheet-shaped el ectrica conpductive materi or y,_he .an anode

ol ectrode ity SET drmIGRr R Shhods SPRCR-SRe e SHavid® wni ch
corresponds dixrane: . oExampll esabift yhef cehstiitahiem dfi hyepanbdens or one or

a plurali tye]?&i@g&% & etlﬁaatlhﬁ:h]%stc\gﬁ n ]%a&%z%&%%.u% edl ectrode has the-

former constitution, the anode electro ¢ connected to the
anode- el e¢t repRstidiution Chr i (whighe iheh angdsl e ladgodadd shdormesl 14

SEP2Vb -27- ditdd # Widnbr TA1q QR rRaderAnody 3 g¢ rode  unit
can be connected to the anode:-el ectrode _driving circuit. Exanples of the

constit ut i onfFFMehPhRR 2N 1GIRIEERAR 1 RY tﬂﬂ%%ﬁdq’éybr(%)nc‘l%de a S
consti t uti ongl{ilgh i thev v ddwcenito deayedecild oftermesd faal itk saipgdise support

menber and the .| um nescent |ayer | formed on_ the anqde .el ectrode, and a
constituti orfn?'@?e]’f e ﬁ% él‘rh%(?? u‘?ﬁ%%%%oecg% EE ?Wes&fod} ﬁ:&e on the support
menber and thenbmesieert cbayede il fibenednetitheidd (i, nessercallleger. In
the constituti ( = C : aﬂ%ﬁ Ll g [ connect ed
to the anod(LaJIEég?]éc%%%]agffn%? %%é%]ﬁg%i% the %ﬁnéqe%ﬁélé;@%drq in the
constituti onelestrodepay Bbeckormge ronmeihe clymingesrenfy 13elanod® el ect rode.

15 Wen the thatcbypei theDbrY(2pyi &em@tal Nsadk eESPer hdly ané i Rsrméed a col d
cathode field em ssion_dis Ia%/, %r when the display panel of the present
i nventi on i sPEhERSt 28BS p2h_FL¥Q7%de panel) of a cold cathode field

em ssi on 1di spl ay, rwhenmaitebElbartgpeodisphdayudpoite of the present
invention is a cold cathode field emission display, or
wheén the display panel of the present invention is the
front panel (anode panel) of a cold cathode field
emission display, ribs may be formed on the support

20 member for preventing the occurrence of a so-called
optical crosstalk, that is, electrons which collide with
the luminescent layer are scattered backward and again
collide with an adjacent luminescent layer to cause the
adjacent luminescent layer to emit light. When the

25 optical crosstalk occurs, a useless color is mixed with
a color of light that should be emitted, so that the
chromaticity decreases. With an increase in the
acceleration volfage of electrons, the electrons are
scattered backward to a greater extent. Therefore,

80 desirably, the height of the ribs is determined by not
only taking account of the thickness of the luminescent
layer but also taking account of the backward scattering
of electrons. The material for constituting the above
ribs can be selected from known insulating materials,

35 such as metal oxides, low melting glass or a material
prepared by mixing low melting glass with a metal oxide
such as alumina.



20 nenber for preventing the occurrence of a so-called optical rpgﬁbal K,.

~ that is, electrons which collide with the |um nescent |ayer are sca
"backward and again collide with an adjacent |um nescent |ayer to cause the

adj acent | um nescent |layer to emt light. Wen the 25 optical crosstalk

occurs, a useless color is mxed with _ggcolor of light that should be

emtted, so that the chromaticity decreases. Wth an increase in the

accel eration vol t agBXdfrépecPforbe wathefcefr barming theariksed backward to

a greater eXi@@ludé'h@rQéﬁé@m ﬁﬁxﬂmr@@émdth& @&r&cﬂml&étiﬁlﬁ hé8fod S
determned b ki ng a&cou of the t hj ckness of t [um nescent
| ayer but al k}fﬁgm @b‘?ﬁ P9 t A PPRRVRERF Sk e P HYPD of T€ectrons. The

mat eri al forscneemmnimh;gmy heetlbod erefébs tan hﬁeﬂ&b@cmdaﬁi@mémom
| at 3 d | t
meer ol Toroetesd Boe SdEieE il LT ERe (R S ne S R e o as
alumna. 1 4I$$> 'Q@OEG E@rrn@lan@lesbﬂformmgrana]mlrnﬂ fam nitng ddmweeen bs
| ud
e hod and L8ra1BbEN 68 %é%eog%e%ﬁﬁgn& aﬁitﬂgan@ a‘f%odpref ers to

met hod and a photo-sensiti screen
a method i n WhPchormEng crakariahslayeni eysthe ngp%ttmmer:oram%pondl ng to

the ribs tothe f@b@@mﬁn@&ﬂa’é@fﬂéﬁ%ﬂ%ﬁri@ cOlcihEd S6F e8htdfed! | Oved to
pass the ﬁpe%ngs Wi tﬂ ﬂlgeeze{: 8 rib-formng nmaterial layer on
the suppdPt nBfbERDYRYASHHRI Pethed ey e%t’é‘?l%lm‘i’ 13 wieh Rd or

si nt er ed. 10thefemmﬂngImtengahelhpdrrféefcrm@daomtﬂi@ds&ppmCh a
rib-formng ﬁ@zﬁﬂﬁ al y oryned e ort for xanpl e,
by screen pri ot oFbg\n %%afgﬁr%fl}gyc%a?eég %%dlggf%? %ﬁ: gx&r %ﬁzl e

ej ection coaﬁ@ﬁte-’tfhea foeker bladeopsi ﬁgnﬁazbelaﬂeﬂr’ay@m ¢‘sa’deredtlaﬂd t hen
15 masked wi EBrﬁe&ﬁ§KbL§M§ﬁu_h§ RRELELORS ﬂ@féf fhearibg &g ?ﬁ&a be forned,

and then the e rtions of the rib ormng nateri ayer are
renoved H% m@ﬁ bWéE anBefAbd 2¥RE HFyP?FFh?ﬂ%tNBﬁr?eF%?sr%%Sa@ﬁ%thod in
whi ch to be formed, and then the exposed portions of the rib-
forming material layer are removed by a sand blast
method. The dry film method refers to a method in which
a photosensitive film is laminated on the support member,
20 the portions of the photosensitive film where the ribs
are to be formed are removed by exposure and development,
opening portions formed by the removal are filled with
an insulating material layer, and the insulating
material layer is calcined or sintered. The
25 photosensitive film is combusted and removed by
caleining or sintering, and the rib-forming insulating
material layer filled in the opening portions remains
and constitutes the ribs. The photo-sensitive method
refers to a method in which a photosensitive rib-forming
30 insulating material layer is formed on the support
member, and the insulating material layer is patterned
by exposure and development and then calcined or
sintered. The material for constituting the ribs can be
selected from known electrically conductive materials.
35 1In this case, the ribs can be formed by a plating method
based on an electrically conductive material. The

formed ribs may be polished to flatten the top surface




a photosensitive filmis |am nated on the support nenber, 20 thegyportions
of the photosensitive filmwhere the ribs are to be formed are rénthvediliby
exposure and devel opnment, opening portions forned by the renoval are
filled wwth an insulating material |ayer, and the insulating nmaterial
llayer is calcined or sintered. The 25 photosensitive filmis conbusted and
renmoved by <calcining or sintering, and"the rib-form-ng insul ating
material | aygr dddH edd.n thethpenabhd pathodes fiedd emisaidncdisplay,es t he

ribs. The phqto-sensitive t ho refer t [ Whi-ch a

phot osensi t i Fﬁﬁgﬁbﬁﬁyﬁﬂﬁg “P%?uP%P?%@ %§P§F5§|B §§e aﬁglforned on the
support nenfmertheated panelnhavat iandight seicaun dyel ispags betwegn by
exposure an el d | g (o] | ) tepbkal for
constitutingj%%% r?§§§ggﬁggé &ggﬁeg?egbgggﬁ1&ﬁoé%egﬁgggrP%gﬁ?gﬁcgﬁguctive
materi al S5 3Bant tpenelk demodeh@aneds @l Baer hHaskd bRped dicatiegiehet hod

based on anglgoty i cald e diiHos: Maleald dmisHion idilspaty inksy Ry be
polished to flatten the top surface -29- of each rib. Ln the cold cathode
field en ssidpmagag | die tq Mﬁ}e%@rm p'a‘"h& flgﬁdlf‘hé"ﬁ%ck panel
(cathode pangdsedawerie 48 gh stRorarmbioldiepaee thistnvefior HdlehinglHdveef or e,
when no spacer is provided between the 5 front panel (anode panel) and the
back panel (%%?ﬂ%ﬁé panel ), the cold cathode field em ssion display may be
damaged diie to at moShhefprmpeEstheeriheincbaden thaeformses dork as a '

spacer hol di [ | dli t PESER - i f frthe ribs
i Ir[:cl udes thef?%?%:&%f Pgri%?€?bg&%i{|kl’?’és§ that%ri;gfﬂgﬁ% Ot%lié‘}:%.% ch the rib
surrounds t hsurpeRpes cehe 1‘&9@?3?%‘??191%%?%9?%}?%%@]&3%2&??9 ectangl e or

dot - shaped) , nagd1q fectfRgDE Denddotideaped ) taed @xdentiseior psamd+ el with
When the ri b} ShenEoEn Fhaf Roeas HarefEalt Eh R ARSIt CBISTD G Vel
whi ch t hasri bideat ofiuauségtangutias cont $hubpetshaped olwdsnedcensi des of one
| um nescent layer. When the rib(s) have the form of a lattice, the

fib may have a form in which the rib continuously or

discontinuously surrounds four sides of one luminescent

layer. When the rib(s) has the form of a stripe, the

20 stripe may be continuous or discontinuous.

For improving the contrast of display images,
preferably, a black matrix that absorbs light from the
luminescent layer is formed between one luminescent
layer and another adjacent luminescent layer and between

95 the rib and the support member. As a material for
constituting the black matrix, it is preferred to select
a material that absorbs at least 99 % of light from the
luminescent 1éyer. The above material includes carbon,
a thin metal film (made, for example, of chromium,

30 nickel, aluminum, molybdenum and an alloy of these), a
metal oxide (for example, chromium oxide), metal nitride
(for example, chromium nitride), a heat-resistant
organic resin, a glass paste, and a paste containing a
black pigment or electrically conductive particles of

35 silver or the like. Specific examples thereof include a
photosensitive polyimide resin, chromium oxide and a
chromium oxide/chromium stacked film. Concerning the




| ayer. When the rib(s) has the formof a stripe, the 20 stripe g
continuous or discontinuous. For inproving the contrast of displ );' ﬁﬁ@%
.preferably, a black matrix that absorbs light fromthe [|um nescent |ayer
is formed between one | um nescent |ayer and anot her adjacent | um nescent
| ayer and between 25 the rib and the support menber. As a material for
constltutlng the black matrix, it is pr&erred to select a material that

absor bs at m i *4:04 fdé)cﬁmoﬂtﬂﬁnéﬁ}:ﬁ:]#ét‘f“ﬂ(%ﬁe@hé Bffomi LAE Ahgye

mat eri al |nc des carbon thin nmede, for exanpl e, of
chr oni um 301$n1é‘ké?e H ERHART (oS ddr (HURRPEN BERRL of these), a netal
oxide (for exanple, Iﬁhtﬁé“ gy extyge, diBhphyniévide off@meegsfé@ém chrom um

nitride a heat -resi st ni.c reS| ] ass and aste

Cont ai m g 2 TP g Stﬁ?g%#%f& g “Pyt%‘%'rm i s s 35
silver orbsthehéi MQ:pcSpleanémlmelexmrmiestummgdihe niispleaya paokelt amegn o | ve
polyimde re | _
film Concer%fllgg wéggéﬁ@ggéZ%%ﬁo ?%&ﬂgﬁx%e *(;'E{n%)ﬂ&nl#@ accﬁ?é(; film
t he chromi unfsunrface @@%’éltlht%@rﬁﬁ@nvﬁ-lem@wﬂb@mefmnﬁéﬁaﬂpleﬁn t he

flat-type di gpl gie dg¥bSErQtetde ﬂ'&@sﬁ% oftﬂ‘&ﬁéﬁnb@ﬂmﬁcf!ﬁa&é‘b@éffé&
constituting the back panel or t he Sﬁgfort nmenber constituti t he

di spl ay panePl@g§ BRPH Xj'aE%%s?‘F‘é}t‘ea%ra% Kabbot FeReFtRss s %%' t hey
have a gorfacgowoaskal it §Uaos Qlﬁlbﬂsﬂﬁ&lt@taﬂ@ areq@&rtz Expagd es of the

bstrat t t nb d bst h
an al kal | - fr BUGFEAERS, BoPRatauo1BE=88 | BHPaFRaf P crBcer SeBcr ek &oand o
quartz gl assansmbsulatengalagerous fbmmedgubstmatres smbshbirabesuaface an
i nsul ating 'g&gitassﬁpgﬁfgte FofluBhin® YheELaLCanainBHFAL IngUPSILA! £ 01

whi ch surface an Insulatin and a sem conductor substrate
on whi ch surfagmeds gndi ﬁsaﬁmpﬁgdva*y@r pUbFbEALE. OFr Wi CReSYFEARRI nt of

decreasi ng aafr Qﬂﬁﬁlhﬁﬂn§0§hyett iESFBEREALT afirdip tIS® Wiewhdisse bstrate or
a glass SUbsgggggaggnghBcproaucglonagost, it is preferred to use a
glass substrate or a glass substrate on which surface an
insulating layer is formed.
In the flat-panel display device of the present
20 invention, the back panel and the front panel can be
bonded to each other in their circumferential portions
with an adhesive 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
25 layer. When the frame and the adhesive layer are used
in combination, a large distance between the back and
display panels can be secured by selecting a proper
height of the frame as compared with a case using an
adhesive layer alone. While frit glass is generally
30 used as an adhesive layer, a low-melting metal material
having a melting point of 120 to 400 °C may be used.
The low-melting metal material includes indium (In,
melting point 157 °C); an indium-gold-containing low-
melting alloy; tin (Sn)-containing high-temperature
35 solders such as SngiAdze (melting point 220 - 370 °C) and
SngsCus (melting point 227 - 370 °C); lead (Pb)-
containing high-~temperature solders such as Pbg;.sAgs.s



‘insulating layer is formed. In the flat-panel display device of thsgresent
20 invention, the back panel and the front panel can be bonded to e

other in their circunferential portions wth an adhesive or they can be
bonded to each other with a conbination of a frame nmade of an insulating
rigid material such as glass or ceramcamith an adhesive FS Iaygr. When t he
frame and th esive layer are used in conbination, a |arge distance

bet ween t he ﬁﬂ%ﬁgﬁﬂ@ PR I%@Apéﬁel§&E&HAEB5Sé@ﬁlbﬁnﬁypgénécgﬂﬁg-a proper
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| ow- nel ting ﬁ@@hﬁlmﬂtp¢i@¢ 3&%I@bestumﬁhﬂnqum?;aﬁ?ahglmgapdﬁma 157 C); an
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and Sn95Cus°{aRiteei (e EbiRg pRoInt 3G 1:)3 Zeé:d 3( PRI S@dnimalmqng

7. 3% [ poi nt
hi gh- tenperamarter_sslﬁleé@cls@@ R$::BR9 (%Aﬂé%ggxgé 025?%%7 % g &9

4 C), Pb94 sAg5. 5 (neltin 0|nt 304 - . i
?gelt?ng poi h ﬁ g%% Yé Sug?%g T 205 L et SR Ry omh-% enperature solders such
as Zn95Al 5 (el ti ngnpahet £380-Fhhetli aibpa)dycagtr@galaggghé @?geﬁtsol d;arg16

h as 5 [ [ 0 314 n i ng poin
-SugzzaC) 10 g‘ﬁoﬁ%ﬁ%h%%t@?}&kﬁﬁ% AR & Z‘F?%IQ it 381 O .
Al'l of the bh@vﬁrémﬁserepbondﬁﬁesthﬁﬁmwu&mbnrsQmaYrberhnﬂdéd -gangie di spl ay
device of thsabeesis, dP GRYCHEI fle MOEOIL hgngaagengﬁhat,a%gg i spl ay panel

onde

and, the frane_are bond ed, these ne sane tine,

or one of thROPERRI LN Advakee it %ﬁs'ﬁeﬁ%n@@@ the wihee oanel first

step and t hemayhbe panétd tayche b@élﬁ@daﬁoaté@ccﬁﬁ@r@t@g% a RO Mhedlep. Wen
t hese 15 %hrgﬁ he other panel is

bonded t 6"t h& {%%2@3 ef%ia%%?% %% %Qeﬁggngééér%aég or ‘the other
panel is bonded to the frame at the second step in a
vacuum atmosphere, the space surrounded by the back
panel, the display panel and the frame comes to be a
vacuum concurrently with the bonding. Otherwise, the
20 space surrounded by the back panel, the display panel
and the frame may be evacuated to form a vacuum space
after these three members are bonded. When the

evacuation is carried out after the bonding, the

atmosphere for the bonding may have atmOSpherié pressure

26 or reduced pressure, and the gas constituting the

~ -atmosphere may be ambient atmosphere or an inert gas
containing nitrogen gas'or a gas coming under the group
0 of the periodic table (for example, Ar gas).

B When the evacuation is carried out after the

30 bonding, the evacuation can be carried out through a tip
tube pre-~connected to the back panel and/or the display
panel. Typically, the tip tube is made of a glass tube
and is bonded to a circumference of a through hole
formed in an ineffective field of the back panel and/or

356 the display panel with frit glass or the above low- |
melting metal material. After the space reaches a

predetermined vacuum degree, the tip tube is sealed by




vacuum at nosphere, the space surrounded by the back panel, the g Iay
panel and the frame cones to be a vacuum concurrently vmth t he Eﬁ@ms
O herwi se, the 20 space surrounded by the back panel, the display panel

and the frame nay be evacuated to forma vacuum space after these three
menbers are bonded. Wien the evacuatiqn is carried out after the bonding,
the atnosphere for the bondi ng may havé at nospheric pressure 25 or reduced
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at nosphere or an i ner n nitr or a gas ¢ ng under
the group Gied’fl“te}wé-spé?r}%t?dlh@atq?ﬂa &ﬁg «?F%%Prﬁagfc ﬁﬁgﬁ%t

evacuat i on iksefuafd itde Gdalafigr dropellyhordivegidilad eascaain e can be
carried out t ro h, a t| tube te ngl, and/or the
di spl ay pa ner al%pq cléﬁ Eiloe’t 3‘%@%% (ftsq#rgﬁ éaaass %e and is
bonded toﬁammmﬂmaﬁdiheaapﬂqmghy Hdiee evaavadiiom.an i neffective field
of the back panel and/or 35 the display panel with frit glass or the above
low nelting netal material. After the space reaches a predeterm ned
vacuum degrpBRIEEldDESQRIRWN OE DRAYINGP 14 SEp 2Ws -32- thernmal fusion.
Wien the entire flapigangl idi §ptaygw dexteeros enstalebigdclvad t hen

t enper at ure- dec ased before the seal.i.n 0 erI a reS|d as can be
rel eased int®? T’iﬁen%p%%e %‘g’l%telc?rést?%&g% Eg d"lO]%f of the
space by1¢oheExamslatl on. . BRI EF DESCRI PTI ON OF DRAW NGS Fig. 1is a flow
chart for .explainin he tLi f odyct a phosphor
powder in 10 Exa 1%1 ZF?Q 8] 9?09 c??g&/gﬁgr? lg§%§§§a|n|ng the outline

of a productﬁJ@‘ﬁlmh@ﬂ @fP@@h@%ﬁP@rm%Mrofrﬁ IheFRher Pover s a flow

chart for expkghpisgzthe 16 outline of a pr oduction .net hod of a phosphor
powder in

Fig. 3 is a flow chart for explaining the

15 outline of a production method of a phosphor powder in
Example 3. '

Fig. 4 is a schematic partial end view of a cold
cathode field emission display as a flat-type display
device in Example 1.

20 Fig. 5A is a schematic plan view of a display
panel having luminescent layers arranged in a matrix
form, and Figs. 5B and 5C are schematic partial cross-
sectional views thereof.

Fig. 6A is a schematic plan view of a display

25 panel having luminescent layers arranged in the form of
a stripe, and Figs. 6B and 6C are schematic partial
cross-sectional views thereof.

Figs;,?A to 7D are schematic partial end views
of a support member, etc., for explaining one example of

30 a production method of a display panel.

Figs. 8A and 8B are schematic partial end views
of a substrate, etc., for explaining a production method
of a field emission device constituted of a Spindt-type
field emission device in Example 1.

35 Figs. 9A and 9B, following Fig. 8B, are

| schematic partial endlviews of the substrate, etc., for
explaining the production method of the field emission




Exanple 3. Fig. 4 is a schematic partial end view of a cold cat?zq field
em ssion display as a flat-type display device in Exanple 1. 20 inggﬂEis
a schematic plan view of a display panel having |um nescent |ayers
arranged in a matrix form and Figs. 5B and 5C are schematic parti al

cross- sectional views thereof. Fig. 6Ais a schematic plan view of a

di spl ay 25 panel having |um nescent-|a s arranged in the formof a

stripe, and ddgice R @ &5 YRR - dd dield QeSO onal Vi ews
t her eof . qui. /A to 7D are schemati ¢ partial end views of a support
menber, et c.9e¥7e eWpI BFHRF ofre exanpl e of 30 a production nethod of a
di spl ay panel.' FigrigBA a0H &fdaleBsahenathempaicipirehal veross—of a

substrate, etc...for,explaini r | 0 th Q i el 1 SSi on
devi ce constTTCr el dt % SH nocf% %ﬁ%%@%éd' e%r#rcg's’l %%e%’?@e#?ﬁirégﬁpl e 1. 35
Fi gs. 9A andpeBiudolénwerthdd ef 8B plane-tyremeid gathddg feld/i ews of the

substrate, etc.: " e production nmethod of the field
:EE){% Q%&}(géé Qhé‘g 19K

emssion 1 4 evice constituted of ,a Spindt-type field

eni ssion devi ce i nFEggnplériangd; §iB, 16a14AYingEF48e $8Rendffc parti al
Cross- secti 98Rémit E¥SpREt PaBbUbEbE Sl Lectidnal FPlewx BRI thd wbsbragoduct i on
met hod of a glane-%g € co d.cathq@g fielﬁ enissioqqd viﬁegéhb; 1). Figs.
11A and 11B, FSt I obWPhgSEPLA 00 Te PRRMATRITR PRrRediot Y- §onal

vi ews of 10hetgpbstoitiecatiedde, field expl ss dmodéhicer Mwictlpn net hod of the
pl ane 10 type col d ¢athod [ 1L,SSi.on_deyj : :EhQ A and 12B
are a schematic par?ﬁgg'cﬁgésshgeggpo%g% €i§§h%§a§y§|8%%F%§%eé€8% cat hode
field emn sseentienatevite. of)aaptanestyeaeteldpaathede cfbeld sectional

view of a flghik¥pencakdicat (RIe 2)ehfld a schematic partial cross-
sectional view of a flat-type cold cathode field

15 emission device.

| Fig.-13 is a schematic drawing of a glass bulb
for a color image—recéiving tube that is partly cut off.

Fig. 14 is a schematic perspective view of an
aperture grille type color selection mechanism.

20 Figs. 15A to 15C are schematic partial end views
of a face plate, etc., for explaining a production
method of a glass bulb for a color image-receiving tube.

Figs. 16A and 16B, following Fig. 15C, are
schematic partial end views of the face plate, etc., for

25 explaining the production method of the glass bulb for a

. color image-receiving tube.

Fig. 17 is a conceptual exploded perspective
view of.a\plasma display.

Fig. 18 is a schematic partial end view of a

30 Spindt-type cold cathode field emission device having a
focus electrode.

Fig. 19 is a schematic partial cross-sectional
view of a so-called two-electrodes-type cold cathode
field emission display.

35 Fig. 20 is a graph showing a result of Monte
Carlo‘'simulation carried out with regard to a
relationship between an enérgy loss of electrons which




15 em ssion device. Fig. 13 is a schenatlc dramnng of a glass bugb for a
color inmage--receiving tube that is partly cut off. Fig. 14 is séﬁ@ﬂﬂﬁlc-
perspective view of an aperture grille type color selection nechanism 20
-Figs. 15A to 15C are schenmatic partial end views of a face plate, etc.,

for explaining a production nethod of 3. gl ass bulb for a color

| mge-receiving tube. Figs. 16A.and 16§ following Fig. 15C, are schematic

par fji alt end ﬁ/a'txﬁé/\/;erﬁi;eﬁém d Flﬁ:ﬂtuﬂiéﬁc%r}&tlfayeﬂ @Enc‘al Hleemeaﬂﬂﬁomg t he
producti on nethod. o a or. a 0 i_m e g tube.
Fig. 17 is £HIHCEH Léﬁpggg %@e%ﬂfew‘?sﬁ? qi/lﬁﬁed:f 28 r%spl ay.

Fig. 18 is a:ﬁcﬂ:t&rrﬁemepamtpxaéssamh,vuewmncm amesmquﬂlmmangal d cat hode
field em ssi Sy € %‘ié Vﬁ ng & f5ockL5_sloq} %ﬁﬁi ,ﬁ_{ ess(%&chenat iC
e e

partial cross-s f ohal®" view of & §o- ca ectro es-type cold
cathode #i elayem ssimadeliahlZns- 35 Fig. 20 is a graph showing a result of

Monte Carl o-simul a{mgn saribed gubphi thofieddrd tesalL! 6t akbREhi p bet ween
an energy |loss of e trons have éntered . a | um nescent |ayer and

the el ect r orCaEHe eF HRgL ettt ??E%l?%epq%ﬁf%c@ﬂaq%ﬁ bn the basis of
t he Bet he eX@ém@i@@smp wéiwen hen aswet gy alony of cdlegerdrs saiiatt 31.5

kil ovolts and the I sC 5 | h
showing a reSiYt %]F eﬂ%rpr%e%aﬁy‘f‘é}f ﬁa{é%‘dcar%|égesoujt:é&lf(ﬁ}rle§a?dg[ gpa
rel ati ondhi peheenirg dep’eheIWOI’dse bimbhescennslayer on Heve kagid ed a

| um nescent |,gyego aggfDeoghPELE Pin 10LAELINIKEPRETEAuk g UIT nescent

| ayer on the basi's e expression, in which the accelerating
voltage is sEPLhEage kPl 89bl 8% ankilAEcltdi Aedcehe lupinescentplaye¥ zns,
Fig. 22 is ajgraplesbewng.a result of Monte

Fig. 22 is a graph showing a result of Monte
15 cCarlo simulation carried out with regard to a
relationship between an energy loss of electrons which
have entered a luminescent layer and the electron
entering depth into the luminescent layer on the basis
of the Bethe expression, in which the accelerating
20 voltage is set at 6 kilovolts and the luminescent layer
is made of ZnS.
Fig. 23 is a graph showing a result of Monte
Ccarlo simulation carried out with regard to a
relationship between an energy loss of electrons which
25 have entered a luminescent layer and the electron
entering depth into the luminescent layer on the basis
- of the Bethe expression, in which the accelerating
voltage is set at 6 kilovolts and the luminescent layer
is made of Zn and ZnS.

30
BEST MODE FOR CARRYING OUT THE INVENTION
The present invention will be explained on the
basis of Examples with reference to drawings hereinafter.
Example 1
35 Example 1 is concerned with the first and fourth

aspects of the present invention, and further is
concerned with the production method of a phosphor




15 . Carlo sinulation carried out with regard to a relationship b?tmeen an
energy | oss of electrons which have entered a |um nescent |ayer 4ndE P 12805
electron entering depth into the |um nescent |ayer on the basis of the
Bet he expression, in which the accelerating 20 voltage is set at 6
kil ovolts and the |um nescent layer is nmade of ZnS. Fig. 23 is a graph
showing a result of Monte Carlo sinmula$?on carried out with regard to a
el ati onshi polghugencaprang RWo! 058 Y@ chiguise Wt Ah Sl ent ered a
| um nescent Payer and the efectron entering depth into t um nescent
| ayer on thelB¥entiops the Bet he expression, in which the accel erating

vol tage is set at GIbgmgﬁg¢u§ andtchbeel WakNBEERArela¥ephosphsrde of Zn and
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ZnS. 30 BEST gR Rg
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the am’“”t rair® 8 WS gnct LYal Rhel anll-4£PRhL Do¥ELIPLLidNEs" BARUN

rati o”
activator is 10™* part by weight. The "amount ratio"” of

15 the co-activator refers to a molar concentration of the
co-activator when a molar concentration of the activator
‘1s 1.00. Further, the unit of the chlorine
concentration is ppm, and the temperature Ts, at which
the luminescence efficiency comes to be 1/2 of the

20 luminescence éfficiency at 25°C in the thermal quenching
performance is °C.

Table 1
Phosphor powder
1 A
Host material zZns
Activator Ag
part by weight -5.80 1.80
Co-activator al
amount ratio 1.03 0.22
Color of emitted Blue
light
Chlorine <20 70
concentration
Temperature Tsp 230 160

20

Rk T



15 the co-activator refers to a nolar concentration of the co-aqt4%%%qﬁqﬁ
when a nol ar concentration of the activator is 1.00. Further, the unit
the chlorine concentration is ppm. and the tenperature T50 at which the
| um nescence efficiency conmes to be 1/2 of the 20 | um nescence efficiency
at 25C in the thermal quenching perforggnce is C. Table 1 Phosphor powder
1A Host material ZnS ActivatorAg part by wei ght5.801. 80 Co-acti vatorAl
anount ratiol. 03 0. ZheCplrodusitiom mestioBl of ki ghosghbur pawder20@0
concent r at i op,Ipper at €1 THA230L69n23 e fowbRPeh 3Berdiends OdicEjon met hod
of a phosphorXpomder In Exanmple 1 m?ll be %utI%%egg%é%omﬂa%?ﬁyré@erence to
the flow chadpwofhprg of Figesl: a solution is prepared. Specifically, a
5 ZnO powder is di ssaingd iah st udd o is0btepaitelQ PSRN £ica /S
sol uti on. Th%n thedZnSO4 aolu%#on is purified tg renove inpurities,
parti cul aPl y ZPReROYIRE: APs AL PSR VERe B n a2 o SPIHEIPRFO BEPRALEI on step
is carried oat zn80, Spetuticml | Theinhe thaeS@hseg! sdloniemdianpkPEEped are
all owed to react .t bt.aj S_Rar i , t] S are
washed and d??e eﬁgvgb %Pﬁréeiﬁg'pﬁéggﬁéyl;%ggﬂeéggfﬁgﬁgﬁgg%h%$$%articles)
that is a ho¥hemgngPiapolution. _
' Then, a reaction step is carried out.
10 Specifically, the ZnS0, solution and an H,S gas are
allowed to react to obtain ZnS particles. Then, the ZnS

particles are washed and dried to obtain a ZnS phosphor
powder (ZnS phosphor particles) that is a host material.
The above ZnS powder that is a host material, an

15 activator, a co-activator and a chlorine-containing
compound (specifically, NaCl) are mixed, and the mixture
is dried and then subjected to a firing step. The
chlorine-containing compound is added for decreasing the
firing temperature in the firing step. Specifically,

20 the firing was carried out in an inert gas atmosphere at
a temperature of 800°C to 1000°C, to give a fired
product. In a washing step, the fired product was
washed until the chlorine concentration of the chlorine
compound (NaCl) contained in the phosphor powder came to

25 be 20 ppm or less (specifically, the detection limit or
less of a measuring apparatus). Then, the fired product
was dispersed in a solvent and classified by wet sieving,
and the sieved product was surface-treated as requiréd
for improving dispersibility and adhesion, then dried

30 and classified by sieving, to give a phosphor powder.

_ In Example 1, as a flat-panel display device,
the cold cathode field emission display héving cold
cathode field emission devices (to be referred to as
"field emission device" hereinafter) of Spindt-type was

36 manufactured as a trial. The flat-panel display device
of Example 1 had a cross-section similar to the
schematic partial cross-sectional view shown in Fiqg. 4.




The above ZnS powder that is a host naterial, an 15 activator, mé
co-activator and a chlorine-containing conpound (specifically, C§§Pdﬂ5
m xed, and the m xture is dried and then subjected to a firing step. The
chl orine-containing conpound is added for decreasing the firing
tenperature in the firing step. Specifigally, 20 the firing was carried out
in an inert gas atnosphere at a tenperature of 800C to 1000C, to give a
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an opening pghtLBR perPeBAt bt LRE LPERYAY LEPL98he1s. 1n Fig. 9B,

one Spindt-type field emission device is shown for
convenience. The projection image of the stripe-shaped
cathode electrode 12 and the projection image of the

20 stripe-shaped gate electrode 14 extend in different
directions (for example, in directions which across at
right angles). The electron-emitting region is
positioned in an overlapping region where the projection
image of the stripe-shaped gate electrode 14 and the

25 projection image of the stripe-shaped cathode electrode
12 overlap. The electron-emitting portion 16 is formed
on a portion of the cathode electrode 12 which portion
is positioned in the bottom portion of the opening
portion 15. Many such electron-emitting portions 16

30 correspond to one of luminescent layers 22. A
relatively negative voltage (video signal) is applied to
the electron-emitting portion 16 from a cathdde—_
electrode driving circuit 31 through the cathode
electrode 12, and a relatively positive voltage

85 (scanning signal) is applied to the gate electrode 14
from a gate-electrode driving circuit 32. Due to an
electric field generated by the application of the above



el ectrode 14 and the insulating |ayer 13; and a coni cal electroq g1tt|ng
portion 16 fornmed on a portion of the 15 cathode el ectrode 12 mhlé% Egﬂﬂﬁon
is positioned in the bottomportion of the opening portion 15. In Fig. 9B,
one Spindt-type field enission device is shown for convenience. The
projection image of the stripe-shaped cathode electrode 12 and the
proj ection |nage of the 20 stripe-shapetPyate el ectrode 14 extend in
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panel 20 conprises a support _ne ass or the like
plurality ofSpﬁﬁﬁ#@§c@ﬁtthf01PH9@P§C€ﬁﬁoéﬁM6Fslageﬁ§? ﬁbefBiﬁEH on the
support nenbejatzlxand .f orfedl i ASecéRt M &febs Wﬁgﬁlﬁd)%pmﬁr dodgers) biack

natrlx 23 fll&%g %%%%egftﬁﬁe'%Eb”es%%%&oh%yﬁhospﬁbr powders which

emit light upon irradiation with electrons flying from
the electron-emitting region. A positive voltage higher
than the positive voltage applied to the gate electrode

20 14 is applied to the anode electrode 24 from an anode-
electrode driving circuit 33, and the anode electrode 24
works to lead electrons emitted into the vacuum space

- from the electron-emitting portion 16 toward the

luminescent layer 22. Further, the ancde electrode 24

25 works not only to protect the phosphor powders
constituting the luminescent layer 22 against sputtering
by particles such as ions, but also to reflect light
emitted from the luminescent layers 22 due to electron

_ excitation to the Support member side so that the

30 display screen observed from an outside of the support
member 21 is improved in luminescence efficiency. The
anode electrode 24 is formed, for example, of a thin
aluminum (Al) film or a thin chromium (Cr) film. The
luminescent layers 22 and the anode electrode 24 can be

'35 arranged as shown in Figs. 5A, 5B and 5C or Figs. 6A, 6B
and 6C.

One example of the method for producing the



~an-el ectrode (anode el ectrode 24) fornmed on the entire surfaces qf t he

| um nescent | ayers 22 and the black 15 matrix 23. The Iuninesceng Ié@%ﬂﬁﬁ
(phosphor layers) 22 are forned of the above various phosphor powders
which emt |ight upon irradiation with electrons flying from the

el ectron-emtting region. A positive vo]tage higher than the positive
vol tage applied to the gate el ectrode 14 is applied to the anode

el ectrode 24dispragnpanedesh@ingcin oetgsly i 5A ghd i 3B Wil Bdhe abidimeahode
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t he anode el powdedec@up@sivboksinaprepiayedo Foot ddtist parplessphdepowder s
constituting m ne r 08l rq ticles such
as ions, but eggﬁgigb ?e??%@%r+%ﬁta&%nrr?t%e5§];sr%%%%% jfﬂu%)%]g%fc%% | ayers 22
due to el &ct VaherexandathendispereianphdrstHerl Wil PremixeReaa’0
di spl ay scregpogbsgmvedr! 1 okiartoUt siris OftHh aspiRpendpldigier 21 is
i mproved in Iﬂn1n scence eff|C|enc¥. %He. anode eleftr de 24 is fornmed, for
exanpl e, of BPPRPROTPAWAREH £5F)PHAT o+nag?ﬁiﬂuﬁﬁ BRT U EE) M ilm The

| um nescent WwayehstRe dhdpéhsiagodgertechisodeeRddispebsed) amdaviged as

shown in Figs. SB_.apd. r FLgs., ng, 6 X | e of the
met hod for'p%%&ggFﬁg§thgiggE§2VE£33§-ﬁﬁ?%%ﬁ%??p%ﬁegb%ﬁggﬁﬁin igs. 5A and
5B will bé& emihatersd Them, riderexuwle, PYyvimy: algphdd rand a phosphor

powder CONPOgir@iulS pREAPBRGEe P hBHEJPUARESEnel Rixt8¥@MPECfufly
di spersing agent 1s dispersed in purified 5 water, and the dispersion is
stirred w t hS¥iEgeenieRer then 3888°FBArfor 1 ninute. Then, the

above-expl ai ned phosphtfe PRIt e of ated disglley pandl qaneaeer in

whi ch the di i has been, di spersed d the mi i d
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al cohol ard cambhe emthrehsomdbeecapE &tidednppndtt hembext diemagdef ulfby
: . example, of glass. Then, the photosensitive film 40
formed on the support member 21 is exposed to light
which has been irradiated from a light source (not
shown) and has passed through an opening 44 formed in a
20 mask 43, to form an exposed region 41 (see Fig. 7A}.
Then, the photosensitive film 40 is developed to remove
it selectively, whereby a remaining portion (exposed and
| developed photosensitive film) 42 is retained on the
support member 21 (see Fig. 7B). Then, a.carbon agent
25 (carbon slurry) is applied to the entire surface, dried
and calcined or sintered, and the remaining portion 42
of the photosensitive film and the carbon agent thereon
are removed by a lift-off method, to form a black matrix
23 made of the carbon agent on the exposed support
30 member 21 and also to remove the remaining portion 42 of
the photosensitive film (see Fig. 7C). Then, each of
the luminescent layers 22 for red, green and blue is
formed on the exposed support member 21 (see Fig. 7D).
Specifically, the phosphor powder compositions prepared
35 from the phosphor powders (phosphor particles)
‘manufactured by the same method as that described above
are used. For example, a blue photosensitive phosphor



stirred and then filtered. In the production of the display panelll| (anode
panel ) 20, a photosensitive film40 is fornmed (applied) 15 on't & 2RY 12005

. surface of the support nenber 21 made, for exanple, of glass. Then, the
photosensitive film40 formed on the support nenber 21 is exposed to |ight
whi ch has been irradiated froma light source (not shown) and has passed
through an opening 44 formed in a 20 m&X% 43, to form an exposed region 41
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matrix 23 by GO%B%H%%TEEQ g%ln%% ~type field emission device is
basically a method of forming the conical electron-
emitting portion 16 by perpendicular deposition of a
metal material. That is, deposition particles enter
20 perpendicularly to the opening portion 15, and the
amount of the deposition particles which reach the
bottom portion of the opening portion 15 is gradually
decreased by utilizing the masking effect of an
overhanging deposit formed near the opening portion 15,
25 Whereby the electron-emitting portion 16 as a conical
deposit is formed in a self-aligned manner. The method
for producing a flat-panel display device, which is a
cold cathode field emission display having the Spindt-
type field emission device, according to a method in
30 which a peel layer 17 is formed on the insulating layer
13 and the gate electrode 14 beforehand for making it
easy to remove an unnecessary overhanging deposit will
be outlined with reference to Figs. 8A, 8B, 9A and 9B
showing schematic partial end views of the substrate and
35 the like. One electron-emitting portion is shown in the
drawings for explaining the field emission device or

explaining the production method thereof.




Al ternatively, each lum nescent layer 22 can be formed by a screg p
printing nethod and the |ike. The nethod for producing the Spindt- tygg 2&5
field 15 em ssion device will be expl ai ned bel ow. The nethod for
producing the Spindt-type field em ssion device is basically a nethod of
formng the conical electron- emtting-paLtion 16 by perpendi cul ar

deposi tion of | material. That is, deposition particles enter 20
perpendlculaﬂ%}Qéyiq%Q openi ng portion 15, and the anount of the
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formed on thesd rﬁﬂnﬁatd R e nshd adld ot hayeat g 3¢l ephg odged4 beforehand for
g depasit will be :
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t a ainin ssi on device
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First, the cdifthdde egaé"@t Gdetrpdendd endnithlel ims@llay ing tLhgefronm by a

tri f orgreqs the DRSS d e f Iass and the
?nghrgt:ﬁg Fr%a&_tlpﬁlﬂs@nade of S| ](%I%ﬂo?'r?e QJ(E)Slrﬁ ?%nghﬁﬁs%e gurface

Further, the &tGTdeI 12 nlphé-P@FﬁP6TP9r§ﬂPPp@f thef opepdngn t he
i nsul ati ng | ayertikh 1‘816(5;& wlgal @afyr.odend4chbhdbhe EDedLpbge $HrhRe can be

dry 10
et cning mit ndfE et el ot g PRLEP SEalk o2 &
plurallty of materlal layers. For suppressing the
fluctuation of electron emission characteristics of the
‘electron-emitting portions to be formed at a step to
come later, the surface layer portion of the cathode
20 electrode 12 can be made of a material having a higher
electric resistivity than a material forming the
remaining portion. The stripe-shaped cathode electrode
12 extends leftward and rightward on a paper surface of
the drawings, and the stripe-shaped gate electrode 14
25 extends in the direction perpendicular to the paper
- surface of the drawings. The gate electrode 14 can be
formed by a known thin film forming method such as a PVD
method including a vapbr deposition method and the like,
a CVD method, a plating method including an
30 electroplating method and an electroless plating method,
a screen printing method, a laser abrasion méthod, a
sol-gel method, a lift-off method, and the like, or a
combination of one of them with an etching method as
required. For example, a stripe-shaped gate electrode
36 can be directly formed when a screen-printing method or
a plating method is employed.
[Step-110]




I n- the gate eIectrode 14 and the insulating |layer 13 by a reacth -
lon-etching (RIE) nethod, to expose the cathode electrode 12 in & HEF t2am
portion of the opening portion 15 (see Fig. 8A). The cathode el ectrode 12
may 15 be a single-material layer, or it may be a stack of a plurality of
material |ayers. For suppressing the fluctuation of electron em ssion
characteristics of the electron-enitti¥dy portions to be formed at a step

to come later, thesqun!aggel ayerePOhLbnlLlnkofelbRIPs 20sckephigde 12

can be made of a maferial having a ric resistivity than a
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exanpl e, a s%PFbgegﬁaﬁﬁﬁlﬁa%% B¢kcitobfe 358%aﬂe%ée%$}edWm?I?%YﬁgHemhen a
SEreen Emnnfpeglnmhyeﬁ ov canpbetf@ﬁmﬁﬁt@m?thé gﬂ@éoyﬁdctféﬂegldlfﬂd 426
Then, the e r ng rLi 1 or n.the cathode el ectrode
12 exposed |§ﬁ%hgnggg%%%99 18 egn?gf e ope go???%% g Speci fi-cal ly,
whi | e rotata&gmnnemsmbsthatbonnpmapenthM1ms bhei gpening yepbsmmeﬂﬁon t he
entire surfa o] eq1pe r S anged to
make a sufflgﬁgn el ngég %ﬁc%ﬁgﬁgggaﬁr *Qv %%?%ﬁ@ Sdg ?bfggéﬁnt
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gate el ectroge 14

eter (see Fig. 8B).
{S5tep-120] _

Then, for example, molybdenum (Mo) is vertically
deposited on the entire surface. In this case, as shown

20 in Fig. 9A, 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 the opening portion 15 is gradually
decreased, so that vaporized particles which contribute

25 to deposition in the bottom portion of the opening
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 the bottom-
portion of the opening portion 15, and the conical

30 deposit made of molybdenum constitutes the electron-
emitting portion 16.

Then, the peel layer 17 is peeled off from the
insulating layer 13 and the gate electrode 14 by an
electrochemical process and a wet process, to

35 selectively remove the electrically conductive layer 18
over the insulating layer 13 and the gate electrode 14.
As a result, as shown in Fig. 9B, the conical electron-



the insulating |layer 13 al nobst w thout depositing alun1nun1|n th tom
portion of the opening portion 15. The peel |ayer 17 extends fron1 ﬁﬁ
openi ng edge portion of the opening portion 15 |ike eaves, whereby the 15
opening portion 15 is substantially decreased in dianmeter (see Fig. 8B).

[ Step-120] Then, for exanple, nolybdenum (M) is vertically deposited on
the entire surface. In this case, as s § 20 in Fig. 9A, with the growth
of an el ect rénﬁ&i’dm @mtdnvqsl @wb&md&nea onl yhdenanhbam ng an

overhanglng fo n, t peel. an di r of the
openi ng por (5% %C}%hjér 5’(?5’&11_1 e&’e&ne il b%%%% Q%’ L5488 P?ggh%artlcl es
whi ch cont r idpsreintp gartdepodix.i on in the bottonlportlon of the opening
portion 15 Iljb one to be linted to particles which pass by the
center of t enl ng]Cportlon 15. As aresult, a conical deposit is forned
on the boﬁtom por Therback t penebet¢aes thafe s, Ladeing coiital 30
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bl Sy penci R oRaRbl 30 S0 oot R SIS D il Daner
di spl ay devi geashpwandintire gfr# Calade iobdwiedd. tt&:mcﬁdllmbéq/ byn
apprOX|n3t6|¥a£01n1Qgggr 51nter1ng the frit glass at approx1mately
15 450 °C for 10 to 30 minutes. Then, the inner space of
the flat-panel display device is evacuated until it has
a vacuum degree of approximately 10~* Pa, and then the
inner space is sealed by a proper method. Alternatively,
the frame, the back panel 10 and the display panel 20
20 may be bonded in a high-vacuum atmosphere.
Alternatively, for some structure of the flat-panel
display device, the back panel 10 and the display panel
20 may be bonded to.each other without the frame.
The above-produced cold cathode field emission
26 display as a flat-type display device and a cold cathode
field emission display as a flat-type display device
using a conventional phosphor powder were tested for
changes of luminescence efficiency with elapse of the .
_ time. As a result, it was found that the initial wvalue
30 of luminescence efficiency with the phosphor poWder—l
was approximately 15 % larger than the initial value of
luminescence efficiency with the phosphor powder-A.
Further, when the time period for which the luminescence
efficiency came to be 1/2 of the initial value of the
35 luminescence efficiency was assumed to be a phosphor
| powder lifetime, the phosphor powder lifetime of the
phosphor powder-1 was approximately twice as long as the




10 frame (not shown) nmade, for exanple, of ceramc or glass is gregared,
- the frame, the back panel 10 and the display panel 20 are bonded,
exanple, with frit glass, and the frit glass is dried, then foll owed by
calcining or sintering the frit glass at approximtely 15 450 C for 10 to
30 m nutes. Then, the inner space of .the flat-panel display device is

evacuat ed until it has a vacuun1degreﬁ§%ﬂ= approxi mately 10-4 Pa, and then
the inner &k by PP eSs Ml QthosiHA! thideatw. the frane,
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% | arger thapgthembbedi akomatbe ehrfhosi @ﬁsﬁﬁécpheéfahﬁrepawdéﬂh rhe.
phosphor powder

' when tinme period for which.the
| uni nescence EP?WEl@n%;OWaﬂ%a¥B ) g?% Eﬁo$ E 19 (e ?h%%1%£ df the 35
| um nescapncephbsphoenpywilas aBsBErampie be a phosphor powder lifetine, the
phosphor powder |if h o] pt QX ely twce "
as long as the 1 4 éEEﬂagg%EEhgﬁosg%ie tha gﬂ$£Féd¥%%gﬁ? &ﬁ bmﬁ%sphor
powder - A. BtanBkemplpxanhhd QhﬁsS@Eﬁc@@ﬁE@SMF%%ntﬁ% E%%%n@fa§®%ct of the

present invephi,apnard bt}aeELngﬁbwﬁnlﬁeﬁ:QBQeOi a 5 phosphor powder
according to'the flrsF

aspect of the present inventi.on mle 2, a
t opnost - sur f ace §§F%E*F§¥¥FE%EHEF%%51Pa§§ﬁm83 2 &Pf?gggﬂgﬁagéﬂ | ayer
i's removed fibes tslamesurahaee ak tihethboppbatcpbvdemetkod. of a

phosphor powder explained in Example 1 except that a
removal step of removing a topmost-surface crystal-
lattice-defect layer or a surface-damaged layer formed
on the fired product is provided between the firing step

20 and the surface-treatment step. The above removal step
comprises an annealing treatment. The temperature for
the annealing treatment is lower than the firing
temperature in the firing step. Specifically, the
annealing treatment was carried out in a reducing

25 atmosphere (more specifically, in an atmosphere of HZ/NZ
gas) at a temperature of 500°C to 600°C.

A cold cathode field emission display having
field emission devices, as flat-type display device, was
prepared as a trial in the same manner as in Example 1,

30 and the cold cathode field emission display was measured
for a relationship between an electron beam integration
dose (integration dose of electron beam until the .
luminescence efficiency came to be 1/2 of the initial
luminescence efficiency) and the luminescence efficiency.

35 As a result, when the electron beam integration dose of
the phosphor powder-A was assumed to be 1, the electron
beam integration dose of the phosphor powder-2 was



2 shows a flow chart of the production nethod of a 10 ' phosphor \Ager in =
Exanpl e 2. A phosphor powder-2 that emtted light in blue in Engp'EPZEﬁad
t he.sane conposition as that of the phosphor powder-1 shown in Table 1.
The phosphor powder in Exanple 2 is produced in 15 the same manner as in
the production method of a phosphor pgwder explained in Exanple 1 except
that a renoval step of renbving a topnobst-surface crystal- lattice-defect

| ayer or a sappasetmateed] ayer formed on the fired product is provided

between the firing ?ﬁfghgg,aﬂﬂtﬁhfeggfé ﬁﬁiﬁﬁﬁ@%e@%ﬂeﬂhe above

renoval step conprisées an annealing treatne erature for the
anneal i ng t rebtabned by | Gaery iHaAPGthe igtdhgng digsataante a5 Wit firing

step. specifigabby1 $H8 @HNEH 149 4d ealdibilg VSLBAIdY th WH1dtich r educi ng
25. atnosphere (nore specifjcally, in an at s§ ere of H2/ N2 .qgs) t a
t enper at uPe BFEBRESE BB BHEHRY %W%P?%ﬁarﬁfg QI W LA Io(fs havi ng

field em ssigRogENOELS, ad@sdf {ledt tpssphicniayadiayiae, 60f@y intepahddhas a
trial in the_ sane manner.as_.i.n Exanpl and. t | d thqde field

eni ssi on di sSF@i/ T ‘c‘:ads’ur""é_tﬁf‘r}l ngr%n%éﬁ%aﬁﬁ%gﬁgﬁgg gito\%gecn a%ﬁdeﬁgc_t ron beam
i nt egr at i on thHespefsategated osotostonf the exeneanteatedirhydrad¢hloric

| um nescence_gt §i ci ek tQe be. 4/ 25 of s hPEad Nbddid £ Al FESSENce

ef fici ency) gﬁ%&tﬁgﬁFgﬁigggggngg gf Tc?ency. ¥ s a result. when the

el ect r on IPeapbiaisgdat i on dose of the phosphor powder-A was assuned to be

1, the el ectgQamiRegmintegration dose of the phosphor powder-2 was 1 4
SEP 25 45 anemRls ool

4. Further, with regard. to,a.phosphor  powder
obt ai ned by carryin&mﬁﬂéﬂéh3eﬂ§hFﬁ&cFFEEBnﬁﬁggaghFhEﬁlggnﬁggﬁcgt8%dusing,
as an et chi ngheobttesent ansehtif bnnahdptkeaprddbytivnimgthogeofatur at ed

whi oh “Gr03 PRORgs porPRE-BRARERLAG fol VA BPER, 5hECETLE EhetO0) TNLO

15 present invention. Fig. 3 shows a flow chart of the
production method of a phosphor powder in Example 3.

In Example 3, the surface.of the phosphor powder
.is coated with a chemical-reaction layer (chemical
reacted layer or compound layer, and specifically, zinc

20 phosphate) having an average thickness of 2 nm - 3 nm
and containing phosphoric acid.

The phosphor powder-3 that emitted light in blue
in Example 3 had the same composition as that of the
phosphor powder-1 in Example 1 shown in Table 1.

25 The phosphor powder in Example 3 is obtained by
coating the surface of the phosphor powder with the
chemical-reaction layer containing phosphoric acid in
the surface-treatment step in the production method of a
phosphor powder in Example 1. Specifically, a solution

30 of a compound containing phosphoric acid (sqlution of
zinc phosphate) was prepared, and the phosphor powders
were immersed in the solution and then dried.

For comparison, a phosphor powder-A’ was
prepared by a method in the same manner as in the

36 preparation of the phosphor powder—A except that the

| surface-treatment step was carried out according to a

method in which silica was allowed to adhere to the



the persaturated solution:the concentrated hydrochloric acid mxi, ng ﬁﬁﬂﬁo
of 1:2, a simlar result was also 10 obtained. Exanple 3 Exanple 3 ﬁ
_concerned with the third aspect of the present invention and the
production method of a phosphor powder according to the third aspect of
the 15 present invention. Fig. 3 shows flow chart of the production

met hod of a phosphor powder in Exanple 3. In Exanple 3, the surface of the
phosphor povslerfades ebaties phddpior videa -Hyea{:ts'dln-deay&l’et(mi&m cal |

reacted | ay Sonpou ) eplflcall Zi hos hate)

havi ng an a%%@% Thit %%Pa%(fr f’owréje nMaS écﬁa (P ﬁ'nosf‘%horl c acid.
The phosphormapmeleras imathe premardtigint o tﬂim@hqsw@mm@@f-ﬁ’ad t he sane
conposi tion t Egg%§99$r]§£%gﬁg §EX§§P| {4 n Table
1. 25 The ph%%ﬁﬁ%en%d%%er In o {5 ob taln ‘%Eéiﬁﬁg e surface
of the phéspieeOopdikie rtQ\n%H“QTF@d chreieigh ragdersd IWelrcaed\fﬁE‘al ni ng

phosphoric agi fowda tHeadiéfaCEs HIRAldB acd &F Ithd phdupgHbictidAmdet hod of
a phosphor powder.in Exanple 1. Specifically, a solution 30 of a conpound

cont ai ni ng SBREIRE- aci d (sol ution of zinc phosphate) was prepared, and
t he phosphor powders:olﬂebathﬁderSeélaneimgsjsohuﬁieplapsl h&eingri ed. For

e 20" i RLASERELs PRk R el e PEERALE D RN LA P, S8

manner as I n reparation o excep "that the
sur f ace- tlfeavarat pseppredsicarhe e@lam:tmm cﬁsnglm Examprdet hbd 4md whi ch

silica was alegeweeoia éQEl%&etfléf& élﬂl%fgry\ﬁdlgﬁlaf%é§%é§uf:m phosphor -

powder by a sol-gel nethod.  Further, a phosphor wder - A" was prepared I n
the same naﬁﬁEraa§e;ﬁt%ﬁBSB%EpE?EY?%% %? ?H%Cﬁﬁ@%ﬂWﬁ?“pﬁﬁﬂ%$r¢\l%&cept
that the surtage- Kﬁ.ﬁﬁéqgﬁtléhe@osaSoﬂaéle@dr@mtbéalaQ@@tﬂi nghéo a nethod in

Eg;ggrpomaerEgmihegggnggsef%lc1engytgagghg éol}ge Eu{he 1n1t1tfe phosphor

15 luminescence efficiency) and the luminescence efficiency.
As a result, when the electron beam integration dose of
the phosphor powder-A’ was assumed to be 1, the electron

"beam integration dose of the phosphor powder-A" was
approximately 1.3, and the electron beam integration

20 dose of the phosphor powder-3 was approximately 3.

When the chemical-reaction layer containing
phosphoric acid was calcium phosphate, a similar result
was also obtalned. When phosphor powder was subjected
to the removal step of removing a topmost-surface

25 crystal-lattice-defect layer or a surface-damaged layer
formed on the fired product in the same manner as in
Example 2, the phosphor powder showed an electron beam
integration dose of approximately 5.

(Various field emission devices)

30 vVarious field emission devices and the |
production methods thereof will be explained below.
Flat-type display devices (cold cathode field emission
displays) using these field emission devices can have
the same constitution as that of the flat-type display

356 device (cold cathode field emission display) explained
in Example 1.

A field emission device comnstituting a so-called




“i ntegrati on. 98

. by m xi ng. Col d ‘cat hode f.iel d em-ssi on di spl ays having field emssion
devices, as flat-type display device, 10 were prepared in the szl SEEW
asin. Exanpl e 1l,” and each cold cathode field em ssion display was nmeasured
for a relationship between an el ectron beamintegration dose (integration
dose of ‘electron beamuntil the |um ngscence efficiency came to be 1/2 of
.the initial 15 lum nescence efficiency) ‘and the | um nescence efficiency.

.As a result tmem&msmmmmt@ﬂmmmm enfisstile phosphor

powder - A" W [ am, J 1t Qe of the |
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20 dose of 't#Rephbbehbroyoveiersise slcaajlplrsomlwm@@l%ir fWreexample,

chemi cal -r eafﬁt@“tﬁ@Yfélf&Pﬁ?é N9 RNQSRATd L cﬂél“;l&d’ﬁ% dil Wnephosphate, a
simlar result was al so obtalned. When phosphor powder was subjected to

the renovBl SEERCHRIS bVEHg @l e FRITER %P BRY tQRst alfhR%t dFceadef ect
| ayer or a Sﬂiémeeldﬁﬁ@g@ﬂ deybfe Horimms Dreime fdtmtbpnagduct in the sane
-.manner as |n ngl e 2, the- phosphor powder. showed an el:ectron beam
%bpr oxi net'ely: 5 Various fiel d eni'ssion devi ces): 30"
Various fi el d em ssi(d) deskrépeantaphd cpthddet ebachreodedwhibbr eaf wil | be
expl ai ned ber8hed FoA! 4l ¥PEsthaft Anduitatad ol & LA i &) ssion
di spl ays) using t ese |e d em ssion devices can have he sane
constitutiPon as that(Bof aphdnpnadatipgelayspl 9rysddeni the(eBPatzatfode flel d

- em ssion di sgﬁay{h@xegah@&g el8cExea®) e 1. Afield enssion device

’ -_constltutlng a:so-cal ] e - thr

t rod | t hode field
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--the53tructureo ron-envtting por Ion
15 (D) a first ogenlng portion formed in the gate

electrode and a second opening portion formed in the
.insdlat;ng layer and communicating with the first
opening portion, and ’ ‘
(E) an electron-emitting portion formed on the
20 cathode electrode positioned in the bottom portion of
the second opening portion, and )
said field emission device has a structure in
- which the electron-emitting portion exposed in the
bottom portion of the_second opening portion is for
25 emlttlng electrons.

' The fleld emlsSLOn dev1ce hav1ng the above first:
7;ilstructure lncludes the above—mentloned Spindt—type field
. emission device (fleld emission device having a conlcal

;electron—emlttlng portlon formed on the cathode

. 30 ‘electrode positioned in the bottom portion of the second
opening portion), and a plane-type field emission device
(field emission device having a nearly flat. electron-
emitting portion formed on the cathode electrode
9051t10ned in the bottom portion of the second openlng
36 portion).
' A field em13510n dev1ce hav1ng a second ,

structure comprlses;




(A) a stripe-shaped cathode el ectrode which is. forned on a substrate and
extends in a first direction, = 10 (B) an insulating |ayer forned 14nSER
‘substrate 15 -conpritses.;, and ,~ the cathode el ectrode, (C) astripe-shaped
"gate electrode which is forned on the insulating |ayer and extends in a
second “direction different fromthe first direction, electrode and a
second openi-ng portion fornmed in the ,insulating |ayer and conmuni cating

. with the f| rst (D) mimsﬁtﬁ;ﬁustgagmitoaﬂhddﬁmdﬁrddwngatcm dpeni ng

-.':':":i_‘",:-l n. thé: ‘bot t-

::"f'port ion, gf (E £ el ectqr?%ncbe{p[et talnrag ehd%” Hﬁg%gg%%nggeecgg %at hode

el ect rode positi one om por | on of openi ng “porti on,
and said field em SSanaIdewttlelaﬁamta ayer tiigmangdh onwilsh sulstrate
el ectron-emdtd N9, PUL{iRI{ELNAR_Y-dde the bottom portion of the second

opening portion is for 25 emtting eI ectrons. The field em ssion device
havi ng tHe above fifSl 3tFteirgeeshapreddiate Rlepdrdesmighed Spi ndt - t ype

field em Ssﬂd&ﬂnéiﬁ\ﬁrﬁa:l{é | i8] fh 1040355 AhvReVihRl Raxtewis? 190 Glcond

el ectron-em ., por forme _on _the cathod el ectr e positioned ‘
t éht%ﬁf) ecy ';,ﬁ? qb565:6%¥‘ plane type ..

field em ssi on' "d'e'w ce) (&i eiﬁsenmpemnugmtsomaﬂongedt neatlhq date el ectron- |

emtting por% @&E&&@&@% tg]ae Q&? %%%ﬁr%e%&qﬁ%’fﬁefﬁ]{e?;ﬁglnl%é he bottom

portion of the Ssecond openi evi ce havi ng

‘a seconleStlmlﬁielm@nagﬁY@esand czrsmnv(m)cet:sxq s e Eigztthode el ectrode
. which is for Py pSHPRifate and extends in a first direction, (B) an

' -|nsul atlng Iayer formed an the substrate
- 7 said field emission device has ‘a structure in-

_whlch a portlon of the cathode. electrode which portion
is exposed in the bottom portlon of the second opening
15 portion corresponds tg-the electron-emitting portion and
the portion of the. cathode electrode which portion is
texposed 1n the bottom.portlon of the second openlng
portion is for emitting electrons
The field emission device having the above
20 second structure includes a flat-type field emission
device which emits electrons from the flat surface of
the cathode electrode. B
In the Spindt-type field emission device, the
material for constituting an electron-emitting portion
25 may include at leastVOne material selected from the
- group consistlng of tungsten, a tungsten alloy, |
"‘molybdenum, a molybdenum.alloy, tltanlum, a titanium
e"alloy, niobium, a niobium alloy, tantalum, a tantalum
alloy, chromium, a chromlum alloy and impurity-
.30 .contalnlng silicon (poly31llcon or amorphous silicon).
The electron-emitting portlon of the Splndt-type field
~ emission device can be formed by, for example, a vapor
deposition method, a sputtering method and a CVD method.
' In the plane—type field emission device, -
35 preferably, the electron-emitting portion is made of a
material having a_sﬁaller work function ® than a
material'for constituting a cathode electrode. 'The




and the cathode electrode, (C) a stripe-shaped gate electrode which is
fornmed on the insulating layer and extends in a second di recti onldi 8tpr
fromthe first .direction, and (D) a first opening portion forned in the
gate" el ectrode and a second opening portion fornmed in the 10 insulating
| ayer and communicating with the first opening portion, said field

em ssi on device has-a structure in V\hi?:'f‘ng_a portion of the cathode.

el ectrode V\hhﬁheﬁi)él | Bfr ¢Snexposerhd nan hel ot tamn goltt iy gottiosecond

openi ng ortion corresponds .t o .the. el ectr.on- emtt ortio andthe
portion of t%@ c%?h%‘ag ‘gt VDA UR P %khel‘%or]%xp%'gﬁglll}n? & . bottom

portion of tmeteErahdfopemmtpmtlm & scddrocen ¢1¢¢I@§@ﬂ@cta ons. The field
em ssion deY%SEeQ@Yéfgdi feﬁ@l?c\! @&?“&mét(gé@é %%eé\?&fé&@' @ {hat - type
n e at sur

field em ssi evi ce emts ectrons rom-t f ace of the
cat hode, &l ee@kbade. elﬁctﬁ@d%pl%ﬁeWb@¢i‘é‘mr@h¥s‘§¢%l%ﬂéW%eem%‘h@d
materi al foreﬁeeﬁi:bﬁgtIaﬁdaﬂhslfﬁéonw@ltdaln@m@mm of2%n@y incl ude at

| east one materla i ectedfromthe gro SIS é‘ﬁ:u gst en,
tungsten al | 89Tty hAENGAPSHI B BIP‘I) v, € ?‘t: g ﬁ #“Fanl um
~all oy, niobifield emﬁ)bsmnnadiéﬂycetmcnuhdm tangabhénl pdn —aI4I 5!} ewhrom um a
chrom um al I fiXoﬁE | UL t4y 0230 (&o%t]a ngm%'lﬂaﬁ%ﬂufnf? %cgﬁ or

i"conj. g Ion the

anor phous si he el'éétron-em fti pindt-type field
eni ssi on 1devitc85caN) bealomipumnbyd. ol éﬁam‘ﬂ)e coppezpdd '-'deﬁo&ﬁt\ﬁ)on met hod,

‘a sputtering,pebhgel 8d -2 /YD RBL hedlrohfl uid'q aPl-ane-d YiRg fd;k) d em ssion
device, 35 prefterably, the electron-enitting portion is made of a material
havi ng a smaPfRLeicRBr I(‘H Th&-i%0®V4 -t hgheamaﬁﬁ%féﬁi‘-aforf BPREBAERFLREI AY a

cat hode el ectlederohbemi4tShg2Mbrédonnpereahblor naenat sidlleg ROrk
el ectron- en]%hh@ 1%0r&1%%an these materials, and the value of the
15 work function thereof is preferably approximately 3 ev
or smaller. Examples of such a material include carbon
(P <1 ev), cesium (¢ = 2.14 eV), LaBg (¢ = 2.66 ~ 2.76
eV), BaO (& = 1.6 — 2.7 eV), Sro (& = 1.25 - 1.6 eV),
Y;0; (¢ = 2.0 ev), Ca0 (& = 1.6 - 1.86 eV), Bas (¢ =
20 2.05 eV), TiN (& = 2.92 eV) and ZrN (¢ = 2.92 eV).
More preferably, the electron-emitting portion is made
of a material having a work function ® of 2 eV or
smaller. The material for constituting an electron-
emitting portion is not necessarily required to have
25 electric conductivity.

Otherwise, in the plane-type field emission
device, the material for constituting an electron-
emitting portion can be selected from materials having a
secondary electron gain 3 greater than the secondary

30 electron gain 8 of the electrically conductive material
for constituting a cathode electrode. That is, the
above material can be properly selected from metals such
as silver (Ag), aluminum (Al), gold (Au), cobalt (Co),

- copper (Cu), molybdenum (Mo), niobium (Nb), nickel (Ni),

35 platinum (Pt), tantalum (Ta), tungsten (W) and zirconium
(Zr); semiconductors such as silicon ($i) and germanium
(Ge); inorganic simple substances such as carbon and




can be selected on the basis of the work function 6f a material for
constituting a cathode electrode, a potential difference betmeeﬁ4t&EPga§e

- electrode and the 5 cathode el ectrode, a required current density of
emtted electrons, and the like. Typical exanples of the material for
constituting a cathode el ectrode of thgo'fleld em ssi on devi ce include
tungst en ((D = 4.55 eV), niobium((D="4.02 - 4.87 eV), nolybdenum ((D =
'4.53 10 4. 9% &\Ond pland rdﬁiﬂ];(ddﬂd%s Sudh @) alufipein (o(x@de AM1,8)), tantalum

((D=4.3 e chrom u and he

nat eri al \Q‘mlcf’fﬂt ‘(%10) el y&ﬁ"é‘hc’[}isi:dr?g (%??cf)l ‘on prel?mr;%ﬁ Lhas a
smal | er vvor k(Cdthptmaxynels)lmdnmIdtes(eﬁgfh)t,emm oxigled (S al ér@)ﬂlﬂt he 15
pork Tunct L ofiidief£0f (aar i abe 2R &a&pg%b%?%asl XcéF% Gl ler.

Exanpl es of su eri |nclu e car ceS|un1((D = 2.14
eV), LaB6b ((mtepizk fop Q‘UIS%\BHUBEED&(I’( Flectyon-guittang PRSI = 1. 25 -
1.6 eV), = 208 (Recedsdr #*dd to hdve -ellec&_ﬁclea/) BaS ((D 20 2.05

eV), TiN ((D 92. e and rN (4) = 2.92 eV). More preferably, the
el ectron- em???‘% BCHb¥iFBn is made of a material having a work function 4)
of 2 eV or smalleriInThhenplaneakyper fiohdt enissignadeeieelraa-aen tting

portion is S I I ' Lvit
Gnerwi se. MPTRELRE apek et Sing i W fec bR it cemd it Koty Y
const i tutangpanteC'ebarinr eatpon ngs pgoreferredn Mereespacdd inadhyvat er i al s
having a secgndgbyge! Sfééﬂﬂtéaéﬂdsa%%&ﬁ L8386 tise SeEARERN e 3! ect T on

gain S of the electfidalty conductive nmaterial . for constltutl a cat hode

el ectrode. TREELRErefpne Whan e Rlaqton-gmigding Ray e & rom
metal s such o@isdskin¥gd, (4giphtenbaum ¢Adon gnatoLAute svba&tuféb)an copper

(Cu), nolybdenu Lckel (N (Pt),
tantalun1(Ta?mlg%%gb%%ﬁc%VFnaﬁﬂ£ %Eoﬁ? L¥ZP?%é§§%¥§o§%%2#H%s such as
silicon (1Si) diasplger cani bm opGeinednatgani elechpie fubtdabobensiuth as
carbon and 14¢SEPZM; 47 y/m or lower. Further, since diamond is an

electric resister, emitted-electron currents obtained
from the electron-emitting portions can be brought into
uniform currents, and the fluctuation of luminescence

20 efficiency can be suppressed when such field emission
devices are incorporated into the display. Furthér,
since the above materials exhibit remarkably high
durability against sputtering by ions of residual gas in
the display, field emission devices having a longer

26 lifetime can be attained.

Specifically, the carbon nano-tube structure
includes a carbon nano-tube and a carbon nano-fiber.
More specifically, the electron-emitting portion may be
constituted of a carbon nano-tube, it may be constituted

30 of a carbon nano-fiber, or it may be constituted of a
mixture of a carbon nano-tube with a carbon nano-fiber.
Macroscopically, the carbon nano-tube and carbon nano-
fiber may have the form of a powder or a thin film. The
carbon nano-tube structure may have the form of a cone

35 in some cases. The carbon nano-tube and carbon nano-
fiber can be produced or formed by a known PVD method as
an arc discharge method and a laser abrasion method; and




-50- di armnd and conpounds such as al unmi num oxi de (A1203), barium oxide
(BaO, beryl I I um oxi de (BeO), calciumoxide (Ca0O, nmgnesium oxf'deS(E

tin oxide (Sn02), barium fluoride (BaF2) and cal cium fluoride (CaF2). The
5 material for constituting an electron-emtting portion is not
necessarily required to have electric _gonductivity. In the plane-type
field enmission device, as a material for constituting an el ectron-enmitting
portion, 1Chrgardﬁe:ldﬁan#emimm D imetircefse et alvbrae pdasoial ICYA |y, di anond,

graphite an G Oéptlon s méﬁgﬁfguret@{ A" A hedhodhen the

el ectron-enitting por "di armn graphite or d car bon
nano-t ube stgageqite phase aynthatic awthasd and engaseess phageessary for the

15 display canyhe Qiaidqed at an el ectric field intensity of 5 x 107 V/m
or lower. Further, since dianond is an_electric resjster, emtted-electron
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uni f or m cur rgyduced oy e rdtinddiain @mmhlalrﬁlm@mzﬁﬁfdarmcy can be
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Speci fically, the ca on nano-tube structure des a carbaon nano-tube
and a cadBorSPe@biicably, adrethRefcinivhicly tlt%é’%?%‘i rANRTEWRE ng portion
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car bon nano-fi ber, i be constituted of.a mxture of a carbon
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and car bon nanorganberbnn@ehauetehealosum:lmfaa pavetergbass, tthe film The

car bon nano- &Egﬁ?ﬁﬁigﬁt agg%ng%%ﬁ%ig ‘Iﬁfgéﬂ‘% &gngdéce §ONE cases.

The carbon nanoc- can e pro or formed by a
known PVD5ner@sdonsofahhereathaede a@b@cﬁé@@%d tHhena FegesobreRi| % net hod;

and removed and the binder material is fired and cured).

. The above method will be referred to as "first forming
method of a carbon naho—tube structure”. The
application method includes, for example, a screen

20 printing method.

Alternatively, the plane-type field emission
device can be produced by a method in which a dispersion
of the carbon nano-tube structure in a metal compound
solution is applied onto the cathode electrode and then,

25 the metal compound is fired, whereby the carbon nano-
tube structure is fixed to the surface of the cathode

- electrode with a matrix containing metal atoms '
constituting the metal compound. The above method will
be referred to as "second forming method of a carbon

30 nano-tube structure". The matrix is preferably
constituted of an electrically conductive metal oxide.
More specifically, it is preferably constituted of tin
oxide, indium oxide, indium-tin oxide, zinc oxide,
antimony oxide or antimony-tin oxide. After the firing,

35 there can be obtained a state where part of each nano-
tube structure is embedded in the matrix, or there can
be obtained a state where the entire portion of each



14 SEP 2W6 -51- any one of various CVD nethods such as a plasma CVD

met hod, a | aser CVD nethod, a thermal CVD nethod, a gaseous phalé SEP 2005

- synthetic nethod and a gaseous phase growth nethod. 6 The plane-type field
em ssion device can be produced by a nethod in which a dispersion of a
carbon nano-tube structure in a binder. _material is, for exanple, applied
onto a desired region of the cathode ééCtrode and the binder material is
fired OL CUrRG-HdP rfankl tsdméc_ ifsd r‘egue)ﬂde@ el ko hiaﬂﬂc}ixch the ;aaf_bm e
nano-tube structure i | spersed in _an Qr.ganic er beria ch as an
epoxy resin Fb"reér;??a&?e:'r%ﬁ]acs |f‘£§'i°rs1lu6[|e 5@5115%&%%% ('f’lijbiqnd‘erlraiamattesé|I[|l a° %ch as
wat er gl ass,x tie® @impersion is, for exanple, applied onto a desired 15
regi on of the catho e o) , e ' nd t he

bi nder material is ?ﬁ?e%gg%% %%P%%E& %%%%8%/%%?%% J\E/&?(?}H%ga?ef erred to
“as "firstbf oronprpndreaiott s dncistas nder QRFERe @y crganpmetal

appl i cation &liAthd NG Wisgarl O RHRMea1 Qi indtiang gtdod.
AIternatlveI{ he pﬁane-type field em ssion evi ce can be_ produced by a
met hod i n whi £9F L¥ARREE s FhLoTkdq h A ithHdh Ak udllre in a netal
conpound sabriga®ic | ScBPphétedl admpduel caihadieorel iect riwde exwngleen,a 25 t he

nmetal conpound.is.fired, whereb h on - & ' | s fixed
to the surf N A E%\Q%%‘ieb%l%ﬁesf%ﬁvﬁ t%?a%orr%%ﬁ‘g %lo%gwoﬁlgﬂcﬁ‘et al
atons cadstan ubrganiteimiiwh compound, ahenduvic ikocapiundor ef erred
to as "secongd f ] Y : si4b racddb s, The )
matrix is prg?e(?{ag%ﬂﬂc g%#éqﬂ?ﬁ e%oﬁé%g%cﬁ%%#yﬁ%\duct i v:ge'met al

oxi de. Moreh¥prerhiericyacid, RibFEF RGHE O oFaIFUTR@ RS¥AY i 30D oxi de,

i ndi um oxi dgj 148ghyMhéNréXhTeanti 61 @K1 6, with | ARNyrganlle @vleait mony-tin
oxide. After the firi ng, 351there can ﬁe obit_'%%ned a.state ere part of
each nano- t (b8 sEFAEPIFe FRLEFBRALRUCYH FRCERET (7%, *orPIRY e can

15 alcohol). Further, the organic metal compound solution

is, for example, a solution prepared by dissolving an
organic tin compound, an organic indium compound, an
organic zinc compound or an organic antimony compound in
an organic solvent (for example, toluene, butyl acetate

20 or isopropyl alcohol). When the amount of the solution
is 100 parts by weight, the solution preferably has a
composition containing 0.001 to 20 parts by weight of
the carbon nano-tube structure and 0.1 to 10 parts by
weight of the metal compound. The solution may contain

25 a dispersing agent and a surfactant. From the viewpoint
of increasing the thickness of the matrix, an additive
such as carbon black or the like may be added to the
metal compound solution. In some cases, the organic
solvent may be replaced with water. '

30 The method for applying, onto the cathode,
electrode the metal compound solution in which the
carbon nano-tube structure is dispersed includes a spray
method, a spin coating method, a dipping method, a die
quarter method and a screen printing method. Of these,

35 a spray method is preferred in view of easiness in
application.

There may be employed a constitution in which




be obtained a state where the entire portion of each -52- carbon_nano-tube
IS enbedded in the matrix. The matrix preferably has a vol une rééiSEPwngy
of 1 x 109 @Qmto 5 x 10-6 QM The netal conpound for constituting the
metal 5 conmpound sol ution includes, for exanple, an organonetal conmpound,
an organic acid netal conpound and netalgsalts (for exanple, chloride,
nitrate and acetate). The organic acid netal conpound solution is, for
exanple, a ‘iodéunebal prepeewsd byoHisbul vimgvlaichorigenicatbon cempeund, 10' an
organi ¢ i ndi OLPRYBRE &N r&ggg | qﬁgpgﬂgg r&am nti nony
conmpound in gﬁBgcid (forrgx%%ple, %%p%%h ric aé?g?)ﬁ?¥$ic aéﬁggor

sul furic aci @yeahBede; | Hee Mtk sEERPYRG Stk nisydieth W Jai®t sol vent

(for exanpl ea hetyENCompohind PEPER} eLifdn | SAPIORYVecdds & PhxHdiof s her, the
organic ngta#hgo ound solutiogn is, for exa a solution prepared by
ng a

| e,
di ssol vi SR cCCOTROWRApLINEE A YT 99 AETORBRINE  an
organi ¢ zi ncremopedpdand titewnr gaai el | emipyowedrpiosintl tetd AN or gani ¢ sol vent
(for exanple , t _ 20_0r 1 sopr |__al cohol). \When the
mountof t rQehSrYERS;, B nBEEb8ety S5 Elon ROPI AR AT oM abl y has
a conpositibayeovneni hhagcatibode telectpede snay hei xpnowdd afleexarton
nano-tube stiEehyr omPPuiid Lis Or iPefdr t@ck@i‘wi"&,grtgmé)fméﬂ%? ou?@mound-

n surfactart.

The solution nmay ¢ontain 25 a dispersing agent and a t romt he
vi ewpoi ntl0 oPOLREI@BSTAY PReaPRI tRAcQR1BIORFR FedeFiredrire@PRi®® such as
carbon bl ackthRe thehbikeenaytbedadded to the netal conpound solution. In

sone cases, the or ic, solvent may be _r.epl ac Wit ter. 30 _.The net hod
for applying, ontoggﬁg FEIREEE T I§8 rg&ERPﬁe%ﬁgtQﬁgégﬁﬁ8@ﬁauggl6?ion in
which the cprbfarabhy-tfbe exampleyeai tempepatsed ancvhites thepray

met hod, a SPhBca9akhig fEt ggﬁﬁéea' eggfanﬂemgtafhgiafde%%@rm hod and

a screen printing ne these, a spray net 'S pre ed in view
of easi ndss pﬁecgﬁﬁpiggpﬁgﬁp1v1ty, or a temperature at which the

organometal compound or an organic acid metal compound
is decomposed to form a matrix (for example, a metal
oxide having electric conductivity) containing metal
atoms constituting the organometal compound or the

20 organic acid metal compound. For example, the above
temperature is preferably at least 300°C. The upper

- limit of the firing temperaturé can be a temperature at
which elements constituting the field emission device or
the cathode panel do not suffer any thermal damage and

25 the like.

' In the first forming method or the second
forming method of a carbon nano-tube structure, it is
preferred to carry out a kind of an activation treatment
(washing treatment) of the surface of the electron-~

30 emittihg portion, since the efficiency of emission of
electrons from the electron-emitting portion is further
improved. The above activation treatment includes a
plasma treatment in an atmosphere containing a gas such
as hydrogen gas, ammonia gas, helium gas, argon gas,

36 neon gas, methane gas, ethylene gas, acetylene gas or
nitrogen gas.

In the first forming method or the second




There may be enpl oyed a constitution in which 14 SEP25 -53- the petal
conpound solutieon in which the carbon nano- tube structure is dilﬁe$§%za5
applied onto the cathode electrode, the netal conpound solution is dried’
to form a netal conpound | ayer, then, an unnecessary portion of 5 the
metal conpound | ayer on the cathode elegfrode is renoved, and then the
metal conmpound is fired. Oherw se, an unnecessary portion of the netal
conpound | ajermongthetivad hoflea et achvon deamerytitee remyvethzd t ethe he net al

conmpound is £ X ' Oy ET : appl i ed
only onto a %%é??€%£$§§?%%§§? é?ﬁ%ﬂﬁgﬁh%§2§§|ect;%ggﬁpfﬁgh? (ﬂé%g?ﬁre for

firing the nefafheorpblipdei alegirrde alrichiey roghplened iméraltae at
which the ngbatisal bfi shexsdeésd %ﬁeﬁpﬁg PoFBlEh, G dendavi dekdonel ectric
conductlvhty, or,.a tenperature at ich the organonetal co qgn or an
organi ¢ afi d°HEFEFRE oRpHERTD ?@Yd%%oﬂiﬁgeﬂo¥@9@cﬁ?hﬁfrﬁﬁr?&ggh r*&%npl e, a
met al oxidethauipgreientofrtnendathb&étglﬁftmmd&rWﬁmpﬁﬁﬂsud atonf
constituting opet un r the 20 organic.acid neta

conpound. FoPngggéﬁga ?ﬁegagégggatgﬁﬁg%g?u?g g%ep %&%ﬂﬁ%ﬁ%&n east 300C.
The upper |bpbartioh theafsurfigceecapethatirporbiboneoh thepeathede at which
el ements congjj ' I ekd kSS) I.C r ] el do
not suffer aﬁ%é%ﬁg?ﬁgl&ggﬁ% ggaﬁgﬁtégéﬁﬁegf¥teﬁh€nc??éﬁ?gf%?ggg?%%ﬁg met hod
or the séfonBOTF&PRi hE RBEhBAtEPMAPEEERBR Alnbbeupecerd (RPERENT|t | s

preferred topeatiypnQUiF@ritidil, OfhdNe Bed el L& t¥aa) Pttt idivagl e

treat ment) OF t he surfgﬁe of .the eIe%tron 30 en%tt%ngﬁgortifn sipce the
efficiency of PEMFSsPBntBF SBFALEr BHELAFENPENBALFeRE r BRASeWTTRAG Bbrtion is
further i nptbatdpoThéonbofethet cashpde eleatrmede thatuilespasipioned

treatment i ”iﬁ”tﬁh”B%E'ESﬁPpB%E&Gh”B@Qtﬁegéécﬁﬂﬁho @ﬁiﬂédﬁgf}@foﬂ?s’ ammoni a
gas, helium gas, argon gas, neon gas, nethane Bas, thyl ene gas,
acetyl endbgas or n the various field emission device, the
material for constituting a cathode electrode can be
selected from metals such as tungsten (W), niobium (Nb),
tantalum (Ta), titanium (Ti), molybdenum {(Mo), chromium
(Cr), aluminum (Al) and copper (Cu), gold (Au), silver
20 (Ag) and the like; alloys and compounds containing these
metal elements (for example, nitrides such as TiN and
silicides such és WSi,, MoSi,, TiSi, and TaSi,);
semiconductors such as silicon (Si); carbon thin film
such as diamond; and indium-tin oxide (ITO). Although
25 not specially limited, the thickness of the cathode
electrode is approximately 0.05 to 0.5 um, preferably
0.1 to 0.3 pm.
In the various field emission device, the
- material for constituting the gate electrode includes at
30 least one metal selected from the group consisting of
tungsten (W), niobium (Nb), tantalum (TFa), titanium (Ti),
molybdenum (Mo), chromium (Cr), aluminum (Al), copper
(Cu), gold (Au), silver (Ag), nickel (Ni), cobalt (Co),
zirconium (Zr), iron (Fe), platinum (Pt) and zinc (Zn);
356 alloys or compounds containing these metal elements (for
example, nitrides such as TiN and silicides such as WSi,,
‘MoSi, TiSi, and TaSi,); semiconductors such as silicon



nitrogen gas. In the first formng method or the second -54- for g rrethod
of a carbon nano-tube structure, the electron-emtting portion H&y bE
formed in that portion of the cathode el ectrode which is positioned |n a
bottom portion of the second opening portion, or the electron 5 emtting
portion may be also formed so as to extend from that portion of the

cat hode el ectrode which is positioned in a bottom portion of the second
openi ng por {$bh; tand slec¢acically hatnguertivn nétahenxciaddwdmctelact r ode

which is d'fiﬁ&%—éiﬂ%if&ecﬁfmyelfg&]&ﬁ%ﬁﬁﬁﬁi 4o ;Bﬁie 5 ecl&t‘ﬂ? bott om

- portion of the second eni ng tTon emtting
portion may be for/B& Eﬁtbﬁ @ﬁFlﬁ@r@ﬁpﬁaﬁbeo?aﬁhﬂﬂeoﬁlﬁﬁérgﬁefé@@ of

that porti o?ﬁné gaeeg@w@dﬁo@éeﬁﬁdtsm@eéwé bSi Pns tm@&}ﬁshsf Ié%rheaépottom
portion o e SEc openi ng.portion e various fjeld em ssion
devi ce, % g‘? Fo?gl?e%%n ‘%ﬁ’?ﬁ?hﬁn&“%%?‘?fgd%“%l%ctf?‘bd‘%ﬂé&ﬁ% sel ect ed
from net aI S éepbsa’smunlgsth(V\i spuobe nindg N thod Ard addnid i@ ion id@ni um
(Ti), molybdg n h nd. co Cu), gold
(Au), S|Iver A&?*%%ﬁ %ﬁné#n£°£C%%?%géggh%gggéé%%ﬁﬁsa cwnéh+ﬂ g these
met al elenehmgtbﬁdr exanpren-printies methods Fiplaning sivthvdiesndiah as
VBi 2, MSi 2,1 TebléranfedASHZ) WhetPH GRAME QIS ity g:;r@ftﬁidd aﬁSI ); carbon
gl

thin film such as dianpnd;  and indiumtin OXIde . Al'thou 25 not
speci al | y01 | BLaE4Ng; Hethad ke leyede Eheheakho @ereodes afbr oxi matel y
0.05to 0.5 ﬁhepfeiﬁrabl ¥tripéstean. Begﬂlréﬁtliﬂefdﬁﬁé&us field em ssion

east one metal sel & BHe FQRithSMPBa8 : ORIACR: RAUORS: HGs FAREEVT  ni obi um
(Nb), tantal aaceld) structmirem d&pendinygl yhdenuhe (#bipcthrenpfinf {€Xq,
LU (b 0081 a4, B8l il o YOE A po BTN st
conpoundd® cohPaPﬁ?nélfﬁés@Pﬁﬁﬁag EPéﬁéﬁﬂsfP¥6¢d in the gate
electrode and one second opening portion formed in the
insulating layer, or a plurality of electron-emitting
portions may exist in one first opening portion formed
in the gate electrode and one second opening portion
20 formed in the insulating layer, or one electron-emitting
portion or a plurality of electron-emitting portions may
exist in a plurality of first opening portions formed in
the gate electrode and one second opening portion which
is formed in the insulating layer and communicates with
25 such first opening portions.

The plan form of the first or second opening
portion (form obtained by cutting the first or second
opening portion with an imaginary plane in parallel with
the substrate surface) may be any form such as a circle,

30 an oval, a rectangle, a polygon, a rounded rectangle or
a rounded polygon. The first opening portion can be
formed, for example, by isotropic etching or by a
combination of anisotropic etching and isotropic etching.
The first opening portion can be directly formed

35 depending upon the forming method of the gate electrode.
The second opening portion can also be formed, for
example, by isotropic etching or by a combination of




exanple, nitrides such as TiN and silicides such as Wi 2, MSi 23 T5§$%u%nd
TaSi 2); sem conductors such as silicon 14 SEP2 5 -55- (Si); and -
electrically conductive netal oxides such as indiumtin oxide (ITO),

i ndi um oxi de and zinc oxide. The nethod for form ng the cathode el ectrode
and the gate electrode includes depositjon nethods such as 5 an electron
beam depositi on nethod and a hot filanent deposition nethod, a sputtering
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such as a ci egligsidn aﬁvﬁbé|ana caat agghen anmQbYﬂoéleétf@HDdﬂﬂttﬁﬁéang|e
or a rounded d- f
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silicon carbide (SiC) and SiCN; SiN; semiconductor

materials such as amorphous silicon and the like; and
refractory metal oxides such as ruthenium oxide (Ru0,),
tantalum oxide and tantalum nitride. The resistance

20 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.

As a material for constituting an insulating

25‘ layer, SiO,-containing material such as Si0,, BPSG, PSG,
BSG, AsSG, PbSG, SiN, SiON and spin on glass (S0G), low
melting-point glass and a glass paste, SiN, an
insulating resin such as polyimide and the like can be
used alone or in combination. The insulating layer can

30 be formed by a known method such as a CVD method, an
application method, a sputtering method or a screen
printing method.
[Spindt-type field emission device]

The structure of the Spindt-type field emission
35 -device and the production method thereof have been
explained in Example 1.
[Plane~type field emission device (No. 1)]




35 dependi ng upon the form ng nmethod of the gate el ectrode. Theisegppggy
openi ng portion can also be fornmed, for exanple, by isotropic etching

by a conmbi nati on of -56- anisotropic etching and isotropic etching. In the
field em ssion device having the first structure, a resistance |ayer may
be -formed between the cathode electrode and the electron-emtting portion.
5 Ot herwi se, when the surface of the cathode el ectrode corresponds to the
el ectron-enitting pth|pmanehaypesflehdtémlésfém @ H5Sé ofomieri $es havi ng t he

second structure. | tRS Sobheflsag! fbopdeatnys NaNScR, LI esplayeped structure

constituted of an electrica con |ve erla Iayer a resi stance
| ayer and antke ezubdprapetll n@ndl memﬂ rigs po Tk i redteion,

el ectron-em tting pegji il JB&mEfﬁ:fi apes 1 8YBbr 8- o tank ! i ze

performances of the fiel em ssi on ce and can attain uniform :
eIectron-@n1??W?EFaE?o%%r%W%SthQTﬁﬁF3949|%QGQQ#°QQN%RAtut|ng a resi stance
15 layer includes cachoa- gaﬁbaemeaﬁraaéeuahmcﬁug@ £srméd | bgopmear bi de

(SiC) and Si condugt or al s such as hous S|I|con and
the 1i ko anPeuipbindofva b 4 £ 7 e e
tantalun1OX|dﬁfﬂﬂnemanfammntMmtflrEt dime¢tmnm;ance 20 Iayer can be forned

by a sputtering met %She r%Qt@h@ﬁgpgyéoﬂti%e?%pEbP{né(?g q‘f{:ﬁ%d The

resi stance val ue of esi sta I'S appr oxi na 05 to 1 x
107 Q pPefent®l §leetrede M a@daan%@fé@mﬁlmmlmrmw:mn nPBin i nsul ating

25 | ayer, SiParmeat #hNing ﬂﬁé@la@in U:GQyé‘ﬁ £3 0£hg BEfana PRt 1. RPGri 8 SG
PbSG Si N, SlCNhffgﬂt n on low _nelting-point glass and a

gl ass paste, ?H@B}%glﬂﬁrF%%?n @3 pol yimide and the Iike can
be wused al one or i fEQorbplaheorletheonreniating payeionansB0fbeméar ned by

a known met hog Eﬂghcgghg?éﬁgiggﬁﬁgg ?gp?ggfkig éOﬂ%nﬁﬁg d'%? Sputtering

nmet hod or a Sc¢reen "prin ype fi Th devi ce]
The st r udbur postieheopthet sey'pedf@pemem peirbhon 15B, and

the plane-type field emission device has a
structure in which the electron-emitting portion 16A
exposed in the bottom portion of the second opening
portion 15B is for emitting electrons.

20 The electron—emiiting portion 16A comprises a
matrix 50 and a carbon nano-tube structure (specifically,
carbon nano-tubes 51} that is embedded in the matrix 50
in a state where the top portion of the carbon nano-tube
structure is projected. The matrix 50 is constituted of

25 an electrically conductive metal oxide (specifically,
indium-tin oxide, ITO).

The production method of the field emission
device will be explained with reference to Figs. 10A ang

- 10B and Figs. 11A and 11B hereinafter. '
30 [Step-200}

First, a stripe-shaped cathode electrode 12 made
of an approximately 0.2 pm thick chromium (Cr) layer is .
formed on a substrate 11 made, for example, of a glass
substrate, for example, by a sputtering method and an

35 etching technique.

[Step-210]

Then, a metal compound solution consisting of an



35-device and the production nethod thereof have been explainediunsgy?ggle
1. [Plane--type field em ssion device (No. 1)] -57- The plane-type fie

em ssion device conprises; (A) a cathode electrode 12 which is forned on
the substrate 11 and extends in a first direction, (B) an insulating |ayer
13 formed on the 5 substrate 11 and the.cathode el ectrode 12, (C) a gate

el ectrode 14: which is forned on the insulating |ayer 13 and extends in a
second direcorgamidi d¢id enetdt cronpgimarid rssdl uidorctimomwhildh) the idsatbompeni ng

ortion 15A gEgHE 14 . d eni ng
: Bortion 15B Ifl'%Ircl)rme fgné%ﬁcﬁg%%?%%i%&féaé%ﬁé a%gﬁlgeéfrr%&%bca Ing with the
first openi ngabarde onleshrodmdly £)fer mamrle ey ch-wmnax mefhsstt i on 16A

formed on t&gesdthode1 9] esthoeg] ldomOSidd anedid bt hRp! tigMdabRorA i on of
t he second opening . portion 15B, and he pl ane-type field em ssion device
has a stPuc %r%sgﬂ-wﬁl’cﬁ%@eaagmcp&m%ﬂdt FOHY IO fhe16KIandkposed in

t he bottom pbihi compdundcandcemes opgmig imdim arordddhinid i jamd ting 4

el ectrons. 2 ron-entti tion. 16A co i ses a_matrix 50 an

‘a carbon nan%F%_g%e&é%%%c%‘%n%%%e %]g% Y?‘%,ln Ht bao‘? anot ueagagn%lﬁ, that is

embedded i n hpdregirlioriglacia, anstuie ahid eox ulbprioradigh) of Thiee car bon

nano-tube  StEPSHHT RahS-PEBE e£S 8Fro LF@e&r&s}?!a&lS%ésd Fdi ittt iflg 25 an
de (s ically,

el ectrically caonductive netal oxl pecl ndiunttin oxide, ITO.
The proddti 8RdnBafo8NofVerade| L ArekeE sPHn30 dalyi ard vin | AR aI®| ai ned with .

reference tolbhgeh d0A1apd. B @ dpSi.cakidrgnadnkl Bupareiavaf tigr . 30
[ Step-200] F és%, datstB'épg- igﬁpgdnﬁgt&%%d el,ectrogg éz mage of an
appr oxi mat el $2858%n-Phi @k~ chr Bt u PPEYeF PEMOSPRPREJL8Nn a substrate 11
made, for exampleyedfas ghaspplivastiontatmbésphexanplaftdyy thesputtering
met hod and aQpplication, the substrate is heated for 5 to 30 minutes
16 to fully evaporate butyl acetate off. When the
substrate is heated during the application as described
above, the applied solution begins to dry before the
carbon nano-tube is self-leveled toward a horizontal
direction of the surface of the cathode electrode. As a
20 result, the carbon nano-tube can be arranged on the
surface of the cathode electrode in a state where the
~carbon nano-tube is not in a level position. That is,
the carbon nano-~tube can be aligned in the direction in
which the top portion of the carbon nano-tube faces the
25 anode electrode, in other words, the carbon nano-tube
comes close to the normal direction of the substrate.
The metal compound solution having a composition shown
in Table 2 may be prepared beforehand, or a metal -
compound solution containing no carbon nano-tube may be
30 prepared beforehand and the carbon nano-tube and the
metal compound solution may be mixed before the
application. For improving dispersibility of the carbon
nano-tube, ultrasonic wave may be applied when the metal
compound solution is prepared.
35



35 etching technique. [Step-210] Then, a metal conpound solutig¢g g 2005
consisting of an 14 SEP25 -58- organic acid netal conpound solutlon |n

whi ch the carbon nano-tube structure is dispersed is applied onto the

cat hode el ectrode 12, for exanple, by a spray nethod. Specifically, a
met al conpound sol ution shown in Table g 5 1is used. In the netal conpound
solution, the organic tin conpound and the organi ¢ i ndi um conpound are in
a state wherabllbeg are dissolved in an acid (for exanple, hydrochloric
acid, nitric acid or sulfuric acid). The carbon nano-tube is produced by
an arc di scharge—+ethod10—andhas—an—-average—diareter—of 30-nm-and-an
average |eng@rpganficltim ¢omphendpahdcatijoh,lt-helGubsttatley iweidieated|to 70
- 150C. Atnmégggﬁhg gﬁgﬁﬁ@hgéﬁpbandenployed as an application atnosphere.

h o
After the apprrcatton,—thne supStiate—1+S heated-—for—5+to6-30—mnutes—]5 to

fully evapol BLEPBUE}NJaaeeBte(8Pdiumhen [hel subspante by webgld during the
‘application agdgg§gghmggtegbove t he applled sol ution beglns to dry bef ore
the carbonjman be Tssetf=teveled tomard—=a horizontat——directt+oniof the
surface of GaerPhBﬁBOﬁFBPPr ade. _As a 20%rbsnl 20 paetspyroreha®- tube can
be arranged|satifeaceubtace of the cat hofgaehgeérode in a state wherg¢ the
carbon nano-Tub€e TS not in a revelrpositron. That 15, the carpom mano-tube
can be aligned in the direction in which the top portion of the carbon
nano-tube faces the wemrodleitdon ode ani broahde \mihd&ombbﬁndar bon

nano- -t ub se tq. t (o] rection tra The
net al con%ounggggﬁgkaognhgg lea Egahggdtgg 58 mﬂaﬁlg %gb$ £ﬁ£y be
prepared bef §papanad §Platﬁ§ﬂaltl@oﬁﬁ@dﬁdl§o©btﬁbnedoa$aanmagrnm car bon

nano-tube maynbe 30 sB'lﬁlQibﬁdoEeBﬁr 6Baaﬂlanﬁnah§mcaaﬁ$8uﬂan&lég&fvéad the
met al conpound sol uti.on naéﬁ e m xed before the I cation. For 1 nproving

“di spersibility 6P @R EdnaﬁBd%HBeoxﬁﬂ?ré§oﬂP a&ﬁ@@ AByabBahpbKr ed

when the net @hen a solution of an organic zinc compound dissolved in

10 an acid is used, zinc oxide is obtained as a matrix.
When a solution of an organic antimony compound
dissolved in an acid is used, antimony oxide is obtained
as a matrix. When a solution of an organic antimony

~ compound and an organic tin compound dissolved in an

15 acid is used, antimony-tin oxide is obtained as a matrix.
Further, when an organic tin compound is used as an
organic metal compound solution, tin oxide is obtained
as a matrix. When an organic indium compound is used,
indium oxide is obtained as a matrix. When an organic

20 zinc compound is used, zinc oxide is obtained as a
matrix. When an organic antimony compound is used,
antimony oxide is obtained as a matrix. When.an organic
antimony compound and an organic tin compound are used,
antimony-tin oxide is obtained as a matrix.

25 Alternatively, a solution of metal chloride (for example,
tin chloride or indium chloride) may be used.

After the metal compound solution is dried,
salient convexo-concave shapes may be formed on the
surface of the metal compound layer in some cases. In

30 such cases, it is desirable to apply the metal compound
solution again on the metal compound layer without




coimpound solution is prepared. 35 -59 Table 2 Organic tin conpound g@pgaﬁl 3
- 10 parts by weight organic indium conpound Di spersing agent (sodium 0™ - :
-5 parts by wei ght dodecyl sul fate) Carbon nano-tube0.1 - 20 parts by wei ght

Butyl acet ateBal ance Wien a sol ution of an organic tin conpound 5 dissol ved

in an acid is used as an organic acid ngjal conpound solution, tin oxide

Is obtained as a matrix. Wen a solution of an organic indi um conpound

di ssol ved iheahingi thessubstratedi um oxide is obtained as a matrix. \Wen

a solution ofsap opgaRi ¢ zinc conpound dissolved in 10 an acid is used,

zinc oxide is ob?ained as a matrix. Wen a solution of an organic antinony
conpound di ssol ved Th¢Nan the Aetal sedpoynd; aengtokibied; @ oblGi ned as a

matri x. Wienogganliut hoildoke8Al OEGEAHGENE N "Piled £OIP QL ad an organic tin

' conpound_gisgilvgd i n amt§5 acid #s USﬁg antjnnq¥-t|n xi de i s obtained as

a matrix. > FUrcher ORaRBACERNG BERFEOR Hoit Aphtie the P PO Hr gani ¢

met al conpoutdbesl Gili fhxedi onbai thee | sunbHice nefl tiks catidde el Mherods

or gani ¢ i ndi oynd.i-s; Used, .4 hai um oxi de. i ai ped as. a matrix.
When an -or-ga%?c%;gﬂz#n@a%gﬁ%oﬁﬁd(wgf%%ejg% %5%%1%%3%@;: SQOIB?%?]he?fuaée’a
matri x. Whend@f BPgensreghfiaahly cohPolncortaining metal noromsxi de i s
obtained as 3sPebirxcalhie) oA Sh@IBHE oidtIBNLLOMBR oKl magigani ¢ tin
conpound are used, antifmny-tin oxide 1s obtained as a natri x.

Al t er nat i¥el Petals6rPuPPBRdef The digiohiigeamded eafli® anin chloride or

i ndi um chl or kémpsphyrhe wemesphbier athesow aox @ auRfee Ut ipag i s dried,
sal i ent convexo-con avegagggss.nagobﬁaéogned on the .surfage o% ghg met al

conmpound | ayer P sone ca H volume résistivity o
107’Q'm. When the organic acid metal compound is used as
a starting material, the matrix 50 made of ITO can be
15 formed at a low firing temperature of as low as 350°C.
The organic acid metal compound solution may be replaced
~with an organic metal compound solution. When a
solution of metal chloride (for example, tin chloride
and indium chloride) is used, the matrix 50 made of ITO
20. is formed while the tin chloride and indium chloride are
oxidized by the firing. |
- [Step-230]
Then, a resist layer is formed on the entire
surface, and the circular resist layer having a diameter,
256 for example, of 10 um is retained above a desired region
of the cathode electrode 12. The matrix 50 is etched
with hydrochloric acid having a temperature of 10 to
60°C for 1 to 30 minutes, to remove an unneceséary
portion of the electron-emitting portion. Further, when
30 the carbon nano-tubes still remain in a region different
from the desired region, the carbon nano-tubes are
etched by an oxygen plasma etching treatment under a
condition shown in Table 3. A bias power may be 0 W,
i.e., direct current, while it is desirable to apply the
356 bias power. The substrate may be heated, for example,
to approximately 80°C.



30 such cases, it is desirable to apply the nmetal conpound soluuuoggpggg
on the netal conmpound | ayer wi thout -60 heating the substrate. [Step- ]
Then, the netal conpound constituted of the organic acid nmetal conpound is
fired, to give an 5 electron-enmtting portion 16A having the carbon nano-
tubes 51 fixed onto the surface of the_gathode electrode 12 with a matrix
50 (which is sgecifically a netal oxide, and nore specifically, 1TO

 cont ai ni ng €atons (specifically, In and Sn) constituting the organic
acid 10 metal conmpound. The firing is carried out in an atnospheric.

at nosphere & 35UL for zu m nutes. 1he thus-obtarnmed—ratr+x—56—had a

vol une resi st H‘ﬁ £Oy e’IHS?@Tn Vhen [tHEE cﬁm%ilﬁin d netal cpnpound is
used as a ‘Gasttbgbﬁa&ﬁtrahucbbe matrix éﬁbfﬁﬁktéﬂnlﬂga S 1p formed at
a Iom1firinq %mggratur .0f "as Tow as 350C. The Orgdﬂlb acta et al

Con‘pound sol U;' n.§§FC|J‘- ngggﬂg{j with Fﬁ‘pq} T’FIFH’H c_net al CO[TpOUﬂd sol uti on.

Wien a sol (Bies pbweetal chloride (for QmeM5n win chloride ahd indium

chloride) is e rix. 50 .made off I TQ 200 sS formed white the tin
chl ori de aangﬁgggﬁb?“Fgﬁg éeg;gd oxidi A P ¥] 586PNYSSt ep-D30]  Then

a resist layer is forned on the entlre surface, and the circular resist

| ayer having a dla f 1 i et ai_ned above a
desired region ]gﬁ%é%ﬁzgﬂgép %?n $ﬁgbn§PP P8 861 et ched with
hydrochloﬁlce§€p§thV|ﬁgwﬁttéﬁﬁbiagutée@tmgntt@ndG©Chfcmnd1tnoﬂo i nut es,
to renove ansubGacemsSaakhiepartion of the electron-emtting portion.
Further, when 30 the carbon nano-tubes still remain in a region different
fromthe desired region, the carbon nano-tubes are etched by an oxygen

pl asma et chi Agbfleedt nent under a condition shown in Table 3. A bias power
may be 0 W i.e., direct current, while it is desirable to apply the 35

bi as power. (fhe—stbstrate—+may—beheated,for—exanple,
Solution to be used KMno,
Temperature 20 - 120°C
Treatment time period 10 seconds - 20 minutes
10

Then, the resist layer is removed, whereby'a
structure shown in Fig. 10A can be obtained. It is not
necessarily required to retain a circular electron—
emitting portion having a diameter of 10 um. For

15 example, the electron-emitting portion may be retained
on the cathode electrode 12.

The process may be carried out in the order of
[Step-210], [Step-230] and [Step-220}.

[Step-240] | ,

20 An insulating layer 13 is formed on the
electron-emitting portion 16A, the substrate 11 and the
cathode electrode 12. sSpecifically, an approximately 1
um thick insulating layer 13 is formed on the entire
surface by a CVD method using, for example,

26 tetraethoxysilane (TEOS) as a source gas.

[Step-250]

Then, a stripe-shaped gate electrode 14 is
formed on the insulating layer 13, and further, a mask
layer 19 is formed on the insulating layer 13 and the




t o -approxi mately 80C. 14 SEP255 -61 Table 3 Apparatus to be

usedRl Eapparatus Gas to be introducedGascontai ni ng oxygen Plasna eXC|tﬁH@
power 500W Bi as powerQ -150 W Treatnent tinme periodatleast 10 seconds

Al ternatively, the-carbon nano-tubes can be etched by a wet etching
treatnent under a condition shown in JTable 4. Table 4 Solution to be
usedvMn®™4 Tenperature20 - 120C Treatnent tinme periodl0 seconds - 20 m nutes
10 Then, thegatsielettyedei b4y erfihad, awfdmstyy opendngupatdoshddd iis Fi g.

10A can be Oéwneadthk&ugﬁ fab odE6eopatiidad oy Iath tQuridl N & ci T eul ar
el ectron- emttlng orti aV|n a_dianmeter of m For 15 ‘exanple, the

el ect r on- eni EFAB p@P?Pbﬂg nﬁ?rﬁéoﬁ‘e%%?’ n‘é‘?ffm‘é)‘hl‘ﬁ%‘él%t"ﬁdﬁb Hediotde 12. The
process may b eﬁilﬁ gdr@ﬂbnl nsAhﬁoﬁﬁé@rtMomﬁﬁtﬂpe 2é<ﬂle 4 Eeprid]1and

ool oa ki 181 EBeRer! rafcedh tERULEET L8y Tavdn (03 | B8 Ffdus B e: r oge

12. Specificuhép thae mpprmX|ﬁatesycdnstntmhedkofnauhanalmefﬂEH fi®ris

formed on thg e r f ugh n f he, 25
t et r aet hoxysi f‘anﬂ% 6@2 agﬁg g%ﬁ?%gexyﬂl?ﬁ?%f fﬁ g?ﬂ 1%%mn a strl pe-shaped
gate el ect rowdthgutsetrhingdthe tﬂﬁ‘érms@@at |'1ﬁg'iﬂ ayfor the efeling t her, a

mask | ayer 131kstfiohm™dt98 bhewkBAULAE! DEshByeind 31 apdrt e A SER2005 - 62-

10 matrix 50-is approximately infinite. The carbon nano-
tubes 51 are therefore not damaged when the insulating
layer 13 is etched.

- [Step-260]
Then, preferably, part of the matrix 50 is
15 removed under a condition shown.in Table 5, to obtain

" the carbon nano-tubes 51 in a state where top portions
thereof are projected from the matrix 50. In this
-manner, the electron-emitting portion 16A having a
structure shown in Fig. 11A can be obtained.

20
Table 5
Etching solution Hydrochloric acid
Etching time period 10 seconds - 30 seconds
Etching temperature 10 ~ 60°C

Some or all of the carbon nané—tubes 51 may
- 25 change in their surface state due to the etcﬁing of the
matrix 50 (for example, oxygen atoms or oxygen molecules
or fluorine atoms are adsorbed to their surfaces), and
the carbon nano-tubes 51 are deactivated with respect of
electric field emission in some cases. Therefore, it is
30 preferred to subject the electron-emitting portion 16A
to a plasma treatment in a hydrogen gas atmosphere. By
the plasma treatment, the electron-emitting portion 16A
is activated, and the efficiéncy of emission of
electrons from the electron-emitting portion 16A is




gate electrode 14. Then, a first opening portion 15A is formed thropg he
gate electrode 14, and further, a second opening portion 15B comunic ng
with the first opening portion 15A fornmed through the gate electrode 14 5
is formed through the insulating |ayer 13 (see Fig. 10B). Wen the matrix
50 is constituted of a netal oxide, forgzexanple, I1TO the insulating |ayer
13 can be etched w thout etching the matrix 50. That is, the etching

sel ection rafRpther weprevedi n | g sheyer an3exaaplreof0 anpiaisgas0 i s
appr oxi mat el ¥r&athdht Ccordder £&4 bon nano- tubes 51 are therefore not danmaged
when the insulating layer 13 is etched. [Step-260] Then, preferably, part
of the matrix 50 is 15 renoved under a condition shown. in Table 5, to
obtain the Ttabbenenano-tubes 51 in a state where top portions thereof are
projected.fromthe matrix 50. In this manner, the electron-enitting
portion 1lb6A-havihg—a—strueture—shown—i-A—Fg—31A can-be-obt-ained. 20 Table
5 Et chi ngso| Gasohélydeoesédri c aci d Et chi ngti nme | fer+otd0 secmndg - 30

seconds Et01ggg£8gp 6@Eyre10 -- 60C Sone or alllg%ot%e car bon rano-tubes 51

may 25. cha%ge—fﬁ—%§e++—su%#aee—s%a%e—due—%ﬁ—%ﬁe etert-Ag—of—the matrix 50

(for exanpl ePowgygbn heoappbiedxiygesipdteate es | 56r Vi | uori ne atgns are

adsorbed to kBSEEiéHrﬁﬁégéﬁre?Qd Fhe.carbon na@qu§ges 51 are |deacti vat ed
Ul

with respec etectrrctretd—ensstonmtnsonne—cases—Ttherefare, it is 30
preferred toSubBrEatet hempeEatub@-enitting por fi3®9°€6A to a pllasma
treatment in a hydrogen gas atnosphere. By the plasma treatnent, the

el ectron-emtting portion 16A is activated, and the efficiency of em ssion

of el ectrons from t &R refOFofEFREI-Pdy I5Sr £FOR EBR Farpon BRACZr -63-
further inpraeukds Fahl a heahing dpneakmont codfvarpbaspblasma '

treatments may be carried out. For allowing a substance
10 to be adsorbed to the surfaces of the carbon nano-tubes

51, the carbon nano-tubes 51 may be exposed to a gas
containing the substance whose adsorption is desirable.
For purifying the carbon nano-tubes 51, an oxygen plasma
treatment or a fluorine plasma treatment may be carried
15 out. '
[Step-270]
Then, the side wall surface of the second
opening portion 15B formed through the insulating layer
13 is allowed to recede by isotropic etching, which is
.20 preferred from the viewpoint of exposing the opening end
| portion of the gate electrode 14. The isotropic etching
can be carried out by dry etching using radicals as main
etching species like chemical dry etching, oxr by wet
etching using an etching sclution. As an .etching
26 solution, for example, a mixture containing a 49 %
hydrofluoric acid aqueous solution and pure water in a
hydrofluoric acid aqueous SOIution:pure water volume
ratio of 1:100 can be used. Then, the mask layer 19 is
removed, whereby a field emission device shown in Fig.
30 11B is completed.
The above process can be carried out in the
order of [Step-250], [Step-270] and [Step-260}].




treatnment condition. Table 6 5 Gas to be usedH2 = 100 sccm Sour0f4p$$v§r1000
W Power to be applied to substrate50 V Reaction pressure0.1 Pa Subs atls

t enper at ure300C Then, for releasing gas fromthe carbon nano- tubes 51, a
heating treatnent or various plasnma treatnents may be carried out. For
~allowing a substance 10 to be adsorbed ¢, the surfaces of the carbon
nano-tubes 51, the carbon nano-tubes 51 may be exposed to a gas

cont ai ning t i eeb sniggsiorptdestides (@esi 23l e, For purifying the

carbon nano- tubes 5higan: XY eRGyP! 25EBnedd LS ke P41 Sotdgiari ne plasma
treatment may be carried 15 out. [Step-270] hen, the side wall surface

of the secontFCoiihg iR 130 HEtdnmal flflsh gnissdomsaviceng | ayer 13
i s allowed ]'Eméeﬁlﬁﬁlﬁ-_ ¢ SOl 1aPienitd sraifarngiet\xﬁ&ecfbfd@ﬁi%soraﬁfcﬁrﬂmt é;l roT4t he
vi ewpoi nt _of _exposi e. openi ng en ortion o e gate el ectrode 14.
Them?sotr%pi%f%‘%éﬂ?%% t aﬁP]%éecLaf%}iaec?‘B%tWedrv &ads mdF s iSTFE RIS rcal s as
mai n et chi ngf spbases an kinsieios) ldegertichifurmeat diy bkl sitehivagalsi ng an
etching solujjo ' tipn, f e e I Xt ure

cont ai ni ng aﬁﬂ.9&3}oiAﬁ?/%%ﬁ%ﬁ%é?%la%?cf%édeloﬁs qs(ﬁoa{ﬁel )(%?llr%r}:dfoﬁer erh\x/vat er in a
hydr of | uori ctexned .efucehe trpwkateingurayesatlsd; ol wpenirng ippwdfion 100 can be

used. Then, ﬁ@@ef@ékiﬁ@yﬁ&r&nﬁ?ﬂshhé b1 hiG sy B Tdifd difim SSion device

shown in Fig, 30 11Bi1s co eted. The above, process can_be carried out in

the or dég o+n?‘sf%5lrzfso}?3f?rst%§)-<zaroﬁl%ﬂa QRSP @Rrtion Jpmemhsin 64-

[Fl at -type ftkédgete seletttode cend NO. s@ddndi gperlidfy Fmsich SEdeiEt i C

partial CrOS$h the insulating layer and communicating with the first
opening portion); and a flat electron-emitting portion
{electron-emitting layer 16B) formed on a portion of the

15- cathode electrode 12 which portion is positioned in a
bottom portion of the opening portion 15. The electron-
emitting layer 16B is formed on the stripe-shaped
cathode electrode 12 extending in the direction
perpendicular to the paper surface of the drawing. The

20 gate electrode 14 extends leftward and rightward on the
paper surface of the drawing. The cathode electrode 12
and the gate electrode 14 are made of chromium.
Specifically, the-electron—emitting layer 16B is
constituted of a thin layer made of graphite powders.

25 The electron-emitting layer 16B is specifically made of
graphite powders. In the flat-type field emission
device shown in Fig. 12A, the electron-emitting layer
16B is formed on the entire surface of the cathode
electrode 12. However, the electron-emitting layer

30 shall not be limited to the above structure, and the
electron-emitting layer 16B may be formed at least in
the bottom portion of the opening portion 15.
[Plane-type field emission device]

Fig. 12B shows a schematic partial cross-
36 sectional view of a plane-type field emission device.
The plane-type field emission device comprises a stripe-
shaped cathode electrode 12 formed on a substrate 11



sectional view of ‘a flat-type field em ssion device. The flat-typegg ?@9
em ssion device conprises a cathode 5 electrode 12 fornmed on a substra 11
made, for exanple, of glass; an insulating |ayer 13 fornmed on the
SUbstrate 11 and the cathode el ectrode 12; a gate electrode 14 forned on
the insulating | ayer 13; an opening por_%'F_Qn 15 penetrating through the
gate el ectrode 14 and the 10 insulating layer 13 (a first opening portion
formed in thadgat €oal exampde,anfl glsespndnoperauhgtpogt LaypefotBed in the

i nsul ating | gyetmen %@ughsau:?ee%&hahhetwéathpasnéﬂgggg5§é05_‘i and a

flat electron-emttin tion electron-emttin ornmell on a

portion of tWeSpglﬂﬂmﬂﬁﬁm§deﬂé@€rGééctgodﬁléﬁ ﬁ@F@@@nonstb93|t|oned in a

bot t om portlQ%s@ﬁattfl@;goil%?b&glgorbh@naﬂif’oPEhin%' getteBn eRitting |ayer 16B
is forned on the stri t hode e ictrode 12 extending in the

direction?® HB ’p’gﬁefil"’“.éﬁrit3 getsPdend4dpadi RB® The 20 gate
el ectrode 14 mﬁxﬂmﬂgemamfcd 13ndar ifdsvabgeainghporpapar afdr hace of the

drawi ng. The ot e_electrode,12 t he e,el trode 14 re made of
-chroni um Speg %géﬂaenmtghgog égpr)dnd‘élﬁr?t?gﬁ‘é ﬁl%y% eGP e %oJr%titut ed of

a thin layer expsed Jgraoﬂnqwomme‘ltsonZBfThbeebpennng- eoirtionglbayer 16B
s speci fi caldre Bnle dlARGR RIMSEENALN ihNEnt! AlirbiRech e d emission

device shown 1n Fig.. 12A, the electron-emtting |ayer I's formed on the
entire sut¥ agersrendHewdathsde th@l @@Pﬁédéufiacﬁo%véhe frawdnget ABA- eni tti ng

layer 30 shaldnen@fathe dlidbtrede q 4t ketebawe l&tfl’thb%.ﬁ:dr Qndaﬁ!(igh'&ﬁrard on
el ectron-em tting | ayer %E‘_;l %gbg:forrredlat 'ﬁf‘ h‘aa gtéom grtlon
of the openi "D 5812 he) SE PGy o ?s?ﬁh Gi eI 128
shows a sche_ribz |Em<:barhe Pdatywy ;=BT siectlidorale wiagle off a:hprbaua_irt yﬂe')f ield
Shapeu at padiy S LIPS PR RR, CRISE, OB L2
for exanple, ¥ Hraathads placdnoss Ilé’yé%hlfél portion is exposed in
the bottom portion of the opening portion 15 corresponds
to an electron—emitting portion 16C.
[Cathode ray tube]
An example to which the phosphor powders of the
20 present invention are applied to a cathode ray tube is
explained hereinafter. A face plate of the cathode ray
tube corresponds to a display panel. Fig. 13 shows a
schematic partial cut-off view of a color television
glass bulb. As shown in Fig. 13, a face plate 100 is
25 formed by bonding a glass panel 101 and a funnel 102
with a glass adhesive. A tension band 107 is wound
around the glass panel 101 near the funnel 102, to'
increase the strength of the color television glass bulb.
As shown in the schematic perspective view of Fig. 14, a
30 color selection mechanism 103 has slits 104. The

aperture grille type color selection mechanism 103 is

attached to a frame member 105 by a resistance welding

method or a laser welding method in a state where a

tension is applied thereto in the extending direction of
36 the slits 104. The frame member 105 is removably

attached to the glass panel 101 with an attaching tool

- 106 made of a spring. Luminescent layers 114 are formed



formed on the substrate 11 and the cat hode el ectrode 12; a stripq-§@@%g
gate electrode 14 fornmed on the insulating |ayer 13; and an opening
portion 15 5 penetrating through the gate electrode 14 and the insulating
| ayer 13 (a first opening portion and a second opening portion). The
cathode el ectrode 12 is exposed in a bgttomportion of the opening portion
15. The cathode el ectrode 12 extends in the direction 10 perpendicular to
t he paper suwfaoge binehesulrfadengl 0kt tthe grtas=motalodd 1.4 Fheends

| eftward and ﬁﬁg@é Telc) I3\ at hode

el ectrode 112 an %\ﬁéeﬁgg?aey%{%c%&qer%%c{are n@&eéﬂﬁgﬁm%ﬁs%f and the
i nsul ati ng 129¥dens panyfaetyredily the smme dgietipdifag Hdhatat hode el ect rode
12 whi ch porékpnaise@XPSEfarple tHe HAE oM par hie%'&loi)ahhlel‘ag%ﬁk’ Rg portion
15 corresgoaﬁs tg an el ectrop-emtting portion 16C. [ Cat hode ray tube] An
exanpl e t PEREY hRn pHRG pHERLBRRGRRs 1Y 1Y pHOVENEL nFERMIBS are
applied to aotathedectay badle lsyeexid aomictkdgs ei nafter. A face plate of

the cathode ray tu corresponds to di. spl panel . Fig. 13 shows a
schematic parti al CE Cof PP M?SF 8r8§P8%n§e?§$i§?8ﬁ Pg?g%s bul b. As shown
in Fig. 13, partteupaniy, 1teisetod of omedfdymiondikey Lungilmesscerdnel 101 and

a funnel 1021a¥é%%1§1gla§§%gd$§sé%§1%{E§&P%iEﬁlf@g@&égg iﬁ%W9H¥9 around

the gl ass pane near t nn I ncrease the strength of the

col or tel8vi $PBn §PBss1BEr bl6AsaRGolfB | howing csrbrmaeiparapetal vendi ew of

Fig. 14, a 3Qew8l 6 tRbegl498 ]?]mé:@pi@mio&m%t&lﬂﬁeisl%edT%lﬁperture
grille type iolor seleﬁt#on nmec an|En110 I s . attached to a frame nmenber

105 by a restSPARGECRRF ol REST FethOd-Ormed I EEEr W FHEFRME i HPL state

where a tenprowidsdappthethéhapetrbura ghel ket ey ngoor es¢lemtddn 35 t he

slits 104. T e [ e A ck o, Aje gl ass pane

101 with an ggfgéﬂ?§8n§gglﬁa%g§gngﬁé %?yggép??%%ééLﬁﬁg%%s%%%t | ayers 114

are forngad 1gxggﬁdgpg igeparallel with the perpendicular direction

' . of the glass panel 101. The color selection mechanism

103 is shown in Fig. 15B alone.

First, a photosensitive coating 110 is applied
to the inner surface 101A of the glass panel 101 and
20 dried (see Fig. 15A), and then a stripe-shaped exposure
region 111 is formed in the photosensitive coating 110
with an ultraviolet ray which is radiated from a light
source (not shown) and passes through the stripe-shaped
slit 104 formed in the color selection mechanism 103
- 25 (see Fig. 15B). The above exposure treatment is carried
~ out three times by changing the light source in position
for forming the luminescent layers for red, green and
blue. Then, the photosénsitive coating 110 is developed
to selectively remove it, and a remaining portion of the
30 photosensitive coating (exposed and developed
photosensitive coating) 112 is retained on the inner
surface 101A of the glass panel 101 (see Fig. 15C).
Then, a carbon agent is applied to the entire surface,’
and the remaining photosensitive coating 112 and the
36 carbon agent thereon are removed by a lift-off method,
to form stripe-shaped black matrices 113 made of the
carbon agent (see Fig. 16A). Then, the stripe-shaped



on an_inner surface 101A of the glass panel 101. The | uni nescent 4l gy

114 are constituted of the phosphor powders nanufactured by the sane
-method as that explained in Exanple 1, 2 or-3. A netal back layer is 5
formed on the lum nescent |ayers 114. However showi ng of the nmetal back
layer is omtted. The nethod for produci ?g the face plate, particularly,
the nethod for form ng the | um nescent ayers 114, will be explained with
ref erence tolfngsesdéntSlaydts, llﬁﬁoﬂ&ﬁedmcl;m srahibipesamyat i ¢ parti al

end views o gl.as agg: jescent

| ayers are f%)?#é%d JJ? ﬁ?ﬁ %Ss(g& ane 1%%]; %Fa%\s/é]%gﬁgewccﬁh shéégmg?‘arture
grille type &Blofexppaedi @memmﬁa%ﬁrnﬂ%tmﬂc@lﬁ Hée*@ﬁ@lpé:fﬁlaped slits
104 15 extendipgki flabRrigbbel 19 {h the P@E@?%ﬁ&ﬁ&'ﬁ@oﬁ [8& 190y, ofel e gl ass

panel 101. The col or. sel ectj on nmechani sm I s, shown in an 15B al one.
First, a 6ho§8§‘éh§iLFP%YcoE’P‘PﬁBh‘ﬁOP‘P‘éd%’E)p‘F?I@EPS%B“?% PIFRATE FER 101A

of the gl asstpanghodphogngowledsi ephdSeRori Pardbdles ;artﬁ!amhmmred
stripe-shapeg eEBosure g O§h111 St forned.in. the ggot nflt ve coating
110 'vi th ancyl tPSvPBRS MEEIOHNAERthEt S LR S B BRAMERE T ot EE ( no
shown) and passese uhedughndhéostexpmpbeapadredlphou@aemﬁmhewE|n t he col or
sel ection meg, ﬂ%ggﬁgklﬁéwagr(é gégtlgﬁEQ?Péﬁﬁhgpogfu PSULR peeatnment is

carried out ging t source p05|t|on f or
forming ti9e anpﬂaeéc§ﬁtthsy@n§lr8rSwﬁéacgreeﬁp@ﬁad B@ublghﬁeﬁn t he

phOtOSGnSItIH@v@Q@bbﬂg %ﬁ@nlSad@fébﬁpﬁﬁotbgeﬁﬁiﬁﬂﬁéV@hdsﬁﬁﬁﬁvﬁow&erand a
remai ni ng portion Qf

tosensitive co XpQs d devel oped
phot osensi t i FETPOSH ﬁ&? i?gOEERPEtEEHEHY C?ﬂe %Bﬁflgﬁ %30€H?01A of Fhe
gl ass panel ntifeecesukifgcelSExposélienp dightbendadewelopedpphnddthent he

entire surfage, 1u%ﬂ%hbﬁ%seﬁgﬁkﬁg% 9BBBFB§?”§?%h¥§ EBQLbQQtléﬁ and the 35

carbon agent ‘théreon are renove orm
stri pe- shdped phosphoratliugeay 118 Appdist FﬁethéaﬁﬁﬁhragéﬁFfegée Fig. 16A).

Then, the stidpey-epReA 154nheERnd Beveloped.

The color selection mechanism may be a dot type
shadow mask type or a slot type shadow mask type color
selection mechanism. '

20 [Plasma display]

An example to which the phosphor powders of the
present invention are applied to a plasma display (PDP)
is explained hereinafter. Fig. 17 shows a typical
constitution of an AC plasma display. This AC plasma

25 display comes under a so-called three-electrodes-type,
and discharge mainly takes place between a pair of
discharge sustain electrodes 213. The AC plasma display
shown in Fig. 17 is formed by bonding a front panel 210
and a rear panel 220 in their circumferential portions.

30 Light emission of luminescent layers 224 on the rear
panel 220 is observed through the front panel 210.

The front panel 210 comprises a transparent
first substrate 211; pairs of discharge sustain
electrodes 213 formed on the first substrate 211 in the

35 form of stripes and made of a transparent electrically
conductive material; bus electrodes 212 provided for
decreasing the impedance of the discharge sustain




-67- lum nescent l|layers 114 for red, green and blue are forned SES
exposed i nner surface of the glass panel 101 (exposed inner surfac 2005
“portion 101B between the black matrices 113 in the face plate 100) (see
Fig. 16B). 5 Specifically, phosphor powder conpositions prepared from the
phosphor powders (phosphor particles) mppufactured by the same nmethod as
that explained in Exanple 1, 2 or 3 are used, and for exanple, a red

phot osensi t i ekephosgasr 2 pavded madeosftaxmateMmabh@avsm@raymowam be 10

appl i ed to tQie@'ﬂ!’ri&erﬁgiéﬁﬁﬁceeé}ggﬁeE'héOdiégxﬁ‘ ghoped, then, a

green photosénsitive 0S| osp or slurry) can be
applied to tﬁéeceﬁpﬁﬁé EMBfaéEd @pr@bﬁctbv$|bﬁYeénalﬁeWQ¢©@e§3 and then a

~blue photoseeékhb&eoﬁheﬁeh@ireewgeﬁseeaeesz11ontﬁé LREOSPOOFrSA&ETY) IS
appl i ed to the entire surface, exposed,to I|g t and devel oped.  The col or

sel ecti on PnedhdnPEr KB§ Bésﬁhaﬁﬂet?B%taéﬂaEBﬁFFﬁ%Qeﬁy%E3o?n%.§¢b? type
shadow nmask #wypescakon dseleetiros sEThani sm 20 [Pl asna dlsplay] An exanpl e

to which the phosph owder s__of .t present i nvention are. a led to a
bl asmm di spi ay (POPYNY FERmPaRcdy 200, BofibFase= f gecorct aREYaEEy ca
constltutlon(aﬁppnrACmpmbena aﬂiplaﬁdrehssebentpbdeaa(aBSdlsplbgdcones

under & 20- cBlkad 1 BLESABLE]! O9CROLHBA: on2BflodksEhATEuAREPLYe BkeS, Pl ace

bet ween a pair I sch arg sustain electro asma di spl ay
shown in ¥ gim £hes fogmed BFrBBREI NG aleleﬁi:rgasnélll@1@23aﬁanaeiﬂea¥l panel

220 in thelrt@kieﬁﬁiﬂmeambekraeetngsanaothegaadeahgsemaceioheg1nsaeent
| ayers 224 on the rear panel 220 i bs ed gh_th fron% panel 210.
The front  par@eoart LBohBRPEcat 200, NALaar GAP FAFD: SL NBLFBr 85T o rs. of
di scharge sust aegyioml ect theesli2lgcfarineddidm Qhé Bndsbesukenr ahe 211 in the
30 horm of SUJREs AN YRR 23, LARSRRIBRbo%iRE hEThEY GARMMEL Ve

p ecre

mat eri al ; bus' tro rovi e sin € | npe ance of , t he
d|schargeﬁgu§ﬂ@q¢rode 222 and extends 1n parallel w1th the address

electrodes 222; and luminescent layers 224 each of which
is formed on the dielectric film 223 and extends over
side walls of the separation walls 225. The luminescent
layers 224 are constituted of red luminescent layers
20 224R, green luminescent layers 224G and blue luminescent
layers 224B, and the luminescent layers 224R, 224G and
224B for these colors are formed in a predetermined
order. These luminescent layers 224R, 224G and 224B are
made of the phosphor powders manufactured by the same
25 method as that explained in Example 1, 2 or 3. The
method for forming the luminescent layers includes a
thick-film printing method in which phosphor powder
'composiﬁions containing the phosphor powders (phosphor
particles) manufactured by the same method as that
30 explained in Example 1, 2 or 3 are used, a method in
which the phosphor particles are sprayed, a method in
which an adhesive material is attached, beforehand, to a
site where the luminescent layers are to be formed and
the phosphor particles are bonded, a method in which
36 photosensitive phosphor paste is used and the
luminescent layers are patterned by exposure and

development, and a method in which the luminescent



-68- electrodes 213 and nade of a material having a | ower electch

resi stance than the di scharge sustain electrodes 213; and a protec§§@@uﬁ

| ayer 214 which is formed on the first substrate 211, the bus el ectrodes 5
212 and the di scharge sustain el ectrodes 213 and which works as a
dielectric film The rear panel 220 cogg§lses a second substrate (support
menber) 221; address electrodes (also called data electrodes) 222 forned
on t he secondagelst aate fd2hedOohnthbeehdi peofustacpeand auhetescssirg film

223 forned onOrkg?ngeggg?Fgﬂ%gé&g%ghgg aﬁﬂ?g%ggtfggrﬁééhgéeCtrOdes 222;

I nsul ati ng sgpara I"0n "Wa exrsts n ‘region on the
dielectric film 223 Ry Hot wdewsore sdgdesiedeperspedt iR22 varw ,nenghbori ng

anot her addr ggs ;nl3ceL86t bREBAIAENANALRXt E8HSHEPLPEhabkeku,th the address
el ectrodes 222;agh§clun?nescent Igyérs §24 ga%h o? mﬁ#ch a?% formed on the

di el ectri @ f EERRERYiSRdWElleRdS BRekhesrgarwapnelofidfeisepar gPnbachal | s
225. The | umyigsC ehle ph:@)ﬁébti%34la¥ér09matbhu’tﬁd etonedphHEI NgsaeNt | ayers
9

20 224R, | uri t lLayers 224 bl ye_| t | 224B,
and Cho. | am RoBSSAET VBFE 3oHR11o9%c ARG SSHRTB, RRBGRCol or 3 are-f or hed

I n a predet emherddodesd@l3 Endséhkuaddesseneleayepde222R pd8dGiandd224B are

expl i ned | nPErIeer, 8" SRR RINAGRIIE 228, bUBrIAI o HEbBs R 1)
| ayers i ndl udesligchamiaek ceililm phi pipaeg ferroanded woy cre pilakepritng powder

conposi ti ons serditiiond wall sPhosphehePawRg hescrRReSRAGEr Pant hakeshe
manuf act ur ed b¥ the same nethod as that 30 explained in Exanple 1, 2 or 3

are used, a thye WRYET 2Hé o SPREASFaMEtR) 8sTArE §8Fayed, a met hod
in which an adhesi vehersdetémding ditteashionh diefiareefinthdrye susdaanvher e

the | um nescent e t.0 f or n t-he _phosphar rticles are
bonded, a nefﬂéﬁ“?%“&%ﬁ?ﬁﬁggﬂﬁﬁg%%gg%%%??&@gpﬁggﬁ 3?°§a8Fe%ﬁ§ used and the
| um nesceht |addbres sared gedinosiase @ 22y makposar éngle ode P8l degeees andda et hod
in which theéﬂﬂadﬁﬁﬂﬂﬁﬂere a pair of the discharge sustain

electrodes 213 and one set of the luminescent layers
224R, 224G and 224B for emitting light in three primary
colors overlap corresponds to one pixel. Glow discharge

20 takes place between a pair of the discharge sustain
electrodes 213, so that the plasma display of this type
is called "surface discharge type”. 1In each discharge
cell, the luminescent layer excited upon irradiation
with a vacuum ultraviolet ray generated by glow

25 discharge in the rare gas emits light in a color
characteristic of the phosphor material. A wvacuum
ultraviolet ray having a wavelength dependent upon the
éype of the charged rare gas is generated. As a rare
gas, He (wavelength of resonance line = 58.4 nm), Ne

30 (ditto = 74.4 nm), Ar (ditto = 107 nm), Kr (ditto = 124
nm) and Xe (ditto = 147 nm) can be used alone or as a
mixture. However, a mixed gas is particularly useful
since a decrease in the discharge start voltage based on
a Penning effect can be expected. Examples of the above

36 mixed gas includes Ne-Ar mixed gas, He-Xe mixed gas and
Ne-Xe mixed gas. Of these rare gaées, Xe having the

longest resonance line wavelength is suitable since it



-69- layers are forned on the entire surface and unnecessary poqt ggg are
renoved by a sand blasting nethod. Fig. 17 shows an expl oded perspe

~view, and in an actual enbodinment, the top portion of each 5 separation
wal | 225 on the rear panel side is in contact wth the protective |ayer
214 on the front panel side. A region whgre a pair of the discharge sustain
el ectrodes 213 and the address el ectrode 222 positioned between two

separ ati on wallee ZEEIQVeBIapteDBeegponUm ubtrgviotiet chay geacsiy .a A space

surrounded by,58hgHBeHI BE 158PaRation walls 225, the |um nescent |ayer 224
- ~and the protective’la yer 214 is charged wwth_a rare gas. The extending
“direction of the di SOFaRFEsERt dNVendion: hedebeens expdaingdeRReBeng

direction of phkeslaraddafsies! Belrbodabodd? Whkeeathengteseht 90 degrees, and
a region ﬁfere aﬁgalr OL &Ee dlsghaigpéﬁ atgh glectrodes 213 and one set
of the |ufi néS¥EREPYyEPELLIIBRR %2 G 5RBIEEP - e i ®Sn three
primary col ansl mherbapstdtueipnadeftuhenﬁlatxphnemldmsplayhdegecég t akes

pl ace betweth% ?g%hogf &gg qhggha%ﬁgdﬁiﬁgﬁ eL8S rogﬁé %&% a SO that the

pl asma di splay o I's ¢al surrtac i stharge ". in each
di schar ge @Ialthodﬁefll@ﬂcdn@m:w-onasiespéﬁm aad ﬁb@ncolﬁaaa‘a pdﬁ wth a

vacuum ul trawi;Qlyet éﬁ%sa%ea@b&@eby tﬁbo\‘!o%éogb.%iﬁﬁr ge tﬁet BRokgh8rgas enits
light in a color. characteristic of material .~ A vacuum

ul travi ol ¥t PRVAEF Agda they Bedhgch 95b8§&8 EaﬁﬁSH therep§parst SPAWNchar ged
rare gas i s gehesxangd. esAsnai mmebega&teiﬂed( wvﬁbaﬁgubdohsreaqnamea line =

58.4 nm, NeF%O ti'xdl ttf%he me %o'yndf pr {igzctttJ.%n 0%0 agm %)f hgd!fﬁ_ra% 124 nm

and Xe (ditto = c AT BEUSE PHOSHS a
m xed gas i s peaeli clilspllay gsofige, sqhec@oé,d:l@@t@a)s?@ inetlﬁeemggh@nge start

vol tage basein od FRNURO BhiRkle Gy RAHRXREE WlsoPKRBREeasof the above

35 m xed gas |nc udes - m xed He- Xe m xed gas and _Ne-Xe m xed

gas. of t s@’?%%?é@, H)@é’ 8 | E’crﬁ‘é1 qroﬁﬁ’é@tflreé’s&ﬁaﬁ@éfullfrﬁél wavel engt h

is suitable since itFurther, those various materials used in the

production of the cold cathode field emission devices
are also shown as examples and may be altered or
modified as required. In the cold cathode field

20 emission devices, the embodiment in which one electron-
emitting portion is principally related to one opening
portion has been explained. In some structures of the
cold cathode field emission device, however, there may
be employed a constitution in which a plurality of the

25 electron-emitting portions are related to one opening
portion or a constitution in which one electron-emitting
portion is related to a plurality of the opening
portions. Otherwise, there may be employed a
constitution in which a plurality of first opening

30 portions are formed in the gate electrode, one second
opening portion formed in the insulating layer and
communicating with such first opening portions, and one
‘electron~emitting portion or a plurality of electron-
emitting portions is or are provided. In some cases, an

36 anode electrode may be formed on a support member and a
Juminescent layer in the form of a stripe or a dot may
be formed on the anode electrode.




14 S EP 2005 -70- also radiates intense vacuumultraviolet ray fa %ﬂgﬁs
wavel ength of 172 rm The present invention has been explained on t

~ basis of Exanpl es herei nabove, while the present 5 invention shall not be

limted thereto. The structures and the constitutions of the flat-panel
di splay deivce, the cathode ray tube,_-4he plasnma display, the cold
cat hode field em ssion display and t he cold cathode field em ssion device,

the conposition of ¥metlyhosphdreatthgsiswdsiresldainitsad aretdieghfagr, tbepar at i on
thereof are QW1 RS RBRIRILS rNGFTARPEAN tserte,dpg;,errgdgfg dé{ﬁs required.

Further, the nethod of roductlon of each of the 1l at- pane | spl ay
devi ce, the WHIH desddagteive diicdsd 3% Cﬂ@@#@@-&H&htﬁéecﬁpﬁ8ée°ﬁay t ube

are al so shaouwn elsedty AN Qﬁarﬁmﬂ:ﬁm)é ;hetazlﬂleatheﬁuﬁgdbhl epeasngequi r ed.
Further, those ,vari.ous ma%ﬁr als used in production of t ﬁém d

cat hode fd elBPTHAY) onThePiEsCa5Pe 883§ bﬁﬁ gg ER9fpt Bs2BRY Ry be
altered or tuxhﬁeeghtﬁsekﬁnnnudé. InndheaCBWﬂtchihgdelémehﬁ 20 em ssion

devi ces, cﬁf@&dd AR tte‘-‘:%ﬁo’ls i{]}? ol % P,%W %E& t%e
prlnC|paIIy relate one en| g 'portion has“been explaine
structures ofathpde c@l@%dﬁad@ﬁﬁtéltdltém%s‘# @ixgdy janel th@vx@@@hodﬂ?ere may

be enpl oyed & &anisddd WiBAd dM?chﬁ@ Rind &Hd YAfcdqee app1§lcadtiopn-em tting
portlons re related to o e 0 enln ortion or, a constifution in which one

el ect r onl®ni®%34y tHohte id- 438 %k Bantian t";?né"ftltth‘vé'rléﬁﬁemhﬁg
portions. Orhictel Sis dd‘xetr:folrmd hfy e Q;;ﬁ:lsaa:mmrdﬁt ithdl iabdvien which a

plurality of e 0 forne |n t.ne .gat e el .ectrode,
one second o‘{')ieérﬁ'sé]lgﬁg éHf‘%}gen o&n‘%oéon% e | nsu]I:L | ng “]'l%?é"r% magate
comuni cat i ref viiher BAkeL £ i rst opening portions, and one electron-entting

portion or a plural ifyegé ébf&t&%ho&‘@ fi%]’.‘& apfds 3 dfs pp%re provi ded.

In sonme cases, an 35 anode el ectrode my forme rt menber and

a |luni né@ce"i‘tjtt?@%‘%l‘f?ﬂ-fheﬂf%r?ﬁg’fo%? Kegieasie é’%tb%ﬂff’med SO as

to have a form in which the effective filed is covered
with one sheet of an electrically conductive material
layer. In this case, a voltage is applied to the
cathode electrode. And, a switching element constituted,
20 for example, of TFT is provided between the gate
' electrode constituting a pixel and the gate-electrode
driving circuit, and the voltage application state to
the electron-emitting portion constituting the pixel is
controlled by the operation of the switching element, to
26 control the light emission state of the pixel.
In the field emission device, further, a second
‘insulating layer 63 may be formed on the gate electrode
14 and the insulating layer 13, and the focus electrode
64 may be formed on the second insulating layer 63. Fig.
30 18 shows a schematic partial end view of a field
emission device having the above structure. A third
0pehing portion 65 communicating with the opening
portion 15 is formed through the focus electrode 64 and
the second insulating layer 63. In the formation of the
36 focus electrode 64, for example, the stripe-shaped gate
electrode 14 is formed on the insulating layer 13 in
[Step-100]}; then, the second insulating layer 63 is




be fornmed on the anode el ectrode. 14 SEP 2W5 -71- in the cold caj QO?@’HB?' d
em ssion display, the gate electrode can be forned so as to have a r n
- which the effective field is covered with one sheet of an electrically
conductive material. (having an opening 6 portion). In this case, a positive
voltage is applied to the gate electrode. And, a switching el enent
constituted, for exanple, of TFT is provided between the cathode el ectrode
const it uti ngfarmede| tee, tite qattudmede|fosuso ¢d eptirgdey 64 AGuifermesd t he
vol t age appl ] ' 4 | I ~efHd | ddePineonsti tuting
t he pixel iéslgg%lﬁe?;]% Oer? glrflst%%%gfg gltéﬁfc‘;'lnxr g‘y't h@é{éagﬂggéjapﬁ tcnier)l | enent,

to control tpertigmtéenssiommed fhrough the fiogs qleqtreds) ode

field em ssiofe dogbiy idsuPhé M@atinal 63§ i atiadiens) ania aferdiary be
formed so as to have a formin which the effective filed,.i 4ﬁove({ed with
one sheet 5 of PRREEPRCLT | £%I FQIAD FRETYE et rI e Gf%apsf’e?o‘jrensl[ T %Case, a

voltage is appéi pilshDatieg CRayedel B! eatreodecubneles tawidec kiamg havemant
constituted, . 20 for exanple, of TET i r.ovij gate
el ectrode coh@FPt4RiWR lghp%‘%%llls a%]dggﬁfe(?%%t@jéﬁq%g?éﬁ%\é@fgﬁ%g circuit, and
the vol tage appréspbnds toavmetor atplerabityrobrele¢FHEPHoRRt BRI
constituting é?ﬁiB?ée{m]{ ﬁneCBPt{)?ﬁJ:&ﬂiQy bPepPREI St 4Ld QhthéeegW tching

o e

element, to B contr | Tght em ssion state of tfe gix |. Inthe field
em ssi on l@evilependiinghuponapakesrAINg NG| Bhe nferas 1% be fornmed on

the gate el epthad@isd4 @RE EBeukneubatioge! ayrrhade anfotheifhowhickl ectrode
64 may be fornmed on the_secqnd.insulati l.aver Fi 8 a
schematic paPFPaPhgﬁE'§P8RF§feéeFﬁﬁFﬁaiggigg%@ﬁcggg?c%gﬁgggﬁé ?§£8a ove
structure. Athei edfecpdoengipddti onigs LHnshows i FSRindE+typR Bk ng
portion 15 i o fQLMRA LAk L 1koCYRE! erbiadenddsand abbeceacany

Ser 63 N the 35

insulating | a he ‘f ormati on o focus el ectrode 64, for
exanpl e, tfhe nextruingd lyh e empdoyed.

Not only the focus electrode is formed by the
above method, but also the focus electrode can be formed
by forming an insulating film made, for example, of 8i0,
on each surface of a metal sheet made, for example, of

20 42 % Ni- Fe alloy having a thickness of several tens
micrometers, and then forming the opening portions in
regions corresponding to pixels by punching or etching.
And, the cathode pénel, the metal sheet and the anode
panel are stacked, a frame is arranged in

95 circumferential portions of the two panels, and a heat
treatment is carried out to bond the insulating film
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

30 anode panel, whereby these members are integrated,
followed by evacuating and sealing. In this manner, the
cold cathode field emission display can be also
completed. Alternatively, the cathode panel and the
metal sheet are stacked, a heat treatment is carried out

35 +to bond these members, and then the cathode panel and
the anode panel are assembled, whereby the cold cathode
field emission display can be also completed.




electrode 14 is fornmed on the insul ating | ayer 13 in [Step-100]14t$‘§51 t he
A

second insulating |ayer 63 is 14 SEP 2Ws -72- formed; then, the pat

- focus electrode 64 is formed on the second insulating |layer 63-, the third

opening portion 65 is fornmed through the focus el ectrode 64 and the

second insulating |ayer 63; and further,; the opening 5 portion 15 is formed:

through the gate electrode 14 and the insulating |ayer 13. The focus
el ectrode can have ﬁhefoohdioamh®dh fxeiﬁ ahbss ionlelisplay estehl bf which

corresponds o P{mf‘t&i %@léd& hfr&‘?eeergltédﬂl%de%oﬁ:h?@s or one or

plurality of pixels are ere epen upon patterni of the focus

el ectrode. @%*?W@ée‘itcﬁe @da}'sh%i%cﬁ]f%ﬂ'é FagEte fegatnedshiadsl one

S heet 5 haﬁedaﬁ«" &%éaé ge?ié[zd’tﬁﬁglguf%ﬂdf%. Ib?éd d@\éers%md;{lqee{ 1;1@&;-:: ve L ield.
ig. shows_ a Spin ype fie n device ile other fje
o ssi on_ BovPLaCt RS T SR L TR A Gy ACHHe (S ndd Gk

el ectrode i sah osriede bglé@ero@é)ovem@et hed shuis al sehehatfiecpareliadt rode can

be formed by formn an | sulatl f

each surfaceglé?ssol FE e‘{l%a% %oérorgégagae?hm? ﬁzegﬂgze%}s% - ﬂ:e al I oy
having a thi dknpbsyolna‘smerahch eaasstm@'f!ﬂm%-t ersélpwam ofer Pdagkng the
openi ng portngﬁfﬁknisrﬁl‘ﬂ%QE'édcﬁﬂ rieftfg]onpb NOrH® PR Sertdls PLBIE UG

et chi ng. e cat anel e netal sheet, and_the anode panel are

stacked, 18 f#AnEhesabevangeldi fathode rE1ptd ramissionAIIRIRY of the two
panel s, and achg@lisekl 8at8ENbAé SeTdttiGdle 0L tOred o e dutsedwdterg film

[0 ed o0 My SHehase 8 obheoelal coes! naE e ol nethat P A 13 2nd
and the 30 anadbopanahp-mbeebyltﬁesmedecr’rbetlseacc@thmrf@g&he@drodé ol? owed by
gvacuati ng ag_q GhéngleEFrBﬁgszgﬁ”egﬁstiéﬁlﬁtﬁ"ﬁh Ipﬁ £m ssi on
I spl ay can be ternative e cat and t he
net al shéétaKén§ﬁ§cEé§eEg Hgahaﬁréa?n§ﬁ¥ml@fcﬁr$¥§HP%utfmua
structure of the electron-emitting portion shall not be
limited to the carbon nano-tube structure. The
projection image of the stripe-shaped cathode electrode
12 and the projection image of the stripe-shaped anode
20 electrode 24A cross each other at right angles.
Specifically, the cathode electrode 12 extends in the
direction perpendicular to the paper surface of the
drawing, and the anode electrode 24A extends leftward
and rightward on the paper surface of the drawing. In a
25 Dback panel {cathode panel) 10 in the above cold cathode
field emission display, a number of electron-emitting
portions each of which is constituted of a plurality of
the above field emission devices are formed on the
effective field in the form of a two-dimensional matrix.
30 The display panel (anode panel) 20 and the back panel
(cathode panel) 10 are bonded to each other through a
frame 26 in their circumferential portions.
In the above cold cathode field emission display,
electrons are emitted from the electron-emitting portion
35 16A on the basis of a quantum tunnel effect under an
electric field formed with the anode electrode 24A, and
the electrons are attracted toward the anode electrode




35 to bond these nenbers, and then the cathode panel and the anpdesggglilﬁ
are assenbl ed, whereby the cold cathode field em ssion display can be SO
~conpleted. 14 S EP 2Ws -73- The cold cathode field em ssion display shal

not be limted to a so-called three-el ectrodes-type constituted of a

cat hode el ectrode, a gate el ectrode an_d7_4_an anode el ectrode, and it may be
of a so-called two 5 el ectrodes-type constituted of a cathode el ectrode and
an anode el ez4z ode. cdlidd ristiovichea lamhieresdantpdrayiead 22cr oThasedsi,onal vi ew

f I d de {.i L SSi Lshl a i ~ Showi
of & brack  PaFrfold LLrRea Mg KR Bod MG GE Bty 5 S0 0O
t he above cobereathedesimngle maftinisr anetdiapligy whkehpalaasrenstdsie

el ectrode 12:40¢fBd Prof SPSETA oot Al YIAALIRN-|RIH tting portion 16A

constituted of _ carbon nano-tubes 51 fornmed onthe cat hode el ectrode 12.

An anode 2| cRPFHEHECDAA h%n%t#%‘ln’c‘?’hd"l%fﬁ%e &%IWWOT&%@ ﬁ%i’r?el ) 20

has the fornmugbde eélétProdd hB4a sdridiCiiy epedjddeicl eidqa-eidid ng portion

shal | not be %ﬁnited to tﬁg Cﬂ%bon ano-tu e structure.. The projection
Gt 1

i mage of t he®? ?%%-%%‘3%%’80 Ve ® %h qrhoéd%r oj ection i mge
of the stripelshbpedeinateodd electrodie Gverlap w3gianch. ot her at right

angl es. Spegifi he &9§ fg§§ ' s direction
per pendi cul a?b%gitf#éé%%%érag%?gggvﬁfﬁ#e r‘é%vi‘f%i, anhd jf%:eélgﬁlold%d el ectrode.
24A ext enfls Feftharaathader eheeheede okl t ieopabhe carhedeokedleren@w ng. in
a 25 back paaelivffigt 8odeuptngl)add &nréleraboVe O Tk L@d hastecade el 4l

em ssion displ ay, nunper of electron-emtting ortions each of.which is
conatituted BPPLIER.FSI Fip Sroderalephrede| LhA ERAR.TRS Sv LRG| or ned
on the effepowee Boakdei ahbdefelacbifodetdnidimgnsiomalt a3 i X As8&G The

di spl ay pane de 0 d t 0 are
bonded to ea%ﬁggi ﬁér e? %Eg!ﬁéﬂga{ﬁ?rgéggigﬁlgél?ﬁgﬁe%é%%uﬁ?g?eﬁf‘? %’Jfalﬂ)%rt i ons.
In the addvespere €apmodibefrartornnaspohulbespdhygonstituting the

electron-emitting portion 16A positioned in the anode
electrode/cathode electrode overlap region of a cathode
electrode 12 selected as a column and an anode electrode
24A selected as a row (or a row-selected cathode

20 electrode 12 selected as a row and an anode electrode
24n selected as a columm), and the electrons are
attracted toward the anode electrode 24A to collide with
the luminescent layer 22 constituting the display panel

: (anode panel) 20. The electrons excite the luminescent

25 layer 22 to emit light.

Further, the electron-emitting region can be
,‘also constituted of devices generally called surface-

conduction-type field emission devices. The surface-
conduction-type field emission device comprises a

30 substrate made of, for example, glass and pairs of
electrodes formed on the substrate in the form of matrix,
the electrodes being made of an electrically conductive
material such as tin oxide (Sn0O,), gold (Au), indium
oxide (Inﬁh)/tin oxide (Sn0,), carbon or palladium oxide

36 (PdO) and having a fine area and a pair of the
electrodes being arranged at constant intervals (gaps).
A carbon thin film is formed on each electrode. A row-



electrons are emtted fromthe electron-emtting portion 35 16A1qn,@p2@5

basis of a quantum tunnel effect under an electric field forned vm't?] t

anode el ectrode 24A, and the electrons are attracted toward the anode

electrode 1 4 SEP 2 -74- 24A to collide with the |um nescent |ayer 22. That

is, the cold cathode field emssion digplay is driven by a so-called '

sinple matrix nmethod in which electrons are emtted fromthe ,

el ectron- eni giragtpont voRingALS PeRNECERR AL roRe relRorcedrerel théPd¥oj ecti on

i mge of theorappdectbeetbQES, 24 a8 dcd et @1 £6¢E Dbn iwBEEn§fid he cat hode

el ectrode 12 overl ag each ot her %anof el ctrgde/cat hodte ectrode overl ap
g hetl §

e
region). SpECPPPELFAytOatRe g ‘Ffé‘@’é‘?‘?’%e" of tRYEF i %t appfied 10 to the
cat hode el ecekllederddebr ommtidre « atdloceyee|iec tapgdda eddrioviangadir efi tthil and a
relatively pgsitive .voltage i | | o:1h ectro fromthe"
accel er at %’nggiﬁg\!}%rgdggﬂr %g ?%%85%?% g%?%%dleé d%?@?%%gc?é cﬁt}%)ggﬁgé‘is a :
result, el ecthdnsfalmssepposidety earbagther nthraughctiven 9as, spade from t he

carbon nano- te‘i@%%réﬁsc%’:ét }aﬁ\sﬂ&a@ kbemeLRet EQPpEAT £hiAOE PRRL | GudPA

positioned in_the anode el ectrode/cathode el ectrode._overlap region of a
cathode el e€leSHEORS EPcaldfWEE ROCEPLAAIENULIER BnbWRIRLEEERbde 24A

sel ected as aavew (Phosphew i@X@%bedncat 8088139 ?hﬁéypaﬁoa& pahetyed as a
row and an. ano %&eﬁg&%t Etﬁ‘de 24A sel egt Ed as K{C‘O ugn%_ and bh_e el ectrons

are attrictd® e IHBARCECERE 5a¥C54 APRESREPF| J8YGFI R  t he _
| um nescent hdgaebd? aC destiredt inggeheadi bpl eptpaned. (anode panel) 20. The

el ectrons excite t heIA L’Eﬂ@?zceg&tnt %%‘;Mronzz sti‘?lé:%mtthézl ight. Further, the
n uted of

el ectron-emtting region c e al'so consti't of _devices generally
cal | ed surf acxysdedddatiiton ofy fhef PRO§PERICs PPYHeYe ¥ FcaBPrPNeds uPPhce-

conduct i on-t yppa f gl 19MinsiseendlV et icovntySes 2hd0phubphbat powadesof , for
exanpl e, %Iass and pairs of _elec rodeg‘Pf %med,on gche su s%hate inthe form
of matrix® (3R Q% HMFRIEDHEYy Ahgge b CELELLATE]M 95 c5hbuct i ve _
phosphor powders can be prevented. As a result, the
deterioration of the brightness, for example, of the

flat-panel display with elapse of time can be decreased

to such an extent that the deterioration causes almost

20 no problems in practical use.

* Kk * Kk *




materi al such as tin oxide (Sn02), gold (Au), indium oxide (I n2§3) 152005
oxi de (Sn02), carbon or palladi um oxide 35 (PdO) and having a fine are nd
a pair of the electrodes being arrange@-at constant intervals (gaps). A
carbon thin filmis formed on each el ectrode. A row 14 SEP25 -75- direction
wWiring is connected to one electrode of caapar of the electrodes, and a
colum-direction wiring is connected to the other electrode of a pair of
the electrodes. Wen a voltage is applied to a pair of the 5 el ectrodes,
an electric fieldA s;RRphbeApbRad hec&RIRQB ofthian Hdsh Mha@PPOSEGnd @ e hun
ot her through the gap, and electrons are emtted fromthe carbon thin
film Such e€EEPENECRIY G Kedo IEBIP| b WM t A% BemiNescéable | &y an
(phogphor | aygrchefd aodisgl avdpanehe(yreds mpanely) et geexsitie thele, an
| um nescent | ayer &phosphor | ayer),  whereby a desired i mage can be -
obt ai ned. I n &3Heprasettd itnFentFolva ¥ ce the crystallinity of the
phosphor powder ‘i sgidmRiaveathe Nghour@Nl yatite bemnescaitaeaebti aoengye ofiothe
- phosphor powders 15 can be inproved but_ also the deterioration of the
phosphor powd®'€rdadh bé br’éngfﬁt etP as® &% eHS tbeeweﬁi%]P%r‘i’lb‘?naltt?’ﬁnaﬁLPu’f‘T\e
bri ght ness, f@eftiexapl €he Ohodthenadddtaipanel1 dpspd ayy Wik bglet apsed othé | Be- can
be S%creased to such an exterit t hat tr%% geteri%r_ tion _causes alnost 20 no
problens in pRECHRLAF R 2 MOlars ConGengEms on i AL YR BhéEPhor powder
conposed of a hostumeaisdam al Jdmdeiné asdncelEnrEnibnCcom Ag dundetné-heorgradupng 1
of the periodic tablde and an O,L5.el 1<§m=3nt com ng uncgler 1 hgogr oup VIl of the
peri odi ¢ t abl 2MRHNGEPTAEE ARdTR® FIRELPY AP IS WA &P PR R ansiRt rati o
of the activator to the host material is 1 x 10-4 to 1 x i0-3 parts by
wei ght when the anount

15 2. The phosphor powder according to c¢laim 1, wherein the
elements for constituting the host material are zinc and sulfur,

the element for constituting the activator is silver, and the

element for constituting the co-activator 1s aluminium.

20 3. The phosphor powder according to claim 1, wherein the
elements for constituting the host material are zinc and sulfur,
the element for constituting the activator is copper, and the

element for constituting the co-activator is aluminium.

25 |
5. A phosphor powder having a surface free of a topmost-
surface crystal-lattice-defect layer or a surface-damaged layer.
6. The phosphor powder according fto c¢laim 5, which 1is
30 composed of a host material made of an element coming under the

~group II of the periodic table and an element coming under the

group VI of the periodic table, an activator and a co-activator,




ratio of the host material is 1 part by weight, and the co- 10 aff '9’&85%5
has a nol ar concentration of the activator and, wherein a chlorine
concentration of a chlorine-containing corrpound contai ned in the phosphor
powder is 20 ppmor less. 15 2. The phosphor powder according to claiml,
wherein the elenments for constituting,the host material are. zinc and
sulfur, the elenent for constituting the activator is silver, and the-

el ement for consti twheygin Hhe @meirity gtadyic ©flthe @okhvarers3 toThdephosphor

~ powder aCCthQisﬁ:gn{aQ:e&ll%ﬂml% 1""611‘”1@*"n dde ﬁ'l@*eﬁéréérblﬁ;%éid{ﬁtﬂ' ng the
host material are zinc and sulfur, the elenent for constitu t he

activator i ¥heSHide a&ﬁ’dmtthéatépeﬁ’énithﬁopoé?ing‘ﬁﬂ:?ﬁtl?ﬂrgl?hé E’Br§cpﬁ’vator i's
‘al um ni um %153111:% RIRES piheS c@a\adﬁrlvla&wnga@ supbaee tbaeeatratiopnost -

surface crystal -lattice-defect rfac d |ayer. 6. The
phosphorc% 1a o2 diYg %o S 8“5% %\?vﬁ?‘cf# he 36‘0%6%%%?& of a host

mat eri al nade of an el enent com ng under the group 11 of the periodic table
and an el enent com “199? J;{}}e abl e, an
activator and' a co- 'J;lg? o":r'ﬁ&elp&ycg%g a\Zélococggc1 t\Rﬁer ern téhe amount ratio
of the acti vdiesein the dementa domicansti tutiog the hogtipagegdeds by

wei ght  wherytde, @ Wt 10 e d1RulentBlr)y @brﬂs%ﬂeu&%n; Bhe Wei ght,
and the co-activator has a _npolar concentration equal tQ nol ar

concent r i AFGFVAURE o iSAHVHE, Andridie, rdEmesic E&Edé’roné" i8g to claim
6, wherein tithe @l-em@nivaticr eorEuntitiing the host material are zinc and
sul fur, the elenent for constituting the 10 activator is silver, and the
el enent for constituting . the co-activator is alum num 8. The phosphor
powder accor®i ng t oTheapheosphonheeder t decetrdimato fokawniituting the

host mat eri ghhdve i Ccrfd O @Rh S #8¥ odli @hAMBY (HY HShidtdding the
activator _is copper, and the elenent for constituting the co- a(i;[I vator is

al umi numtS 9. R Z B rShfitfer & FIEMRNT S SoShituting T

activator is copper, and the element for constituting

the co-activator 1s aluminum.

9. The phosphor powder according to claim 5,

20 wherein a chlorine concentration of a chlorine-
containing compound contained in the phosphor powder is
20 ppm or less.

10. A phosphor powder having a surface coated with a

25 chemical-reaction layer containing phosphoric acid.

11, The phosphor powder according to c¢laim 10,
wherein an average thickness of the chemical-reaction
layer is 1 nm to 5 nm. '

30 _
12. The phosphor powder according to claim 10,
wherein the chemical-reaction layer is made of zinc
phosphate or calcium phosphate.

35 13. The phosphor powder according to c¢laim 10, which

is composed of a host material made of an element coming

under the group II of the periodic table and an element




20 wherein a chlorine concentration of a chlorine- containing cofrpogsyl
contained in the phosphor powder is 20 ppmor less. 10. A phosphor pom&@ﬁ
havi ng a surface coated with a 25 chem cal-reaction |ayer containing
phosphoric acid. 11. The phosphor powder according to claim 10, wherein an
aver age thickness of the chem cal-reactjpon layer is 1 nmto 5 nm 30 12.
The phosphor powder according to clai m'10, wherein the chenical-reaction

| ayer is nacka)rmitnglmﬁienohﬂ&phﬁicmp)wmaimlm pleosiplitce ta@38 el.3 ariThe phosphor
powder accord to lgdaaﬁ ﬂcﬁ;r conposed of a host material made of
an el ement cOTH er e gr oup Ia[ the periodic table and an el enent
14SEP2r -78- conlngWhﬁueinthbegﬁm@@nﬁﬂréﬁl@ pElRe odF i YakPe, tanthect i vat or

and a co- athaéﬁ%at&’fh%f'ﬁsti‘ex aimﬁn’&orﬁtk01@*3 bﬁ@t@beve:teQ@hh:o the host
material is x 10"4 to 1 x 10-3 parts by mel -ﬁ%f anqg rati o of
the host PateheR|the amoupt FRLiQefHthe al?ﬁF't( i+t nol ar

Cﬁnceﬂt rati agel@lﬁlﬂ;ﬁ' af:xj@ ﬂu@%@fa@i@ﬂﬁ&ﬁf da®n aioldae cacntcremtmtlfdm The
phosphor powder according to claimJ13,. 10 nts for
consti t uti ng®ghd hB%t ‘?]e ?a?on%‘?rétrz?%%orévwafsﬁw Jf‘ﬁée@éegferrent for

constituting the activator is silver, and the el ement for constituting

Lhe co-act] Vahor | S LIRS AUBKolSpbineTacBBoRRhGr cBOMIALnAsgr ding Lo ol aim

13, wherein the el énen stitutin ost material are zinc and
sul fur, tlle whenein tbe ebesentatfoy @%sta@tlwwo?h? shegbpaateshdt t he

el ement for eeBsLihEt LAg sﬁﬂﬁuﬁ? ﬂﬁé'é@éﬁéntsfékuﬁbﬂﬂﬁitaﬁlﬂé ti&e phosphor
powder according to claim

f
chl ori ne- coﬁP&PHPﬁ@rC6ﬁp8&ﬁﬂeEonﬁasnEH ﬁ%hgﬁBégﬂgsﬂ%ﬁh%ﬁgfng :

the co-activator is alumlnum.

15 15. The phosphor powder according to claim 13,
wherein the elements for constituting the host material
are zinc and sulfur, the element for constituting the
activator is copper, and the element for constituting
the co-activator is aluminum.

20
le6. The phosphor powder according to claim 10,
wherein a chlorine concentration of a chlorine-
containing compound contained in the phosphor powder is
20 ppm or less.

25

17. The phosphor powder according to claim 10,

wherein a topmost-surface crystal-lattice-defect layer

6r a surface-damaged layer is removed from the surface

of the phosphor powder immediately below the chemical-
30 reaction layer.

i8. A phosphor powder having a temperature Ts, of at
least 200°C, the temperature Ts, being a temperature at
which a luminescence efficiency reaches 1/2 of a

'35 luminescence efficiency at 25°C in a thermal quenching
performance. |



20 ppmor less. .25 17. The phosphor powder according to claim 1P %é/\,herei n
a topnost - surface crystal-lattice-defect |ayer or a surface-danage r
is removed fromthe surface of the phosphor powder immediately below the
chemi cal - 30 reaction |ayer. 18. A phosphor powder having a tenperature To
of at least 200C, the tenperature T50 _heing a tenperature at which a

| um nescence efficiency reaches 1/2 of 7d735 | uni nescence effici. ency at 25C

in a thernalijgquenchiig wﬁmﬁwerlﬂam %5 c'h.%nﬁ”l@,phﬂﬁﬂhpr povvder
according to claim18, 0se erial made_o

el ement comitfy CHRPSES Wg §r &5’5%1 g B@ﬂ 8%?: alnaﬁﬁgmgﬁ‘& gﬁ“’é'Pgrrent

com ng underardes: giteugrdupofih lod e @@lraoﬁabl ¢abde angclny #lemeatd a

co-acti vat or,  wh h%m_H-%t'l | r t host

mat eri al |scf %%ﬁ%%x 10- g%tgrggotgh%mgeﬁbd\i\%thgﬁbt %é ré::lli‘r?rlnunt rati o of
t he host atagtigtatior Rrgh@d qwamvwrfand the co-activator has a nol ar
concentration 10 e%ﬁéré@n%ﬁ@'&ﬁmﬁ%\c@éﬁi@td@rtﬂé é&\ﬁxﬂ&tﬁdi«’aé@rthéo The

phosphor povvder according to cl al m_1 é el enent s

consti t ut i nd*AHe MG IRY & & X ailroe z‘F‘?lc a.’l"nd1 ul PGFtStHX ¥Pd 1r'rt for
cgnst I tutingeHdre tife atiowat ofatii Sif idle hoxt wateatialents florpamm:ty tuting
the co-activator. .is al num 21. .Th o claim
19, wherein ?%%h%‘l e cﬁt G 0r° T céb%ts]tvﬁectff’{]ﬁ.bao%] “ﬁg‘sv%;:er%qt%e g}e zi nc

and sul f 19, edwak!wwentmdlar corstarnttutdtnign ot tdtﬁtlaﬁalwatca:copper, and the
el ement for constituting the co-activator is alumnum 22. The phosphor
powder according to claim18, 25 wherein a chlorine concentration of a
chl ori ne comd@i ni ngThenpbosEhesNPAVARH RACPRALRGOEPHEEAEBWRr is 20 ppm or

| ess. wherein the elements for constituting the host material
are zinc and sulfur, the element for constituting the
15 activator is silver, and the element for constituting
the co-activator is aluminum.

21. The phosphor powder according to claim 19,

wherein the elements for constituting the host material
20 are zinc and sulfur, the element for constituting the

activator is copper, and the element for constituting

the co-activator is aluminum.

22. The phosphor powder according to claim 18,

25 wherein a chlorine concentration of a chlorine-
containing compound contained in the phosphor powder is
20 ppm or less.

23, The phosphor powder according to claim 18,

30 wherein a topmost-surface crystal-lattice-defect layer
or a surface-damaged layer is removed from the surface
of the phosphor powder.

24, The phosphor powder according to claim 18, which
36 has a surface coated with a chemical-reaction layer

containing phosphoric acid.




- 23. The phosphor powder according to claim 18, 30 wherein a topntsts§plrza]§ce e
crystal-lattice--defect |layer or a surface-danmaged |ayer is renoved from

the surface of the phosphor powder.-84. The phosphor powder according to
claim 18, which 35 has a surface coated with a chem cal -reaction |ayer

contai ning phespherig;acid, Lo#heSEP cB@r2:28 Aadi sRbg¥ridan@dn@enprissing a
support nenber, a lumnescent |ayer made of phosphor powders whjch emt
i ght upon PvpHHisEENSnlaveh BRERt PHnBRY RO AP IEF i Hgl?l?’lr%‘&’gth H9hfacuum

space, and ap,gh estroderivhergih sakd:phosphedc peweer £ipigonpasegnofa a host
materi al made of an el enent com ng under the group Il .of the periodic
tabl e and anveFwHefPAEBN HY FTdEFCEREHroup VI of the periodic table, an

actiyator and a cqnagedinvateid aREsphSr apbudkr r atsi oc@fpdshe act i watisst o the

‘host material 10 is 1 x 10-4 to 1 x 10-3 parts i ght whep_th nount
ratio of thBR®StIndeeri aF £ $TPHHT W%?gﬂ?ggﬁ% e%rougoﬂ{:e%fr % on of

t he. acti vat opeaishi dvhengien aadchrord Recaoneenin@t wodeof tige chtcory nes of

cont ai ni ng coppound cqontained in the, phosphor, powder .i.s 20 15 ppmor | ess.
26. A displ afz'ﬂga?\ee’ﬁlogdﬁpﬁ‘%lr%g aa éﬁﬁb‘g%‘j m?r?’geg, “A aﬂt&r‘ﬁaﬁgg’ceanntdol ayer made
of phosphor powdergewanelmentd:ill @it thupentivaadi atd amenitclstelmeteroms t hat
co flying through.a,20 vacuum spac nd_an e 0 Ln |
ph(r)rg?)hor powﬂtér?hgslg sg?f gcé ?@eep%lf S’a%yt opi § ‘g%ér g%iee HBRLAL 281
crystal -1 att bce- deéechodtayerat@rialsuifack- damagedy | aseeight25 27. m@lai spl ay

panel conprisin suppor nber., . ] nescent | ayer made of phosphor
powders whic Orelg‘leli?tﬁa}l{glﬁfl E’Eg%he '?arc’rtég?gﬁjorgﬁ%th el ectrons that cone flying

through a vacuunwspaet; aad ahletiwotrodeicanttereionsab8 pRosphdprposwder has
a surface coated Wil a..3Q.6hen 6ahi AERCtL 0RnL ayans S5t abaidd Phosphori

aci d.
15 ppm or less.

- 26. A display panel comprising a support member, a
' luminescent layer made of phosphor powders which emit light
upon irradiation with electrons that come flying through a

20 vacuum space, and an electrode,
| wherein said phosphor powder has a surface free of a
topmost-surface crystal-lattice-defect layer or a surface-

damaged layer.

25 27. A display panel comprising a suppert member, a
| luminescent layer made of phosphor powders which emit light
- upon irradiation with electrons that come flying through a
vacuum space, and an electrode,
wherein said phosphor powder has a surface coated with a

30 chemical-reaction layer containing phosphoric acid.

28, A display panel comprising a support member, a

luminescent layver made of phosphor powders which emit light

upon irradiation with electrons that come flying through a
35 vacuum space, and an electrode,

wherein said phosphor powder has & temperature Ty of at

least 200°C, the temperature Ts being a



28. A display panel conprising a support nenber, a Iunlnescent haye ép
of phosphor powders which emt |ight upon |rrad|at|on with el ectron
come flying through a 35 vacuum space, and an el ectrode, wherein said
phosphor powder has a tenperature T56 8fi-at |east 200C, the tenperature
T50 being a 1 4 SEP25 -81 5 10 tenperature at which a | um nescence
efficiency reaches ' of a Iunlnescence efficiency at 25C in a thermal

quenching - perlgiampce, 29 bl al -fype.display. fdevlce con éﬁe's“%afd'sp' ay

panel and a pane aving a plura |t “of ef ectTon TTHG regionfs,

the display pawelneasgnthe batkciparmsl bei ngfﬂt spnsedatotkfea:mal eaabnatiher
through a vacyum $pace.l nterposed therebetween, wherein the display panel
conprised 'a support nenber, a |uninescent Iayer made of phosphor powders
which®enmit |ight upon irradiation with el ectrons that conme flying fromthe

el ectron emtping gegigpdtg?)@ gé‘p%sf%#ev‘lqg e szts%rﬂ%SBh& ga\é\/?%%tﬁef and

conposed of a host nateri an e m ng e group |1
of .t he peri odichbeableanedndagnne| emhﬁIMyngbﬁdeelctrm grioupny| refidie

periodic tabkg, ansac }‘Vﬁ&r%rl angy a0 }:%05144 p?a%%f ?gga@?gg%% ;,I 3,6,""%‘% ne

activator to the host raterial T1s 3-pa
when the rati 826k ¢tHer 20rhesh arrarta@mlal spacd ipdetpbyedwsitgitebe twrekt,he

co-aghi vator has aygplai, Ctg{bcq{!{[srp@a'yo aaayak ok rfséy)l arsu %@ggnﬁéﬁgépn of

the activator and, wherein a chlorine concentratio
chl ori ne- - contlai“h’il?ﬁcer@orﬂ}fd@ﬁd mEgiet o fnerhdspholre H@hfdsphowhpolv\demlt sleghippm

or less. 25 3onﬁ\f|ﬁtad§¥\9§org' §p£@yeqw9§n§0%ﬂgksu&e ﬂoﬁw Ve I%gnne%?eand

a. back panel having a plurality of electron emtting regi spl ay
panel and t he SBEEkIPafE thénagi e ispos etdt an fakastr@deeach ot her through a

vacuum space i nter pas@dphheiiRRetWeaBr 39 composed of a host material made

15 of an element coming under the group II of the periodic table
and._an element coming under the group VI of the periodic
table, an activator and a CO*activator;

the amount ratic of the activafor to the host material is
1 x 10 to 1 % 107® parts by weight when the ratio of the

20 host material is 1 part by weight, and the co-activator has a
molar concentration equal to a molar concentration of the
activator and,

wherein a chlorine concentration of a chlorine-containing

compound contalned in the phosphor powder is 20 ppm or less.

25

30. A flat-type display device comprising a display panel and
a back panel having a plurality of electron emitting regions,
the display panel and the back panel being disposed to fége
30 “each other through a vacuum space interposed therebetween,
wherein the display panel comprises a support member, a
luminescent layer made of phosphor powders which emit light
upon irradiaticn with electrons that come flying from the
electron emitting region, and an electrode, and
35 said phosphor powder has a surface free of a topmost-—

surface crystal-lattice-defect layer or a




wherein the di splay panel conprises a support nenber, a Iunines;Qné %a er
made of phosphor powders which emt |ight upon irradiation with el E S
that come flying fromthe electron emtting region, and an el ectrode, and
sai d phosphor powder has a surface free of a topnost- surface

crystal -lattice-defect layer or a 1.4 SEP4-M-82 surface-damaged |ayer. 31.
A flat-type display device conprising a display panel and a back panel
havi ng a pl uparfageoflambgedrbayérenitting regi ons, the display panel and

t he back panel being disposed to face each other through a vacuum space

i nter posed therebetween, wherein the display panel conprises a support
nmember, a | uftnesceft ftlafietyReddisplpHodararepomprising ahdiéspbayt |i ght
upon i rradi aphel VahA & B&EK OBSné DA CONE 5'15(11{}911:{&{;“5{'%% &ipn emtting
region, apd an., el éctrode, and sai _égosphor powder "has a surface coated

with a cRenfEAFEIRACTPEHOMRY TR ot 3P FAN PMOS pARs | Ehadrark mansl A

flat-type dispiny désposedonpristageacli Shay t h 3@ty @cibak ksene! i h

having a plu ' e Jtting regions, the display panel and the

back panel. %@#%%gagé%oé§%£%%§#%§%$éach ot her through a vacuum space 20

i nt er posed t her ebet Wheleinhshei dishéayi pphe}y pemprisespai sepparsupport

menber, a | ugagBSESNS ' i LK |1 ght upon
R SR O Lk "

irradiatiﬁn mﬁth electrops that co flying ( on emtting
regi on, ahd ¥AtcBseRitciighe URPR SEFABREEOM i eikecHEens thamer at ur e
T50 of at |eamé 209€hgtheohcoper @ledErdBleREiting +E5DSE Alakg A Which a
Iuninescenceeféékg&ggcyaﬁgaches 1/2 of a lum nescence efficiency at 25C in
a thermal quénching 807 pérformance. 33. A production nethod of a phosphor
powder , said phosphor powder has a surface coated with a

chemical-reaction layer containing phosphoric acid.

15
32. A flat-type display device comprising a display
panel and a back panel having a plurality of electron
emitting regions, the display panel and the back panel
being disposed to face each other through a vacuum space
20 1interposed therebetween,
wherein the display panel comprises a support
member, a luminescent layer made of phosphor powders
which emit light upon irradiation with electrons that
come flying from the electron emitting region, and an
20 electrode, and
said phosphor powder has a temperature Ts, of at
least 200°C, the temperature Ts, being a temperature at
which a luminescence efficiency reaches 1/2 of a
luminescence efficiency at 25°C in a thermal quenching
30 performance.

33. A production method of a phosphor powder,

comprising preparing a host material by a solution-

breparation step and a reaction step, then, mixing the
356 host material with an activator and a co-activator, and

then carrying out a firing step and a surface-treatment
step, and




conprising preparing a host material by a solution- preparation $uepE@@ﬁ#a
reaction step, then, mxing the 35 host material with an activator and®a
co-activator, and then carrying out a firing step and a surface-treatnent
step, and 1 4 SEP 2Ws -83- the production nmethod further conprising a
renoval step of renoving a topnost-surfgge crystal- lattice-defect |ayer or
a surface-damaged | ayer fornmed in the surface of the firing product
bet ween the firing thespzpduatiichemsthodcburtbarnearpsiepngsa. The
- production npLAods f s fepNOB PAGKoPLNGES gt s dyadB- Wherein the
renmoval step. conprises an annealing treatnent or an_etching treatnment. 10
35. The prodi@Etssengefeat ol a¥eh s photupbarrRrdanrees dhRFE ofABEH 34,
wherein the gAngREi 8Grf&c€abti tle PiFiNg BroQiPerBdtiicen oves fhama firing
tenperature _enplo gd %n t he firinﬁ?stqg. 15 36. The production nmethod of a
phosphor éomﬂﬁ? 3% oFBE nGHFBRCP AT hT 3 he? &F " t he etching treatnent is

carried out using, as an etching solution, a solution prepared by m xing a

persaturatedgol i1 99 CONSLLANG R AAANBIPAOERD SRR PBIAH o O OB 1S

: drochl oric aci urated
sol uti on: t heagenasdhngatedchgimodBr ovheradn dthe xregeyati stepf 1:2. 25 37.

The productiggnpetied ah anRBATPHG! tPEXERENt 3660LHI 88ch Pn§! 8 8aBRenther ei n
t he phosphor powder is conposed of a host nmaterial nade of an el enent

com ng dfder the group Il of the periodic table and an el enent comng.
under the grasp VI ahd gropRictddinC rethlod, ofn a3phasphoat powded a _
02611 V3 1 ety BEDUSL ket BhoteysehilghRlat 00l 6s Oakey BB o1 2L
material is oupaet bytespghature lower than a firing temperature ‘
employed in the firing step.
15
36. The production method of a phosphor powder
according to claim 34, wherein the etching treatment is
carried out using, as an etching solution, a solution
prepared by mixing a persaturated solution consisting of
20 phosphoric acid into which CroO; is added, with
concentrated hydrochloric acid in the persaturated
solution:the concentrated hydrochloric acid mixing ratio
of 1:2.

25 37. The production method of a phosphor powder
according to claim 33, wherein the phosphor powder is
composed of a host material made of an element coming
under the group II of the periodic table and an element
coming under the group VI of the periodic table, an

30 activator and a co-activator, and

the amount ratio of the activator to the host
material is 1 x 10™ to 1 x 10~° parts by weight when the
amount ratio of the host material is 1 part by weight,
and the co-activator has a molar concentration equal to

35 a molar concentration of the activator.

38. - The production method of a phosphor powder




and the co-activator has a nolar concentration equal to 35 a nolqr ¢ p
concentration of the activator. 38. The production nethod of a phospﬁorzw5
powder )4 SEP2Ws -84- according to claim 37, wherein the elenents for
constituting the host material are zinc and sulfur, the elenent for
constituting the activator is silver, aggd the elenment for constituting the
co-activator is 5 alum num 39. The production nethod of a phosphor powder
accordi ng t oaefarding, tohelaim Ihe Wherein sthiorelements tiay ng t he host
material ar ecghgei paeiay! {4 ndde Adcel BB L OFi £ONSIA il Ak L geact i vat or

~is copper, and the elenent for constituting the co-actjvator is_ alum num
40. The pr odBtEPSRAt nEPRoTPRF L Lt phbRGHEhe REkikratan & chkeky tahd| ai m 33,
wher ei n a washéngléhent i fopreyhsettbeingethd heofadt Dgatsdepieind the renoval
st ep, ang the firing product is washed so that a chlorine concentration
of a chlo in@-%@ﬁ?ﬁ?hing conpound contained in the phosphor powder is 20
ppm or |less. 20 41. The production nethod of a phosphor powder according
to claim33 40, rel .Sur af _th r r is coated
with a cheniggf-reagggbﬁkpg§g?lggoﬁggﬁﬁ?ngkpﬁoggﬁgﬁﬁggaggﬁﬁg% t he

sur f ace- t r eaPfEATdsngpto2glaim A7 prdereibrthet abements $Posphor powder,
conpri sing pegRstifdt@nyosthe ML MhtOYial SRt 2 PRc MEPMIPELL) SieP and a
reaction ﬁtegl theg,fn1X|n8 the host material with an activator _and a

co- acti valor SLEMEN80EPRefOREFL TRRLNG RS RFF1TQLRE efS oFfpRer, and

surf ace-tr eathenelesenp, fohecoenatibetingi tige stepatsitatdowes by a washi ng
step, and thgl .'hﬂﬂ product is washed so that a chlorine concentration of
a chlorine--contalrni ng conpound 35 contained in the phosphor powder is 20
ppm or | ess.

40. The production method of a phosphor powder

15 according to claim 33, wherein a washing step is
provided between the firing step and the removal step,
and the firing product is washed so that a chlorine
concentration of a chlorine-containing compound
contained in the phosphor powder is 20 ppm or less.

20
41. The production method of a phosphor powder
according to claim 33 or 40, wherein the surface of the
phosphor powder is coated with a chemical-reaction layer
containing phosphoric acid in the surface-treatment step.
25

42. A production method of a phosphor powder,
comprising preparing a host material by a solution-
preparation step and a reaction step, then, mixing the
host material with an activator and a co-activator, and
30 then carrying out a firing step and a surface-treatment
step,
wherein the firing step is followed by a washing
step, and the firing product is washed so that a
chlorine concentration of a chlorine-containing compound
35 contained in the phosphor powder is 20 ppm or less.

43. The production method of a phosphor powder
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43. The production nmethod of a phosphor powder 1 4 6 E P 2005 -85- - SEF 2005

according to claim42, wherein the phosphor powder is conposed of a host
mat eri al -nade of an el ement comng under the group Il of the periodic
table and an el ement com ng under the group VI of the periodic table, an 5
activator and a co-activator, and .the anount ratio of the activator to the
host material is 1 x 10-1 to 1 x 10-3 parts by wei ght when the anpunt
ratio of the host material is 1 part by>meight, and the co-activator has a

nol ar concergdcaiﬁdlmgeq;usalcltaq_umza me%reﬁpF&@@nbh@gbﬁer%okﬂgr&%' vator. 44.

The production net hosphor wder. accor to claim43, wherein
the el ement SFES eéjgr?;to GF “?ariﬁ? “}“f‘ﬁiteef’lfalana?é%?faﬁ& SABEG fur, the

15 el enent furdexondtd tgrtaung ]Imenmoihalqie(mddscsrtlaME aadd ant I&eemlee.msent for

constitutin qgﬁy tor pL. ti afl ethod of
a phosphor g:c\;/ﬁeré: ac\é%r difh fﬁ’}po #al mi’}? P\A/I*nrl-gg&c elj‘%l’e%glnts for '
consti t utd neatHeatest ang & iaa- aérfel%ﬁﬂ,rra@dldsul fur, the element for

constituting the acﬁwa&%m@ ﬁ&@ﬂ@r@fa@‘ﬂe i heiPlesERto fidfe GRASE I tULing the
co-activator is alunin ucti on nethod of a ghosghor

e pr
powder accdfiHg-3o 1 rﬁzﬂé) \/\T\%rglﬁ Jf(ﬁ EBFF%C’@Yo‘f’ei‘ﬂ]@t PheBpRBE powder
i s coated wdnpwnithstiicaloff edot itorst ayetterdet disniingaptodghesdieghasi d i n t he

surface- 1 eaLIPNnS189.oA0 oA PLOUIGL 08 TR Glecd JNGSPIAT ROVAET

conpri si n preparing a host nate solution-"preparation step and a
react i onl&t e, Mkh CISAHG aHeon h?i%tth’?ataéﬁla?laﬁﬁirth an activator and a
co-activator, and 35 then carrying out a firing step and a

ﬁsurface trea&gEnt ﬁtegtoductlon wethod of a phosphor powder

according to claim 43, wherein the elements for
constituting the host material are zinc and sulfur, the

15 element for constituting the activator is silver, and
~the element for constituting the co-activator is
aluminum.

45, fhe production method of a phosﬁhor powder
20 according to claim 43; wherein the elements for
constituting the host material are zinc and sulfur, the
element for constituting the activator is copper, and
the element for constituting the co-activator is
aluminum.
25
46, The production method of a phosphor powder
according to claim 42, wherein the surface of the
phosphor powder is coated with a chemical-reaction layer
containing phosphoric acid in the surface-treatment step.
30 |
47. A production method of a phosphor powder,
comprising preparing a host material by a solution-
preparation step and a reaction step, then, mixing the
host material with an activator and a co-activator, and
36 then carrying out a firing step and a surface—treatﬁént
. step, ”

wherein the surface of the phosphor powder is




wherein the surface of the phosphor powder is -86- coated with at4 SEP 2005
chem cal -reaction | ayer containing phosphoric acid in the
surface-treatnment. step. 48. The production nmethod of a phosphor powder 5
according to claim47, wherein the phosphor powder is conposed of a host
materi al made of an el enment com ng wundgr the group Il of the periodic
tabl e and an el enment com ng under the group VI of the periodic table, an
activator ancbated- mhvatmemmwt%adteicandlﬂyer atardadfmitge activator to

t he host n&g s@l‘ r 4 1% Sertn e when the anount
ratio of th xﬁ&é na erlé}&l S 1&3% &% and t ‘co-activator has a
nol ar concentration equal to a nolar concentration of the activator. 15

49. The prodygtion h ficd gﬂolighﬁ{)dpgwdgr heE6RG A d4&rcl ai m 48,
wherein the g?emant gﬁg ?gogoﬁsh tuting the ]? ?erl allgagre zi hc and

sul fur, the aGFeReRRIfER %Wl?ﬂtl%??%‘aﬂ?\ﬁ?ﬁpr}%r HIWAST Lhd 20 the
el ement for é@xﬂﬁééé&tbﬁgatﬂi@sﬁomaﬁéti@l Ofadé ofl ki elemers. coiingr oduct i on

for 25 conet PRUEEnghe hethgR: Thavbr FoF mreiSrde hme R el &GN or
const i t uti ngcohéngcundarothesqgroppevV] ahdthe hpelei@qh:emttdkmlecomst ituting the
co-activator 5L§; -84 BHR' & co-activator, and
10 the amount ratio of the activator to 'the host
material is 1 x 107 to 1 x 10™° parts by weight when the
amount ratio of the host material is 1 part by weight,
and the co-activator has a molar concentration equal to
a molar concentration of the activator.
15
49. The production method of a phosphor powder
according to claim 48, wherein the elements for
constituting the host material are zinc and sulfur, the
element for constituting the activator is silver, and
20 the element for donstituting the co-activator is
aluminum. |

50. The production method of a phosphor powder
according to claim 48, wherein the elements for

25 constituting the host material are zinc and sulfur, the
element for constituting the activator is copper, and
the element for constituting the co-activator is
aluminum.
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