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) ‘Apﬂl i cation No. 56-55316 Filed: April 13, 1981 Inventor: AKi hiko Ishitani
Applicant: Nippon Electric Co. Luminescent material Claim 1. A |um nescent
materi.al to be excited with slow el ectron beam characterized by a m xture
oht ai ned by bl ending a phosphor consisting of an oxide expressed by the
conposi tion [ggkide (Rgpii%aeio,{ RaRds RBE syeléyegd from Y and Gd, B is at |east
one sel ected from cont ai ni ng europiumas an activator, with an
electric con@siimom&ehwuerlnbz The present invention relates to a
novel |um nescent material to be excited with slow el ectron beam which

exhi bits a r cohtborriappbizenien Nolerss-853ee, as a commerclally avail able
phosphor which emits light with a high brightness by excitation with sl ow
el ectron bearfiiledi fertt 19at3%83 zi nc oxi de phosphor (ZnQO Zn) has been known.
Thi s phosphor exhibits reen | um nescence by excitation with slow

el ectron bear™yRETISS ﬁ‘f’l"ﬁigiertfhé?‘}}hosphor for | um nescent display tubes

such as el ectri caI N iator g  ous measuring instrunments. Recently, a
nunber of phd‘&"ﬁ%ﬁ 7L Whl ar P ed with transition netal ions or rare
earth el ement ions have been ¢gygld mggeggg | ong been known in the art
that when these netal ions are |rra I at an el ectron beam

ultraviolet reaigt near-infrared ray in a

1. A luminescent materiél to be excited with slow electron beam,
characterized by a mixture obtained by blending a phosphor consisting
of an oxide expressed by the composition ABO, (A is at least one
selected from Y and Gd, B is at least one selected from Nb and Ta)
containing eurcpium as an activator, with an electric conductive

oxide material.

The present invention relates to a novel luminescent material to be

excited with slow electron beam which exhibits a red luminescence.

Heretofore, as a commercially availlable phosphor which emits light
\ with a high brightness by excitation w;th slaw electron beam,
salf-activating zinc oxide phosphor (ZnO:2Zn) has been known. This
phosphor exhibits a green luminescence by excitation with slow
electron beam and is utilized as phosphor for luminescent display

tubes such as electric calculators and varicus measuring instruments.

Recently, & number of phosphors which are activated with transition
- metal ions or rare earth element ions have been developed. It has
< ¥ long been known in the art that when these metal fons are irradiated

with an electron beam, ultraviolet ray or near-infrared ray in a
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2.I'um nophore in the production of an apparatus using |owvoltage

f uiti nescence at ‘a vol tage of 200 to 800V. The present invention al so

provi des the use of a doped tantalate of yttrium lutetiumor gadolinium as
a lum-nophore in an apparatus using |l ow vol tage | um nescence at a voltage
range of 200 to 800V. It has been noted that tantal ates of the above

renti oned {YRRALE ALy 1L gL oL U QUED oSl B Wi Dbl ¢

subjected to el"ectron ra s 10 say, e 8% der of

about at | eaf5$tr]s.%90¥d,a'%ﬂd AnefOler2AU! aBAAV¥ionk &%QL@';%LS%&&E?Q& iﬁgut otium

accordance wt the present "invention are tantal ates yttrium

or gadol i ni UMadel @&krtadl FA&WY afidrfy SRR staled AaBsr daeBiiilsCaln8s
effected by partial substitution either of the tantalum atons, or of the

yttrium | ut etacimiowas)poo|innprastataliese An anedl bphd Gaind XS Was Glsb 0found that
substitution of the tantalum nention may be nmade of pentaval ent el enents
such as, for eoximpl caurqpinsl, uerbivm, £¥di tShoM, lupingseRope AF 3Ughance f or
substitution of yttrium lutetium or gadol inium it is possible to use a

rare earth whPEHSEEWY P wrdant sphetrRte MespHiadsr figee TSR, Sxmpriye

praseodym um sg'fgice)gl lyarue Leeernbég uggeé Qgéalr%Tng phosphors activated with rare

earth element ions. As a result, many materials were put in use,
among which yttrium oxide, yttrium oxysulfide and yttrium vanadate
which are activated with europium are the most important and are used

-as red components for color television sets, high pressure mercury

lamps, etc.

These phosphors emit light with a2 high brightness when excited with a
fast electron beam of several kV, ultraviolet beams or the like.
However, thesg phospﬁors emit little light when excited with a slow
electron bheam and accordingly cannot be used as phosphors for
luminescent displays. Consequently, only with luminescent display
tubes having a green color from the sellf-activated green luminescent
\_/ zinc oxide material, and development of bright phosphor materials
capable of emitting bright luminescence other than green have been

sought for in order to expand the use of the display tubes.

To this end, Y;0;S:Eu, ZnS:Ag, etc. made conductive by In;0;, have
been developed but not to the extent that they can be used in display

tubes. -

The biggest hindrance to the commercial utilization of red

luminescence display tubes using ¥,03S:Eu phosphor is the decrease in
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Doped .m xed tantal ates may be used, conprising tantalumwhich may or may
“not be doped and, besides yttrium lutetiumor gadolinium at |east one
ot her element selected fromsaid three el ements, |anthanum and europi um
and, eptionally, at |east one doping el enent which nay be sel ected nore
particularly fromrare earths which are |um nescent in the visible range.

M xed tant al ' ty b ' .
The content Dresiessr kil dibed of LUl e MecRlld 2R5C4gkellle 5 1A ©
| um nescent b daliged/ idth it £hAREEon 02 SCNRAGMIVE AlrcaBs tLaglital dRl NOre

particularly at nost 15w % Products having a nonocli,nic structure Mare
preferably ug@cicles ot af,rm,swﬂagﬁo@iwfarlhai:aaewvwﬁefsmaehﬁ whed in
accordance with the present invention are set out hereinafter by way of
exanpl e. As bénfcring poydesr sush pein: 8y, ma¢ dnsrpdakdonfof Fbeclnglerfacef or nul a
(1) [err] being greater than O and at nost equal to 0.15; those of fornula
(2) [err] x bemwgngrheapartiches of LSyt Apdthegpanticte® of AQes P! fornul a
(3) [err] beigﬁ%greater than O and at_ npst equal to 0.03; it .is also

possi bl e to ERSISSSHLSo| Fip SBFPBPR 0 BriahhRess: ek Ot PEPAIR f51)™8nd (2)

or (1) and (§Aactive sutfﬁce layer on the particles of Y;0;S:Eu is not very
significant and the increase in resistance of the particles of In,0,
can be controlled by the process conditions of production of the

. conductive powder: On the other hand, the degradation of the
intexface between the pﬁrticles of ¥;0,S:Eu and the particles of
In,03, which is considared to be the major cause, cannot be avoided
because Y;03S containing § is susceptible to temperature increase by

concentrated contact resigtance.

More specifically, conductance g of two adjacent particles is formed
by a parallel connection of particle contact resistance Rc and
particle surface leakage resistance Rf, Rc is a series connection of
concantrated resistance Rs=1/2r¢'Hv (Hv=conductance of the body of
\;; . the particles {A/vm], and rc'=effective diameter of the contact
surfacelm]) due to the strong convergence of current flux at the
contact point and interface resistancep./m r ¢ ' ? shown by adsorbed
molecular layer in the interface ( p y=resistance per unit surface

of the interface layer) and expressed by the following equation.

T S P
Re= srcvome. T Trc 32 (v/al

The surface leakage resistance Rf is given by the following formula
by surface integration assuming that the surface conductivity is HE.

Hf« £ n(2r/xc')/m HE
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As- green | um nophores, nention nmay be made of those of formula (4) [err] vy
'being at | east equal to 0.001 and at nobst equal to 0.15; those of fornula

(5) [err], y being at least equal to 0.001 and at nost equal to 0.15; those
of formula (6) [err], y being at |east equal to 0.001 and at nobst equal to
0..15; and solid solutions of at |east two of the three products of fornulae

(4) to (6). Preferahl e z]%'.i\ts p | | nost
[err], pref e‘rﬁ)%%ﬂrgi%@"yﬁo%s% [agﬁgr) %ﬂ‘g@%ﬁ'ﬁ’ﬁ{%nﬁf}%;&ﬁ%ép oag%c S may be
prepared by P%H P KPOMR BSRAGRS atienusual procedure adopted invol ves
chamotting o tr?engi des of tﬁ%%grerrents i nvol ved in,the conposition of the
products, optionally gdet the presencegof a flux conprising an al kali netal
such as lithiu or ar al kal i ne +earf feret al ch as barium The present

i nvention al so prqyl @y _appar at u ysiegg | owvol tage |unmi nescence at a

vol tage range of 200 ®&S100V whi ch c&®prises a doped tantalate of yttrium
| uteti um or gadoliniumof the_ above-described type. Everythi whi ch_has

been descri befPhdP8i FREPET FOPieT 88t PETEALeRI98 a0 EARY Aaf s Pacticles
tly al | \ catu t he_invept i on,._ | h

e SR 2 B e, o R

| ow ener gy e;gf{&tahg? .anzhg,h uﬁ@eﬁf}facé Nosl SMELRORNRA SRa1i D AR ridAyClign Of

apparatus involving I owv age lum nescence may al so be effected in
accordance WahBve\Rkrhattisa\\Earp beChiptessed sfProR¥mitale Byy deposits on the

rc'!
Ha-—;—— Rv

Assuming that heat conductivity iz 1 ., and potential across the
particles is U, the temperature increase at the contact point is
- expressed by

S8AT

-0/ e

I1f Ha=l[V/Am], l;=0.2[W/cm.deg] are assumed, we can estimate this _
value as 0~800°C at Usl5vV. For the mixture powder of the particles of
'¥;03S:Eu and the particles of In,0;, it is said that, due to the
presenca of sulfur, the contact points are easily deteriorated by
heat and the flow of gxciting electrons passing through the
conductive powder to ths'gnode is hindered and thus the brightness is

rapidly decreased with lapse of time.

The present 1ﬁventor conducted studies on red luminescent oxide
phosphors excited by siow electron beam which do not contein sulfur
which is otherwise a cause of deterioraéion and hes reached a
discovery leading to the present invention that a coﬁpound e;pressed
by ABO,:Eu where A is at least one selected from Y and Gd and B is at

least one selected from Nh and Ta) exhibits a red luminescence
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scieens by nmeans of screen printing, sedinmentation or electrophoresis. The
“invention is nore particularly applied to an apparatus conprising a field
em ssion display screen. The invention is now further described in the
foll om ng Exanples. As regards the |um nescence properties of the
Accordingly, the apparent conductivity Ha of phosphor corrpact I's given by

the foll F t h xt wd th ticl f

e ol o g SR el P35, L e RELESE e 0 oLl s ©
t d b

e e S B gl P il

conduct i vi t yior6_jeek rd pRRCh RRLRMUE dhe ¥x5ES RBb)E FB%ﬂérdﬁéSibeé&udt%
tenperature increase at the contact point is expressed by [err] If [err]

ar e assuned,checlidfegeinctihtesivld voltsge asr théde lakinbscdrt. madtarible may Xt ur e
powder of the particles of [err] and the particles of [err], it is said
t hat, due t &et hevereéstonskousf 15V |bruappropeiatedy clengirigne scanductdaei | v
deteriorated by

materials such as Ing0; and Sn0O; conductive material. Here, In,0Q;

conductive material means In,0, alone or In;0; doped with tin,
germanium, lead or silicon, and SnD; conductive material mesns SnO;

alone or Sn0O, doped with phosphor, arsenic, antimony or bismuth.

"
The following are exaemples of the present invention.
Example 1
GANbO, :Eu luminescent material was produced in the following
process. G4;0x and Eup,0, were weighed in the ratio of 0.9 mole to 0.1
mole snd dissolved in nitric acid. To this solution, agueocus solution
of oxalic acid was added to precipitate oxalate, which was then dried
and subjected to pyrolysis at 1000 °‘C for 1 hour in the air to
obtain Gd;04 :Eu(10 m/0). 7.135g of Gd;0;:Eu, 5.316g of Nb;0; and 13g
of Li,S0, were blended in a ball mill and reacted at 1000 °C for 16
o/ hours in N:. The product was fired in the air for one hour. The

rasulting product was washed and GANbQ, :Eu was obtained.

As conductive powder, SnO; doped with 1% of Sb was used. This
powder wae prepared by dissolving lg of tin oxalate and 1Omg of Sb
in terms of SnO; and Sb;0,, and then drying and firing at 1000C in
the air.

2g of Sn0; was blended to 8g of GANbO,:Eu and, after thorough
drying, 30mg of the mixture was sampled and mounted on a demoﬁntable

device shown in Fig.l.

In this figure, the luminescent material 4 is mounted on the anode

59591 89 40 T EE
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heat. and the flow of exciting el ectrons passing through the conductive
“powder to the anode is hindered and thus the brightness is rapidly
decreased with |lapse of tinme. The present inventor conducted studies on red
| um nescent oxi de phosphors excited by slow el ectron beam whi ch do not
contain sulfur which is otherwi se a cause of deterioration and has reached

a dlscovery I t ent| t npound & essed by
[err] where ASI? rge‘%%g Fﬁon'els%gﬂlgecte rom Q%é %d and B 1's & eéast one
sel ected frqm AegNdvakatheend ithi tifsfad 8¢ il AGRGREANe de&é‘l‘t%slﬁ 10-b5€ of a

doped tantalate of yttrium lutetium or gadoli ni um&é a | um nophore in the

producti on @bra) thRp@kideUSodted NGL1bnet 2| dadg8ctivatée 2aChGRrate Ro¥ Ol t age
range of 200 to 800V. 2. Use of a doped tantalate of .yttrium Ilutetium or

gadol i ni um adeatdapsi 3 Eher &ilamentn copyeat il 9. 0% mAgand) w valltgeelnl thd nescence
at a voltage range of 200 to 800V. 3. Use according to claim1l to 2 '
wher ei n t he Teag® HfaPelits¥el ﬁ@imseﬂ%yaﬁabﬁewedsﬁm Bbont 3A bendiee tantal um
by ni obi um 4. e accordin laim1 or 2 wherein the tantal ate used

i s doped by bﬁéﬁ”f‘f“&l“s?fo?f’?‘f%t‘ﬁo‘?? &f"ﬁ%@b‘iﬂif“?ﬂﬁﬁ 5P - They Fedptigashia ni um by

a rare eart fL o Chtixe brlinlxgn%slge r), anode current (Ib) and anode voltage

(Eb) is shown 1n Fig. 2 and the luminescence gpectrum at that time
iz shown in Fig.3.
YNDO,: Eu, GATal,:Eu and YTaQ,:Eu had spectra glmost the same as

Fig. 3 except for the variation of the relative intensity.

Example 2

YTa0, :Eu luminescent material was produced in the £ollow1n_g
process. Y:0; and Euy0, were weighed in the ratio of 0.95 mole to
0.05 mole and dissolved in nitric acid.

To this solution, agueous solution of oxalic acid was added to
precipitate oxalate, which was then dried and subjected to pyrolysis
at 1000 °C for 1 hour in the air to obtain Y205 :Eu(5m/0). 4.52g of

A\ ¥;03:Eu, 8.84g of Ta,0; and 13g of LiCl were blended in a ball mill
and reacted at 1000 *C for 20 hours in N;. The resulting product was
wached and YTeaO¢:Eu was obtained.

As conductive powder, 1In;0, doped with Sn was used. This pawder was
prepared by adding 109 of In,0, to an aqueous solution containing
0.2g of Sn ions in terms of .Snoz , drying and €iring at .1000 ‘C in the
air.

2g of Iny0; was added to 8g of YTaO,:Eu and after thorough drying
30mg of the mixture was sampled and excited in accordance with

Example 1. Red luminescence was observed from about 25V and a
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the vi-sible range. 5. Use according to claim4 wherein the rare earth is
“praseodym um europium terbiumor thulium 6. Use according to any one of
the preceding clainms wherein the doped tantalate is a doped m xed tantal ate
conprd sing tantalum which may or nay not be doped and, besides yttrium

| utetium or gadolinium at |east one other elenent selected fromsaid three -
el enents, | apidrrnuse adamiutops U BRds atAddlakysovat | east one dopi ng
element. 7.  Apparatus using | owvoltage |um nescence at a vol tage range
of 200 to 800V which conprises a doped tantalate of yttrium lutetiumor
gadol i nium as defined in any one of clains 2 to 6. '8‘. Appar at us accordi ng
to claim7 FEeP®Mecdnprises a field enission display screen. 5 supported
by the insul ator support 6 placed in the vacuum chanber 1. After evacuating

the inside of ‘T« USTORMBLPE HBTPETS HHLPT FoTBIPIthd 839 de™Dat ed
of 000 ma Bherdea, L 8o e DRI Sineiedies” Foorinf el amnelere obser ved
el at onshi 5 BoaRinkS! GHBE Shelh Fopth. el bek Ml I anode
vol tage (Eb)ohtirud@ii1iracticlirrent?d Dinind8edddl] NARCHAGRTAACTEL Mopt. o Rat tine
SOvV. With the conventional Y,0:S:Eu, the brightness decreases to 50%
or less after about 100 hours as shown in Fig. 4. In contrast, the
present invention preserved 90 § of the initial brightness after
about S000 hours as shown in Fig.4. This ig attributed to the fact

that there 13 no deterioration at the contact interface of the

‘phosphor with the the conductive particles particles.

From the foregoing, the present invention provides a red luninescent
material which is capable of emitting luminescence st low threshold
voltage and is stable fox long pericd of time and accordingly is very

advantageous in commercislizing red display tubes.
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i's; shown-in -Fig. 3. [err] had spectra al nost the same as Fig. 3 exce
“the variation of the relative intensi ty. Exanple 2 [err] lum ﬁ@géénfﬁsgggr(“)
mat eri al  Waks EAOE U B, SHOBREFERP #g process. [err] and [err] were
weighed in the ratio of 0.95 nole to 0.05. nole and dissolved in nitric
acid. To this sol utlg aqueous_ sql ut i*fﬁ‘-‘ﬂ oxalic acid was added to

. precipitate oxal ate, M W& Bn drtgd.#nd subj ected to pyrolysis at
[err] for 1 hour in the air to obtain [err] 4.52g of [err] 8.84g of [err]
and 13g of LiCd were blended in a ball m |l and reacted a%{l O [err] for
20 hours in [err]. The resulting product was washed ¢a|1_ [ S obt ai ned.
As conductive powder, [err] doped wth Sn was used. This povvder was
prepared by adding 10g of [err] to an aqueous sol ution containing 0. 29 of
Snions in terns of [err], drying and firing at 100 29
of 1n203 was added to 8g of [err] and after t hor ofi
m xture was sanpled and excited in accordance wth
| um nescence was observed from about 25V and a bri P5
[err] was obtained at SOV. Exanple 3 [err] prepared fpy a process sim’lar“to

Exanples 1 and 2 was 5-’"‘*\23/‘\//

g '
VAC
%2 .
%3
0 - 42
Br . ip
. {(Fe.L) (mA)
o/
SOt
8500 A 4000 A 55004
P 0
0
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blended with [err] and this | um nescence material was nounted on the

derfount abl e devi ce shown in Fig.1 and was caused to emt continiBE&ES7dl 68982 (5)
cufrent | um nescence. The brightness was [err] at 50V. Wth the

copveritional [err], the brightness decreases to 50% or |ess after about 100
hogrs as shown in Fig. 4. In contrast, the present invention preserved 90 %

of fthe initial brightness after about 5000 hours as shown in Fig.4. This
islattributed to the fact that there i¥ #ofdeterioration at the contact
i ntlerface of "the phosphor with the the conductive particles particles. From
thd foregoing, the /BP¥sEnt—Tmrent+on—provides a red | um nescent nateri al
whijch is capable of emtN\ ng |um nescence at | ow/t hréesmora—vofrtage and is
stdble for |ong rod of W me and accordingly ¢s very advant ageous in
cormerci al i zi ng red di $pl ay \ubes. [err] [err]

sox |-
& 03y - 1

9 700 /000
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