2242063 Title: METHOD FOR MANUFACTURI NG PHOTOSONVERTER Thi 8 1 nventi on
relates to a nethod for manufacturing a photoconverter and, nore
particularly, to a nethod which is suitable for manufacturing a2242065
phot oconverter for 5 absorbing incident |ight froma radiation source to b
excited and emtting |light having a | onger wavel ength than that of the

I ncident |ight on the basis of an enission'peculiar to lum nous atom or on
di -quantum or nul ti-quantum emni ssion baS|§It A phot oconverter of the
type referred to is capable of performng The enission peculiar to the

| umi nous at om or the mul ti-quantunmenission with the incident |ight from
the radiation sourcej N | SiloPHEHRVERIPERCI €NCY,

as provided, for exanple, pert phery o ube surroundl ng the
radi ation source, that is, on the inner or outer peripheral surface of a
lanp tube in the cmaﬁsoﬁnwndwig&taht&s St e l:ml:hé@nﬁoraﬁdntxha&tahdubd

find ful wh d h_| lik

Ccampl & of - genBr FHGE TP SEEBh Arbkon Poreo, BarELeut AELVaccEn: @ BS5PRnce
used in flwhichcdst shitgable for marufdctiring escphototanyertesi fgr t he
oo hes > BREBRBING® Iie AU 06 0BKE! Wiom d ERal HELBASELIAL! £80Ye

r eaches about

err rel ativel exl st
| anps. Fr oneXch&edi ansdi ﬁi‘u&Fl@ﬂeer}é‘énmf&l éf f1|°é'49§¥'cywaUﬁ1F
- 2- than that of the incident 1light on the basis of an

emission peculiar to luminous atom, or on di-quantum or
multi-quantum emission basis. '

10 A photoconverter of the type referred to is capable
of performing the emission peculiar to the luminous atom
or the multi-quantum emission with the incident 1light
from the radiation source for its photoconversion at a
high energy efficiency, as provided, for example, on the

15 periphery of a tube surrounding the radiation source,
that is, on the inner or outer pefipheral surface of a
lamp tube in the case of an elongated or spherical lamp,
and thus should find its usefulness when applied to such
lamps and the like.

20 ~ An example of generally utilized photoconverters
is fluorescent substance used in fluorescent .
lamps. In . such fluorescent lamps using the (W

fluorescent substance as the photoconverter, their
luminous efficiency reaches about 804m/W, which is
25 relatively high among existing lamps. From the
viewpoint of energy conversion efficiency, on the



other hand, there has beén a problemthat the fluorescent |anp can utilize
only about a quarter of the input energy while the fluorescent substance
itself shows an efficiency of utilization of only I ess than one half of the
[ npub-‘ds excitation l'i ght, and thus, that theoretically no

suf fiCi ent | umi nous. effici ency has been gained. For solving the above-:

problem the prRsfii HahEN He b d® JOER BHaprovagastathtastiik SEl @Sessddht
U.S. Patent No. 4,710,386 (or corresponding U K Patent No. 2,167,428 or 10
German Patent 34 @dreaitdsssodly dbowd a3dquaBlérblof aHE0oimonVveidfy
in which the um nous atons having the atom stic property are fixed
as di spersed whifl®rithe rilaidmskcdret ssillsé tanoes pesarfibsicows an giif £ smiexscy 0
be substantially individually isolated fromone another so 15 t hat ,

upon incident ofbfutilihétionhef pirlwcdeser ttdran ignexdbialdd ¢H ¢aeselgach
exciting photon to enmit two or nore photons for realizing the

mul ti - quaist um exRcidiagrion  [Lighdnuf agndri nghushi s thed ocsheeresicadhg ofno

such working techniques as Langnmuir's filmform ng nethod, superfine 20
particle formswffimientd lukinrus effbyieney hay berr BAIN@fcrofi I m

form ng nethod and so on nay be enployed. In manufacturing the

phot oconverter wit i?%cﬁo%\ﬁ%kgn&hﬁeﬁpﬁ"fﬁlePagbﬂ-ﬁnk'het%%O\Pg,esI‘?G\Eev’e‘?‘{ertm e

has been a probt em
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Iur’rwous 10 German Patent Offenlegungsschrift P - 35 3 881.6) a

photoconverter in‘.which the luminous atoms having the

atomistic property are fixed as dispersed among

intemediate substances' permeable to light so as to be

substantially individually isolated .from one another so

15 that, upon incident of 1light, the photoconverter is

excited to cause each exciting photon to emit two or more

photon.s for realizing the multi-quantum emission. - In

manufacturing this photoconverter, one of such working

L/’ techniques as Langmuir's film forming method, superfine

20 particlé forming method, super alloy forming method,
microfilm forming method and so on may be employed.

In manufa’ctufing the photoconverter with such working

| technique _.as in the above, however—, ‘there has been. a

prob'lem' in respeci: of the production efficiency and

25 econ‘qmics as well, and it has been desirable that

sub's'tantially the same level of the production efficiency

and economy as the fluorescent substance in the ordinary

fluorescent lamp which emits 1light with luminous
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-3- ultraviolet ray due to a Iom1pressuré ﬂercury Hlsbharge i rradi ated and
converted into the visible light will be realized. That is, in the
matwf act uri ng nethod of the ordinary fluorescent |anps, it has been only _
necessary 5 to apply a solution of the fluorescent substance onto the |qur
surface of a glass tube, to dry and fire the applied solution, and
thereafter to tightly seal nmercury and rare gases in the glass tube, so as
to be extremely highly efficient in production, and it has been demanded 10
that a method is provided for allbw ng the phot oconverter excell ent
in the easy usage to the sane |evel as the fluorescent substance in such

fl uorescent u tyre

i nvention i s‘ha%svff%eref%%g &‘?% Héogl e a%ﬁlﬁ rﬂ&fcdﬁf u‘?iﬁ#ge
photoconvertknradiaﬁﬁdﬁﬁmﬁe0¢uﬁ¢n§e@ anbﬁsthﬁevﬁsx@d&lixﬂhﬁnWi%labe as

i ndi vi dual | M:éa?Pi?é&d V“I‘th”i@ sqly G\:ﬁ’@”ﬁﬁﬁuf&étﬁi‘lﬁg‘ &"dt‘h%dpe&f'%ﬁé to the *

| um nous at ons uant umor multi- quant-um eém ssi on, and

excellent|IPWQEPQ%&yfﬁgaﬁégFﬁnFhéayaﬁe éﬁfﬂﬁsageﬁﬂeqﬂ%ﬁn%@%@ﬁ?a§%bstance
used in tge dd ugppigeal sSlPSion hogudinesi Flhorestent sukstared nohbe met hod

and with & Mg SPBET; BRERPOPTACE (St BPatncER: AV, an it nig. t he

present i nveappbte@rmluﬂémm, rm@othémaf@mfmttlthngln ghalonenmr?er for
a1 | east 2N SPkEE PECEL! Bh Lol YTLBRUTWROTSo Ui RbeCeRKPEREy "2V N0

a Iun1nous su stance ayer In
highly efflclent in production, and it has been demanded

10 that a method is provided for allowing the o
photoconverter excellent in the easy usage to the same
level as the fluorescent substance in such fluorescent
lamps to be manufactured. _
A primary aim of the present invention is,
15 therefore, to provide a method_fer manufacturing a
 photoconverter in which the luminous atoms are fixed in
atomic state as individually isolated within a solid
member for an em1ss1on pecullar to the lumlnous atoms,
or for dl-quantum. or multl-quantum emiss10n, and
20 excellent in the easy usage to the same ‘extent as the
fluorescent substance used in the fluorescent lamps,
through similar steps to those in the method for
manufacturing .the fluorescent substance in the .\J.
fluorescent lamps and with a highly efficient industrial
25 producibility.
Accordingly, the present 1nvention provides a method
for manufacturing a photoconverter for at least an
emission peculiar to luminous atoms, the photoconverter
having a luminous substance layer in which luminous



Z4- substances are fixed to be substantially ‘individually isofated within a
matri x substance perneable to visible light, the | um nous substances being
for absorption of incident Iight froma radiation source to be thereby 5
excipgd to convert it into a light of a |onger wavel ength than that of

t he fici dent |ight, wherein the nmethod conprises the steps of fornming a sol
by obtaining a m xture solution of a matri x conpound capable of formng a
sol -gel filmcontaining said matri x substange_10 conponent with an acid
chl ori de compound contai ning | um nous atons, formng said sol into a
coating over a substrate conprising a glass tube, and thereafter cal cining

sai d coating to sabstanced SarécEixed tée wnmaﬁ@ﬂsl 'rigxdivieihainy

di vi dual | at, 15 ., f t
the cal cinat i on tBPOREREoI ARG & dfatEt S fante pebpeatie, 525 iRinIY
subst ance at Ieaiughte ﬁmexiumﬁmoms1shbsganapscweing|fqroabgerpplandof
Lerr]. 20 ficient! | P P{‘t"fMWQer%%i%:'i d & aidy By WAy

exanple, with re?erence to e draw ngs RE ™ TS a |ag am
showi ng the sBepexaitedecitRdigrmvest tht ninted dorlightf aefur Bnglenger

photoconverter agaQedength tHih RIRICBE 'tElY@”ih@i’deﬁ:Gh&hts %@z@i&'ﬁrﬂhe

showi ng schematically the stgte of _sol attained In fqQrmng ste

D 0
FIG 1; FIG 3 i&ekhod,comprdises fhe fteps %ctfmg\uae\ﬁ% by botatning

a mixture solution of a matrix compound capable of

forming a sol~gel film containing said matrix substance

LJ 10 gomponent with an acid_chloride compound containing

luminous atoms, forming said sol into a coating over a

substrate comprising a glass tube, and thereafter

calcining said coating to reduce and sinter it, the

luminous atoms being fixed in individual isolation in

15 mnmicrofine pores formed in the coating by the
calcination.

Preferably, the sol forming -étep employs as said
matrix substance at least one selected from the group
cbnsisting of Sio, and A1,0,.

20 The invention will now be described in detail, by
way of example, with reference to the drawings, in
which:-

O FIGURE 1 is a diagram showing the steps in an
embodiment of the method for manufacturing a

25 photoconverter according to the present invention;

FIG. 2 is a diagram showing schematically the state
of sol attained in a sol forming step of FIG. 1;

FIG. 3 is a schematic, fragmentary sectioned view of

. the film formed at the film forming step after a primary

30 calcining step of FIG. 1;



the filmformed at the filmformng step after a prindry 30 calcining step
-5- FIG 4 is a schematic, fragnmentary sectioned view of the
phot oconverter obtained after a secondary calcining step in the >
menuf acturing method of FIG 1; FIG 3 iss_a diagramfor explaining the 1"; _
energy level of 5 Fe atom enployed in the nmethod of FIG 1; FIG 6 is~an

of FIG

expl anat ory di agggm f0r; £X£1 d A drdle fhar ﬂ&&g@gggsgggegﬂgngaotgfmvsy er

obtained with Fe atom enployed in the neth

expl anat or ythéi gHcBedriVerdest BBUSiARG afey agt edd WrdesSry OkaliB€nin
phot oconverter obtained with Fe atom enployed in the nethod of FIG

1;

IS

FIG 8a is stepxphaBhéomyindfagtasi hgr mebreapbEorIgpettrum of Fe atom _
enployed in the method of FIG 1, FIG 8b is a diagramshowi ng a main peak
absorption 15 FI€pebtisnafdlagnamnfos akphabhihbethboenesgyeleégel wokh Fe
atom enpl oyed, as obtained through the steps of FIG.1; FIG 9 is an
expl arat or yFei agemnenpioyednsnt the metbeflonfoFIGa &tom enpl oyed in the
method of FIG 1; FIG 10 is an explanatory diagramfor the transition 20

em ssion of Na BI®m efpl b§edann exelaprahenyof dFpgram afofi xedcihationic

-11 is an explanatory diagramfor the |um nous characteristics’

state;

of the phot®RBFIEELELSHEERI R
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*-FIG . 12 is a diagram show ng_the steps in another
atom employed in the method of "FIG. 1;

91_

an

FIG. 7 1is 'an explanatory diagram for 1uminous.

characteristics of the photoéonverter' obtained with Fe
atom employéd in thé method of.FIG. l}:

._ FIG. 8a is an explanatory diagram for absorption
spectrum of'Fe'atcm employed in the method of FIG. 1;

FIG. 8b is a diagraﬁ'éhowing.a ﬁain peék aﬁsorption
speéfrum for luminous atom of the photoconverter with Fe
atom employed, as obtained through the steps of FIG. 1;

FIG. 9 is an explénatory. diagram for transition
emission of Na atom employed in the method of FIG. 1;

FIG. 10 is_an explanatory diagram for the transition
emission of Na atom employed in the method.of_FIG. l as
fixed in atomic state;

FIG. 11 is an explanatory diagraﬁl for the luminous
characteristics of the photoconverter obtained with Na
atom employed in the method of FIG. 1;

FIG. 12 is a diagram showing the steps in anothei‘

‘embodiment of the method for manufactﬁring the

photoconverter according to the present invention;

FIG. 13 is a schematic, fragmentary sectioned view of

h RBChEPEANERBEeYePRtRiNRA nwiltbd Be FI G



enbodi ment of t he met hod for manuf act uri ng t he phot oconverter
according to the present invention; FIG 13 is a schematic, fragnentary

sectjoned view of -6- the film fornmed at the primary calcining step
in themethod of FIG 12; FIG 14 is a schepmtic, fragmentary sectioned
vi ewof -t he photoconverter obtained after the secondary calcining 5 step

0 the method Qndl @12 eBffeal%at o BB CEPLANRYOIda AU L¥lep! NEneNERGY

| evel of Sr atomenployed I'n e et ho 12;

expl anat ory di t e y level of M atom enployed in the method
of FIG 12; 10%&{85%&&*‘&19@8 an explanatory diagramfor the | um nous

characteristics of §gatom £aphoyetlenBribs FRhGAENChrY! Gectdoned Wikd of
the atomc state; FIG 18 is an explanatory diagramfor the |um nous

characteristicsid phoedbosheabteyedbtaihba aEtBed the Bdeonkhary ddiwing
fixed in the atomic state; FIG 19 is an explanatory diagramfor the

| um nous char acdtedp Sin Ch® méEhad OHE erpd OYEZ); i n the nmethod of FIG 12 and
fixed in the atonmic state; FIG 20 is an explanatory diagramfor the

| um nous 20 charepag eristis sawfetpkapdidme ochneaytam Sy aibre ceridrayuglevéke
method of FIG 12; FIG 21 is an explanatory diagramfor the energy |evel
of Li atom enplafyeSk iatdnncempel dwed oin Rie ndethdd @f BIGs Iy expl anatory
di agram for the-lum nous '
FIG. 16 is an explanatory diagram for the energy level
of Mn atom employed in the method of FIG. 12;
b 10 FIG. 17 is an explanatory diagram for the luminous
characteristics of Sr atom empl_oyed in the method of FIG.
12 and fixed in the atomic state;
FIG. 18 is an explanatory diagram for the luminous
characteristics of Mn atom employed in the method of FIG.
15 12 and fixed in the atomic state;
FIG. 19 is an explanatory diagram for the luminous
characteristics of Fe atom employed in the method of FIG.
12 and fixed in the atomic state;
K./ _ FIG. 20 is an explanatory diagram for the luminouc
20 characteristics of the photoconverter obtained through the
method of FIG. 12;
FIG. 21 is aﬁ explanatory diagram for the energy level
of Li atom employed in the method of FIG. 12;
v ' FIG. 22 is an explanatory diagram for the luminous
25 characteristics of Li atom employed in the method of FIG.
12 and fixed in the atomic state; |

FIG. 23 is an explanatory diagram for the luminous

characteristics of In atom employed in the method of FIG.
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25 characteristics of Li atom enployed ih the méthbd-of-*FIG 12 and
fixed in the atomc state; FIG 23 is an explanatory diagramfor the

| um nous characteristics of In atomenployed in the method of FIG -l
12; FIG 24 is an explanatory diagramfor the |um nous characteristics (’)Lg
Na atom enployed in the nmethod of FIG 12 and fixed in the atomc state;. 5
FIG 25 is an explanatory diagramfor the |um nous characteristics of In
atom enployed in the nethod of FIG 12 and fixed in the atomc state; FIG
26 is a schematic, fragnentary sectioffed View of a phot oconverter in

anot her enbodi nent according to 10 the nethod of FIG 12; FIGS. 27 and 29
are di agrans éqr showi ng schematically respective nodel s in which

t he phot ocont@iter is produced, for explaining sintering tenperature

adj ustment in th&IGst [R4 Hscendiexplianatioeryl 5 iagsant fonvEhel dymifa@® 30 to

o e pons SRS el oSyt Ly b s BT
shift 20 nod&I&.ofl2 padk Bixed dn Ahes &at®ponding to FIGS. 27 to
29; FIG @3 is apdicagrzsn {8r aﬁxﬁﬁl@ﬂ&o&ﬁe PLH SN EPbr 2R es Ahinitiby t he
sintering ten%%&.%&: e%:.lsq:ltchse g? In atom employed in the method of
FIG. 12 and fixed in the atomic state;
FIG. 26 is a schematic, fragmentary sectioned view
of a photoconverter in another embodiment according to
10 the method of FIG. 12; ' : u
FIGS. 27 and 29 are diagrams for showing
schematically respective models in which the
photoconverter is produced, for explaining sintering
temperature adjustment in the method according to the
15 present invention; |
FIGS. 30 to 32 are dlagrams show:.ng energy shift
models of the fixed 1luminous -atom, corresponding to
FIGS. 27 to 29; _ ' _
FIGS. 30 to 32 are diagrartls showing energy shift
20 models of the fixed luminous atom, corresponding to
FIGS. 27 to 29;
FIG. 33 is a diagram for explaining the adjustment _
and setting of the sintering temperature in the method o/
according to the present invention; and
25 FIG. 34 is a diagram for explaining the radiative
transition of Na atom in the excitation of ultraviolet
light due to general mercury discharge. |
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according to the present invention; and 25 T CFIG 3%is a di* agramfor
explaining the radiative transition of Na atomin the excitation of
ultraviolet light due to general nercury discharge. -8- Reference wll
first ‘be made to Fig. 1 of the draw ng which shows schematically a nethod
for fEnufacturing a photoconverter according to the present invention in
which a m xture solution is obtained first 5 by mxing a netallic atom salt
of desired | um nous atom such as ferric nitgate [err] containing Fe atom
with water [err] and an al cohol such as ethanol [err] to obtain a density
ratio of Fe atonms to Si Q2 nol ecul es of about 1:1,000 so that they wll be

at 1:1 in volune 10 rRegleremde awidl afwsétdméeﬁuad@ew OFig.Next ofntagual
anount or nore of a matrix co oung‘&vvhlc ce mater,i.al ,of _a

orT StbetanccarBuiR L SERY BhakE ¢ neRamat bty S ar anaiiea S| £hr
anor phous sili cam@nufinctxbrihgwal phinkddonventterk axdotdingr té the present

phot oconvert er) ,nanf X0 14 L 1Lhe aA4AYRMH I Fuoli 1 ONonth t Hed ¥atcal

drops of such a sBUrce - mat ari um-nous™ at om as undiluted
nitric acid aﬂdehy mixinge At mtamlmmoyblsﬁltomﬂ sdesiredt luvingns2aton

tenperatures, |.guch aQQUtfeE:%"J.E'J rﬁ'i:r'i"t'ég 'ﬁé (ltld’l 9al esbntHin BiGPe eatbﬂ @u"t?:n ge

of about 50 to [err] and agitated, f r3el3at|vely long tine,
exanpl e, several VAbEEs fizPa I Ende@/l%ﬁ’kp%l gich TRBoLgRRRRPL ﬁpﬁsﬁa i
t he obtain a density ratio of Fe atoms to SiO, molecules of
2
about 1:1,000 so that they will be at 1:1 in wvolume
U 10 ratioc or at a ratio adjacent thereto. Next, an equal

amount or more of a matrix compound which can be a
source materia:_l of a matrix substance, preferably,
tetraethoxysilane (as a source material of amorphou's
silica SiO, which will be the matrix substance of the
15 photoconverter), is mixed with - the above mixture
solution, with several drops of such a source material
of salt of the luminous atom as undiluted nitric acid
added.

The eventual mnmixture solution is kept at normal
20 temperatures, i.e., about 20°C or slightly heated, for
example, in a range of about 50 to 60°C, and is agitated
_ for a relatively long time, for example, several hours
(Y to a whole day and night. Through this agitation, the
solution is made to be a sol, that is, such a silica sol
25 as shown preferably in FIG. 2, in which silica colloid x

is present dispersed in the solution.



solution is nade to be a sol, that is, such a silica sol 25 as shown
in FIG 2, in which silica colloid [err] is present dispersed in
t he sol ution. -9- Next, this mxture solution nade into a sol is applled

preferably

to-=a surface of a substrate,
so-as to be a coating thereon,

heated in t

[err] for 1 to 2 hours, to execute a primary cal cination, duri

such as .aminner surface of a |anp gl ass tubq
and then this substrate wth the coatlng st

he Syextat mwhﬁiﬂtaﬁeasbwh%nt REBE 3hibea shHer 1§X§gB \Mfled about
n

coat i ng |Stodacemaﬁaed of N OsuBstBhteX SUBARL aacanlanﬁ%stsﬁkfaeeoéf a

anor phous silica Si O having a nunber of nicrofine pores and [err]
lappr gdassheubelt ao ais who chei a evarttirg] | shexamed dma pepdyce FeO

in the 10
with [err]

IS subgected to a secondary cal cination in an 15 .
optmogphgta @t tae higherat hempavaturer sfeh exangletenpeoature as

noNoXi
100 to [err

I ch the

retalned

scattered, as shown in FIG 3, in which a nuneral 11 denotes the
substrate. tbis, shbstubterawdthl dherhiadatimg natisi x edtstdancin 12the fi xed

for a relatively short period, so as to be reductively

sintered, anA0SCpRBTokokVe? t BPUFS, pitod RNEFULS 2 sPHiIBREY falaipatitn,

substrate 11. . In this event, it wll, be 20 %gfre0|ated by any
skilled indUufhBg Fhich nthe (¢RatiRgi ritg dect‘é‘fﬁfé?
i m.nar,i | set admi ni strati on a feedback

sERstaRcR Ll FORaLEREnE| T (ARTRPRANS, BALEPBq S4B, AT Nt on ot g

subj ect ed
adm ni strat

to

in which thgulgn1no%§ at ons

10

mlcroflng pores and Fe(NO3)3 retained in the

pores,_the latter of which is eventually caused to produce

FeO with NOX(NOZ)_scattered, as shown in FIG. 3, in which

- a numeral 11 denotes the substrate.

15

20

25

Next, theISubstrate 1l on which the matrix substance
12 is fixed is subjécted tb aléecondéry Calcination in an
atmosphere of darbon moﬁoxide or hydrogen or the like
atmosphere, at such a high temperature as 100 to 1,000°C
for a relatively short pei'iod, so as to be reductively
sintered, and a photoconverter is produced as a sintered
film on the substrate 11. In this event, it will be
appreciated by_ any one skllled in the art that the
calcining temperature - history is subjected to a
preliminarily set | administration or a feedback
administration for rendering the film to be of a desired
size in the pores in which the luminous atoms are
contained.

In the photoconverter produced as reductively
sintered, only Fe in FeO is reduced, Fe atoms are retained

in the microfine pores of the matrix substance 12 as made

at nosphere of carbon

uf@to hPst%@?rlxls

one

v
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25 contained. In the phot oconverter -  produced as reductively
sintered, only Fe in FeOis reduced, Fe atons are retained in the mcrofine
pores-of the matri x substance 12 as nade -10- individually independent,
and soch a fixed film13 as shown in FIG 4 110 caused to be fornmed on the
substTate 11. Wien ultraviolet ray emitted by a nercury discharge is nade

i nci dent on t hi sn@hei@sanyver tievdepenideatf,or ah@f dsuch t&hi sixéaxetilfi A3 48,
the lumnous atons absorb this ultraviolet ray to be thereby excited to
cause an em Ssi shownahai FIGn %o isccoeayuseadidtbhéd | formad loa uthd | gelbdstBate
fl uorescent substance which emts a desired visible [ight. In the concrete,
the ratio of thelnunbeenofulkraatioletlGay emittedshbecik tmexdurnudbschafgsi
atons was selected to be 1:1,000 as the lumnous intensity in obtaining the
filmin the enbdsli mede dincid@ntl,on n thiiischPhoteconventer bden thendoxmatof he
phot oconverter obtained has shown the property of atomic state ]
substantiaPly cbrigspbitedg fblmheldnertfje 151umingys| atome 2RsPER sHoiwm
in FIG 5, that is, _such excitation property of the relative excitation
strength hi gh WwhAikraesptet ¥ay:he RRErerRhh SXCikednto 228Ree 2N sFpiFsien

W th respect {cCEARSSBON By Gsvn a8 tRoIdM 4SPAmbe utilffed | psc’s
"D FI G 6 arc ohirabeersat sngeaREE T Pt & deelrof eR R igHer
Fe atomitself shouig @RBe%Bn%£8%29 the ratio of the number of Fe atoms
N\ 10 with respect to the number of Si atoms was selected to be
1:1,000 as the lumihous intensity in obtaining the film in

the embodiment of FIG. 1, in which event it has been found

that the photoconverter obtained has shown the property of

atomic state substantially correspénding to the energy

15 level of Fe atom as shown in FIG. 5, that 1is, such
excitation property of the relative excitation gtrength

“ high with respect to the wavelength of around 240nm as

shown in FIG. 6, and such luminous property of the

Lv/ relative luminous. strength high with respect to the

20 wavelength of around 450nm. In this case, three
absorption spectra appearing in the excitation property

shown in FIG. 6 are characteristic to Fe atom, while the

absorption spectrum of Fe atom itself-éhould appear around

- the wavelength of 250nm and 270nm as shown in FIG. 8a. 1In
25 the ‘photoconverter according to the preseht invention, on

the other hand;,; a slight deviation of 10 to 20nm is caused

to occur in the energy level due to a weak van der Waals

coupling of Fe atom to adjacent silica substance, so as to



t he wavel en

gth of 250nm and 270nm as shown in FIG 8a." In 25 t he

phot oconverter according to the present invention, on the other hand,

sl ight devi

ation of 10 to 20nmis caused to occur in the energy |evel

a
due_.

toa, weak van der Waals coupling of Fe ates to adjacent silica substanc
cause the absorption spectra to appear around 240 to 250nn1of

ghlisds tﬁeowesbeﬁ'éhen SBeRda t%ushgge%g aA-Buhle z%cqof $9o@kOm €

so=as to

t he wavel en
state which
However, a
i nvention a
peculiar to
hi ghly effi
ul travi ol et
so that the

subst alkce f eppuseintetihe theugpsterdnverer | pft theenposlsernt iafeftConl
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phot oconverter will be extremely useful as the fluorescent

It

to execute a filmformcontrol in respect of such finishing 15
condi ti ons allpWe fi Ibhuks exlatheemigsicy, of | khet Masledengthexifet0mf tohe

e and so on, by nmeans of an addition of any additives for

controlling 5H§mpcRQﬂPlecﬁrst tPbdie oatewEzavigth dthRetetcbtapiors ofndthegr ee
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f I tion f the solution for_form
E‘;ﬁd gvé#\’[eﬁzﬂq e?r‘ne’g?ﬂ?m‘amlf‘gﬁﬁé?afl Fé'af"éﬁile&t TGy, Lont? &P
by means of low pressure mercury discharge, so that the

photoconverter will be extremely useful as the fluorescent

- substance for use in the fluorescent lamp.

15

20

25

In.the embodiment of.FIG. 1, it is possible to execute
a film form control in respect.-of such finishing
conditions of the film 13 as the density, film thickness,
extent of the atomic state and so on, by means of an
addition of any additives for controlling the porous
distribution (size or diameter of pores and degree of
dispersion), setting of the ratio of the number. of the
luminous atoms versus the number of .the matrix atoms,
setting of the concentration of the solution or the number
of application of the solution for forming the coating and
eventually the film, temperature régulation, controlling
of sintering temperature history and so on, as .occasion
demands. On the other hand, it is also possible to freely
vary the fluorescent color by altering the luminous atom
itself, and an emission peculiar to the luminous atoms or

a di-quantum emission can be realized highly.efficiently

% setting of the ratio of the nunber of the 20 | um nous
ul Fﬁ@lﬂ&ﬁEeFaﬂﬁtQhEen@ﬁﬁ@%&ﬂ?ﬁﬁlc%ﬁﬂ?%ﬁgOBFa%ﬁédcéﬁ%ehﬂration
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ng
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of sintering tenperature history and so on, as occasion 25 demands. On
the other hand, it is also possible to freely vary the fluorescent col or by
altering the lumnous atomitself, and an em ssion peculiar to the | um nous
at oms—6n, a di - quantum eni ssion can be realizeglpyhighly efficiently 12 by
enpl 6y4+g different ones of the |umnous atons, as has been al so discl osed

in the foregoi rlsg{ %é,%l&fm&tab?fefleﬂ%ﬁéé- ofthgihd heudiHdhd i d#Brss, f& "REsi N

accordance with net hod described with reference to the enbodi nent

of FIG 1 with péénsaiddr aeechpsagdesnr achdretfddddoidiPmMusal.t aadehbe nNo.

| um nous atom of, for exanple, Na atom this |lumnous atomis caused to
eXxecute the enm&s7pg, 38RNsition as in FIG 9, and such enmission transition
as in FIG 10 which 10 presenting a slight energy shift and broadening

i s made to be showWign f itkieng:-him af Dbmi st Boxmedi instaaicordavizen warth the
ultraviolet ray of 254nm havi ng an energy of about 4.9V is made incident on
this film>5the meghedi described wighl yeEefeoicenttioy tthe enbagisrendx@f afTén

| evel of the same 15 energy, for exanple, to a P series level, the thus
excited energy 1wkt tlee egod of ermed iy t podesiHaest mahald igh afmceit ed D
series due to |evel_ overlapping of Na atomw th an _adjacent series, a blue
series visibl e ¥R HPHROLS ALPR | OFr of 0" ErAEPlere N RNWr oD BP1Inousd

3P2/ 3 20 | evel d tiall a |l ow ,series. resopnance ,
fadi ati on transEoBniB! SRUERNER SERECRESM tfe SHARSTEDetTERSLhaOHr Gfdtn

level are mgﬂﬂﬂigffbylgg&'%u%%u%%iégion transition as in FIG. 10 which

O 10 presenting a slight energy shift and broadening is made to
be shown by fixing'Na atom in the atomic state. When an
ultraviolet ray of 254nm having an energy of about 4.9V is
made incident on this film, the light is excited highly
efficiently to a higher excitation 1level of the same

15 enerqgy, for example, -to. a P series level, the thus excited
energy is subjected to a transition therefrom to an
adjacent S or D series due to level overlapping of Na atom
with an adjacent series, a blue series visible radiation

K\_, transition of a first step therefrom to 3Pl/2 and 3P2/3

20 levels - and sequentially a ' yellow .series resonance
radiation transition of a second step from the same level
to the ground ievel are highly efficiently caused to
occur, and such visible light emission peculiar to the

- lﬁminous atoms or di~-quantum visible 1light emission as

25 shown in -FIG. 11 can be efficiently performed. For the
luminous atoms, it is of course possible to éelectively
employ any other atoms than the foregoing Fe and Na atoms.

Referring next to FIG. 12 showing another embodiment



occur, and such visible light em ssion peculiar to the | um nous atons or

di -quantumvisible [ight em ssion as 25 showmn in FIG 11 can be
efficiently perforned. For the lum nous atons, it is of course p055|blgﬂc
to~selectively enploy any other atoms thapsthe foregoing Fe and Na at OB’y
Re"-.f.:fri ng next to FIG 12 show ng anot her “enbodi nment - 13- of the nethod

according terft BBepnethBl hB¥BREIAG th@he preRefd dadentTBhNOUnEPE is
manuf acturi ng a photoconverter in which three different |um nous atons

contri buti vprboitedpectnethed! Goed mahefa®tuPing €@ FHhatSSshfeiwk bige B 5
are fixed in the atomc state. Mre specifically, in the present

enbodi ment , whitehni khnee sdiififerent! tlhmimetal | atoasomesaklibatpvepated by
mxing, in addition to J[err] and [err] at such optimumradio as 1:2:1 in
the atoni c "eapecyivat colored emimsion xofigredeB.i greenl Gaethdyblie Bane
steps as those in the enbodinent of FIG 1. |In the present instance, the
t hree di f f eRERAt fhBed| inctheopbomicdistédeafter the primary cal cination are
made to be in nmutually separated state as shown in FIG 13 and, when the
filmi13 is attalMfEl ofPeRefiIGallysybins afhke 1 Prafesigh embeddaessdar fhe
calcination_,for the ieductiv .. the three different |um nous

atoms are sBPEFEFEI §OLP&kLAD; ﬁ%t% ggg{?:ﬁn- 1§‘1Cataé:°<¥§ SHdwn § nP¥PRRred bYhese
atom for RCBHfe BapadiFioy ¢ ERtidslag Bl AE TR £ a8 s
and 16 as V\@u:hagpgi&eréﬁggrragdlt:Q:\.ll\.’i tirxll rt?{eera né:n?ict Odért‘s?ii?ynbggii_{rg.nt of
10 This mixing step is followed by the same steps as those in Q;)
the embodiment of FIG. 1. In the present instance, the
three different metallic atoms oxidized after the primary
calcination aré made to be in mutually separated state as
shown in FIG. 13 and, when the film i3 is attained on the
15 substrate 11 through the secondary calcination for the
reductive sintering, the three different luminous atoms
are separately fixed in the atomic state as shown in - FIG.
14. These three different atoms of Sr, Mn and Fe which
are the respective luminous atoms for R, G and B are of
20 . such enérgy levels as shown in FIGS. 15 and 16 as well as
FIG. 5 referred to with reference to the embodiment of
FIG. 1, so that, due to .their fixation in the atomic
state, their excitation by the ultraviolet ray of 254nm by
means of the Imercury discharge will cause the three
25 differen% luminous atoms to execute .respectively a
fluorescent emission slightly vigorous in red, green 6r
blue color as shown in FIG. 17, 18 or 19 while

accompanying a slight energy shift. When these Sr, Mn and



FIG 1, so that, due to their fixation in the atomc state, their
excitation by the ultraviolet ray of 254nm by neans of the nercury
di scharge will cause the three 25 different lumnous atonms to
execut-en respectively a fluorescent em ssioAd4slHi ghtly vigorous in red,

greerm\or blue color as shown in FIG 17, 18 or 19 while acconpanying a
slight energy He fdtondedxrd heiseedrin My vatlio of ldbolke hiDnb i ethe xedhber a
ratio of about 1:2:1 in the nunber of atonms, it is possible to obtain a
phot oconverter off atodsfi $h ésl possibde ovhabeaimdaepboekbenhventehe ofol ar
rendering with three primary colors R G and B contained 5  respectively
at a proper anodrittizh séwiwsionFla8 20whSileceand nexigied lease, itsr thed aglor
atons show the peculiar em ssion of the |um nous atons or the di-quantum or
mul ti-quantum rendessing wigt thpeehpghmasyf ic@lansy R, ¢ hanghd wrumained
as a whol e of the present enbodi ment 10 provi des an extremnely highly
ef ficient 2ni ssiespectriNelierat vihar AR Rt ARWHoVR PSR BheFHS: 1%%el as
shown in FIG 21 is enployed in place of Sr atom the Li atomas fixed, in
the atonic state iSi%ctivdhis G suPh ING MR TEMS FHUL| Uit REHAAF i n
FIG 22, and substantially th sage 15 effect as intthe bove can be
attained. Furf™Metsion € athe pdUBEBPEs: o2LABS: | Phit et JLINARTR ©or
provides an em $sion of such energy.level _as in FLG .9 a ch_atom
state as in FI G2 AR ome\'m!% B ov?ges n é‘rﬁgshsi o%ggigéu%ﬁyéne?%@e
evel ‘as N Fl Gy 23 alithliedy AlQU G SUHALO of Aond N 1 &erd oo 1"
or Fe atom wit e sane Tevel
(Y 10 provides an extremely highly efficient emission. Further,
when Li atom showing such energy level as shown in FIG. 21
is employed in place of Sr atom, the Li atom as fixed in
the atomic state is effective to show such fluorescent
emission as shown in FIG. 22, and substantially the same
15 effect as in the above can be attained. Further, it is
also possible to substitute Na atom which provides an
emission of such energy level as in FIG. 9 and such atomic
state as in FIG. 24 or In atom which provides an emission
of such energy level as in FIG. 23 and such atomic state
20 as in FIG. 25 for Sr atom or Fe atom, with the same level
of effect allowed to be expected. Any other luminous
atoms than those described may be employed as desired.
It is also possible to obtain the photoconverter by
- combining only ‘two different atoms which are vigorous in
25 the emission of more than two among R, G and B, the
emission of which photoconverter still maintaining

effectively respective components of the three principal

colors R, G and B. The respective atoms may be employed



of effect allowed to be expected. Any ot her |um nous atohs than those
descri bed nmay be enployed as desired. It is also possible to obtain the
phot oconverter by conbining only two different atons which are vigorous in.
25-~ the em ssion of nore than two anopg R G and B, the em ssion of \_J

whi.ch phot oconverter still maintaining effectively respective
conponents @h shieh! WadiNdtiOnRAlasBOrsn® Mfp ARSMB, sSHedESHPECKBRsAt ONB
may be enpl oyed -15- in such conbinations as Sr and M atons, Sr and Li
atons or | nogndnManat Hisatbishas been found that the foregoing | uninous
atons provide such strong excitation and eni ssion properties as 5 shown
in a follow ng Tablhas dsedrei figuhlie thisgnstler forebjeiagoriwmivicis. atSRLE
Non-transition Transition Atan Excitati on em ssion em SSi on
10 Sr provide7puch strong excditagdon and ¢misdidi proper8iles as4p
5s _[err] Jerr] Fe 4s -> np (n[err]4) 4p
BLi 3 shown ipp § fekqwing tabls, mE (hebng) the [akons Mg in thes
np (n>7) ns or. nd (n[err]7) [err] 15 In 5p 8s or 6d 7s
[err] (RemaPk®WmigOStavgr| owi sh Orange) | :
TABLE
_ _ Non-transition Transition
Atom Excitation - emission > emission 3
Sr 55 =+ 7p- 7s or 64 EGSPESS
Mn 3d ~ 4p 5s p P p M
Fe 4s + np (n>4) 4p —g 4
Li 2s > &p (n24.5) nsornd (n=5.6) B P R 25
Na 3s » np (n27) - ns or nd (n>7) B 3 1{0*3s
15 In 5p + B8sor6d s R % 3 %
(Remark*: YO = Yellowish Orange) .
Further, it is also possible to form . the
photoconverter containing the more than two different
luminous atoms without employing such.mixihg step of the o
20 more than two different metallic atom salts at the initial

step of the manufacturing method shown in FIG. 12, but
rather by forming sequentially each of three films with
each of the metallic atom salts in the same manner as in
the embodiment.of. FIG. 1 so as to stack respective films
25 13A, 13B, 13C... respectively in ‘which the different
-luminous atoms are separately contained as fixed to the

atomic state as shown in FIG. 26. In carrying out the



Furt her, It S al so possi bl e to form the photoconverter
containing the nore than two different |um nous atons w thout enploying
suchpm xing step of the 20 - nore than two different netallic atomsalts
at the initial step of the manufacturing_npghod shown in FIG 12, but

rat hers.lry form ng sequentially each of three filnm with each of the

metal lic atom sa{:&&wliﬁféeggameaﬁg%@ e WL LN fehodi f”a’?t oFf Fd4{nm lwgenas

to stack respective fi , 13B, 13C... respectively in which
the different {pal R AYONE]SERaSEOA" Fu@lheTQNt 8t NGE afaleXYPbdHBIE to
atom c state as shown in FIG 26. In carrying out the -16- excitation

by means of theadthiavaoheghlqyeBFid34Rm pethllilae REVLible disgher @aission
further, it is made possible to attain a highly efficient peculiar visible
i ght em ssion of tHiee!| Unamimtusat atemsr dr- gdanguandomnubti - guihidqudntum

visible light emssion by enmploying, as the |lumnous atons, A, Co,
Sn, Ta, V,5W HFisfpleN liglet Simissiand by osmpilayadditi 8a tbheheltminouvas
atons of Na, Li, Sr,. M1, In and so on. 1In respect of the excitation, the

use of the ultratbosetAlayCoueSno Tae VerBurBE diMEhalge Rgs 1fden ¥0and so
described in the above, but it is also possible to enploy other visible
light or ultravPBletinr agditionhde ke lamineus a%emKcPfalRon Uiighr soRee,
while it is alsg possible to utilize an atom of a |unjnous property of
invisibility i nTRc@BAdSRcOMni t hEh h’ée%‘l?ﬁ"e*ct°§nd‘hﬁsee’6‘fl??1%1‘?$uoﬁ:§‘§cé+ﬁe 18
em ssi on. For exanpl eculiar_em ssio | um no

e, . a of . atons_or
mul ti - quantum nEBf HftFaviotet eay s@‘?%nt?rﬁgﬁl ggreury %1sctharg_e has been
— 10 described in the above, but it is also possible to employ

other visible light. or ultraviolet ray of other wavelength
or an exci'v.;ation light source, while it is also possible
to utilize an atom of a luminous property of ‘invisibility
in accordance with the object and use of the fluorescent

15 emission. For example, a peculiar emission of luminous
atoms or multi-quantum near ultraviolet emission may also
be carried out with an ultraviolet ray irradiation from a
xenon arc lamp with._respect to the photoconverter in which

L‘ ~Zn atom is fixed.

20 According to another feature of the present invention,
there can be provided an extremely useful method for
manufacturing the photoconverter which can improve the
probability of transition ﬁnd thus can perform the

- peculiar emission of the luminous atoms or the di-quantum

25 emission at a high efficiency. In an embodiment of this
feature, pores 15 formed in the matrix substahce 12 are
made to have a diameter d which is so set as to accommodate

the luminous atom 14 for generating the most desirable



be carried out with an ultraviol et

with respect to the photoconverter in which Zn atomis fixed. 20
According to another feature of the present invention, there can be

pr.ow ded an extremely useful

met hod far ywanufacturing the phot oconverter?;_J
whi, can inprove the probability of transition and thus can performthe*

pecul i ar entssh&Nt Ddnt Nes | SHEWIDUSH RHIWE D7, t Be dhedudepUBR2SecorfddSpi On at

ray irradiation froma Xenon arc | anp

-~.

a high efficiency. 1In an enbodinent of this feature, pores 15 formed in

the matrix cabsimatiorl? afcr nRdthé 0 hfsGudt i metLimtbMigEh i SO el

accomodat e the | um nous atom 14 for generating the nost desirable

transiti on, masufdowr ing Methal ,ofatFIde Istoap X&. sernndhey caakciofatilon
t he reductive sintering in t he manufacturing nethod of FIG 1
12. I n theprasentbofendmlinesonta epbopereseleatpoopef ileedtengersturte

tenperature 5 for the secondary cal cination can be contributive to

as to
- 17_

f or
or

t he

f or mat3 on ofox hth@hsecendaxyt ealcapablienoftanc e viongty feubivdl goefdliei ent
di -quantum emi ssion. Here, the secondary calcining tenperature which is
too | ow wi | formaion | of sthe phesosrpveyterr farfkdfetef erhipwipgr&lks as

seen in FIG_ 10

too smal |

coupl i ng,

10

15

20

25

igh && ( W& |siich

) 28, while the tenperature too high will result in such
dighteretiiqieny di-gnantum, egissian. wisse, the 1seaansiarvat om 14

produced in‘the natrix substance 12 is .acco dated .i.n such pares 15 havi ng
B Droper i GHSTHIING HhariPare tutkes o SRR

1e5xcesstnhvaetly Ilsairgea%iez-zm)(terteeq'e'c}/f %%k pc;rne't eigm l_ag Cgleglra i%o%‘l?[lc;l .ng to

28, while the temperature too high will result in such too
small diameter as in FIG. 29. 1In an event where the
luminous atom 14 produced in the matrix substance 12 is
accommodated in such pores 15 having a proper diameter,

there is caused an extremely weak van der Waals coupling,

-that is, an extre_mély weak intermolecular coupling to

occuf between the luminous atom 14 and adjacent atoms or
moleculars, so as to be fixe_d with the atomic state
maintained, within the matrix substance 12. In other
words, it will be appreciated that the diameter d of the
pores 15 is 'so set as to cause the extremely weak van ver
Waals coupling of the luminous atoms 14.with the adjacent
atoms or moleculafs._ |

In such state where the luminous atoms are fixed in
the atomic state in which these atoms are in the extremely
weak vah der Waals coupling with the adjacent atoms or
moleculars, mutually adjacent and equal energy ‘excitation
levels are superposed on the energy level of the luminous

atoms, so that an optimum energy shift or broadening can

%



occur between the |um nous atom 14 and adj acent atons or nol eculars, so as
to be fixed with the atomc state maintained, wthin the matrix substance
12. ¢+7In other words, it will be appreciated that the diameter d of the 20
pores~45 is so set as to cause the extrenel y-weak-van ver Waals coupling of
t he Iuthous atons 14 with the adjacent atons or noleculars. In such state
where the | um nbesattaisedr e Wikkdthhst eaextgyni ewtlat supermbs thiomeskt aisns
are in the extrenely 25 weak van der Waals coupling with the adjacent
atoms or nol ecurade, pegsdbiley talj atevatandheyuprobabidytEx@f atransitiens
are superposed on _the energy level of the |um nous atons, so that an
opti mum ener gy 3Rfftherreasapenthgrefinr shald.bpedgsecrihed. iw fatahls
energy | evel superposition, it is_made gossible to elevate the probability

of transition, and fheN?8aR8%8 PRAER cKBPWELAMAGse HbsERT HB¥CTHA TSR FREY Y
has been de kpown_that, .in the. excitation energ ._..level of the .

| uni nous atom ﬁge}?&- att:rrltﬁ ‘r‘mhﬁg‘d?pﬁt(?ﬁ"ggﬂé‘? %Fé"?ﬁ?{@g STac@Ppprption

eocordance Wt hobEra PRy s i RIRCR, BhLIRAILEG A0S Gk DERUSCRRIEL 5
L ransr L on GREVGESBR K IREIBER: Mo Bhi5 SERUTRND ol Bafhf on,
ot a0 Sonsr o osAls e gk, % seripelp HHESRRRGOY ey Bbbhestligasehies

em ssion transi £hen ¢r3fls tAlACeobeirBedYCInEBWEEA the units of series

\/ 10 which are different only by "1" in the number of main

quanta (n), the units of series thus corresponding to n=l,

2, 3, ... in the energy 1level while the series being

denoted by such alphabetic characters as S, P, D, F, ...,

and no emission transition takes place between such series

15 as S and D or S and F. Referring to FIGS. 9 and 10

showing the emission transition of Na atom and atomic

state Na atom, for example, it is seen that the transition

occurs without jumping width as drawn by each line in the

drawings upon the optical excitation by the ultraviolet

20 ray of 254nm obtained by means of the mercury discharge in

the case of the photoconverter in which Na atom is fixed

in the atomic state. Here, the desired emission

transition of the peculiar emission of the luminous atoms

. or di-quantum emission takes place as shown by straight

25 liné arrows in FIG. 34, while such non-emission transition

of nP + nS or nP » nD as shown by wavy line arrows in the

drawings can hardly occur in such event as a rarefied gas

where atoms substantially have no chance of mutual



15 as S and Dor S and F. Referring to FIGS. 9 arid 10" showi ng the

em ssion transition of Na atomand atom c state Na atom for exanple, it is
seen that the transition occurs without junping width as drawn by each line
i P t\he drawi ngs upon the optical excitatli9or by the ultraviolet 20 rayu)J
254nm obt ai ned by neans of the nercury discharge in the case of the =
phot oconverd¢erlisiowi ch ka ad omstaed | wekrden thee lam@AbGs Sieds are Here,
the desired emssion transition of the peculiar em ssion of the | um nous
atons or dicoprletelenisdepentiekts @f aoaecasamsdicher byngt r&ixgd 2 thd i ne
arrows in FIG 34, while such non-em ssion transition of nP -> nS or nP ->
nD as showrtgmwaas |ithe &+ ovithe n prebabilirys ebin the dinoroemissionsuch
event as a rarefied gas where atons substantially have no chance of nutual
-19- col |isteansitiqn as Fpdee leferas tie thenicases ofat she xarefdedl etel y
| ndependent of one another and fixed in the atomas jt is, the probability
of the non-F4F ssSTHhLe rERigR e 1 kRN Belon OTFIRHNE SOHME @ M ef i ed

5 , whi | M SSi i 1]an, rri f 1Pt A D
Shown by st 9 1THC 48 R PRI T AT To TR o AR LA ne
It f P I h l.evel by brok i [

FlG 34 andithb b ot e i R Fecptl | ent
4 and the SHETTohTHP T e BE arie t
nand, the Spes it 1ReEn BEGRRC by, B LRI TPE) el dnanEqual 1y

excited enely 8yelnp b W ULGVERLEIaNAYL"Be always excellent

10 in the transition ef.ficiency. u

In the présent' embodiment, on the other hand, the
superposition on each other of the mutuall'y adjacent and
equally excited energy levels in the photoconverter having
the luminous atoms fixed in the atofnic state within the

15 pores 15 of such proper diametér as shown in FIG. 27
causes the levels to have a certain width, so that a level

AL which is to achieve the absorption and excitation as

well as an equal level EL in an adjacent series to execute

a proper energy shift and broadening with respect to the

20 ground level GL, the non-emission transition is caused by
such superposition to occur at a high probability so as to

allow as a whole the peculiar emission of the luminous
atoms or the di-quantum emission transition to be

_ extremely easily performed, and the emission efficiency

25 can be; remarkably elevated. In this .case', the secondary
calcining temperaturé excessively 1low and the pore
diameter excessively large as in FIG. 28 result in such

excessively small energy shift and broadening as shown in

-



the lumnous atonms fixed in the atomic state within the 15 pores 15 of
such proper dianeter as showmn in FIG 27 causes the levels to have a
certairn width, so that a level AL which is to achieve the absorption and
exci tratixon as well as an equal level EL in an2@adj-acent series to execute a
proper energy shift and broadening with respect to the 20 ground | evel
GL, the non-em gsgon 3r,anshilen drf eauesdiRE1§UCKhigHPdMTIddrgn talegalihgat
a high probability so as to allow as a whole the peculiar em ssion of the

| um nous at ons Pémpérathirduantumne e sy veNsSshadd porke dbdmeer yasashl y
performed, and the em ssion efficiency 25 can be remarkably el evat ed.

|h this case, tREGse29dmdadly rebulhi ig stehpexaessdvedycdssgeecepergpwshant
the pore dianeter excessively large as in FIG 28 result in such
excessivel y snadhdehmqpdesting @sd BhowWdening BEEGsholdv | rand apy- desired,
whil e an excessi vel hi gh secondary cal ci ning tenperature and an

excessi vel ¥ smxcbéa‘él@naﬁﬁ@eﬁwswm@a@lww PESGEES| Fadude hardly
excessively large energy shift and broadening as shown in FIG 32, and any
desired 5 ex@ttatn®f-and enission transition process can be hardly

oL e Lot hetlged Lo akeat e EIper B SEC I e n
cal ci ning temper ™ FeOSLAEIRS GheBPenene TR dnch PROPICasdRERNCh BRe cedn
a material to bgeteslLdsth 58 PP DORNRILIBE! 1Y §R! CLREY YonBection, ~if
W, 10 required, a proper secondary calcining temperature can be

| determined in such that, as shown in FIG. 33, a material

to be tested which has been primarily calcined at a

previous step is subjected to the secondary calcination

within a sintering furnace 20 t6 obtain a testing

15 photoconverter 13, during which secondary calcination the
reiationship between the sintering temperature and the

fluorometric intensity are measured with a variable length

laser 21 and a spectrometer 22 employed, and the proper

k»/ temperature for the secondary calcination is determined in

20 view of the thus measured sintering temperature upon
obtention of excellent one of the testing photoconverter

13.

It should be appreciated on the other hand that the

~ appropriate energy 1level shift and broadening are
25 particularly effective-in the event whefe, for example,

the inherent excitation level of pure atom is not in

conformity to the excited energy of the fixed atoms, that

is, the former level can be made conforming to the excited



previous step is subjected to the secondary calcination within a sintering
~furnace 20 to obtain a testing 15 phot oconverter 13, during which
secondary calcination the relationship between the sintering tenperature _
and the fluoronetric intensity are neagured with a variable length Iaser‘gl
and & spectroneter 22 enployed, and the proper tenperature for the =

secondary Cghéigpfi 08 khateit®ldTidies 4t Zh cak| BY madle R€ o JIHS ePEASUr ed
sintering tenperature upon obtention of excellent one of e testing

phot oconverigr th3. atomdiound BRe apRIAGiAt 88af8, t hgnt Eﬁétha@(in@éattﬁge
appropriate energy level shift and broadenlng are 25 particularly
effective iabsbepeient anderexc it BxnanpEeicibcy nhairenbe ©xlidvaitedn bevel of
pure atomis not in conformty to the excited energy of the fixed atons,
that is, thsetoimerthevekcitatienneteepnf beveby substaatdudiyedt thdl-
energy, so that the excitation can be made to occur even in the atons in
the atom c same eenemgyt hbeveli mee the absdrtEtiom aenlissiobatenergyf fhgi ency
can be el evated by setting the excitation energy |evel substantially at the
same ener gynéawe| ofs the Sadagaingnm emergyonshhftgland) bweadevfinghe a
foregoing energy shift and broadenin a selection range of "the | um nous

at om enpl oyeRledtior gRaGscorfer tee gkurwncahs exdtiomt employghdt snurtthecan be
sufficiently broadened. In the present enbodinent, other arragenents are
the same asg q’l"o%"eori"ﬁe‘f?%rf&reg%fn@“enﬁﬁﬁiﬁéﬁpﬁf Jioht 1Seyrqe can be

sufficiently broadened.
In the present embodiment, other arragements are the s;)
same as those in the foregoing embodiment of FIG. 1 or 12,

and substantially the same function can be attained.
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and substantially the sarme function can be attalned. *- 228 - CLAM 1

A nethod for manufacturing a photoconverter for at |east an em ssion
pecultiar to |um nous atons, the photoconverter having a |um nous substance
| ayet—i n whi ch | um nous substances are fixed to be substantially
individually isolated within a matrix substance perneable to visible |ight,
the | um nous substances being for absorpti~o2of i ncident light froma

radi ati on source to be thereby excited to convert it into a light of a

| onger wavel ength than that of the incident |ight, wherein the nethod
conprises the steps of formng a sol by olL&AIMSnhg a m xture solution of a
nmatri x conpound capable of formng a sol-gel filmcontaining said matrix
substance conponent with an_acid chl oride conmpound contai ni ng | um nous

atons, forning s&d soP MEHod £6% MApuFastuxing,& photocanysrdiery fPyiaks
tube, and thereaflieasttabti nengssdich cpelculd 4 tedutamimbius Nations, Hhe

forned in the coRBURPGSAYREter ASEERg, @ fumindhe TfhERaRdE IREEE, dn
claim1, whereinwhich Sumifnous EpbstEnaep|ayes fixedi Homber isukstizttiaklnt
e e ooy RPN OB EOELS! | WS B ) edpptancd "
enpl oys for sai dpepmeaibple to visible light, the luminous substances
being for absorption of incident light from a radiation
source to be thereby excited to convert it into a light
U of a longer wavelength than that of the incident 1light,

' wherein the method comprises the steps of forming a sol
by obtaining a mixture solution of a matrix compound
capable of forming a sol-gel film containing said matrix
substance component with an acid chloride compound
containing luminous atoms, forming said sol into a
coating over a substrate comprising a glass tube, and
thereafter calcining said coating'to reduce and sinter
it, the luminous atoms being fixed in individual
isolation in microfine pores formed in the coating by
the calcination.

2. The method according to claim 1, wherein said sol

% forming step employs as said matrix substance at least
one selected from the group consisting of SiO, and
Al,05.

3. The method according to claim 1 or claim 2,
wherein said sol forming step employs for said luminous

. atoms at least an element selected from the group
consisting of Fe, Mn, Sr, Na, Li, In and Ni.

* c L M § *
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atons at | east an el enent sel ected fronhfhe ~group eonslstqng of Fe, M, Sr,

Na, Li, In and N. - 23 - 4. The met hod according to claim 3,
mherein said lum nous atons are of at |east an el enent selected fromthe
group consisting of Al, Co, Sn, Ta, V, W H, M), Re, Si and Y. 5. \Ipe

met hod according to any preceding claim wherein said sol formng step ™
enpl oys, as said matrix conpound, a s+l2%xo0R conpound cont ai ni ng anor phous
silica as said matri x substance and, as said acid chloride conpound, a
netallic atomsalt. 6. The met hod according to any preceding claim:
wher ei n sai d4.sol f oThengmethpdemgicordingr tai ¢ladim ndus vdtecmeirat saédst t wo :
di fferent €tgg5 NafeMb¥t 4 ei ggghdg K ¢Hf§é&g§% shomﬁng :
a strong en155|on 0 east one o0 reen an ours The .
met hod accordi@ggreup| sonsdstimg of, Ahe §§vdﬂmm'¥ﬂ)usvat ¥ Hit MGast an

el ement sel egdedsirgnatpe group consisting of Fe and M and at |east an '
el ement sel ect ed fromthe group consisting of Sr.and Li are enployed. 8.

The method according to claim2, wherein, for said |lunmnous atons, Fe is

enpl oyed. 9.5. The u'htehodeaho@r (iaupztdind ato any\h preicedingy sm'adiml,urri nous

atom, W 1 SEERLONCLa k0 a1 edhgi ATt AT GRILND, ' 8:2'Ba £ CRgEEEY © 1

mhereln sai carcining
'~ compound, a 51licon compound containing amorphous silica

as said matrix substance and, as said acid chloride
compound, a metallic atom salt.

6. The method according i:o any preceding claim,
wherein said sol forming step employs for said luminous
atoms at least . two different luminous atoms in ‘a
mixture, each of said different atoms showing a strong
emission of at least one of red, green and blue colours.

7. The method according to claim 6, wherein, as said
luminous atoms, at least an element selected from the
group consisting of Fe and Mn and at least an element
selected from the group consisting of Sr and Li are
employed.

8. - The method'according to claim 2, wherein, for said o
lIuminous atoms, Fe is employed.

9. The method according to claim 2, wherein, for said
luminous atoms, Mn is employed.

10. The ﬁethod._according- to any preceding claim,
wherein said calcining step is performed at a
temperature which causes an energy shift and broadening %
of the excitation level of said luminous atoms to such o
an extent that the luminous atoms maintain their atomic

state during said reduction and sintering.
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t enper at ure which causes’ an energy shift and bro’adenl ng of "thé ®excitation

| evel of said |um nous atons to such an extent that the |um nous atons

mai ntain their atomc state during said reduction and sintering. - 24 -
11. %~ The nmethod according to claim 10, wherein said calcining tenperature
Is so set that said | um nous substance | ayer will have pores of a dianeter
effective to accommopdate therein said | umn@4ds-atons upon said sintering
and to cause an energy shift ,and broadening to occur. 12. A et hod for
manuf act uri ng a phot oconvert er substantially as described herein with
reference to theldraw ndhe met %pﬁ&F@é’@tﬂ”@r te? FaadmpyiQnevhergdd Gaited

i'n any one of theallctineingo tdmpéPature is so set that said luminous
substance layer will have pores of a diameter effective
to accommodate therein said luminous atoms upon said
sintering and to cause an energy shift and broadening to

occur.
12. A method for manufacturing a photoconverter
substantially as described herein with reference to the
drawings.

. 13. A photoconverter made by the method claimed in any
one of the preceding claims.
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