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t Kopy FAR- I NFRARED EM TTI NG CATHO‘DE RAY TUBE The ‘present invention relates
to-a_far-infrared emttifhg cathode ray tube,_.and nore particularly ”l&vd.?l}f‘i

farinfrared emtting cathode ray tube which includes far-infrared ﬁgg,n%%w;
nmaterial therein and thus enits far- infrared rays available for a

body. While continuing the devel opnment tov)ﬁrd [ nformat [ on oriented spmgeﬁ Y,
peopl e are suffering froma pathol ogi cal enonenon, i.e., so-called vi I

di splay term nal (VD) 3 » and wor ki tg
envi ronment. The electr%%g ﬁ@%ﬁgu%gaéﬁfgﬂ%gg§§§ﬁéﬁﬁggﬁ§t ﬁgﬁgis but

produces anxiety in users as its side effect appears as such

el ectromagneti c- wave troubl es as bl oodshot eyes, anbl yopia, headache,

muscul ar pain, chronic fatigue, |anguor, skin roughness, etc. The nost
favorabl-e method is to shiEiepresent invention relates to a far-infrared emitting cathode

| ray tube, and more particulaﬂy to .a far-infrared emitting cathode ray tubs
which includes far-infrared emi;ﬁpg materiai therein and thus emits far-
infrared rays available for a human body.
While continuing the de‘vélopment towafd information-orient:ed
society, people are suffering from a pﬁhological phenomenon, i.e., | so-called
‘visual display terminal .(VDT) syndf_gmc,5mused by elebtromagne_tic wave and
| working environment. The electronié.gneﬁq wave is weak in its intensity, but
- produces anxiety in users as its .;side effect abpears as such electfotnagnetic—
wave troubles as bloodshot eyes, amblyopia, headache, muscular pain, chronic
fatigue, Iangudr, skin foﬁghness, etc. The most favorable method is to shield
such electromagnetic waves. However, many difficulties actually occur
_including high cost and the like, which inhibits the adoption of this method.
Acéordingly, a cathode ray tube has been recognized as harmful to human
body except in its function of transmitting information.
A far-infrared ray is-a form of electromagnetic wave located at
a wavelength range from S;uﬁ tb i,OOOum (the éta'n_dard wavelength region of
far-infrared rays is not critically defined. This range is selected to exclude
near-infrared rays in this invention), and its various biological effects known
until now comprise activation of hydrogen oxide molecule, maturation,
freshness preservation, growth ;accéleration, energy saving, sterilization,

deodorization, etc. Also, in actual life, the far-infrared ray is employed in



such electronagnetlc waves. Fbmever nany dlfflcultles actual ly occur

i ncl udi ng hi gh-€ost and the |ike, mhlch i nhi bi'ts the—adoption of this

“met hod. Accordingly, a cathode ray tube has been recogni zed as harnful to
human body except inits functlon of transnmitting information. A
far-infrared ray is a formoef electromagnetic wave |ocated at a wavel ength
range from[err] to |,000 [err] (the standard wavel ength regi on of

far-infrared rays,is Afhaghlohd SRl AlB 4R, 3n5hfg§dfk%ngﬁe§ SR ca

excl ude near-in nvent

Tt ur ati on. 11 Eé’w‘mﬁc’w G reRTessaiegipn MUY R TR SPBl g ol
sterilization, deodorlzatlon etc. Also, in actual life, the far-infrared
ray is errpl oyed biyrmeans of scientific measunng instruments, but can be mdlrectly perceived.

More specifically, a far-infrared lamp light promotes the growth in plants, a
far-infrared sauna lets a2 man sweat éven under low temperature, a far-infrared
refﬁge:étor keeps meat and fish fresh for a long time, a far-infrared emitting

larticle makes cigéré;te and liquor taste pleasaqt onbe expéséd thereto, far-
infrared ray'Short_jcns the painting process when applying it, etc.

Ttis expla;med that thé influence: of the far-infrared fay on the

“human body is classified intd-_;wo effects, i.e., thermal effect and nbn-ihermal
effect. The thermal éffect_:indica'tes that 'heat energy absorbed by the sicin
affects peripheral tissue, déep '_ﬁs§ue of a living organism, or the overall living .
organism by means of the circulation of blood ﬂbWiﬁg tﬁrou_g_h a peripheral
blood vessel. The non-thermal effect indicates that Light quantum
corresponding to specific wavelength of the far-infrared ray stimulates the
receptors of the cell ﬁi.e-rnbrane outside or inside skin, and a far-infrared signal
of the specific wavelength is transmitted into cells, thereby activating the cells.
Consequently, the far-infrared ray functiqns as heat energy sup;___)}y sourge in
.the thermal effect, .and light quantum supply Soﬁrce in the non-thérmal effect.

. Through these effects, such as direct thermal effect as an infrared ray, indirect
effect by activating water constituting a part of the body, and non-thermal
effect for stimulating nerve receptors for sensing variously warmth, coolness,
pain which are located in the skin at a depth around 100um, the far-infrared

ray provides acceleration of the blood circulation, speedy release of waste



2 saupas, refrigerators, mcrowave ovens, and the like. The effect of the
far- |nfrared ray cannot be represented by numeri cal “and | ogical results
obt ai ned by neans of scientific measuring instrunents, but can be —
indirectly perceived. Mre specifically, a far-lnfrared | anp |ight pronotes
the gromh in plants, a far-infrared saung lets a man sweat even under | ow
tenperature, a far-infrared refrigerator keeps neat and fish fresh for a
long. tine, a fars;if déged emtting article nmakes cigarette and |iquor taste
pl easant once expose€ hereto far- infrared ray shortens the painting

o i nirared ray on the hipsrerissust (e TFared Y Wi trobosd (e MARTIGIN o

thermal effect and non-thernml effect. The thermal effect indicates that

heat ener ay. abs@pg@ﬁut@y moskok therhuman body) will be described in detail below. FIG.
I of the eccompanymg drawings is a graphical representation showing the
transmittance of water in accordance with wa§e1en_gth. Here, it can be noted
that water absorbs light whose wavelength is near 3um or longer than 6um.
In a water molecule _(HzO, H-O-H); stretching vibration of the O-H bonding
between oxygen and- hydregen occurs between 2.5-3.5um, and bending_._
vibration occurs between 10-14um. Thus, when light of these wavelengths. is
observed, the absorption df the light accelerates the vibration of the water. In
other words, by 'u&maﬂy supplying light. of these waveiengths, water - .'
molecules are activated so as to be arranged in the ideal bonding structure.

The wavelength of a human body can be calculated by taking
body temperature, in ._accordance with the relation between absolute
temperature and wavelength which is called as a Wien formula, is defined as:
A=2897/T (where T. denotes an absolute temperature and A denotes a
wavelength in micrometers). NeJnely, if 309.5 (i.e. 273+36.5) is substituted
for T, the wavelength becomes 936pm which is Within the far-infrared range.
FIGs. 2A and 2B of the accompanying drawings are graphical

representations resﬁectively showing a spectral transmittance (2A) and a
spectral reflectance (2B) of skin according to each wavelength. The infrared
wavelength emitted from a human’s skin is within the range of 3-50um, and
especially, the wavelength within the range of 8-14um which occupies

approximately 46% of the total emitted energy. The energy emitted to the skin



affects peripheral tissue, deep tissue of a living organism or the overall
|i vi Ng_or gani sm by neansof the circul ation_of blood flow ng through a

peri pheral blood vessel. The*non-thermal effect indicates that |ight
quant um corresponding to specific wavel ength of the far-infrared ray

sti'nul ates the receptors of the cell nenbgane outside or inside skin, and a
far-infrared signal of the specific wavelength is transmtted into cells,

t her eby . acti vat]j t el L. YR Ak | ctions
s hoat ener gy SABrY B ruiber HREHIEE, o dlPiore ind BHORRCE beknerlyT
supply source in the non-thermal effect. Through these, effect sych as

di Irogc%/ t her mal &?spgﬁjn%t%ﬁ?ﬂfﬁﬁﬁ’&o“f%‘wﬁﬁms one péC{ZAbill"‘fagpr E:Cé)f i ng
wat er constituting a part of the body, and non-thermal effect for .

stimul ati ng ner ¢xample.cgiraess glbrof sthesenasgy, avithin s ytonddum hregiaso of ewhichpai n

which aresocated in the skin at -a depth around 100[err], the far-infrared
ray provi des actehswisthncenamdf refleetaideoard loiv; dsiblasored, by heeskin.r Thegaponf wast e

supplying energy in thi# range, a living body mostly consisting of water is
easily activated, which is displayed by the early blossom of flowers, a
shortened peribd and early maturatipn of a_ha'tching egg, prdlonged Iifé of cut
flowers, etc. |
Several products using the far-infrared effect are practically
presented, e.g., a far-infrared refr‘iger_afdr disclosed in Japanese Laid-Open
- Publication Nos. Hei 2-57883 and Hei 2-309169, a fa:~in_fﬁred emitting
bathtub dis_closed'in Japanese Laid-Open Publication No. Hei 2-164365, etc.
Metal oxides such as alumino—siliéates (AL,0;-Si0,), cordierites
(MgO-Al,0,-Si0,), zircons (Zr0,-Si0,), carbons, ferric oxide (Fe,0,),
manganese dioxide (MnQ,), cupric oxide (CuQ), tricobalt tetraoxide (Co,0,),
nickel monoxide (NiO), chromic oxide (Cr,0s), lithium oxide (Li,0), zinc
oxide (ZnO), bismuth oxide (Bi,0;), barium oxide (BaQ), titanium oxide
(TiO,), boron oxide (B,0;), sodium oxide (Na,0), potassium oxide (1520),
phosphorus pentoxide (P,05), molybdenum sesquioxide (Mon3-), and calcium
oxide (CaQ) are examples of far-infrared emitting materials.
Itisan objeqt of the present invention to provide a far-infrared
emitting cathode ra& tube which emits far-infrared ray avai]ablle for the human
body to make u:se of information equipment in favorable surroundings even

though electromagnetic waves, pointed to as one cause of the VDT syndrome,



3 matter, etc. The effect of the far-infrared ray with respect to water
(whi ¢h constitutes nost of the human body) wi.ll be-described in detail
below. FIG_. | of the acconpanying drawings is a graphical representation
showi ng the transmttance of water in accordance wi th wavel ength. Here, it
can be noted that water absorbs |ight whose wavel ength is near 3[err] or

| onger than 6[err].

In a water nolecule (H20, H0-H), stretching vibration

f the O H bondi t ; d hyd s bet q
gendi ﬁg Vi brg?i‘lba}%S%‘i,%\@ﬁ@S@&%ﬁaf‘g& ydrogen occurs between [err] an

wavel engths is

P

err]. Thus, when |ight of these

According to one aspect of the present invention, there is
provided a far-infrared emitting catho&e ray tube, wherein far-infrared
emitting material is included in at least one of a phosphor layer, a black
matrix, an outer graphite layer, and a shadow mask, thereby emitting far-
infrared rays;

In embpdiments of the far-infrared emitting cathode ray tube,
the far-infrared emitting material is included in or coated on at least one of the
phosphor layer, the black matrix and the outer graphité layer, €.g. inside the
phosphor layer, inside or on an upper portion of the black matrix layer, inside
or on an uppér pdri_iqn' éf the outer graphite layer, and the outer surface of the
graphité layer on fhe shadow mask.

Particularly, embodiments of the present invention provide: a
cathode 'ray tube wherein a far-infrared emitting material having not more than
Sum average diameter is formed on the upper portion of the black matrix to
a thickness of 0.2-100plm; a cathode ray tube wherein the far-infrared emitting
material ﬁaving not more tﬁan Sum average diameter is included within the
black matrix layer as mdch as 1-100wt%, based upon the total amount of the
mixture with the graphite; a cathode ray tube wherein the far-infrared emitting
material is not more than 50wt% with respect to the amount of the phosphor
in the phosphor layer; a cathode ray tube wherein the average diameter of the
far-infrared emitting material having a diameter of 0.05-2um is coated to a
thickness of about 0.1-10um on the outer surface of the shadow mask toward

the phosphor layer; and a cathode ray tube wherein the far-infrared emitting



obseryed, the absorption-of the |ight accelerates the vibration of the
watér. In other words,.by externally supplying |ight of these wavel engths,
wat er nol ecul es are activated. so as to be arranged.in the.ideal bonding
structure. The wave| ength of - a human body can be cal cul ated by taking body
tenperature, in accordance W th the rel atign between absol ute tenperature
and wavel ength which is called as a Wen fornula, is defined as: [err]

(where T denotes_ap absol ute.tenperature and X denates wavel ength in

i crometers). Naﬂjére)?, - fsfmglﬁgze%l"(nﬁ'?equttefﬂﬂﬁwesl?y%w & F‘?{[H‘Féd’“flgg Ogtert he
wavel engt h becones _[err]. which is within the far-infrared range. FIGs. 2A
and 2B of the ac&yfassofithg funnglpithe cathedgrapbeal representati ons

respectively showing a spectral transmittance (2A) and a spectral
reflectance (2B) of skin adbefatinfrared eptting materiabisgelectiveheincludediraeich
wavel ength*emitted froma human's skin is within the range of [err] and
portion of the cathode ray tube, or included in'all portions as circumstances
require. |
A’s for the far-infrared emitting x.ﬁ_a_te_rials,. at Jeast one selected
'from the gro;}p consisting of aluminium oxide (Aizda), silicon dioxide (SiO,),
'-magr__lesiu'm _o__xide '(Mgb), zirconium oxide (ZrQ,), cafbons;_ fer-_ric ‘oxide
.(Fe,;Os),- mahgﬁnese._dioxlide (MnO,, MnO).,.'cupri'c oxide (C:u0'), tricobﬁi '
tetraoxide (C00), nickel monoxide (NiO), c_h.ro':.nic oxide (Cr,0,), Tithium
oxide (Li,0), zinc ogide (ZnO), bismuth oxide .(Bi203), barium o%ide (Bad)’,‘
titanium oxide (Ti0,), boron oxide (B203), sodiUm oxide (Na,0), potassium. _
oxide (KZO), phosi)hbms pentoxide (P,05), molybdenum sésquiéxide (Moﬁ;), .
~ calcium c;xide (Ca0) and a complex_thereof can be employed.
Embodiments of the present invention will now be described,
by. way of example, with reference to the accompanying drawings, in which:
FIG. I is a graphiéal representation  illustrating the

transmittance of water

%



especjally, the wavel ength within the range of [err] which occupies
appr oxi mat€ly 46% of the total- emitted energy. The energy enmitted.to the
skin 4 is transmtted, reflected or absorbed, and therefore, .tthe anount
of the energy absorbed by the skin can be cal cul ated considering FIGs. 2A
and 2B. For exanple, alnost all of the energy within 8 to [err] region of
which transmttance and reflectance are |ow, is absorbed by the skin. Thus,
upon supplying energy in this range, a living body nostly consisting of
water is easily activated, which is displayed by the early bl ossom of
flowers, a shortened period and early maturation of a hatching egg,

prol onged |ifeffus Ghvelength;
o FIGs. 2A and ZB_arg'_-_graphical representations respectively illustrating the.
spectral transmittance and spectral réflectance of the skin versus wavelength;

FIGs. 3A to 31 illustrate a process for manufacturing a screen
according to Example 1 of gl_jg:_'present invention;

FIGs. 4A and 4B illgs&até a spectral analysis (4A) of far-infrared emitting

" material components used’in,_ﬁkample 1, and spectral emittance (4B) thereof versus
wavelength; e | |

FIG. 5 is a sectional v1ew showing a poxftion of the screen manufactufed by
example 1 of ihe present inQeﬁ_tion;

FIGs. 6A and 6B illﬁs’f;fate a spectral analysis (6A) of far-infrar'ed. e:hit'ting
material componenfs used in Example 2, and spectral emittance (6B) théreof Qersus |

" wavelength;

FIG. 7 is a graphical rcpresentatibn illustrating luminance' of c':
conventional screen (a) and screens according to | Examples 1 and 2 (b
and c), respectively;

FIG. 8 is a photograph of a screen manﬁfactured by Example 3 of the
present invention;

FIG.9isa 'pho'tograp,h of roses used for demonstrating the fal;-infrared
emitting characteristic of a far-infrared emitting cathode ray tube manufactured by
Example 3 of the present invention;

FIGs. 10A and 10B illustrate a spectral anal.ys_is (10A) of far-infrared

emitting material components used in Example 4, and spectral emittance (10B)



flowers, etc. Several products using the far-infrared effect are _
practiical Ly presented, e.g., a far-infrared refrigerator disclosed in
Japanese_Lai d- Open Publication Nos. Hei 2-57883 and Hei 2-309169, a
far-infrared emtting bathtub disclosed in Japanese-Lai d-Open Publication
No. Hei’ 2-164365, etc. Metal oxides such as alunino-silicates [err],
cordierites (MyO Al 203-Si @2), zircons (Zr2-Si ), carbons, ferric oxide
[err], manganese di oxi de (MhQ2), cupric oxide (CuO), tricobalt tetraoxide
[err], nickel nonoxide (NiQ, chromc oxi [err], lithiumoxide [err],
zinc oxide (ZnO, bismuth oxide [err], bariumoxide (BaQO, titanium oxide

e horonn BUF S s o e (1) potessium onioe Leri)
oxide [err] are exgppl £5;f phtbgraph o SereEN mianufidelT8d 8) E/bdiple 4 of the
_present invention; .. '

FIGs. 12, 13 and 14 are graphs illustrating the luminous spectrum of green,
blue and red pho_sphoi' screens man'ufa;:tur_ed' by Example 5 of the present invention,
respectively;

‘FIGs. 15A and 15B are pho_tog'_raphs. of roses, carnations and onions used
for defnonstraﬁng the far;infra:ed emitﬁng. characteristic of a far-infrared emitting
.ca_thode ray tube manufactured byExample 5 §f the present invention;

FIG. 16 is a view for illustrating a method for manufacturing é shadow
mask according to Example 7 of the present invention;

FIG. 17.is a view for illustrating a method for manufacturing a shadow
mask according to Example 8 of the present invention;

FIG. 18 shows a cross-sectional view of a portion of a funnel of a cathode
ray tube manufactured according toExample 9 of the p-resent invention;

FIG. 19 illustrate§ the experimental  method used for demonstrating the
effect of emitting far-infrared rays in the far-infrared emitting cathode -ray"tube
manufactured by Example 9 of the present invention, ond

FIG. 20 shows a cross-sectional view of a portion of a funnel of a cathode

ray tube manufactured according to Exqmble 10 of the present invention.

Even though' any material capable of emitting far-infrared rays may be



1t is an object of the present invention to provide a far-infrared emtting
cat hade ray tube which enmits far-infrared ray avail able for the hunan body .
to meke use of- i nformati on equi pnent in favorabl e sdrroundi ngs even though
el ectromagneti c waves, pointed to as one cause of the VDT syndrone,

cannot be coirpl etely shielded. According to one aspect of the present

I nvention, there is provided a far-infrared emtting cathode ray tube,
wherein far-infrared emtting material is included in at | east one of a
phosphor |ayer, a black matrix, an outer gyaphite | ayer, and a shadow nmask,

thereby emtting far- infrared rays.
adopted in the following examples, the most preferred methods will be given as an
.- €xample hereinbelow since the additive amount or application method 6f the
materials varies to suit the characteristics and limitations of the applied articles.
| According to one err;bodimeni; of fhé present invention, a far-infrared emitting

cathode ray tube has a screen which includes a bléck matrix layer covering the
inner surface of a pahe] in a predetermined pattern, a phosphor layer arranged
'béfwéen stripes of the black matrix layér and emitting various colors by filtering
the-elgctromagnetic wave, and an aluminum layer for énhancing the overall

| luminance of the panél and strengthening the electrical potential of the phosphor
screen, wherein a far-infrared emitting material layer is installed on the black
matrix layer.

The above-described far-infrared emitting screen is manufactured in
accordaﬁce with the following steps. The black matrix layer of a 'predetermi-ned
pattern is first formed on the inner surface of the panel. . A photoresist layer is
formed by coating, exposing and developing a_photores;ist on the black matrix
layer, and then 2 far-infrared emitting material layer is formed by coating far-
infrared emitting material on the photoresist layer. Successively, after 'coating,
expoéing, and developihg .a photoresist for forming a phosphor, phosphor slurry is
coated, exposed, and developed, thereby forming a phosphor layer between the
stripes of the black matrix ]éyer. |

The far-infrared emitting material is at Jeast one of $10,, ALO,;, MgO,
Na,0, PO, K,0, ZrOz, CaO and TiO,; the preferable average particle diameter of

these is not more than Sum.



I n enbodi nents of the far-infrared emtting cathode ray tube, the
far-i'nfrared emtting material. is-included in. or coated on at Ieast-one of
t he phosphor |ayer, the black -matrix and the outer graphite |ayer, -e-g.

i hside the phosphor |ayer, i'nside or on an upper portion of the bl ack
matri x | ayer, inside or on.an.upper portion of the outer graphite Iayer
and the outer surface of the graphlte | ayer on the shadow mask.

Particul arly, enbodinents of the present invention provide: a cathode ray
tube wherein a far-infrared-emtting mateggal having not nore than [err]
average dianmeter is forned on the upper portion of the black matrix to a

t hi ckness of [err]The thidkhesteofrthy fartihframidesnsitting inetefial layerf 1sd).2d 08mt ndig

mat erial having not nore than [err] average dianeter is included within the

bl ack matri x érgﬁé%b]?@ 519@,1}“@5 | - 100wt % based upon the total anount of the
m xture wi4'h the graphite; a cathode ray tube wherein the far-infrared

emtting Hereinbelow, the above-stated method ior manufacturing the far-infrared

emitting screen will be described in detail with reference to FIGs. 3A through 3L

EXAM LE 1

A panel 1 is-cleansed using hydrofluoric acid and distilled water according
to a conventional method prior to drying it. _'Thcn, a photoresist composed of
polj'vinyl alcohol, sodium _.bichro'mate,. acryl emulsion, etc. is coated on the inner

-~ surface of panel 1, and thus a photoresist pattern is formed by drying, exposing

and developing. After covering and drying a graphite on the photoresist pattern, a
black matrix 2 pattern is formed by Separating this photoresist pattern, using an
etching solution (FIG. 3A).

After covering a negative-type photoresist 3 on black matrix 2 pattern (FIG.
3B), the photoresist bn the panel is exposed to light ana developed through a
shadow mask, so that the photoresist layer on panel 1 is removed and an unexposed
resist layer is left on black matrix 2 (FIG. 3C). After this, a far-infrared emitting
material 4 composed of at least one of silicon dioxide (Si0,), aluminium oxidé
(AL,O;), magnesium oxide (MgQO), sodium oxide (Na,0), phosphorus pentoxide
(P,05), potassium oxide (K,0), zirconium dioxide (Zr0O,), calcium oxide (Cad) and
titanium oxide (Ti0,) and having not more than a Sum a_verage diameter, is
sprayed on the upper portion of black matrix 2 and the resist pattern, using a spray

gun whosé nozzle has a diameter of 0.4mm (FIG. 3D). Therefore, a far-infrared



material is not nore than 50w % wi th respect to the anmpbunt of the phosphor

i n_t he phosphor |ayer; a cathode ray tube wherein the average di aneter of
the-far-infrared emtting material having a diameter of [err] is coated to -
. a thickness of about [err] on the outer surface of.the shadow mask toward .

t he phosphor | ayer; and a cathode ray tube wherein the far-infrared
emtting -6 material is included in the outer graphite |ayer which is
formed on the outer surface of the funnel of the cathode ray tube. The
far-infrared emtting material is selectiy?ly i ncluded in each portion of
t he cathode ray tube, or included in all portions as circunstances

emitting material layer 4 is formed on the upper portion of resist layer 3 on black

. matrix 2 (FIG. 3E). Then, via the sequence of an ordinary slurry process, i.e.
photoresist coating (FIG. 31-‘), exposure énd development (FIG. 3G), phosphor
slurry coating (FIG. 3H), and an éxbbsure and development, a first phosphor layer

5 is formed (FIG. 31). Firially, after forming .a second and third phosphor layer

via the same common slurry pr'ocess, a-screen for a cathode ray tube having the
black matrix, far-infrared emitting material layer, phosphor layer, and the
aluminum layer is_'forr_ned througb_ the Sequc_:htial steps of filming composition
coating, aluminum depoﬁif_i'pn, aﬁd baking.

The thickness of the faf—iﬁfrared emitting layer is between 0.2um to IOOum,
and preferably is the range of 0.5um to 50um. If the layer’s thickness is greater
than 100um, manufacture of the phosphor layer is difficult and the material powder
separates easily. On the otﬁer haﬁd, if the thickness is below 0.2um, the effects of
far-infrared ray generation and luminance increase are trivial.

FIGs. 4A ond B are o spectral unqusis (4A) -of for-infrared emitting materiol
components used in the first example, and a graﬁﬂ (4B) obtained by measuring
spectral emittance thereof versus wavelength. In FIG. 4A, the peak of each far-
infrg_red emitting maierial used can be seen. The spectral emission measuring
graph shown in FIG. 4B is obtained by employiﬁg black body (at 40°C) as a
reference, measuring with an FT-IR detector of Bruker Co., and detecting by
DTGS. From FIG. 4B, it can be noted that the emission of far-infrared light is

intense at wavelengths shorter than 25um.

FIG. 5 is a sectional view which illustrates a portion of the screen



require. As for the far-infrared emtting materials, at |east one sel ected
from'the group consisting of aluminiumoxide [err], silicon dioxide [err], =
magnesi um oxi de (MgO), zirconi.umoxide [err],. carbons,-ferric oxide [err],
manganese di oxide [err] MO, .cupric oxide (CuO), tricobalt tetraoxide
[err], nickel nbnoxide (NiO, chromc oxide [err], lithiumoxide (Li20,
zinc oxide (ZnO), bisnuth oxide [err] bariumoxide (BaQ, titanium oxide
[err], boron oxide [err], sodiumoxide [err], potassium oxide (K20),
phosphorus pent oxi de (P20), -nol ybdenum seigui oxide [err], calcium oxide
(CaO and a conplex thereof can be enpl oyedl. Enbodi nents of the present

accompanyi ng TPIFABES Thsvare crRate pr e BEPR R eatbh 45 uBaRonirbn
illustrating the

« drawing, graphite iaye: 2 and phosphor léyer 5 are formed on the inner surface of
a pand 1, and far-infrared emitting material léyer 4 whose color is off-white is
formed on the graphite layer. Also, an aluminum layer 6 is formed above
phosphor layer 5 and far-infré.red emitting material layer 4, spaced apart from them
by a predetermined distance. Here, since far-infrared emitting material layer 4 is
white or off-white, the far-infrared emitting material layer again reflects the ligﬁt
which has been reflected toward the graphite among emitted from the phosphor

layer and thus absorbed thereinto, so that luminance is enhanced.

EXAMPLE 2

The same method as example 1 is employed except that a material
consisting of Si0,, Al,O; and MgO is used as the far.-infrared emitting material to
manufacture a screen by forming a far-infrared emitting material layer inside a
panel and over a black matrix layer of a cathode ray tube.

FIGs. 6 are a spectral analysis table (6A) of far-infrared emitting material
components used, and a graph (6B) obtained by measuring spectral emittarice
thereof versus wavelength. Here, each peak of each far-infrared emitting
component can be seen, ax_1d it can be noted that the émissibn of far-infrared light is

 intense at wavelengths shorter than 25um.

As described above, when the cathode ray tube is manufactured

with  the far-infrared emitting material layer oQ_er the black matrix layer, the

cathode ray tube emits far-infrared rays to give a user an activation effect provided



transm ttance of water 7 versus wavel ength;. FIGs. 2A and 2B are

graphi cal representations respectively illustrating the. spectral -
transm ttance and spectral reflectance of the skin.versus wavel engt-h; FIGs.
3A to 3l illustrate a process for manufacturing a screen according to
Exanple 1 of the present invention; FIGs. 4A and 4B illustrate a spectral
analysis (4A) of far-infrared emtting material conponents used in Exanple
1, and spectral emttance (4B) thereof versus wavel ength;

13
by the far-infrared rays.

. The inventor of this invention has confirmed that the enhanced luminance
effect can also be obtained b)} forming the far-infrared emitting material layer over
the black matrix laycr in accordance with the principle shown in FIG. 5. The
luminance of a conventioﬁa’l scfeén _(with'ou't.a far-infrared emitting layer), and that
of screens according to examplés 1 and 2 (with the far-infrared emitting layer) are

illustrated in <Tabl_¢ 1>. Here, additional data is included for the screens of

examples 1 and 2.

- <Table 1>
“ | conventional CRT | example 1 example 2 “
u emitting layer material Si0,, Al,O,, §i0,, Al,Os, “
- N/A MgO, N30, MgO
P04, K0,
Ca0, TiO,
‘color of emitting layer N/A white light gray
thickness of emitting N/A 20 20
layer (pm) _
luminance (%) 100 110 105

FIG. 7 is a graphical representation illustrziting luminance of the
conventional screen (a) and the screens according to examples 1 and 2 (b and c),

respectively. Here, the luminance of the screen according to an embodiment

of the present invention is enhanced by approximately 5-10% as com-

pared with that of the conventional screen.

As described above, by forming the far-infrared emitting layer over the



FIG 5 is a sectional view showing a portion of the screen nmanufactured by
exanpl e 1 of the presént invention; FlGs.— 6A and 6B illustrate a spectral
analysis (6A) of far-infrared emtting-material conponents used in Exanple -
2, and spectral enmittance (6B) thereof versus wavelength; FIG 7 is-a

graph| cal representation illustrating |um nance of a conventional screen

(a) and screens according to Exanples 1 and 2 (b and c), respectively;
FIG 8 is a photograph of a screen manufactured by Exanple 3 of the present
invention; FIG 9 is a photograph of rosegsqused for denonstrating the

far-i nfrared emtting characteristic of a far-| nfrared emtting cathode ray
tube manuf act yaek nrEXRARP fPardd Plystdi€ eRiRICHbmI thy eathb@iay tube and, at the

same time, luminance can be enhanced.
Another «mbodiment of the present invention, will now be

" described in which the far-infrared emitting material is contained in

the black matrix layer.:

The far-infrared emfttin_g material is composed of at least one of SiO,,
ALO,, MgO, Na,0, Pz_Os,"KIO, Zr0,, Ca0 and TiO,,  preferably having not
more than a Sum average diameter. Also, the addition or édditive amount df
| graphite can be determined in accordance with the overall color, and the addition
of conductivity and the light-absorbing characteristi’c.l
In order to introduce the far-infrared em_itting material in the black matrix
layer, the far-infrared emitting material is mixed Qith graphite solution generally
used for forming a black matrix, by being siibjected to a ball-mill, if necessary, to
become consistent. The additive amount of the far-infrared emitting material is 1-
100wt %, preferably 10—100wi%, when the total amoun-t of the mixture is used as a
reference. It is observed that, if the mixed amount of the far-infrared emitting
material is increased, the far-infrared emission is increased. Also, the'far«infrared
emitting effect can be obtained when the content of the far-infrared emitting
material is less than 10%, though it is slight.
The prepared mixture having the far-infrared emitting characteristic is
applied on thé inner surface of the screen as dots or stripes accordiﬁg to the same
steps as the conventional black matrix manufacturiﬁg steps. That is, the panel is

cleansed using distilled water, hydrofluoric acid, etc. Then, a photoresist is coated



FIGs. 10A and 10B illustrate a spectral analysis (10A) of far-infrared

emtting material conponents used in Exanple 4, and spectral enmittance
(10B) 8 thereof versus wavelength; FIG 11 is a photograph of a screen
manuf actured by Exanple 4 of .the present invention; FIGs. 12, 13 and 14 are
graphs illustrating the lumnous spectrum of green, blue and red phosphor

screens manufactured by Exanple 5 of the present invention,

respectively;

FI Gs. 15A and 15B are photographs of roses, carnations and oni ons used
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and dried, thereby forming a photoresist pattern via an exposure and development

.- Process. Thereafter, a black matrix pattern is formed by coating and etching a

~ black matrix mixture containing far-infrared emitting material. Finally, the screen

is completed by carrying out commoﬁ. phosphor slurry coating, filming composition

coating, aluminum deposition, and baking processes.

Upon operating the cathode ray tube, since 20% of the electron beam

energy emitted from the electron gun is converted inito light_, and 80% becomes

heat, the far-infrared rays are emitted externally, while increasing the _temperaiure :

and the emission of far-infrared rays within the cathode ray tube. As expressed by

the Stefan-Boltzmann formula (defined as: W=5.67x 10T, where W is the total |

emitted energy W/cm?, and T is the absolute temperature K), the emitted energy

amount is in proportion to 4-square of the absolute temperature, and thus the higher

the applied temperature is, the higher the obtained emitting efficiency is.

Hereinbelow, a preferred embodiment of a cathode ray tube wherein

the far-infrared emitting material is introduced into the black matrix, will

be described in detail.

EXAMPLE 3

An applied solution composed of 2.5wt% far-infrared emitting material

containing Si0O,, Al,0;, MgO, Na,0, P,0;, K,0, and TiO,, having an average |

diameter of 3um, 2.5wt% graphite for black matrix having an average diameter of

1pm, 0.2wt% sulphonic surface active agent, 0.2wt% kasil, 2wt% alumina-based

dispersant, and a remainder of distilled water, is subjected to a ball-mill for 24



for denonstrating the far-infrared emtting characteristic of a
far-i'nfrared em tting cathode ray tube manufactured by Exanple 5 of-the

present invention; FIG 16 is a view for illustrating a nethod for
manuf acturi ng a shadow mask accordi ng to Exanple 7.of the present
invention; FIG 17. is a view for illustrating a nethod for manufacturing a

shadow nmask according to Exanple 8 of the present invention; FIG 18 shows
a cross-sectional view of a portion-of a funnel of a cathode ray tube
manuf act ured accordi ng toExanple 9 of thegresent invention; FIG 19

il lustrates the experinental nmethod used for denonstrating the effect of

em tting far- hiirs Fbeeordsh¥cht u&P&ﬂa%nt ahd iformedds arilidk mMatrixgpaedeon e t ube
manuf act ured by Exanple 9 of the present invention, and FIG 20 shows a

Lot Lo e MR o R O, B e e e
conventional method. ' |
FIG. 8 is a photograph taking the external view of the screen manufactﬁred
as .above, wherein black liﬁes are a black matrix pattern including the far-infrared
emitting material. |
To demonstrate the faJ'-iﬁfrared emitting effect of the cathode ray tube
having the far-infrared emifﬁn_g material, the following experiment was pérformed.
Four roses being in bloom to the same degree were put into similar flasks (A,
B, Cand D), respectivel.y. Then, flask A was placed ot a distance of 10cm from o
conventional television operating without the far-infrared emitting material, and
flasks B, C and D were also placed at distance of 10cm from a television operating
with the far-infrared emitting material according to example 3 of the present
invention. The obove wasleft in place for 100 hours. Throughout, other parameters
were controlled, such as, the light intensity emitted from-the two kinds of televisions
was kept constant, and external light was blocked.
FIG. 9 is a photograph taken after the elapse of 100 hours, showing the
relative states of the roses. As shown in the photograph, the rose of flask A is
already withered and dried while its petals are brittle, but those of flasks B, C and
D are fresh and moist due to sufficient supply of water. It can be considered that

this is because the far-infrared rays emitted from the television according to an
embodiment of the present invention activates the water in the flosks B,
C and D and the inherent water of the roses, so that the withering of the

roses is inhibited.



Even though any material capable of emtting far-infrared rays may be 9
adopt'ed in the foll ow ng exanples, the nost_preferred nethods wll be given
as an exanpl e herei nbel ow since the additive anount or application nethod
of the materials varies to suit the characteristics and limtations of the
applied articles. According to one enbodi nent of the present invention, a
for-infrared enmtting cathode ray tube has a screen which includes a bl ack
matrix | ayer covering the inner surface of a panel in a predeterm ned
pattern, a phosphor layer arranged betweep;stripes of the black matrix

| ayer and emtting various colors by filtering the el ectromagneti c wave,
and an al um nepuhgiee 4f or -.enhanci ng the overall

n An applied solution composed of Swt% far-infrared emitting material
containing Si0,, AL,O,;, Mg0, Ca0 and TiO,, having an average diameter of 1um,
0.1wt% non-ionic surfactant, 0.1wt% graphite for black matrix having an average
diameter of 1um, 0.1wt% kasil, l_wt% Al(OH), dispersant, ammonium hydroxide
NH,OH having an amount capable o:f controlli_ng- pH at 10-11, and a remainder of
distilled water, is prepared. This solution is applied on the inner surface of the
panel, thereby forming a black matrix pattern. Then, a screen is manufactured in
accordance with the conventional method. |

FIGs. 10A aﬁd 10B are an analysis table (10A) of far-infrared emitting
material component used in the foregoing, and a graph (10B) obtained by
measuring spectral emittance over a given band of waveléngths. In the figures
the presence of each cdmponent and its high emission intensity in the far-infrared
region can be confirmed.

In FIG. 11, a photograph taking tﬁe external vit;,w of the screen
manufactured by Example 4 of the present invention. Here, since there is
no graphite in the black matrix layer, this layer appears as white. «

The black matrix layer of the screen manufactu;ed according to the example
4 is composed of the far-infrared material only, and cannot function as its own.
Therefore, a drawback of degrading color purity of the image.exists, but there is a
benefit. A high far-infrared emitting effect can be obtained, provided that the black
matrix layer according to this example 'is adopted for a cathode ray tube wherein the

above drawback is negligible.



lum nance of the panel and strengthening the electrical potential of the
phosphor screen, wherein a far-infrared emtting mat erial layer is
installed on t he-bl ack matrix | ayer. The above-described far-infrared
.emitting screen is nanufactured in accordance wit h.the follow ng steps. The
bl ack matrix |ayer of a predetermined pattern is first fornmed on the inner
surface of the panel.. A photoresist layer is formed by coating, exposing
and devel oping a photoresist on the black matrix layer, and then a
far-infrared emtting material layer is fogmed by coating far- infrared
emtting material on the photoresist |ayer. Successively, after coating,
exposi ng, and develAdufithen epibaidimeai Sft tHeOprekedtni g a phosphor, phosphor
slurry is coated, exposed, and devel oped, thereby form ng a phosphor | ayer

betveen the. ghehss Blowidl Phafidie 8y hink VAU ombliSes' Phrdsphérfafé: &%&wg
. of phospiiors as dots or stripes"for entitting white or cqlored light by collision of
electron beams, and forﬁ_:_é‘d on the inner surface of a panel, wherein a far-infrared
' énlitting' matcriai is included in the phosphor layer.
.A far-infrared er;niﬁ_iné material included in the phosphbr layer is COmpoéed
* of Si0;, ALO;, MgO, Coy0y, Tio,, C20, X;0, and Na;0, as well as transition
 oxide metals other than these Preferably, the average particle dxameter of these is
0 5-4pm, and the maxlmum pamcle dlameter is Sum

Also in order to sustam the lummous efﬁc:ency of the phosphor, the
desirable color of the far-infrared emmmg material is white or off—white,- and a
highly purified metal oxide (not .mi.xed with Fe, Co and Ni which decrease the
luminous characteristic of the phosphor) is used as the far-infrared material.

To introduce the above-described far-infrared emitti.ng material into the
phosphor layer, thé material is mixed with phosphor slarry, and this mixture is
applied to the conventional manufacturing process of the phosphor layer. At this
time, the additive amounf of the far-infrared emitting material is not moresthan
S0wt%, preferably 1-40wt% of the amount of the phosphor. If the additive amount
of the far-infrared emitting material is increased, luminance is IoWered even though
there ia no difference in the luminous spectrum and luminous color coordinates.

. Accordingly, an additive amoam of more than 50wt% is not preferable.
Here, in the case of the screen for a color cathode ray tube, which has a

phosphor layer obtained by forming color phosphor layers on the inside the panel



[err], [err], [err], [err], CaO and [err]; the preferable average particle
di aneter —of these is not more than [err]. 10 The thickness of "the
far-infrared emtting material |ayer is 0.2-100m and preferably [err].
-Her ei nbel ow, the above-stated nmethod for manufacturing the far-infrared
emitt ng screen wll be described in detail with reference to FIGs. 3A

through 31. EXAMPLE 1 A panel | is cleansed using hydrofluoric acid and
distilled water according to a conventional mnethod prior to drying it.
Then, a photoresist conposed of 19 '

via several processes of separately prepared red, green and blue luminous phosphor
.- slurry such as coating, drying, exposing and developing, the phosphor layer is

manufactured in accordance with a conventional precess by mixing the far-infrared
emitting material with each color slurry. Here, since the luminous characteristic of
the ZnS-based phosphor such as the greén 1umin_0us phosphor _liké ZnS:Cu,Au,Al,
ZnS:Cu,Al, (Zn,Cd)S:Cu,Al, and blue luminous phosﬁhor like -ZnS:Ag is
deteriorated by impurities such as Fe, Co and Ni, the purity of the materials
(especi#lly of the far-infrared emitting material) must be carefully supervised, so as
not 1o cbntai_n the _impuritie?s. |

A color cathode ray tube with the phosphor l.ay.er including the far-
infrared emitting material will be given as example. Here, a case in which far-infrared

emitting material is included in all color phosphor layers will be described in

detail.

EXAMPLE 5

To begin with, 85g of ZnS:Cu,Au,Al as a green phosphor, a 15g far-
infrared emitting material mixture obtained by mixing S$i0,, ALO;, MgO, €a0 and
TiO, in the same ratio, 200g of distilled water, 70g of polyvinyl alcohol, 4. 1g of
sodium bichromate, and 50mi of surface acti\;e agent are mixed to prepare the
éreen phosphor slurry. At this time, the average particle diameter of the phosphor
is 7um, and that of the far;infrared emitting material is 1.5;mi. :

In the analysis table of the far-infrared emitﬁng material illustrated in FIG.

10A, each peak of the components is depicted. Also, the graph obtained by



pol yvi nyl al cohol, sodium bichromate, acryl enulsion, etc. is coated on the
-inner surface of panel 1, and thus aphotoresist pattern-is fornmed by

dryi ng, exposing_and devel oping. After covering and drying a graphite on
the photoresist pattern, a black matrix 2 pattern i-s_formed by separating
this photoresist pattern, using an etching solution (FIG 3A). After
covering a negative-type photoresist 3 on black matrix 2 pattern (FIG 3B),
t he photoresist on the panel is exposed to |ight and devel oped through a
shadow mask, so that the photoresist |ayejgon panel 1 is renoved and an
unexposed resist layer is left on black matrix 2 (FIG 3C). After this, a

far-infrared medstfing) thendpeerdl Bmidarteifabe tardhfraded lepfttinganftetd] sholvnGan
-dioxide [err], alum nium oxide (A1203), magnesi um oxi de (l\/gO) SOdI um oxi de

(Na20), phos ey ORI OAES el Bt thar (RO LARSIO BALEAS disfi{xée

dioxide [err], ci um oxI d nd titani um oxl

aV| ng not
nore than a [g#rnl average dianeter, is

By using the green phosphor slurry, a green pho'sphor pattern is formed
.accordmg to the conventional process.. o |
The lummous spectrum of the green phosphor layer is represented in FIG.
12, wherein the mherent lummous spectrum of the green phpsPhor has n_q
dlfference ﬁ'om that of the conventional phosphor
| Next 70g of ZnS: Ag as the blue luminous phosphor having cobalt blue
(Co0- ALO;) attached thereto, a 10g far-infrared emlttmg matenal mixture
composed of Si0,, Aléb;_ and Mgb which are mixed in the s_ame_:.ratio, 150g of
distilled water, 80g of polyvinyl alcohol, 3.8g of sodium bichromate, and 8ml of- '
surface active agent are all mixed to produce the blue phosphor slurry. At this
time, the average particle diameter of the phosphor is S5um and that of the far-
infrared emitting material is 1pm.
| In the analysis table of the far—i-nfrared emitting material illustrated in FIG.
6A, each peak of the components is depicted. Also, the graph obtained by«
measuring the spectral emittance of the far-infrared emitting material shown in
FIG. 6B illustrates the fact that the emission efficiency is high in the range below
25um.. |
By using the blue phosphor slurry, .a blue phosphor pattern is formed

according to the conventional process.

. The luminous spectrum of the blue phosphor layer having the far-infrared



sprayed on the upper portion of black matrix 2 and the resist pattern,
usi ng a-spray gun whose nozzle has a dianmeter of 0.4mm (FIG 3D)+-
Therefore, a far-infrared emitting material layer 4 is formed on the
upper portion of resist layer 3 on black matrix 2 (FIG 3E). Then, via the
sequence of an ordinary slurry process, i.e. photoresist coating (FIG 3F),
exposure and devel opnent (FI'G 3G, phosphor slurry coating (FIG 3H), and
an exposure and devel opnent, a first phosphor layer 5 is forned (FIG 31).
Finally, after form ng a second and third-hosphor |ayer via the sane
common slurry process, a screen for a cathode ray.tube having the bl ack

matrix, far-i BfidhemRemdIts rpréRheh iiRlF1Gay 8! whekasiedfihdraptgumindid t he

al um num | ayer is Formed t hrough the sequential steps of filmng

conmposi t '. Of' spectrum of the blue phosphor has no difference from that of the conventional
phosphor.

Lastly, 90g of Y,O;S:Eﬁ having the red luminous phosphor having FeQ_O;,

‘attached thereto, a 10g far-infrared emitting material mixture COmpqsed of_. Si0,,
Al;03, MgO, Na,0, K,0 and 'inz mixed in the same ratio, 100g of distilled water,
50g of polyvinyl alcohol, 3.7g of sodium bichrpmate, and 30ml of surface active
agent are all mixed to produce 'thé red phosphor slurry. At this time, lthe.average
particle diameter .of the phosphbr is 6um and that of the far-infrared emitting
nmmﬁﬂisﬁum. | |

In the analysis table of the faf-infrared emitting material illustrated in FIG.
4A, each peak of the components is depicted. Also, the graph obtained by
measuﬁﬁg the spectral emittance of the far-infrared emitting n-laterial showﬁ in
FIG. 4B illustrates the fact that the emission efficiency is high in the range below
25pm. | | -

By applying the red phosphor slurry on tﬁg inner surface of the panel, a red
phosphor pattern is formed according to the conventional processes such as drying,
gxposing and developing.

The luminous spectrum of the red phosphor layer having the far-infrared
emitting material is representéd in FIG. 14, wherein the inherent luminous
spectrum of the red phosphor has no difference from that of the conventional

phosphor.

The chromaticity on color coordinates and luminance of each phosphor layer



coating, alum num deposition, and baking. The thickness of the far-infrared
emtting layer i'S between [err] to-Jerr], and preferably is the range of —
0.5 [err] to 50 [err]. If the layer's thickness is greater than 100 [erf],
manuf acture of the phosphor layer is difficult and the material powder
separates easily. On the other hand, if the thickness is below 0.2 [err]
the effects of far-infrared ray generation and | uni nance increase are
trivial. FIG. 4A and B are a spectral analysis (4A) of for-infrared
emtting material conponents used in the ?%rst exanpl e, and a graph (4B)
obt ai ned by neasuring spectral emttance ereof versus wavelength. in FIG

4A, the peak gl Barlirdidb exhﬁnﬁﬁ@dﬁ@%b@%ﬁhb? hﬁhqaa&t]ﬁfc'&*eauﬁ R6llof PofhoP Eﬂ(’iﬁrnThe

spectral em ssion nmeasuring grap wn in FIG 4B is obtained by enploying

bl ack body (at
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the above-described method. Thls data is shown in <Table 2>, along with the

chromaticity of the conventional phosphor _layer without the far-infrared emitting B

material.

conventional phosphor is assumed as 100%.

The relative lufn__in‘a_nce is the value when the luminance of the

" < Table 2>

conventional .n'_l_i'icé:d"phosphor rel. lqmi-:', :
phosphor R lumi- | nance
. 3 — nance dif. -

X coor- Y coor- X coor- Y coor-

dinate dinate - - dingte dinat_e (%) (%)
red 0.652 0.341 0.650 0.342 957 | -4.3
green 0.313 0.610 0.314 0.607 93.0 -7
blue 0.152 0.058 0.152 0.055 97.3 -2.7

As shown in <Table 2>, and in FIGs. 12, 13 and 14, there is no

significant difference in the luminous spectrum and color coordinates when mixing

the far-infrared emitting material, though the luminance is slightly lowered. This is

because the far-infrared emitting material without the luminous characteristic is

mixed in the phosphor layer, which results in degrading the luminous efficiency

accordingly. Therefore, the amount of the far-infrared emitting material included

in the phosphor slurry must not exceed 50% of the maximum amount of the

phosphor, and a favorable body color thereof is also white or off-white for

maintaining the luminance efficiency of the phosphor.



I ntense at wavel engths shorter t han [err]. FIG 5 is a secti onal vi ew which
il lustrates a portion of the screen 12 manufactured by the above exanpl e
of the present invention. As shown in the drawi ng, graphite layer 2 and
phosphor layer 5 are formed on the inner surface of a panel 1, and
far-infrared emtting material |ayer 4 whose color- is off-white is fornmed
on the graphite layer. Al so, Yan alum num |l ayer 6 is formed above phosphor
| ayer 5 and far-infrared emtting material |ayer 4, spaced apart fromthem
by a predeterm ned distance. Here, since jgr-infrared emtting materi al
layer 4 is white or off-white, the far-infrared emtting material layer:
agai n reflects thenmbté@her, since the average particle diameter of the phosphor is 5-8um and
its maximum particle diameter is 10-14pum, the average and maximum particle
dizineters of the far-infrared emitting material is preferably below those of the
phosphor. When the diameter is minimized as much as possiblé, such a non- ~
luminous part of the scré_en which is not displayed after the subsequent formation
of the phosphor layer is reduced and the mixing with the pigment and/or phosphor
~ is even better.
As described above, the far-infrared emitting material is included in the
phosphor slurry while manufacturing the phosphor layer of the cathode ray tube,
so that this cathode ray tube can offer beneficial far-infrared ray to the user. The
luminance is slightly degraded, but it is not significant.
To demonstrate the far-infrared emitting effect of the screen completed as
above, the following experiment wc-xs carried out.
Four roses and four carnations being in bloom to the same degree were put
into respective flasks. These were placed 20cm from a television having the
conventional screen operating without the far-infrared emitting material, and a
television having the screen manufactured according to the Example 5. These
were  left in place for 100 hours.
Additionally, five onions being in the same state of maturity were put into
‘beakers of water such that their roots are 1cm below the water’s surface. The
beakers were positioned 10cm from the flasks for 100 hours in front of the turned on

televisions, as were the flowers.

FIGs. 15A and 15B are photographs of the roses, carnations and onions. In



whi ch has been reflected toward the graphite anong emtted fromthe
phosphor | ayer and thus_absorbed thereinto, so that |um nance-is enhanced.
EXAMPLE 2 The sane nethod as exanple 1 is enployed except that a naterial
consi sting of SiO2, A1203 and MJO is used as the far-infrared emitting
material to manufacture a screen by formng a far-infrared emtting
material |ayer inside a panel and over a black matrix |ayer of a cathode
ray tube. FIGs. 6 are a spectral analysis table (6A) of far-infrared
emtting material conmponents used, and a g&aph (6B)- obt ai ned by neasuring
spectral em ttance thereof versus wavel ength. Here, each peak of each

far-infrared ggt Hﬁgthﬁggﬁxﬂgﬁ%sé}% na?ﬁ)%n“'.ex‘%r&gf)§edct§Qh@?elél%i@ﬁj a&%fnngt he

em ssion of far-intrare I's intense at wavelengths shorter t
Lerr]. As desgid BedeARUPsore nd e SEARME Y rbs Snd LalFRRBECGEN Sosea

to the television adopting the screen which emits the far-infrared rays and
manufactured according to the above example. In FIG. lSB,' thé leftmost onion
‘was exi:»o_sed to the televisi‘;jn adgipting'the conventionzﬂ screen, and the remaining -
four onions were exposed to the television adopting the screen which emits the fé'r-
infrared rays and manufactured according to the example. Heré; all that were

| exposed to the far—'infr.argd_', ¢mitting cathode ray tube and thus under the inﬂuenée
of the far-infrared .rays grdw __qui_C'kly, wither sléwly, and maintain freshness, while
the flowers exposed to the conQentional cathode ray tube has withe_:red and dried
before blooming, and the 6nion'grows_slowly and has no buds. |

In a still further efhbodimenf of the presenf invention, a far-infrored emitting

cathode ray'tube comprises .a color selecting electrode, i.é., shadow mask, which
emits .far-infrar.ed rays by forming a far-infrared emitting layer on the outer surface
of the shadow mask toward the phosphor layer. -

The shadow mask is constructed such that apertﬁres are formed in a metal
plate, corresponding to the phosphor to allow tlie electron beams emitted from the
electron gun to accurately collide with the phosphor. Only a portion of the
electron beams emitted from the electron gun land on the phosphor layer having
passed through the apertures, and the remaining 70-80% collide with the shadow
mask. By this collision, electrical energy is instantaneously converted into heat

energy, which augments the surface temperature of the shadow mask by up to roughly

80°C.



with the far-infrared enitting material |ayer over the black matrix
| ayer, the cathode ray tube emi.ts far-infrared rays to give a user an-
activation effect provided <13 by the far-infrared rays. The inventor of
this invention has confirmed that the enhanced | uninance effect can also be
obtained by formng the far-infrared emtting material |ayer over the bl ack
matrix |layer in accordance with the principle shown in FIG 5. The
| um nance of a conventional screen (without a far-infrared emtting |ayer),
and that of screens according to exanples 2115 and 2 (with the far-infrared
emtting layer) are illustrated in <Tab|_ e 1> Here, additional data is
included for the sgf @898mBbdiment, the far-infrared emitting material is included in the

shadow mask requiring several treatments due to the rise of temperature, so that

the far-infrared rays can be emitted from the cathode ray tube which had emitted

harmful electromagnetic waves. -

The far-infra_red emitting_ material is first mixed with solvent to prepare a

coating solution. :Theh,' this solution' is coated on the surface of the shadow mask,

using a spray coating, or using a _ﬁoiyder flame or powdered plasma spray which is

used for preventing doming of the sh_a_‘dow mask. When using the powder flame or

plasma spray, a very securely fixed, far-infrared emitting layer can be

manufactured.

The far-infrared emitting material is composed of at least one of aluminium

oxide (Al,0;), silicon dioxide (SiO,), magnesium oxide (MgO), zirconium oxide

(Zx0,), carboné, ferric oxide Fe,0,), manganese dioxide (MnO,), ménganese

monoxi_de (MnQ), cupric oxide (CuQ), tricobalt tetraoxide (Co,0,), nickel

monoxide (NiO), chromic oxide (Cr,O,), titanium oxide (Ti0,), boron oxide

(B,0s), sodium oxide (Na,0), potassium oxide (K,0), molybdenum sesquioxide

(Mo,0), calcium oxide (Ca0), lithium oxide (Li,0), zinc oxide (ZnO), bismuth

oxide (Bi,0;), barium oxide (BaO), and an alloy of these, wherein a low heat-

'expansion material is preferable. The diameter of the far-infrared emitting material

is in the range from 0.05um to 2um. If the diameter is smaller than 0.05um, the

far-infrared emitting efficiency is too low, but if greater than 2um, the apertures of

the shadow mask are clogged. Thus, it is preferabie that the above range is

maintained, and the average diameter is set to about 0.4pm.



exanples 1 and 2. <Table 1 > conventional CRT exanple | exagpl e 2
emtting layer materi al - [err]+ [err], [err], [err]

MO, [efr],
white

20 |l ayer [err]
105 FIG 7 is

conventional screen (a) and the screens accordi ng to exanples 1 and 2 (b

and c),

N A

MO [err], [err], CaQ J[err] color of emtting |ayer N A

light gray thickness of emtting  NA 20
| um nance (% ' 100 o 110
a graphical representation illustrating | um nance of the

26
Also, the thickness of the far-infrared emitti'ng layer to be formed is within
0.1-10pm, preferably 3-54m. The reason for setting the range is that the emittance

effect is insufficient when thinner than 0.1um, and the apertures are clogged when

thicker than 10um.

As described above, if the cathode ray tube is manufactured by adopting'thé

shadow mask covered with the fa_r—infrared eﬁlitting material on the outer surface
thereof, the témperature of the shadow mask incté_ases-up to apprcximétely 80°C
due to the collision of the electron beams during cathode ray tt‘ibe"op.eration, which
facilit#tes the emittance of the faf-infra_ired rays.

Hereinbelow, a preférred embodiment will ﬁe described in detail with

reference to examples.

EXAMPLE 6

30wt% of Si0,, 15wt% of ALO;, 30wt% of Li,0, 10wt% of ZnO and
15wt% of ZrO, are mixed, thereby forming low h_eatve-xpansion far-infrared
ceramic. Then, a far-i;frared emitting mixture for coating the shadow mask is
prepared by mixing 20wt% of the far-infrared ceramic, 20wt% of frit (lead-borate

glass) consisting of 80wt% of PbO, 10wt% of B,O, and 10wt% of SiO,, 59wt% of

- distilled water, and 1wt% of a dispersant. This mixture is sprayed on the outer

surface of the shadow mask toward the phosphor layer to a thickness of Sum and

dried, thereby forming the shadow mask coated with the far-infrared emitting

material.



respectively. Here, the Ium nance of the screen according to an enbodi ment _
of the present invention is enhanced by approxi mtely 5-10% as com pared
with that of the conventional screen. As described abowve, by form ng the

far-infrared emtting |ayer over the 14 black matrix, far-infrared rays
are emtted fromthe cathode ray tube and, at the sane tine, |um nance can
be enhanced. Anot her enbodi nent of the present invention, wll now be

described in which the for-infrared emtting naterial is contained in the
bl ack matrix | ayer. 27

EXAMPLE 7

35W1% of $i0,, 4wt% of ALO;, 55Wi% of Zr0,, 4wt% of Fe,0, and 2wi%
of Bi,O; are consistently mixed, thereby forming far-infrared emitting material.

- The average particle diameter of the far-infraréd emitting material is 1um, and the
mmdrﬁum p'article diameter is 1.5um. As shown in FIG. 16, the far-infrared
emitting material is coated on the outer surface of the shadow mask to a thickness

.of 3um by the powder ﬂame spray. According to this method, far-infrared
emitting rhateria] .4 is sprayed by high-pressure air and, simultaneously, oxygen and
acetylene gases 8 are sprayed to flame, so that a compact far-infrared emitting |

layer is formed on shadow mask 7.

- EXAMPLE 8

-60wt% of Si0,, 20wt% of Al,0s, 5wt% of Fe,0; and S5wt% of MgO are
consistently mixed, thereby forming far-infrared emitting powder. The far-infrared
emitting powder thus obtained is coated on the outer sﬁrface of the shadow mask
by plasma spray as shown in FIG. 17, thereby forming the faf—infrared emitting
layer to a thickness of Sum. According to the plasma spray, high-pressure argon
or nitrogen gases 9 are sprayed to produce a high-voltage arc, which in turn creates
plasma and simultaneously supplies far-infrared emitting powder 4. Thus, a
compact fgr—infrared emitting layer is formed on the outer surface of shadow mask
7.

As described above, when the far-infrared emitting material layer is formed

on the outer surface of the shadow mask, the temperature is increased to



The far-infrared emtting material is conposed of at |east one of [err],
[err], MgO " [err], [err], [err], [err], CaO and Terr], pr ef erabl y_havi ng
npot nore than a [err] average dianeter. Also, the addition or additive
amount of graphite can be determned in accordance with the overall col or,
and the addition of conductivity and the |ight-absor bi ng characteristic. In
order to introduce the far-infrared emtting material in the black matrix

| ayer, the far-infrared emtting naterial is mxed with graphite solution
general |y used for formng a black matrix,agy being subjected to a

ball-mll, if necessary, to becone consistent. The additive anount of the
far-infrared @ppioximgelye8020, b that ah-ext&lfunt %r-rﬂfrﬁf&re%lﬁk% glétfekOo 8¢ when the
total anount of the mixture is used as a reference |s observed that, if

the m xed amoyBlaimdd ds\nlared Rithd Eﬁqxﬁgmgttt'%g] faﬂd he} pcr eased, the

far-infrared em ssion is’Increase ar-ln rar emttlng ef fect

e far-i.nfrared er
can be obtained phen ano hhe?: s menci of the present invention, a ca oéc ra%r tube

compﬁses an envéloj:e’ formed by a panel, a funnel and néck, wherein the far- -
infrared emitting niater_i_ai .i_'s-i'ncl'u.ded in tﬁe outer graphite layer covering the outer
surface of the funnei, ar'ld thus emits the far-infrared rays.

The graphite '-ermed"on' the outer surface of the funnel functions as a
capacitor. In the CathOde_ray' tube, an anode is supplied with 25KV which is
supplied by rectifying the'butpur_ of the flyback transformer. Sinee' thisloutpu-t is
obtained from a square Wa\re mput the ripple is high. Generally, in a rectifier
circuit, a capacitor is used .in a smoothing e]ement to eliminate the ripple. . Here,

the outer and inner graphite layers of the cathode ray tube serve as the capacitor.

In on office, the rear of a computer terminal often faces another person

located behind it, and thus electromagnetic waves are likely to harm that person.

However, in this embodiment, the.far-infrared emitting material is included in the

outer graphite layer to emit the for-infrared rays from the rear portion of the
cathode ray tube. '

On the other hand, as described above ir_l view of the Stefan-Boltzmann
formula, the emitted energy amount is in preportional to 4-square of the absolute
temperature. This denotes that the applied temperature should be high to heighten
the emission efficiency of the far-infrared rays and increase the amount of emitted
energy. In the case of the terminal mounted with the cathode ray tube, the
temperature of the outer graphite is increased to 45-55°C, after being turned on.

Also, the larger the size of the cathode ray tube is, the higher the temperature



material is |less than 10% though it is slight. The prepared m xture having
the far-infrared emtting characteristic is applied on the inner surface of—
the screen as dots or stripes according to the same steps as the -
conventional black matrix manufacturing steps. That is, the panel is .

cl eansed using distilled water, hydrofluoric acid, etc. Then, a photoresist
is coated 15 and dried, thereby form ng a photoresist pattern via an
exposure and devel opnent process. Thereafter, a black matrix pattern is
fornmed by coating and etching a black matsygx m xture containing

far-infrared emtting material. Finally, the screen is conpl eted by

carrying out RgHes MAAHABPEertdi tir¥urh@aide8Jup td hsout F0CCQNPPIréfofd) more
. far-infrared radiation can be emitted. from the outer graphite, using the natural heat
generated during the 6peration_of fhe terminal. .
A method for manuféctu'ring the cathode ray tube including the far-infrared

emitting material in the outer gfa,'phite layer will be described in detail.

EXAMPLE 9

15wt% of graphite for dui_e:f graphite léyer, 15wt% of a mixture of Si0,,

' ALO,, MgO, CaO and TiO,, 0. 1‘@;% ;,f_ kasil, Swt% of the others, and the |
remainder of distilled water are -mixéd to form a éomposition for the outer graphite
layer.

The overall composition is ﬁnted gray since the introduced far-infrared
emitting material is whiié. In acéordance with the common method, the obtaiﬁed
composition is sprayed to coat the outer surface of the funnel, using a spray gun
for coating under high pre'ssu're (more than l.Skg/cmz):

FIG. 10A illustrates the spectral analysis of the far-infrared emitting
material used in the above example, and FIG. 10B illustrates the spectral emittance
graph versus wavelength. ..

FIG. 18 shows a cross-sectional view of a portion of a funnel of the cathode
ray tube 10 manufactured accordiﬁ_g to the example 9 of the present invention,
wherein the faf—infrared emitting material 4 is consistently mixed with the outer
graphite 12 on the funnei .

To demonstrate the far-infrared emitting effect of the cathode ray tube



coating, alum num deposition, and baking processes. Upon operating the

cat hode ray-tube, since 20% of the el ectron beam-energy enitted fromthe
el.ectron-gun is converted into |light, and 80% becones heat, the
far-infrared rays are emtted externally, whijle increasing the tenperature
and the enmission of far-infrared rays within:the cathode ray tube. As
expressed by the Stefan-Boltzmann fornula (defined as: W5.67x [err] where
Wis the total emtted energy WcnR2, and T is the absolute tenperature K),
the emtted energy anpunt is in proportiongto 4-square of the absolute
tenperature, and thus the higher the applied tenperature is, the higher the

obt ai ned eni t havigg ¢hd bRkeLaRPhilS layble WichRk Déen haRiRERIEEEY SBRENI R LR 2
cat hode ray tube wherein the for-infrared emtting material 1s 1nhtroduced
'nto the bl.ack A eiititth 'mardifal IHRToIGEhe' pEiihal via LI Ed, Suhich will be
described with reference to FIG. 19. |
Three roses in bloom to the. same degree were put into respective flasks.
Fir_s_t, the céthode ray tube produced according to example .9 of the present
invention was installed on a cabinet 13, one rose (A) is placed near a vent 14 of the
- cabinet, as shown in the drawing. 'Andthér_zrose. (B) was placed on a éOﬁvenﬁQndl
cathode ray tube of the same type as example 9, except that the far-infrared
emitting material is omitted. The third rose (_C).wcs piaced so as r;ot to be aoffected
by electromégnetic waves from any cathode ray tﬁb'é. |
Of the above three roses, rose B stop's bloomi'ng after 70 .h'ours, and the
tips of its petals begonto turn black after 90 héﬁrs, while roses A and C are
still in bloom. After 120 hours, the pétals of rose B are completely scorched and
its stalk is also dried. At this time, the petals of rose A begins to dry slightly.
After 160 hours, the petals and stalk of rose B are drie-d up and mummifed. At this

time, rose A is drying, and rose C is beyond full bloom. The ré_sults obtained by

measuring the temperature at each location after the elapse of 160 hours is shown

in <Table 3>.



An applied solution conposed of 2.5wt% far-infrared emtting materi al
containing [err], [err], -MJO, [err], [err], [err] and [err], havi ng an
average diameter of [err] 2.5Wwm % graphite for black matrix having an
average dianeter of |lam 0.2w % sul phonic surface active agent, 0.2wt %
kasi |, 2wt % al um na-based di spersant, and a renmainder of distilled water,
IS subjected to a ball-mlIl for 24 16 hours for consistent dispersion,
and is forned as a black nmatrix pattern on the inner surface of the panel.
Then, a screen is manufactured in accordagge with the conventional nethod.
FIG 8 is a photograph taking the external view of .the screen manufactured

< Table 3>
A
. classification A Bj C
temperature of water in flask (°C) ' : 37 |37]26
surface témperature of -'\-zent in cabinet (°C) 40 1|40
. N/A
surface temperature of outer graphite (°C) : 43 |43
_ N/A

Here, rose A uﬁder the influence of the far-infrared rays begins drying
earlier than rose C in _naturai surroundings, because the water temperature in the
flask is 37°C due to the heat emitted from the cathode ray tube as shown in the
<Table 3>, and the harmful electromagnetic effects on rose A. However, when
comparing roses A and B, it can be confirmed that far-infrared rays emitted from

the outer graphite layer of the cathode ray tube are useful for a living body.

EXAMPLE 10

30wt% of a mixture of SiO,, Al,0,.and MgO, 20wt% of kasil, and 50wt%
of distilled water are mixed to form a composition for outer graphite layer.

After the above composition obtained according to the conventional method
is coated over the outer graphite layer of a cathode ray tube by spray or brush, it is
dried in an oven at 100°C for 30 minutes.

FIGs. 6 show the spectral analysis (FIG. 6A) of the far-infrared emitting
material, and the graph (FIG. 6B) obtained by mea;uring spectral emittance of the

far-infrared emitting material used in the above example.



as above, wherein black lines are a black matrix pattern including the
far-infrared emitting material. To-denonstrate the far-infrared emtting-
effect of the cathode ray tube having the far-infrared emtting materi-al,
the foll ow ng experinment was performed. Four roses being in bloomto the
sane degree were put into simlar flasks (A B, Cand D), respectively.
Then, flask A was placed at a distance of 10cmfrom a conventi onal

tel evision operating without the far-infrared emtting material, and fl asks
B, C and D were also placed at distance of,10cmfroma tel evision operating
with the far-infrared emtting material acCording to exanple 3 of the

present invention. Fide2@ LG %ﬁ;sk-@é&iohﬂ \%\ﬁ‘iﬁ af%l{}r;{i&@gf BGUhsel o?*&ﬁttﬂ?g%% . .

ot her paraneters were controlle such as,the |1 Intensity em

L1 402 000 PhEBAN ARSuh 69 ARE pan BB SO e
showing the wherein far-infrared emitting material layer 4 is formed over outer graphite layer
12 on funnel 11.

The cathode ray tube manufactured accordiﬁg to example 10 also has a far-
infrared emitting effect simi]ar.to that of the cathode ray tube manufactured
according to example 9. | |

In embodimenf.s of fi’;e presént ihvenfi_on as described above, far-
infrared ray material is included in each part of the interior of co;rhode ray

tube, so that far-infrared roys ore emitted. Therefore, the cathode roy tube

which has emitted electromagnetic waves harmful to living bodies emits
for-infrared rays which are useful, thereby providing pleasant working

surroundings to the user who operates the cathode ray tube.

Apart from the far-infrared emitting cathode ray tube described with
reference to the examples according to the present inve-ntion, it will be apparent
that many modifications and variations could be effected easily by one skilled in thel
art without departing from the ~ scope of the novel concepts of thepresent

invention, including monochrome and color cathode ray tube.



relative states of the reses. As shown in the phot ograph, the rose of flask
A is-already wthered and dried while its-petals are brittle, but those of

flasks B sh and noi st due to sufficient supply of water. It
can be C}’ mﬁmuillﬂ Is I s because the far-infrared rays emtted from
the tel evissi 6n acchbr i ng to an embodi nentg c;}of t he present invention

activates the water in the flasks B, C and D and t he i nherent water of the

roses, so that €1 hering of the roses is inhibited. 17 EXAMPLE 4 An
appl i ed sol utior jsed of Swt% far-infrared emtting materi al

1. A far-infrared emitting cathode ray tube, wherein a layer of far-
infrared emitting material (4) having not more than a Sum average diameter
is provided on a black matrix (2) to a thickness of from 0.2 to 100um.

2. A far-infrared emitting' cathode ray tube as claimed in claim 1,
wherein the thickness of said layer of far-infrared emitting material is from

0.5 to SOum.

3. A far-infrared emit'ti_n'g cathode 'ray tube, wherein a far-infrared
emitting material (4) having an average diameter of not more than Sum is
included within a black matrix layer (2) of the cathode ray tube as much as

1-100wt%, based upon the total amount of the mixture with the graphite.

4, A far-infrared emifting cathode ray tube as claimed in claim 3,
wherein the mixing amount of said far-infrared emitting material is from 10
to 100wt% based upon the total amount of the mixture with the graphite.

5. A far-infrared emitting cathode ray tube, wherein far-infrared
emitting material (4) of not more than 50wt% with respect to the amount of

phosphor is contained in a phosphor layer (5) of the cathode ray tube.

6. A far-infrared emitting cathode ray tube as claimed in claim S,

wherein said far-infrared emitting material is from 1 to 40wt% with respect



contai ning Si Q2, A1203, MO, CaO and Ti @2, having an average di aneter of

[erT], surfactant, O. 1wt%graphite for black matrix having
an ave &ﬂ!@wm j M err], 0.l Wt % kasi | , Im% [err] dispersant, anmonium
hydr oxi n anount capable of controlling pH at 10-11, and a
remai nder of distilled water_, i's preparedyq This solution is applied on the

I nner surface of the panel, ‘thereby formng a black matrix pattern. Then, a

screen i s manuf act,ur o) e wth the conventional méthod. FIGs.
T ol R BREBES hod, FLG

10A and 10B are'& OA) of far-infrared emtting nmateri al
conponent used in the foregm ng, and a graph (1 0B) obtained by neasuring
spectral emttance over a given band of wavelengths. In the figures the
presence of each conponent and its high emi ssion intensity in the
far-infrared redion can bé fasrinfraned ¢mitting RatBodd tay tubp ks chimedin ¢laini g the
external Vview of the screen

or 6, wherein the average dlameter of said far-infrared emlttmg matenal is

between 0.5um and 4um, and the maximum diameter thereof is 8um.

8. | A fa:-_infi'ar'ed emitting cathode ray tube as claimed in claims
5, 6 or 7, wherein said far-infrared emitting material is a metal oxide
prevented from being mixed with any one of iron (Fe), cobélt (Co) and mickel

(Ni) as an impurity.

9. A far-infrared emitting cathode ray tube as claimed in any of
claims 5 td 8, wherein the colour of said far-infrared emitting material is

" white,

10. A far-infrared emitting cathode ray tube as claimed in any
preceding claim, wherein said far-infrared emitting material is composed of
at least one seleéted from the group consisting of aluminium oxide '(A;‘zos),
silicon dioxide (SiO,), magnesium oxide (MgO), zirconium oxide (ZrO,),
carbons, ferric oxide (Fe,0;), manganese dioxide (MnQ,), cupric oxide (CuOQ),
tricobalt tetraoxide (Co,0,), nickel monoxide (NiO), chromic oxide (Cr,0,),
lithium oxide (Li,0), zinc oxide (ZnO), bismuth oxide (Bi,0,), barium oxide
(Ba0), t_i-tanium oxide (Ti0,), boron oxide (B)0;), sodi-um oxide (Na),0),

potassium oxide (K,0), phosphorus pentoxide (P,0;), molybdenum sesquioxide



rranufacrurea by —Exanpte 4 of the present invention. Here, since there

hite in the black-matrix layer, this Tayer appears as white. The
bI ack mﬁ l ums‘ m“ he sereen manufactured according to the exanple 4 is
corrpo rared material only, and cannot function as its own.

Therefore, a drawback of degrading col or ypurity of the inmage exists, but
there is a benefit.” A high far-infrared em'tting effect can be obtained,

provi ded that t ac matri r accordi.n 0 th| s exanpl e is adopt ed
for a cathode KE{;’& & ‘W’l‘@r%‘ {c%i)%aﬁﬁg\?ecﬂ?@ﬁg e3fs negl.i gi bl e. 18 A
further enbodi ment--of the present-: .

11. A far-infrared emitting cathode ray tube, wherein far-infrared
e;hitting material '(4) having a diameter of from 0.05 to 2um and a thickness

of from about 0.1 to 10um 'o_n_ thé outer surface of a shadow mask (7) of the

cathode ray tube toward the _p_hqsphbr layer.

2. A far-infrared emitting cathode ray tube as claimed in claim 11,
comprising a compact fa.r-mfrared emitting layer formed by coating said far-
infrared emitting material on the outer surface of said shadow mask by means

of a powder flame spray or plasma spray.

13. A far-infrared emitting cathode ray tube, wherein an outer
graphite layer (12) on the outer surface of a funnel (11) of the cathode ray

tube comprises far-infrared emitting material.

14. A far-infrared emitting cathode ray tube as claimed in claim 13,
wherein said far-infrared emitting material is consistently dispersed in said

. outer graphite layer.

15. A far-infrared emitting cathode ray tube as claimed in claim 13
or 14, wherein said fa{-infrared emitting material is coaied on said outer

graphite layer.



i nvention-provides a cathode ray tube which conprises a phosphor |ayer
conposed of phosphors as dots or stripes for.emtting white or col ored

l'i ght lLMH“eI ectron beans, and forned on-the inner surface of a
panel mmml“m s| *lnfrared emtting material i's included in the phosphor

| ayer. *A fartinfrared emtting material i4gluded in the phosphor |ayer is
conposed of [err], [err], MO, [err], [err], CaQ [err], and [err], as well

as transition oxide mnetals, ot.her than.these. Preferahl t he er.age
particle dianet )eir6 of theséo‘?ésmﬁiger?rr M l"fghcgthr‘f)géi'%%h% aﬁh%ﬁl%ag?@& ris
[err]. Also, in arder .to sustaiLn the |um nous efficiency of the phosphor,
the desirable c&?&rp P‘I%Z“)feétél!r‘i‘fm%ke‘ﬂa%é}’_iﬁﬁ'gotﬁﬁ"t%ﬁap Mayemﬂs),ear@r
off-white and a highly purified netal oxide (not mxed with Fe, Co and N
whi ch decrease tarshademimask €7); hacludes arfasinfrared emitng mategiabfor ensittingefdr-as t he
far-infrared material. To introduce the above-described far-infrared

em tting materi dhfraretlqayshe

17. . A far-infrared emitting .c'athode ray tube as claimed in any of
claims 11 to 16, wherein said far_-iﬁfrare’d. ctﬁitﬁﬁg material is composed of at
lgast one selected from the group c;onsist_ing of silicon dioxide (SiO,),
| - aluxﬁinit’xm_ oxide (Alz'(),'),"magnesium. oii:de.: (MgO),- zirconium oxide (ZrO,),
.carb'ons, férr_ié oxide _(FQO;), manganese dioxide_' (MnO,), manganese
monoxide (MnO), cupric oxide (CuO), tricobalt tetraoxide l(C0304), nickel
oxide (NiQO), chromic oxide _(Cr203), ti;anium oiide (Ti0,), boron oxide
(B,0,), sodium oxide (N2,0), potassium oxide (K;0), inolybdenum sesquioxide.
(Mo,0;), calcium oxide (CaO), lithium oxide (Li0), zinc oxide (ZnO),

bismuth oxide (Bi,0;), barium oxide (BaO), and a complex thereof.



phosphor |ayer, the material is nlxed mnth phosphor slurry, and this
mxture is applied to-the convent i onal ‘renuf act uri ng process of the
phosphor layer. At this time, the additive anount of the-far-infrared
emtting material is not nore than 50w % preferably 1-40wm % of the anpunt
of the phosphor. If the additive anmount the far-infrared emtting
material is increased, lumnance is | owered even though there is no
difference in the I um nous spectrum and | um nous col or coordi nat es.
Accordingly, an additive amount of nore than 50wm % is not preferable. Here,
in the case of the screen for a color cathode ray tube, which has a
phosphor |ayer obtained by forning colABSIRASEhor |ayers on the inside the
panel 19 - -

a

FAR-INFRARED EMITTING CATHODE RAY TUBE

A cathode ray tube includes far-mfrared emlttmg material |
therem and thus emits far-mfrared rays useful for human body. 'I‘he far-
infrared ennttmg cathode ray tube 1s obtained by mcludmg far-mfrared'
em1tt1ng matenal (4) in at least one of a phosphor layer (5), a black matnx
(2), an outer graphlte layer (12), and a shadow mask ). Thxs far-mfrared

: 'emlmng cathode ray tube provides a user favorable workmg surroundings.



via several processes of separately prepared red, green and blue |um nous
phosphor slurry such as coating, -drying, exposiing and devel opi ng, the -—

phosphor |ayer is manufactured in accordance with a conventionat

mxing the far-infrared enitting material with each ‘Thik Steet3HablBde) Rer
since the lum nous characteristic of the ZnS-based ph

green | um nous phosphor |ike ZnS: Cu, Au, Al, ZnS: Cu, Al, m %ﬂ
bl ue | um nous phosphor -li ke ZnS: Ag.is deteriorated by i

pT ueéss by

t he
and
h as

Fe, Co and Ni, the purity of the materials (especially of the far-infrared
emtting material) nust be carefully supervised, so as not to contain the

I mpurities. A color
far- infrared emtti

cat hode ray tube w tFI{G ggosphor | ayer ‘i ncludi ng the .
ng material wll exanple. Here, a case in

which for-infrared emtting materi al |s included in all color phosphor

layers wil4 be descr
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EXAVPLE 5 To begin with, 85g of ZnS:Cu, Au, Al as a gr(ir-\""b'ht)sphor, a 15¢g
far- “infrared-emtting matéerial m xture obtained by mxing [err], [err];

MJO, GaO and TiQ2 in the same ratio, 200g of distilledhigshetHas Replaced
-pol yvinyl alcohol, 4.1g of sodium bichromate, and 50ni - ive
agent are mixed to prepare the green phosphor slurry. A [ he

' e

average particle dianeter of the phosphor is:[err], ‘and that o
far-infrared emtting material is [err]. In the analysis table of the

far-inf demtti ial il MG 10A, h peak of th
trinrrares ot ng magrial Tt ARGy THA asch ek o e
- mm———
A . . 1
FIG.3B
FIG.3C

g

THIS SHEET HAS BEEN
REPLACED.

FIG.3E

BEE
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measuring the spectral emttance of the far-infr d emtting materi al
shown in FIG '10B-illustrates the fact that the %ﬂ\eﬂl ciency is high
in the range below 25 [err]. By using the green %’nw,pg;gr- sl urrys—a_green
phosphor pattern is formed aecording to the conve ' e s. The

| um nous spectrum of the green phosphor |ayer ‘is ‘et G 12,
wherein the inherent |um nous spectrum of the: green p S no
difference fromthat of the conventional phosphor. Next, 7 ZnS: Ag as

t he bl ue | um nous phosphor having cobalt blue (CoO A1203) attached

thereto, a |1Qg far-infrared emtting material m xture conposed of [err],
[err] and MgO which are mxed in the s 50g of distilled water,
80g of polyvinyl alcohol, 3.8g of SOdI éﬁ% and 8m of surface
active agent are all mxed to produce t sphor slurry. At this

‘ III vy III d 3
s //,m' 74
e =1

FIG.3G

7/ 7




time, the average particle dianmeter of the phosphor is [err] and that of
the far- infrared emtting.-material is [err]. In the analysis table-of the
far-infrared emtting mater+al illustrated in FIG 6A each peak—of—the

conponents i s depicted. Al so, the graph obtained by m%ggﬁmdﬁﬁgmigﬁac&& al

emittance of the far-infrared enmitting material shown in

illustrates the fact that the em ssion efficiency is hi ém Hﬂw
below [err]. By using the blue phosphor slurry, a blue nis
formed according to the conventional process. The | um nous spectrum of the
bl ue phosphor | ayer having the far-infrared

FIG.4A - FIG.4B
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21 en1tt|ng material is represented in FIG 13, wherein the inherent
| umi Aous spectrum of the bl ue phosphor.-has no difference fromthat of the -
conventi onal phosphor. Lastly, 90g of- Y202S: Eu having the red Iun1nous -

phosphor havi ng Fe203 attached thereto, a | Qg far-nﬂtsm&ﬂﬁwaam

material m xture conposed of SiQ2, [err], wgo [err]] rr] n1xed
in the sane ratio, 100g of distilled water, 50g of p i 3.79
of sodi um bi chromate, and 30m of surface active age are n1xed to

produce the red phosphor slurry. At this tinme, the average partlcle
di aneter of the phosphor is [err] and that of the far-infrared emtting
material is [err]. In the analysis table of the far-infrared emtting

material illustrated in 14 ach peak of the conp ' epi ct ed.
Al so, the graph obtaineéEEE(}°€3[§ : T?i“ﬂ?.f?lg

S — | 1zox}.
QS-O'WW
72.0-
48.04
' Iy e
FS=511 ch i89=" 3 'cis |
i : ' 0.0 5 LN B L U L
6 81012141618202224
WAVELENGTH(um)
FIG. 7 - THIS SHEZT HAS BEEN
| REPLACED
120
X110
Ll *
O
Z
= 1004/,
= :
53 A
90/
/
[}
/
80

1 { i ] 1 1 I
400 450 500 550 600 650 700
WAVELENGTH(um)



nmeasuring the spectral emttance of the far-infrared enmtting materi al
showi in FIG 4B illustrates the fact that the em ssion efficiency is high
in the range below [err]. By applying the red phOSphOﬂhEBhﬂw mﬁhmt

surface of the panel, a red phosphor pattern is forned he
conventional processes such as drying, exposing and dev

| um nous spectrum of the red phosphor Qﬁﬂqgﬁhgﬁing t he ar-ln rared
emtting material is represented in Fl erein the inherent |um nous
spectrum of the red phosphor has no difference fron1that of the

conventional phosphor. I nance
of each phosphor | ayer
FIG.9A FIG.9B FIG.9C FFIG.9D
THIS SHET HAS BEEN

REPLACED




22 are measured to exam ne the phosphor characteristic of each col or
phospghor pattern mixed with the far-infrared emtting material ——which is
manuf act ured according te the above- descri bed met hod. Thi s data is shovvn in
r

<Table 2>, along with the chromaticity of the conventio

wi t hout thefar-lnfrared enmtting material. The relatlve he
val ue when the |um nance of the conventional phosphor %
<Tabl e 2 > conventi onal _ m xed phosphor reI I um -
phosphor ' | um - nance nance dif. X

coor - Y coor- X coor - Y coor-FIG. ]_OA

Si

Al
M3

<0 5133 KeV 1025
FS= 8K ch_266=_ 179 cts
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di nat e di nat e di nat e di nate (% (9@ red_ 0. 652

0.341.— 0. 650 0.342 95.7 - -4:3 green . 313 0 610
0. 314 0. 607 93.0 -7 bl ue — 0. 152
0. 055 97.3 -2.7 As shown in <Table 2>, and |n F t}h} ﬁm mumi 14,

there is no significant difference in t he Iun1nous sp

coordi nates when mxing the far-infrared emtting nater

| um nance is slightly |lowered. This is because the far-

material w thout the |um nous characteristic is m xed |n t he phosphor

| ayer, which results in degrading the |um nous efficiency accordingly.
Therefore, the anmount of the far-infrared emtting material included in the
phosphor slurry must not exceed 50% of t I%E%i@yﬁlannunt of the phosphor,
and a favorabl e body color thereof is also fé or off-white for

mai ntai ni Mg the | um nance eff|C|ency of the phosphor

-
s .:-'-?': ‘_;.\‘i!

e reamade e+

FIG.12
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23 Moreover, since the average particle dianeter o%—%he_phggpbgjle_Lfrr]
and i"ts HHX|nun1part|cLe dianeter is [err] the average. and HBX|nun1pa ticle
dianmeters of the far—infrared emtting material is p w&ﬁhose
of the phosphor. Wen the dianeter is mninized as nﬁ such a
non- |um nous pan of the screen which is not display ubsequent
formation of the phosphor |ayer is reduced and the m xing mnth t € pi gnent
and/ or phosphor is even better. As described above, the far-infrared

emtting material is included in the phosphor slurry while manufacturing
t he phosphor |ayer of the cathode ray tube,

FIG.13
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so that this cathode ray tube can offer beneficial far- to the
user™ The l'um nance is slightly degraded, but it is nq%mgh |f|cant
denonstrate the far-infrared-emtting effect of the scr

above, the fol | o ng experinment was carried out. Four r

carnations being in bloomto the same_degree e put i

fl asks. These were placed 20cm from a é? ME; aV|ng the conventlonal
screen operating wthout the far-lnfrared enlttlng material, and a

tel evision having the screen nanufactured accordlng to the Exanple 5. These
were left in place for o o i

sane state of maturity
are lcmbelow the water's
the flasks for 100 hours
flowers. =




FI Gs. 15A and 15B are photographs of the roses, carnations and onions. In

24 EFG |I5A, the leftndst rose and carnation were expesed tG the tel evision
adopting the conventional screen, and the remaining three roses and -
carnations were exposed to the television adopting the ; laged t S
the far-infrared rays and manufactured according to the . In
FIG 15B, the leftnpbst onion was exposed to the televis he
conventional screen, and the remaining four onions were exposed to the :
tel evision adopting the screen which emts the far- infrared rays and _
manuf actured according to the exanple. Here, all that were exposed to the
far-infrared emtting cathode ray tube ?Fg[t?u?L%gder the i nfluence
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of the far-infrared rays grow quickly, wither slowy, and naintain
freshness,; while the flowers exposed to:the: conventional cathode ray tube
has- wi t hered and dri ed before bl oom ng, -and the oni on grows sl ow y and has
no buds. In a still further enbodi ment of the present |nvent| on,
far-infrared emtting cathode ray tube conprises a ctotor—setectifg—

el ectrode, i.e., shadow nask, which emts far-i nffh@rsggtﬁgﬁe tQuming a
far-infrared emtting |layer on the outer surface o sk t oward
t he phosphor |ayer. The shadow mask is constructed lﬂﬂﬁlﬂl tures are
formed in a nmetal plate, corresponding to the phos

el ectron beans emtted fromthe electron gun to accurately colli de vmth-the
phosphor. Only a portion of the electron beans emtted fromthe el ectron
gun | and on the phosphor |ayer having passed t hrough the apertures, and the
remai ni ng 70-80% collide with the shadow mask. By this collision,

el ectrical energy is instantaneously converted |nto heat

FIG.18  FIG.19

2N
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energy, which augnments the surface.tenperature of the shadow mask p.to

~roughly ferr]. 25 In this enbodi nent, the far-infraréed emtting @%f
i s-Fncluded in the shadow mask requiring several treatnents due to the brgdtt-9

of tenperature, so that the far-infrared rays can be enmitted fromthe

cat hode ray tube. which had emtted harnful el ectronagnetic waves. The

far-infrared emtting material is first mxed wth solvent to prepare a

coating solution. Then, this solutibflds coated on tTe-G*wiéuxLJﬁ_JJHi_
shadow mask, using a spray coating, or using a powde REHM@EMENDQMQETeb

pl asma spray which is
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ased for preventing dom ng of the shadow mask. \Wen using the powder flane
or plasma spray, a very securely fixed, far-infrared emtting |ayer can be
manuf actured. The far-infrared emtting material is conposed of at |east

one of alum niumoxide [err], silicon dioxide [err],
zi rconi um oxi de (ZrQ2), carbons, ferric oxide [err], nRERLAGEMENTX SHEET
[err], manganese nonoxi de (MhO), cupric oxide [err], '
[err] nickel nonoxide (NiO, chromc gxjgle [err], titan
boron oxi de (B203), sodium oxide [err], potassiumoxid

sesqui oxi de [err], calcium oxide (CaO, xi de [lerbdem

[err], bismuth oxide [err], barium oxr£IQOﬁ§nd an jal | oy of these
wherein a | ow heat - expansion material is preferable.
far-infrared emtting material is in the range from[err] toLerr] If the

di aneter is smaller than [err] t[nl .

This Sheet Has Been Re,i

IR

‘FIG.3B

FIG.3E
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far-infrared emtting efficiency is too low, but if greater than [err], the
apertures of the shadow mask are clogged. Thus, it is preferable that the
above range is maintained, and the average dianmeter is set to about [err].
26°Al so, the thickness of the far-infrared enmtting | ayer Ep @4&!@ E&‘-’f
within[err] preferably [err]. The reason for setting t}h p he
emttance effect is insufficient when thinner than [err|] Jand the apert gr¢s
are clogged when thicker than [err]. :ﬁﬁzde'scri bed abovg, {i f 14ndAR99Dde fay
tube i s manufactured by adopting the shadow mask covergd |with the
far-infrared emtting material on the outer surface

FIG.BF

Sy
——— 1

FIG.3G
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thereof, the tenperature of the shadow mask increases up to approxi mately
[err]x due ta the collision of the el ectron beams duri
operation, which faC|I|tates the emttance of the far_l_
Her ei nbel ow, i en Rapldesdi nent wi | | be descri bed| i .
reference to e>|< f E630wt%of [err] 15wt 9 [‘ldrmmmmoocf
[err] | Ow % of AN of [err] are m xed, ther '

heat - expansi on far-infrared ceram c. Then, a far-infrr Pxtjur e
for coating the shadow nmask is prepar/ed by m xi ng 20w % of the far-infrared
ceramic, 20wt % of frit (lead-borate glass) consisting of 80w % of PDO,
10wt%of [err] and IOWt%ofséerr] 50wt % of distilled water, and | w % of a

di spersant. This m xtur p%ﬁd on the outer surfacF‘I@,tQFBhadow mask

~toward the phosphor Iayer ckness of [err] and
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dri ed, thereby form ng the shadow mask coated with the far- |nfrared
emtiing naterial. 27 EXAMPLE 7 35wt % of Si O2, 4wt % of .t
[err] 4wt % of [err] and 2vvt%of [err] are con5|stently

f er m ng f arThi Hespe ¢flg material. The average partfi l e di ameTEr—e
the far-infr [ terial is [err], and the meji funfgamAR ﬁgﬁ
mttlng erfa

di aneter is | in FIG 16, the far-infrareg
: 1
by the powder flame spray. According to this nethod, faleipfrared ]

is coated on the outer surface of the §I4 adow mask to a

FIG.6A FIG 6B
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emtting rrater-r‘a1—‘4—rs—sprayed*by hi e air and, sinultaneously,
oxygen and acet¥ get nﬁe EF:& Ey@[AStBEBN e, so t Qnpact

far-infrared em m;?gp_rv mask 7. BERMEHMEJTGSME% f
o of MO arje

[err], 20wt % of

m xed, thereby- f ared emtting powder. The aule‘?a'w
emtting powder thus obt ai ned IS coatgtian the outer syrfface o shadew
mask by plasma spray as shown in FIG 17, thereby formjnd-thefar-infr
emtting layer to a thickness of [err] _Argg {Bng to the plasma spray,
hi gh- pressure argon or nltrogen gases 9 sprayed to protuce—=

hi gh-voltage arc, which in turn creates plasm and si mJItaneoust supplles
far-infrared emtting. G , o | ayer

is formed on the outerg




As descrlbed above, when the far-infrared emtting material L
on the outer surface of the shadow mask, the tenperatuf ¢yi;SSH ﬂ@?ﬁh&éﬁEN
28 approximately [err] so that an excel | ent far-infrargd eMgEPLAQER f ect
cafl be obtained as conpared with that form ng the mate
I n anot her enbodi nent of the present invention, a catho
conprises an envel ope fornmed by a pargil2 a funnel and n CIREPMGEMENT SHRET

far- infrared emtting material is included in the outer aphrteTayer
covering the outer surface of the fun and thus emts the1 aﬂhp red
beﬁ #U ions gs la

rays. The graphite forned on the oute the fu
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.capacitor. In the cathode ray tube, an anode is suppl
supplied by rectifying the output of the flyback trang#
output is obtained froma square wave input, the ripp
in arectifier circuit, a capacitor is used in a snno%
elimnate the ripple. Here, the outer and inner graph
cat hode ray tube serve as the capacitor. In an office,
conputer termnal often faces another p8f%3n | ocated
el ectromagnetic waves are likely to harmthat person

hil ngq Q'MN?WWt 0]

| ayers of th

wever, in this

enmbodi ment, the for-infrared emtting material is includggsSheet Hisdep Bo ced
graphite layer to emt the for-infrared fr the rea : be
cat hode ray tube. On the other hand, asjﬁggé}Lb glabove

Stefan-Boltzmann fornmula, the emtted energy anount is in proportional to

4-square of the absol . _This denotes that the applied
tenperature should be § ) a0 X ' A

REPLACEMENT SHEET
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the em ssion efficiency of the far-infrared rays and increase the anmount of
emitted energy. In the case of the terminal nounted with the cathode ray
tuhe, the tenperature of the outer graphite is increased to [err], after
being-turned on. Also, the |arger the size of the cathode ray tube is, the

hi gher the tenperature

to about [err]. Therefore,
the outer graphite, using
of the termnal. A nethod
the far-infrared emtting
described in detail.

29 becones, and under certain circunstances, up
nore far-infrared radiation can be emtted from

the nat ur¥leat generated during the operation

for manufacturing the cathode +ay—+tu i i

material in the_outer § aphite ll“ﬁiyg{eet\ﬂals Leett:)ﬁe laced
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EXAMPLE 9 15wt % of graphite for outer graphite layer, 15wt %of a mixtyre of

[err]- [errT R@W@“&ﬁﬁl‘fﬁ* + kasi |, EMENTOSHERTS| and
t he’ r emai ndeThiOdhed kad Beks &, Q,]a\é\é% 3 iAgAH fo form VWR%PH,Q&Q i gs 3l M
outer . graphlt E ositijon is ti gra% gjagf tith
introducedfa mj tlng material is white. a@o&n wilt | the
common net hod, conposi 1iggn2i s sprayed t oat the out

surface of t he funnel , u5|ng a spray gun for coating under hlgh pressure

(rore than 1.5kg/cnR). FIG 1O0Aillus t

far-infrared emtting material used m(? goa?gxarrpl e, and FIG 10B
Illustrates the spectral emttance graph versus wavel ength. FIG 18 shows a
cross-sectional view of a Dorti Oleodegeste neI of the cathode




ray tube 10 manufactured according to the exanple 9 of the present

I nvention, .
m xéd with the outer graphite 12 on the funnel

far-infrared emtting effect of the cathode ray tube

graphite layer which has been manufactured by i
emtting material,
described with reference to FIG 1
degree were put into respective flasks. First,
produced according to exanple 9 of the present

FIG.16

wherein the far-infrared emtting materi al

the following e IyTent was execut gd,
éﬂﬁﬁﬁfge roses in blg

4 is.consistently

' oro {REEDACEMENT SHEET)
ncl udi ng tlhe far-uinfra ed

wWhANARVIIN by
ompto. the same
ode ray tube
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i hvention was installed on a cabinet 13, one rose (A) is placed near a vent
14 of¥the cabinet, as shown in the draw ng. Another rose
a conventl onal cat hode ray tube of the sane type as exa
the far-infrared emtting material is omtted. The third|r ‘
pl aced so as not to be affected by el ectromagneti c waves| f Or]l];“; ﬁ%ﬂ e
ray tube. O the above three roses, rose B stops bl oomn ft 8

and the tips of its petals beganto turn bl ack after 90 hpu
roses A and C are still in bloom Afterl2fb2hours, the
conpletely scorched and its stalk is also dried. At this. tin
of rose A begins to dry slightly. After 160 hours, the p -
rose B are dried up and nunm fed. At this tine, rose Ais
Cis beyond full bloom The results obtained by neasuring |
at each location after the el apse of 160 hours i s shown in <Table 3>.

FIG.18 - FIG.19

while

‘the petals
< B aced
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:'. : . Ih t "
31.<Table 3> cl assification * ' A %ﬂ G L Can'),

tenperature of water in flask [err] 37 37 2ﬂ1b0422.3 Gj
Ssurface tenperature of vent in cabinet [err] 40 40 N'A
surface tenperature of outer graphite [err] 43 43 N A Here,

rose A under the influence of the far-infrared rays begins drying earlier
than rose Cin natural surroundi nglslléjecause the water tesperatiyre in the
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flask i s [err] due to the heat emtted fromthe cathode ray tube as shown
inThe <Table 3>, and the harnful electromagnetic effects on rose A
‘However, when conparing roses A and B, it can be confirned that
far-lnfrared rays emtted fromthe outer graphite |ayer of the cathode ray
t.ube are useful for a living body. LE 10 30wt % of a m xtfme—ef
A1203 and MO, 20wt % of kasil, and % of distilled water .réuﬂlAGmugM?
forma conposition for outer graphitefﬁ After the above Jc@npo
obt ai ned according to the conventiona ﬁéﬁn&B S coated over ft e oy Eﬁﬁw
graphite layer of a cathode ray tube by spray or brush, it i5 ar|ed 097
oven at [err] for 30 mnutes. FIGs. 6 show the spectral anal

of the far-infrared emtting na i al, dt ra | G
neasﬁrlng spectral emttance of the far-infrared emtt} mat eri a
1

t he above exanpl e.
'FIG.3B

YUY

FIG.3C

= s
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32 FIG 20 shows a cross-=sectional view of a portion of a funnel of cathode
ray tube 10 manufactured according to the above exanple of the present
i.nvention, wherein far-infrared emtting material layer 4 is formed over
outer. graphite layer 12 on funnel |. The cathode ray tube manufactured
according to exanple 10 also has a far- infrared emtting effect simlar to
that of the cathode ray tube manufactured according to exanple 9. In

enbodi ments of the present inventi &f12s descri bed above, for- infrared ray

material is included in each part of the interior of cat hocﬂFR'EE{ACEMENT SHEET
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t ube, so'that for-infrared rays are enmitted. Therefore, t
t ube which has enmitted el ectromagneti c waves harnful to | Vﬂmwﬂﬂ'lﬂssﬁﬁ%
for-infrared rays which are useful, thereby providing pl eps

"surroundings to the user who operates the cathode ray tube. A@Srt &nﬁﬁ}tﬁe
far-infrared emtting cathode ray tube described with refferfen 4“ t

exanpl es according to the present invention, it wll be gp ent that magy
nodi fications and variations could be effected easily by jone skilled 1nth
art wi thout departing fromthe 4édBe of the novel con t-he

present invention, including nonochrome and col or cathode ray tube.
CLAI M5; '
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1. A far-infrared emtting cathode ray tube, wheg er of
far> infrared emtting material (4) having not nore than

RERUATE pRt ’
dianeter is provided on a black matrix (2) to a thicknessfo .%ﬁ_r

Terr]. 2. A far-infrared emtting cathode ray tupef ag 6clph in
claim1l1, wherein the thickness of said Iayer of far-infr t" 7
material is fromO0.5 to 50um 3. A far-infrared jems Ihod§

ray tube, wherein a far-infrared em t% ng material (4) hgving an average
di aneter of not nore than [err] is included within a bl ac

of the cathode ray tube as much as |-100Om % based upon the total anount of
the m xture with the A far-inf I ng cat hode
ray tube as clai nmed |%ﬁp& néAwherel n the mX| ng a&g'll—eré oég
farsinfrared enitting material is from10 to | OOm % based uponthetotal
amount of the mixture with the graphite.
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5. | A far-infraréd emtting cathode ray tube, wher
emtting material (4) of not nore than 50wt % with respect

phosphor is contained in a phosphor_| ayer (5) of ‘the catho
A far-infrared emtting cathode renﬁ& e as claimed in cla
said far-infrared emtting material | f m1 to 40wt % wi t
to the amount of the phosphor. 7. ﬁ\ {f,ﬁ%f
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far-infrared emtting material is between [err] and [err] and the maxi num
di anmeter thereof is . AR : . —

N




8. . A far-infrared emtting cathode ray tube as clainmed in clains
5, 6 or 7, wherein said far-infrared emtting material is a netal oxide
prevented from being m xed with any one of iron (Fe), cobalt (Co) and

nickel. (Ni) as an inpurity. 9. A far-infrared emtting cathode
ray tube as clained in any of claims.5 to 8, wherein the solour_of said
far-infrared emitting material is wilZe. 10. A fdr REPUACEMENT SHEFT

em tting cathode ray tube as clainmed in any. preceding cl ai P
far-infrared emtting material is c | east onels n
the group consisting of alum nium ogl;dgtﬁerf]OA licon d o | ?ﬁrwﬁho
magnesi um oxi de (MJO), zirconium oxide [err], carbons, c.oxide [err],

manganese di oxide [err], cupric oxide (CuQ, tricobalt t traOX| de [err],
ni ckél nonoxide (N O, chromic oxi de (Cr203),
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l'i t.hiumoxide [err], zinc oxide (ZnO, bisnuth oxide [err], barium oxide

(BaQ), titanium oxide [err] boron oxide [err], sodiumoxide [err],

pot assi um oxi de [err], phosphorus pentoxide [err], nolybdenum sesqui oxi de

35 [err] calciumoxide (CaO and a conpl ex thereof 11. A

far-infrared emtting cathode ray tube, wherein far-infrared emtting

material (4) having a dianeter of fnm%j%QS to [err] and

fromabout 0.1 to [err] on the outer surface of a shadow ngs ENGE SHBET

cat hode ray tube toward the phosphor |ayer. 12. far-infrar
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emtting cathode ray tube as clainmed in claim11,
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conprising a conpact far-infrared emtting |ayer fornmed by coating said
far> infrared emtting nmaterial on the outer surface of said shadow nask by
freans of a powder flane spray or plasma spray. 13. A far-infrared
émi tting cathode ray tube, wherein an outer graphite |ayer (12) on the
outer surface of a funnel (11) of the cathode ray tube conprises

far-infrared emtting material. 14 A far-infrared emtting cathode
ray tube as clainmed in claim13, ein said far-infrared itting
material is consistently dispersed in,,said outer graphite

I 7
A far-infrared emtting cathode ray tfgf@s claimed in cla m"ﬁwﬁw SHEET

wherein said far-infrared emtting ma oated on spi Buter
graphite |ayer. 6 JUN 1997
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16.., A far-infrared erﬁtting cat hode ray tube, wher§i T

of a'phosphor .l ayer (5), a black matrix (2), an outer grap iﬁtﬁﬁ‘ggﬁfﬁ‘ @Eﬁ
and a shadow mask (7), includes ajtpgnginfrared emtting majetial for
enmitting far- infrared rays. 17. " Afar-infrared enftfi Bd JHN99E
ray tube as clainmed in any of clai ng; o] wherein saifd fJar-infrared
emtting material is conposed of argﬁg;q';ﬂjgéél ected fr t he group
consisting of silicon dioxide [err] alum nium oxide [err]

nesium oxi de

(MO, zirconiumoxide [err], carbons, ferric oxide [err], manganese

di oxide [err], man{ai DNG ; L JMle (CuO), tridgobalt
tetraoxi-de [err] ni ckyy de k], titaniym oxide
[er\r/}, boron oxi de ~ YN - y. ‘




(B2Q3), sodi um oxi de (Na20
[err], calcium oxide (CaO
@xi de (Bi 203), bariumoxid

), potassium oxide (K20), nolybdenum sesqui oxi de.
,- lithiumoxide [err], zinc oxide (ZnO, bismuth
e (BaO, and a conpl ex thereof.
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