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a strong induced electric field. More specifically, when the polarity of the voltage
applied to the external electrode is (+), electrons accumulate in the glass tube coated
with the conductive layer. On the other hand, when the polarity thereof is (-), cations
accumulate, The wall charges accumulated through continuous polarity conversion
using the alternating current electric field reciprocate between the opposite ends of the
plass tube, As such, while the wall charges collide with the mercury gas that 1s
supplied together with the inert gas, the excited light emission of the mercury gas is
induced, Then, UV light, produced during this emission, excites the phosphor applied
on the inner wall of the glass tube, thereby causing it to emit visible light.

Further, the UV light thus radiated excites the phosphor applied on the inner wail of
the glass tube 210, Accordingly, when light is emitted from the inner space of the glass
fube 210, light is radiated externally.

In the conventional external electrode fluorescent lamp 210, as the areas of both
ends of the glass tube 210, functioning as the dielectric material, to be coated with the
conductive layer 221, are enlarged, the magnitude of wall charges is increased,
whereby the brightness of the lamp may be increased to some degress. However, there
1s a lhmitation in the ability to extend the conductive layer 221 in a longitudinal
direction. In the case where the conductive layer 221 extends in a longitudinal
direction, the area in which light is externally radiated is decreased, undesirably
reducing the emission efficiency.

Disclesure of Invention
Technical Problem

Accordingly, _embodiments of the present invenlion secihus—been—made o solve the above

problems occurring in the related art, and embodimentsemebjeet of the present invention seekis to pfovide
a fluorescent lamp having ceramic-glass composite electrodes, which mav havehas a high
dielectric constant, high secondary electron emission, and high polatization under the
same eleciric field, and thus may enables the movement of many more electrons and
cations, resulting in high brightness.

EmbodimentsAnetherebiest of the present invention glso seekds to provide a fuorescent lamp
having ceramic-giass composite electrodes, a dielectric constant (hat_may havesfwhich—hes superior

temperature stability, and thus there may bess no brightness variation even in response to

changes in the external environment. )
EmbodimentsA-further-abjeet of the present invention alsg seekis to provide a fluorescent Jamp having
ceramic-glass composite electrodes, having the composition of a glass additive in the
ceramic-glass composite that mavie easily adjust the thermal expansion coefficient, thereby
preventing failure due to a difference in thermal expansion coefficient.

EmbodimentsStil-e-furtherobiect of the present invention also seekis to provide a ceramic-glass
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composite electrode having constant capacitance, in which the electrode is formed in a
hollow cylindrical shape having a stepped portion to limit the length of the electrode
inserted into the flnorescent lamp,

Technical Solution

According to an aspect of the present ipvention, there is provided a fluorescent lamp having

ceramic-glass composite electrodes, comprising a glass tube, which has 2 phosphor applied on an inner surface

thereof and i filled with a mixtore of inert gas and metal vapor, both ends of which are sealed; and hollow

cylindrical electrodes provided at both ends of the glass tube.

J.-n@rd@;;-t@ma;@h»i@w.@mth@.ab@m@bjaus?Lhcmpmsemunmmmppm%le
lamp having ceramic-glass cwmdﬁamdwhﬁﬁhﬂmmwm g con-
e

Each of {he hollow cylindrical electrodes has a stepped portion between s central portion thereof and an

end portion thereof, and is formed of a composite of CaO- MgQO-810-71O,- Till, ceramics and glass it in an

amount of 0.3~10 wi% based on a total amount of the ceramics, and

the CaO- MgO-Sr0-Zr0,- TiO; cerarnics comprise CaO in a range of 0<Ca0<l meol, MgO in a range

ol 0<MgO<l mol, SrO in a range of 0<8rO-<<l mol, ZrO, in a range of 0<Zr0;=1 mol, and TiO; in a range of

0<T10y<] mol, in which CaCHMgO+Sr0:Z10,+Ti0, has a molar ratio of 1:1, and further comprise one or more

selecled from a group consisting of MoQ, A12Qs, CryQs, and Fe,Os, by 3 wi% or less based on a total amount

thereof.
+the-Huoreseentlamp-having-ceramie-glass-composite-elecirodes-includes-a-slass
tube, which has a phosphor applied on the inner surface th%gﬁ@nxdfifﬁﬁﬁ
mixture of inert gas and metal vapor, and both en “which are sealed: and hollow
cylindrical electrodes provided -b@(ﬁén/dsﬂme, in which each of the
ic Jfréﬁfnd/cs?af a stepped portion between a central portion thereof

tan-end-portion-thereof; and-is-formed.of a-ceramic-glass-compesites——

hollow cylinds

o

In_embodiments of the present invention, the stepped portion of the electrode may be formed in a2

manner such that the inner diameter of the central portion thereof is smaller than that
of the end portion thereof, thus making the central portion thicker. The ceramic-glass
composite electrode may have a conductive layer formed on the outer surface thereof,
and the end portion thereof may be connected to the glass tube using a sealing glass
paste,
The electrode in embodiments of the present invention, may be typically formed by subjecting
ceranic-glass composite powder (o injection molding or pressing. The requirements
tor the electrode material are as follows.



[20] The ceramic composition composed of 1‘\/5’,{_1‘(){’.&()-Ti()2 or CaO—Mg(}ASrC)—TiO2 -
ZL‘O2 should have a phase transfer temperature of -30°C or lower, and thus should not
break upon connection to the glass tube, due to a drastic change in thermal expansion
coefficient resulting from the change in crystaliine structure at a temperature of
400~600°C, at which the sealing glass paste is burned. Further, when the fluorescent
lamp is used in low-temperature areas, the ceramic-glass composite electrode and the
glass tube of the lamp should not break due to the phase transfer phenomenon. In
addition, the composition should be present in a monocrystalline structure at -30°C,
which is a minimum temperature for use, and above. In addition, to increase the
charge-discharge amounts of ions and electrons, the composition shouid have a
dielectric constant greater than that of glass (having a dielectric constant of 10~15). In
addition, the ceramic composition should have greater polarization in an electric field,
even at the same djelectric constant,

[21] The ceramic material thus selected may be added with glass frit, in order to

decrease the difference in thermal expansion coefficient from that of the glass tube and

ha



22]

[24]

[25]

[26]

[27]

[29]

1o minimize the generation of sputtering at the grain boundary of the ceramic material,

As the electrode material satisfying the above requirements, as_disclosed hereinis—the—present

inventien, a composite comprising a CaO-M gO-SrO—Zl'()z«TiOZ ceramic composition
and glass frit may be used. This glass frit is preferably added in an amount of 0.3~10
wt% based on the total amount of the ceramic composition.

The CaLO—MgO«SrO—ZrO;’]T:iO2 ceramic composition may include a basic
compaosition comprising Ca0 in a range of 0 <<Ca0O <1 mol, MgO in a range of
0<MgO<1mol, 5r0 in a range of < 5rO < 1 mol, ZrO in a range of 0<<ZxrO <1
mol, and Ti02 in arange of 0< TiO2 <1 mol, in which Cab+MgO+SrO:Z.}‘OZ+'inZ
has a molar ratio of 1:1, and may further inciude 3 wt% or less of one or more selected
from the group consisting of MnQ, AEZOS, Cr203, and FezOS, based on the totai amount
thereof.

The MgO-5rO component of the composition may be replaced with oxide having a

difference in ion radius of 15% or less.

Advantageous Effects

According to_embodiments of the present invention, the fluorescent lamp having ceramic-glass

composite electrodes mav havekas the following advantages compared to conventional external

electrode lamps.

First, the fluorescent lamp_in embodiments of the present invention mav havehas a dielecinic

constant much higher than glass having a dielectric constant of about 10, and mayv havebas high secondary

electron emission. Furthermore, polarization thereof under the same electric field mav beis at
least 2 times that of glass. Thus, under conditions of the same electrode area and the

same dielectric area, many more electrons and 10ns may be moved in the glass tube,
thereby greatly increasing the brightness of the lamp.

Second, the temperature stability of dielectric constant may beis superior at temperatures of -30°C

and above. Thus, when the lamp is driven, brightness may beis maintained uniform

even though the temperature is increased by the impulse of ions and electrons colliding
with the electrodes. That is, there may beis no brightness variation even in response to
changes in the external environment.

Third, the thermal expansion coefficient may be easily adjusted by changing the
composition of the glass additive in the ceramic-glass composite. Therefore, when the
lamp giass tube and the ceramic-glass composite electrode material are sealed through
thermal treatment using a glass sealing material, failure due to the difference in thermal
expansion coefficient therebetween may be prevented, which enables the stable
fabrication of the lamp depending on the type of lamp tube.

Fowrth, upon the fabrication of the lamp, the ceramic-glass composite electrode is

formed to have a hollow cylindrical shape having a stepped portion to limit the length

Lh
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Claims

A fluorescent lamp having ceramic-glass composite electrodes, comppising a
glass tube, which has a phosphor applied on an inner surface thereof and is filled
with a mixture of inert gas and metal vapor, both ends of which afe sealed; and
hollow cylindrical electrodes provided at both ends of the glassAube,

wherein each of the hollow cylindrical electrodes has a steppgd portion between
a central portion thereof and an end portion thereof, and is formed of a ceramic-
glass composite. |

The fiuorescent lamip according to claim 1, wherein the¢/ ceramic-glass composite
comprises C&O—Mgi)—SrOerOZJFi.O2 ceramics and glass frit.

The fluorescent lamp according to claim 1 or 2, wherein the glass frit is used in
an amount of 0.3~10 wt% based on a total amousit of the ceramics.

The fluorescent lamp according to claim 3, whérein the CaO—MgO-SrO—Zr02 -
TiO2 ceramics comprise CaQ in a range of /< CaO <1 mol, MgQ in a range of
0<MgO <1 mol, SrO in a range of 0 <Sp0O <1 mol, ZrO2 in a range of 0< ZrO2
<1 mol, and Tinl inarange of 0<Ti 0_» <1 mol, in which Ca0+MgO+Sr0:2rO
,TTi0 has a molar ratio of 1:1. _

The fluorescent lamp according to ¢laim 4, wherein the CaLO—]\/LgO-SrOZrO2 -

Tiﬂ ﬁc»ra}‘v\if-c ‘F‘ur{hav SOTANTos Are A nnara on]entaﬂ Frevim a oroun nr\nm’sh'n QF
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Mné, AIQO:; Crzoﬁ, and FeZOS, ¥ 3 wt% or less based on a total amount thereof.
The fluorescent lamp accordifg to claim 4, wherein the glass frit includes Si()2
:Ba0:Ca0 at a molar ratio pf 1:0.6:0.4,

The fluorescent lamp according to claim 4, wherein the glass frit comprises 75
wt% of SiOZ, 18 wi% 8203, 4 wtt% of NaZO, 2 wt% of KZO, and 1 wi% of A12
0.

3
The fluorescent laghp according to claim 1 or 2, wherein the ceramic-glass

composite electpde has a conductive layer formed on an outer surface thereof,
and the end poftion thereof is connected to the glass tube using a sealing glass
paste,
The fluorgscent lamp according to claim 1 or 2, wherein the stepped portion of
the elecprode is formed in a manner such that an inner diameter of the central
portigh thereof is smaller than that of the end portion thereof, to thus make the
cengal portion thicker.

The fluorescent lamp according to claim 4, wherein the MgO-SrO is replaced
ith oxide having ion radius 15% or less than that of MgO-SrO.

The fluorescent lamp according to claim I or 2, wherein the temperature

dependecny of dielectric constant of the ceramic-glass composite electrode is

13
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40% or less in a temperature range from -30°C to 25G°C.

[12] The fluorescent lamp according to claim 1 or 2, wherein the ceramic-glass
composite electrode has polarization per unit area corresponding to at least 2
times that of glass under a same electric field, and has hysteresis lgss of 20% or
less when an electric field of 10 XV is applied to I mm.

[13] The fluorescent lamp according to claim 1 or 2, wherein the cgramic-glass

composite electrode has a dielectric loss of 0.3% or less.

16
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CLAIMS

[Claim 1]

A  flucrescent lamp having ceramic-glass composite
electrodes, comprising a glass tube, which has a phosphor
applied on an inner surface thereof and is filled with a mixture
of inert gas and metal vapor, both ends of which are sealed;
and hollow cylindrical electrodes provided at both ends of the
glass tube,

wherein each of the hollow cylindrical electrodes has a
stepped portion between a central portion thereof and an end
portion thereof, and i1s formed of a composite of CaO-
MgO-8r0-2Zr0,- Tilp, ceramics and glass frit in an amount of
0.3~10 wt% based on a total amount of the ceramics, and

the Ca0- MgO-Sr0O-Zr0,- Ti0; ceramics comprise Cal in a
range of 0<Cal<1 mol, MgQ in a range of 0<Mgl<l mol, SrO in
a range of 0<Sr0<l mol, Zr0; in a range of 0<Zr0,<1 mol, and
Ti0; in a range of 0«<Ti0;<1 mol, in which CaC+MgO+Sr0:Z2r0,+T10,
has a molar ratic of 1:1, and further comprise one or more
selected from a group consisting of MnO, A1,Qs;, Cr0s, and Fe,0s,
by 3 wt% or less based on a total amount thereof.

[Claim 2]

The flucrescent lamp according to claim 1, wherein the

glass frit includes Si0,:BaC:Ca0 at a molar ratioof 1:0.6:0.4.

[Claim 3]
The fluorescent lamp according to claim 1, wherein the
glass frit comprises 75 wt% of 5102, 18 wt% of By0:, 4 wt% of Na,0,
2 wt% of X0, and 1 wt% of Al.OCs.

[claim 4]
The fluorescent lamp according to claim 1, wherein

15



the ceramic-glass composite electrode has a conductive
layer formed on an cuter surface thereof, and the end porticn
thereof is connected to the glass tube using a sealing glass
paste.

[Claim 5]

The fluorescent lamp according to claim 1, wherein the
stepped portion of the electrode is formed in a manner such
that an inner diameter of the central portion thereof is smaller
than that of the end portion thereof, to thus make the central
portion thicker.

[Claim 6]
The flucrescent lamp according to c¢laim 1, wherein the
MgO-Sr0 i1s replaced with oxide having a difference in ionic
radius 15% or less compared with that of Mg0-SroO.

[Claim 7]
The flucrescent lamp accoxding to claim 1, wherein the
ceramic-glass composite electrode has no phase transition

point at a temperature of not less than -30°C.

[Claim 8]

The fluorescent lamp according to claim 1, wherein the
ceramic-glass compogite electrode has peolarization value
higher than that of glass which has maximum polarization value
of 0.021 pC/cm® in an electric field of 10 kV/mm, and
polarization curve therecf keeps linear dependency on
electric field variation.

[Claim 9]

The flucorescent lamp according to claim 1, wherein the
dielectric constant of the ceramic-glass composite electrode
is higher than that of glass and stays at a constant level or
decreases as the temperature rises in a range from -30 °C to
250°C.

[Claim 10]
The fluorescent lamp according to claim 5, wherein the
inner diameter of the central portion of the slectrode is the
same as that of the glass tube.
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