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(54) Flat fluorescent lamp

(57) A flat fluorescent lamp is disclosed. The flat flu-
orescent lamp comprises a gas discharge chamber
(700), a fluorescent substance (702), a discharge gas,
and a plurality of first (706) and second (712) electrodes.
The fluorescent substance is disposed on an inner sur-
face of the gas discharge chamber and the discharge
gas is filled in the gas discharge chamber. An electrode
pair includes the first and the second electrodes. In one
embodiment, the first and the second electrodes are dis-

posed on different planes so that the discharge area
formed between the first and the second electrodes is
larger than that formed between the two electrodes on a
same plane to perform better efficiency of luminance. In
other embodiments, the first and second electrodes are
disposed on opposite surfaces of one of the substrates
forming the gas discharge chamber, or all electrodes are
disposed on the onto surface of the gas discharge cham-
ber.
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Description

Field of the Invention

�[0001] The present invention relates to a flat lamp
structure having electrodes positioned on the outer wall
of a gas discharge chamber, and in particular, to a flat
fluorescent lamp having electrodes disposed on different
planes.

Description of the Related Art

�[0002] As a consequence of industrial progress, de-
velopments in mobile phones, digital cameras, digital vid-
eo cameras, notebook computers, and desk-�top comput-
ers are now concerned with multifunctional and aesthetic
design. However, the display screen used in mobile
phones, digital cameras, digital video cameras, notebook
computers, and desk- �top computers is an essential in-
teractive interface. The display screen provides the user
with great convenience of operation. In recent years, it
has become commonplace for most mobile phones, dig-
ital cameras, digital video cameras, notebook computers,
and desk-�top computers to employ a LCD panel as the
display screen. However, the LCD panel per se is non-
luminous, and a back light module must be provided at
the bottom of the LCD panel to provide a light source for
displaying.
�[0003] The flat lamp provides excellent luminosity and
uniformity and also provides a larger surface area light
source. Therefore, it is widely applied as a back light
source for LCD panels and for other fields of applications.
The flat lamp is a plasma luminous component, essen-
tially utilizing the electrons emitted from the cathode to
collide with the inert gas between the cathode and anode
within the gas discharge chamber, and the gas is ionized
and excited to form plasma. After that the excited state
atoms of the plasma return to the ground state by emis-
sion of UV rays, the UV rays further excite the fluores-
cence substance within the flat lamp, producing visible
light.
�[0004] FIG. 1 is a schematic view showing the structure
of a conventional flat lamp.
�[0005] Referring to FIG. 1, the conventional flat lamp
structure comprises a gas discharge chamber 100, a flu-
orescence substance 102, a discharge gas 104, elec-
trodes 106 and dielectric layers 108. The gas discharge
chamber 100 comprises a plate 100a, a second plate
100b and strip 100c mounted between the plate 100a
and the plate 100b, and is connected to the edge of the
plate 100a and the edge of plate 100b to form a closed
chamber.
�[0006] Referring again to FIG. 1, the conventional elec-
trode 106 is generally a silver electrode, and the electrode
106 is disposed on the plate 100a. The electrode is gen-
erally covered with the dielectric layer 108 so as to protect
the electrode 106 from damaging by the collision of the
ions. As shown in FIG. 1, the dielectric layer 108 covering

electrode 106 is positioned at the inner wall of the gas
discharge chamber 100. The gas discharge chamber 100
is charged with a gas 104. Generally, the gas 104 in-
cludes Xe, Ne and Ar, or other inert gas. Moreover, the
fluorescence substance 102 is disposed on the inner wall
of the gas discharge chamber 100, for example on the
surface of the plate 100b, on the surface of the dielectric
layer 108, and on the surface of the plate 100a not cov-
ered by the dielectric layer 108.
�[0007] In the process of ignition of the flat lamp, the
electrode 106 emits electrons to collide with the dis-
charge gas 104 within the gas discharge chamber 100,
and the discharge gas 104 is ionized and excited to form
plasma. After that, the excited state atoms of the plasma
return to the ground state by emitting UV rays, and the
emitted UV rays further excite the fluorescence sub-
stance 102 within the inner wall of the gas discharge
chamber 100 to produce visible light. However, on the
above light luminous mechanism, the high energy ions
released by the plasma generally collide through the di-
electric layer, and may reach further to the electrode 106.
Thus, the longevity of the flat lamp is greatly reduced.
�[0008] Please note that the dielectric layer 108 cover-
ing the electrode 106 is generally fabricated by a multiple
screen printing process the thickness of which is control-
led between 200 Pm to 250 Pm. However, the fabrication
process of the multiple screen printing is complicated,
and the test sample capacity and yield are low. In addi-
tion, multiple screen printing can easily cause uneven-
ness in the thickness of the film, causing each of the test
samples or a single test sample with different optical char-
acteristics of different region to differ with each other.
Due to the fact that the optical characteristics of the test
sample cannot be easily controlled, the designing cost
for the driving circuit is increased.

SUMMARY OF INVENTION

�[0009] Accordingly, it is an object of the present inven-
tion to provide a flat lamp structure which effectively
avoids collision through the dielectric layer, improving
the longevity of the flat lamp.
�[0010] Another object of the present invention is to pro-
vide a flat lamp structure which effectively avoids the un-
evenness occurring on the dielectric substrate film due
to multiple screen printing, thereby improving the lumi-
nosity and the uniformity of the flat lamp.
�[0011] In order to achieve the above objects, the
present invention provides a flat lamp structure compris-
ing a gas discharge chamber; a fluorescence substance
disposed on the inner wall of the gas discharge chamber;
a discharge gas disposed in the gas discharge chamber;
and a plurality of electrodes disposed on the outer wall
of the gas discharge chamber.
�[0012] The gas discharge chamber, for example, com-
prises a dielectric substrate; a plate disposed on the up-
per portion of the dielectric substrate; and a plurality of
strips disposed between the dielectric substrate and the
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plate, and the plate connected to the edge of the dielectric
substrate.
�[0013] In order to achieve the above objects, the
present invention provides a flat lamp structure compris-
ing a gas discharge chamber; a fluorescence substance
disposed on the inner wall of the gas discharge chamber;
a discharge gas disposed in the gas discharge chamber;
a plurality of electrodes disposed on the outer wall of the
gas discharge chamber; and a spacer disposed on the
gas discharge chamber to enhance the strength of the
gas discharge chamber.
�[0014] The gas discharge chamber, for example, com-
prises a dielectric substrate; a plate disposed on the up-
per portion of the dielectric substrate; and a plurality of
strips disposed between the dielectric substrate and the
plate, and plate connected to the edge of the dielectric
substrate.
�[0015] In accordance with a preferred embodiment of
the present invention, the thickness of the dielectric sub-
strate is, for example, between 0.3 mm and 1.1 mm, and
the distance between the dielectric substrate and the
plate, for example, is between 0.5 mm and 2.0 mm.
�[0016] In accordance with the preferred embodiment
of the present invention, the gas charged into the gas
discharge chamber, for example, is Xe, Ne or Ar, and the
electrodes, for example, include silver electrode or cop-
per electrode.
�[0017] In accordance with the preferred embodiment
of the present invention, the lower portion of the dielectric
substrate, for example, is stuck to a carrier substrate for
carrying the gas discharge chamber containing the elec-
trode.
�[0018] In addition, an adhesive, for example, is dis-
posed between the dielectric substrate and the carrier
substrate and connects the dielectric substrate and the
carrier substrate.
�[0019] In accordance with the preferred embodiment
of the present invention, the adhesive, for example, in-
cludes glass adhesive, UV curing adhesive or thermal
curing adhesive.
�[0020] In accordance with the present invention, the
electrode is fabricated on the outer wall of the gas dis-
charge chamber, and by means of the dielectric substrate
as dielectric material for protecting the electrode, the uni-
formity with respect to thickness is good and the ability
to withstand the collision of ions is excellent. Thus, the
present invention does not require a dielectric layer
formed by multiple screen printing covering the electrode,
resulting in uniformity of luminosity and significant im-
provement in longevity.
�[0021] Furthermore, in order to improve the longevity
and efficiency of luminance, the flat fluorescent lamp of
the present invention comprises at least an electrode pair
formed by one first electrode and one second electrode
on different planes.
�[0022] In accordance with a preferred embodiment of
the present invention, the first electrode is disposed on
the outer surface of the dielectric substrate and the sec-

ond electrode covered with a dielectric layer is disposed
on the inner surface of the dielectric substrate.
�[0023] In accordance with a preferred embodiment of
the present invention, the first electrode is disposed on
the outer surface of the dielectric substrate without cov-
ering the dielectric layer and the second electrode cov-
ered with the dielectric layer is disposed on the inner
surface of the dielectric substrate. The first and second
electrodes are both strip type and are perpendicular each
other. Also, the first electrode could be planar type.
�[0024] In accordance with a preferred embodiment of
the present invention, the flat fluorescent lamp further
comprises a carrier substrate beneath the dielectric sub-
strate for supporting the flat fluorescent lamp. The first
electrode is disposed on the outer surface of the dielectric
substrate or is disposed on one surface of the carrier
substrate facing the dielectric substrate. The second
electrode covered with the dielectric layer is disposed on
the inner surface of the dielectric substrate. An adhesive
is disposed between the dielectric substrate and the car-
rier substrate for connecting the two substrates.
�[0025] In accordance with a preferred embodiment of
the present invention, the flat fluorescent lamp further
comprises a third electrode disposed on the outer surface
of the upper plate, or covered with the dielectric layer on
the inner surface of the upper plate.
�[0026] In accordance with a preferred embodiment of
the present invention, the flat fluorescent lamp further
comprises a reflective layer disposed beneath the die-
lectric substrate so that the first electrode is disposed
between the dielectric substrate and the reflective layer.
Based on the concept of the present invention, the sec-
ond electrode is disposed on the outer surface of the
reflective layer.
�[0027] Based on the concept of the present invention,
the electrode pair, including the first and the second elec-
trodes, is disposed on the different planes so that the
discharge area between the two electrodes is larger than
that between two electrodes on the same plane in gen-
eral. Thus, the flat fluorescent lamp of the present inven-
tion provides significant improvement in luminosity.

BRIEF DESCRIPTION OF DRAWINGS

�[0028]

FIG. 1 is a schematic view of a conventional flat lamp
structure;
FIGS. 2 and 3 are schematic views of a first preferred
embodiment flat lamp in accordance with the present
invention;
FIGS. 4 and 5 are schematic views of a second pre-
ferred embodiment flat lamp in accordance with the
present invention;
FIG. 6 is a cross- �sectional view of a third preferred
embodiment of the flat fluorescent lamp in accord-
ance with the present invention;
FIG. 7A is a cross-�sectional view of a fourth preferred
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embodiment of the flat fluorescent lamp in accord-
ance with the present invention;
FIGS. 7B and 7C are schematic views of the modi-
fications of the dielectric substrate of the fourth pre-
ferred embodiment of the flat fluorescent lamp in ac-
cordance with the present invention;
FIG. 8 is a cross- �sectional view of a fifth preferred
embodiment of the flat fluorescent lamp in accord-
ance with the present invention;
FIG. 9 is a cross-�sectional view of a sixth preferred
embodiment of the flat fluorescent lamp in accord-
ance with the present invention; and
FIG. 10 is a cross- �sectional view of a seventh pre-
ferred embodiment of the flat fluorescent lamp in ac-
cordance with the present invention.

DETAILED DESCRIPTION

�[0029] Reference will now be made in detail to the
present preferred embodiments of the invention, exam-
ples of which are illustrated in the accompanying draw-
ings. Wherever possible, the same reference numbers
are used in the drawings and the description to refer to
the same or like parts.
�[0030] In the embodiments illustrated in the descrip-
tions, the "inner surface" of the upper plate or the dielec-
tric substrate indicated the surface facing the gas dis-
charge chamber, and the "outer surface" of the upper
plate or the dielectric substrate is the opposite side of the
"inner surface", respectively.
�[0031] FIGS. 2 and 3 show schematically the flat lamp
structure of a first preferred embodiment of the present
invention.
�[0032] First, referring to FIG. 2, the flat lamp comprises
a gas discharge chamber 200, fluorescence substance
202, a discharge gas 204 and a plurality of electrodes
206. Wherein the material for forming the gas discharge
chamber is, for example, glass. The gas discharge cham-
ber 200, for instance, is a dielectric substrate 200a, a
plate 200b and a plurality of strips 200c. The plate 200b
is disposed on the upper portion of the dielectric substrate
200a, and the strips 200c are disposed between the di-
electric substrate 200a and the plate 200b, and are con-
nected to the dielectric substrate 200a and the edge of
the plate 200b. In the present preferred embodiment, the
thickness of the dielectric substrate is, for example, be-
tween 0.3 mm to 1.1 mm, and the distance between the
dielectric substrate 200a and the plate 200b is, for ex-
ample, between 0.5 mm and 2.0 mm.
�[0033] Similarly, referring to FIG. 2, the fluorescence
substance 202 is disposed on the inner wall of the gas
discharged chamber 200, and the fluorescence sub-
stance 202 is generally disposed on the dielectric sub-
strate 200a and the surface of the plate 200b. The gas
204 is charged into the gas discharge chamber 200, and
examples of the gas are Xe, Ne, and Ar. The electrode
206 is disposed on the outer wall of the gas discharge
chamber 200. Examples of the electrodes are silver elec-

trode or copper electrode.
�[0034] In the process of ignition of the flat lamp, the
electrode 206 on the outer wall of the gas discharge
chamber 200 is driven so that the electrode within the
gas discharge chamber 202 partially emits electrons
which collide with the gas 204, and the gas 204 is ionized
and excited to form plasma. After that, the excited state
atoms of the plasma return to the ground state by way
of emission of UV rays, and the emitted UV rays further
excite the fluorescence substance 202 on the inner wall
of the gas discharge chamber 200 so as to produce vis-
ible light.
�[0035] In accordance with the preferred embodiment
during the driving process, the electrodes 206, isolated
by the dielectric substrate 200a, form an electric field
within the gas discharge chamber 200, and the thickness
of the dielectric substrate 200a directly affects the diffi-
culty of the driving process. When the thickness of the
dielectric substrate 200a is large, the flat lamp is more
difficult to drive, and vice versa; to facilitate the driving
process, a thinner dielectric material 200a is used. In
contrast, the dielectric substrate 200a may be broken for
the reason that the substrate 200a cannot withstand the
external atmospheric pressure. Thus, in order to consider
both the difficulty of the driving process and the strength
of the dielectric substrate 200a, the present preferred
embodiment provides a flat lamp structure, as shown in
FIG. 3.
�[0036] Referring to FIG. 3, in order to obtain a balance
between the difficulty of the driving process and the
strength of the dielectric substrate 200a, the present flat
lamp structure, as shown in FIG. 2, is supported on a
carrier substrate 210, and the dielectric substrate 200a
and the carrier substrate 210 are connected, for example,
by means of an adhesive 208 having a thickness between
0.1 mm and 0.3 mm. In accordance with the present in-
vention, the adhesive 208 includes, for example, glass
adhesive, UV curing adhesive or thermal curing adhe-
sive.
�[0037] In accordance with the flat lamp structure, as
the dielectric substrate 200a and the carrier substrate
210 are connected using the adhesive 208, the structural
body constructed by the dielectric substrate 200a and
the carrier substrate 210 can withstand the external at-
mospheric pressure, thus, as a whole, the strength of the
flat lamp is enhanced.
�[0038] FIGS. 4 and 5 show a flat lamp structure in ac-
cordance with the second preferred embodiment. As
shown in FIG. 4, the flat lamp comprises a gas discharge
chamber 200, a fluorescence substance 202, a discharge
gas 204, a plurality of electrodes 206 and at least a spacer
300, wherein the material of the gas discharge chamber
200 is, for example, glass. The gas discharge chamber
200 comprises a dielectric substrate 200a, a plate 200b
and a plurality of strips 200c. The plate substrate 200b
is disposed on the upper portion of the dielectric substrate
200a, and the strips 200c are disposed between the di-
electric substrate 200a and the plate 200b, and the die-
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lectric substrate 200a and the edge of the plate 200b are
connected. In accordance with the preferred embodi-
ment, the thickness of the dielectric substrate 200a is,
for example, between 0.3 mm and 1.1 mm, and the dis-
tance between the dielectric substrate 200a and the plate
200b is, for example, between 0.5 mm and 2.0 mm.
�[0039] Similarly, referring to FIG. 4, the fluorescence
substance 202 is disposed on the inner wall of the gas
disposed chamber 200, and the fluorescence substance
202 is generally disposed on the dielectric substrate 200a
and the surface of the plate 200b. The gas 204 is charged
into the gas discharge chamber 200, and an example of
the gas is Xe. The electrode 206 is disposed on the outer
wall of the gas discharge chamber 200. An example of
the electrode is silver electrode.
�[0040] The flat lamp structure of the present invention
is similar to that of the first preferred embodiment, and
the only difference is on the design of the spacer 300.
�[0041] The spacer 300 is designed out of concern for
the difficulty of the driving process and the strength of
the dielectric substrate 200a; the spacer 300 of the gas
discharge chamber 200b can withstand the dielectric
substrate 200a and the surface of the plate 200b such
that the strength of the dielectric substrate 200a can be
enhanced, and its breakage as a result of its inability to
withstand the external atmospheric pressure will not oc-
cur.
�[0042] Next, referring to FIG. 5, there is shown the flat
lamp structure similar to that shown in FIG. 3, the only
difference is on the design of the spacer 300. In accord-
ance with the present preferred embodiment, the dual
reinforcement of the spacer 300 with the combination of
the carrier 210 deals with the difficulty of the driving proc-
ess and the strength of the dielectric substrate 200a.
�[0043] In accordance with the present invention, the
dielectric substrate with controllable thickness and uni-
formity is used to substitute conventional dielectric layer
formed from multiple screen printing process and the
electrode is disposed on the outer wall of the gas dis-
charge chamber to form external electrodes. Thus, the
flat lamp structure of the present invention possesses
the following advantages: (1) the replacement of the di-
electric layer fabricated by multiple screen printing with
the present dielectric substrate provides a simple fabri-
cation process and the fabrication time is shortened, and
the yield is improved; (2) the replacement of the dielectric
layer fabricated by multiple screen printing with the
present dielectric substrate alleviates the error in the fab-
rication process, thus improving yield and reducing pro-
duction costs; and (3) excellent thickness uniformity of
the dielectric substrate allows for a small difference of
electric field between the individual electrodes, thus the
uniformity of light emission of the flat lamp is improved.
�[0044] In order to improve the longevity and efficiency
of luminance, the present invention provides another pre-
ferred embodiments of the flat fluorescent lamp compris-
ing at least an electrode pair formed by one first electrode
and one second electrode, both of which are positioned

on different planes.
�[0045] FIG. 6 is the cross- �sectional view of the third
preferred embodiment of flat fluorescent lamp in accord-
ance with the present invention.
�[0046] Referring to FIG. 6, the flat fluorescent lamp
comprises a dielectric substrate 300a, an upper substrate
300b, a fluorescent substance 302, a discharge gas 304
and a plurality of first and second electrodes 306 and
307. The upper substrate 300a and dielectric substrate
300b are arranged in parallel and therefore a gas dis-
charge chamber 300 is formed therebetween. The gas
discharge chamber 300 is filled with the discharge gas
304. The first electrode 306 is disposed on the outer sur-
face of the dielectric substrate 300a without covering the
dielectric layer. The second electrode 307 is disposed
on the inner surface of the dielectric substrate 300a and
is covered with a dielectric layer 309. The fluorescent
substance 302 is disposed on the inner surface of the
gas discharge chamber 300.
�[0047] In accordance with the flat fluorescent lamp
shown in FIG. 6, the first and second electrodes 306 and
307 can be linear, strip, zigzag, wave or other types.
�[0048] Assuming the first and second electrodes 306,
307 disposed on the outer and inner surfaces of the di-
electric substrate 300a are represented as "A" and "B",
respectively, the arrangement of the electrode pairs
shown in FIG. 6 is (ABAB)n. Based on the concept of the
present invention, the arrangement of the electrode pairs
shown in FIG. 6 can be (ABBA)n, (AAB) n, or (BBA) n.
�[0049] FIG. 7A is a cross-�sectional view of a fourth
preferred embodiment of the flat fluorescent lamp in ac-
cordance with the present invention.
�[0050] As shown in FIG. 7A, the flat fluorescent lamp
comprises a dielectric substrate 400a, an upper substrate
400b, a fluorescent substance 402, a discharge gas 404
and a plurality of first and second electrodes 406, 407.
The dielectric substrate 400a and the upper substrate
400b are arranged in parallel and therefore a gas dis-
charge chamber 400 is formed therebetween. The gas
discharge chamber 400 is filled with the discharge gas
404. The first electrode 406 is disposed on the outer sur-
face of the dielectric substrate 400a. The second elec-
trode 407 is disposed on the inner surface of the dielectric
substrate 400a and is covered with a dielectric layer 409.
The fluorescent substance 402 is disposed on the inner
surface of the gas discharge chamber 400.
�[0051] FIGS. 7B and 7C are schematic views of the
modifications of the dielectric substrate of the fourth pre-
ferred embodiment of the flat fluorescent lamp in accord-
ance with the present invention
�[0052] In the flat fluorescent lamp shown in FIG. 7B,
the first electrode 406 is planar and the second electrode
is linear. The second electrode can also be strip, zigzag
or other types.
�[0053] In the flat fluorescent lamp shown in FIG. 7C,
the first electrode 406 is linear and the second electrode
407 is linear and perpendicular to the first electrode 406.
The first and second electrodes 406, 407 can be strip,
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zigzag or other type.
�[0054] FIG. 8 is the cross- �sectional view of a fifth pre-
ferred embodiment of flat fluorescent lamp in accordance
with the present invention.
�[0055] The flat fluorescent lamp shown in FIG. 4 com-
prises a dielectric substrate 500a, an upper substrate
500b, a fluorescent substance 502, a discharge gas 504
and a plurality of first and second electrodes 506, 507.
The dielectric substrate 500a and the upper substrate
500b are arranged in parallel and therefore a gas dis-
charge chamber 500 is formed therebetween. The gas
discharge chamber 500 is filled with the discharge gas
504. The second electrode 507 is disposed on the inner
surface of the dielectric substrate 500a and is covered
with a dielectric layer 509.
�[0056] The flat fluorescent lamp further comprises a
carrier substrate 510 disposed beneath the dielectric
substrate 500a for supporting the flat fluorescent lamp.
The first electrode 506 is disposed on the outer surface
of the dielectric substrate 500a or is disposed on one
surface of the carrier substrate 510 facing the dielectric
substrate 500a. An adhesive 508, such as glass glue,
ceramic glue, UV curing adhesive or thermal curing ad-
hesive, is disposed between the dielectric substrate 500a
and the carrier substrate 510 for connecting the dielectric
substrate 500a and the carrier substrate 510.
�[0057] Assuming the first and the second electrodes
506 and 507 disposed on the outer and inner surfaces
of the dielectric substrate 500a are represented as "A"
and "B", respectively, the arrangement of the electrode
pairs shown in FIG. 8 is (ABAB)n. Based on the concept
of the present invention, the arrangement of the electrode
pairs can be (ABBA)n, (AAB)n, or (BBA)n.
�[0058] FIG. 9 is the cross- �sectional view of a sixth pre-
ferred embodiment of flat fluorescent lamp in accordance
with the present invention.
�[0059] Referring to FIG. 9, the flat fluorescent lamp
comprises a dielectric substrate 600a, an upper substrate
600b, a fluorescent substance 602, a discharge gas 604
and a plurality of first and second electrodes 606, 607.
The dielectric substrate 600a and the upper substrate
600b are arranged in parallel and therefore a gas dis-
charge chamber 600 is formed therebetween. The gas
discharge chamber 600 is filled with the discharge gas
604. The first electrode 606 is disposed on the outer sur-
face of the dielectric substrate 600a. The second elec-
trode 607 is disposed on the inner surface of the dielectric
substrate 500a and is covered with a dielectric layer 609.
�[0060] The flat fluorescent lamp shown in the FIG. 9
further comprises a third electrode 611 disposed on the
upper substrate 600b. Based on the concept of the
present invention, the third electrode 611 can be dis-
posed on the outer surface of the upper substrate 600b.
Optionally, the third electrode 611 covered with a dielec-
tric layer like the dielectric layer 609 can be disposed on
the inner surface of the upper substrate 600b.
�[0061] FIG. 10 is the cross- �sectional view of a seventh
preferred embodiment of flat fluorescent lamp in accord-

ance with the present invention.
�[0062] As shown in the FIG. 10, the flat fluorescent
lamp comprises a dielectric substrate 700a, an upper
substrate 700b, a fluorescent substance 702, a discharge
gas 704 and a plurality of first and second electrodes
706, 712. The dielectric substrate 700a and the upper
substrate 700b are arranged in parallel and therefore a
gas discharge chamber 700 is formed therebetween. The
gas discharge chamber 700 is filled with the discharge
gas 704. The flat fluorescent lamp further comprises a
reflective layer 718 beneath the dielectric substrate 700a
so that the first electrode 706 is disposed between the
dielectric substrate 700a and the reflective layer 718. The
second electrode 712 can be disposed on the outer sur-
face of the reflective layer 700a.
�[0063] In the embodiments of the present invention,
the first and second electrodes 706,712 are linear, strip,
zigzag or other type. The second electrode 712 is parallel
or perpendicular to the first electrode 706. The second
electrode 712 can also be planar.
�[0064] Assuming the electrode pair, i.e. the first and
second electrodes 706, 712, is represented as "A" and
"B", respectively, the arrangement of the electrode pairs
shown in FIG. 10 is (ABAB)n. Based on the concept of
the present invention, the arrangement of the electrode
pairs can be (ABBA)n, (AAB)n, or (BBA) n.
�[0065] In the embodiments shown in FIGS. 6 to 10, the
dielectric substrates 300a, 400a, 500a, 600a, 700a are
dielectric material such as glass or ceramic and have a
thickness of about 0.3-2 mm; the upper substrates 300b,
400b, 500b, 600b, 700b are transparent material such
as glass and have a thickness of about 0.3-5 mm; elec-
trodes 306, 307, 406, 407, 506, 507, 606, 607, 611, 706,
712 are conductive material, such as silver, copper, ITO
or IZO, having a thickness of 3-50Pm; the fluorescent
substance 302, 402, 502, 602, 702 can be excited by the
UV light to produce visible light and have a thickness of
about 2-400Pm; the discharge gas 304, 404, 504, 604,
704 includes Xe, Ne, Ar, other insert gas, mercury free
gas, or a mixture thereof; the dielectric layers 309, 409,
509, 609 are made of PbO, SiO2, Bi2O3, ceramic or com-
binations thereof and have a thickness of about
30-400Pm; the carrier substrate 510 is glass or ceramic;
the adhesive 508 is glass glue, ceramic glue, UV curing
adhesive or thermal curing adhesive; and the reflective
layer 718 is made of glass material doped with TiO2,
Al2O3 or combinations thereof.
�[0066] As the embodiments illustrated in the present
invention, the edges of the upper substrate and the die-
lectric substrates can be connected with each other or
connected by strips to form the gas discharge chambers
300, 400, 500, 600, 700. The distance between the die-
lectric substrate and the upper substrate is about 0.5-10
mm. At least one spacer can be optionally mounted be-
tween the dielectric substrate and the upper substrate to
maintain the distance.
�[0067] In accordance with the flat fluorescent lamps in
the all embodiments of the present invention, the elec-
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trode pair including the first and the second electrodes
is disposed on the different planes. In comparison with
the conventional flat lamp, the flat fluorescent lamp of
this invention can produce a larger discharge area to per-
form a better efficiency of luminance. Furthermore, in
comparison with the conventional flat lamp, the cost of
dielectric material could be reduced to a half of conven-
tional design.
�[0068] While there has been shown and described
what are at the present considered the preferred embod-
iments of the invention, it will be obvious to those skilled
in the art that various changes and modifications may be
made therein without departing from the scope of the
invention as defined by the appended claims.

Claims

1. A flat fluorescent lamp comprising: �

a gas discharge chamber formed between a first
substrate and a second substrate and filled with
a discharge gas;
a fluorescent substance disposed on an inner
surface of the gas discharge chamber; and
at least one electrode pair including a first elec-
trode and a second electrode;
wherein the first and second electrodes are dis-
posed on opposite surfaces of the first substrate,
or the first and second electrodes are disposed
on the same side of the first substrate but posi-
tioned on a different plane.

2. The flat fluorescent lamp as claimed in claim 1, fur-
ther comprising at least one spacer mounted be-
tween the first and second substrates to maintain a
distance.

3. The flat fluorescent lamp as claimed in claim 1 or 2,
wherein the second electrode is disposed on an inner
surface of the first substrate and is covered with a
dielectric layer.

4. The flat fluorescent lamp as claimed in claim any of
the preceding claims, wherein the dielectric layer is
made of PbO, SiO2, Bi2O3, ceramic or combinations
thereof and has a thickness at about 30-400Pm.

5. The flat fluorescent lamp as claimed in any of the
preceding claims, wherein the first or second sub-
strate is linear, strip, zigzag, wave or plane type.

6. The flat fluorescent lamp as claimed in claim 5,
wherein the second electrode is arranged in parallel
or perpendicular to the first electrode.

7. The flat fluorescent lamp as claimed in any of the
preceding claims, further comprises a carrier sub-

strate beneath the first substrate.

8. The flat fluorescent lamp as claimed in claim 7,
wherein the carrier substrate is glass or ceramic.

9. The flat fluorescent lamp as claimed in claim 7 or 8,
further comprising an adhesive disposed between
the first substrate and the carrier substrate to con-
nect thereof.

10. The flat fluorescent lamp as claimed in claim 9,
wherein the adhesive comprises glass glue, ceramic
glue, UV curing adhesive or thermal curing adhesive.

11. The flat fluorescent lamp as claimed in any of claims
2 to 10, further comprising a third electrode disposed
on the second substrate.

12. The flat fluorescent lamp as claimed in any of the
preceding claims, further comprising a reflective lay-
er beneath the first substrate so that the first elec-
trode is deposed between the first substrate and the
reflective layer.

13. The flat fluorescent lamp as claimed in claim 12,
wherein the reflective layer is made of a glass ma-
terial doped with TiO2, Al2O3 or combinations there-
of.

14. The flat fluorescent lamp as claimed in claim 12 or
13, wherein the second electrode is disposed on a
surface of the reflective layer.

15. The flat fluorescent lamp as claimed in any of the
preceding claims, wherein the first and second sub-
strates are a dielectric material, glass or ceramic,
and have a thickness of about 0.3-5 mm.

16. The flat fluorescent lamp as claimed in any of claims
1 to 14, wherein the first and second electrodes are
formed by a conductive material, metal, silver, cop-
per, ITO or IZO and have a thickness of 3-50Pm,
respectively.

17. The flat fluorescent lamp as claimed in any of the
preceding claims, wherein the fluorescent substance
is excited by a UV light to produce visible light and
has a thickness of about 2-400Pm.

18. The flat fluorescent lamp as claimed in any of the
preceding claims, wherein the discharge gas com-
prises Xe, Ne, Ar, insert gas, mercury-�free gas, or a
mixture thereof.

19. The flat fluorescent lamp as claimed in any of the
preceding claims, wherein the first and second elec-
trodes are represented as "A" and "B", respectively,
and the arrangement of the first and second elec-
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trodes is (ABAB)n, (ABBA)n, (AAB)n or (BBA)� n.

20. A flat fluorescent lamp comprising: �

a gas discharge chamber comprising
a dielectric substrate, and
a substrate disposed on the upper portion of the
dielectric substrate;
a fluorescence substance disposed on the inner
surface of the gas discharge chamber;
a discharge gas disposed in the gas discharge
chamber; and
a plurality of electrodes disposed on the outer
surface of the gas discharge chamber;
wherein a distance between the dielectric sub-
strate and the substrate is between 0.5 mm to
10 mm.

21. The flat fluorescent lamp as claimed in claim 20, fur-
ther comprising at least one spacer mounted be-
tween the dielectric substrate and the substrate to
maintain the distance.

22. The flat fluorescent lamp as claimed in claim 20 or
21, wherein the gas discharge chamber further com-
prises:�

a plurality of strips disposed between the dielec-
tric substrate and the substrate connected to the
edge of the dielectric substrate.

23. The flat fluorescent lamp as claimed in any of claims
20 or 22, wherein the thickness of the dielectric sub-
strate is ranged from 0.3 mm to 2 mm.

24. The flat fluorescent lamp as claimed in any of claims
20 to 23, wherein the discharge gas comprises Xe,
Ne, Ar, inert gas, mercury-�free gas, or a mixture
thereof.

25. The flat fluorescent lamp as claimed in any of claims
20 to 24, wherein the electrode is made of silver,
copper, metal, ITO, IZO or a conductive material.

26. The flat fluorescent lamp as claimed in any of claims
20 to 25, further comprising a carrier substrate dis-
posed beneath the dielectric substrate to carry the
gas discharge chamber.

27. The flat fluorescent lamp as claimed in claim 26, fur-
ther comprising an adhesive disposed between the
dielectric substrate and the carrier substrate, said
adhesive connecting the dielectric substrate and the
carrier substrate.

28. The flat fluorescent lamp as claimed in claim 27,
wherein the adhesive includes a ceramic glue, glass
adhesive, UV curing adhesive or thermal curing ad-

hesive.
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