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(57) ABSTRACT 

A Synchronous Switching device. The Switching device 
includes a common electrode, distributed electrodes, Voltage 
converters and a signal generator. The distributed electrodes 
are aligned in a Straight line facing the common electrode. 
Each distributed electrode has a length smaller than the 
common electrode. Each Voltage converter is electrically 
coupled to the common electrode as well as one distributed 
electrode. All Voltage converters are electrically coupled to 
the Signal generator. A first panel, a Second panel and two 
Side panels together form a planar lamp with a hollow Space 
inside. A layer of fluorescent coating is deposited on the 
interior surface of the first and the second panel. The 
distributed electrodes and the common electrodes are 
mounted on each side of the hollow Space. Through high 
Voltage Synchronous Signals generated by the Signal genera 
tor and the Voltage converters, the planar fluorescent lamp is 
lit. 

10 Claims, 3 Drawing Sheets 
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SYCHRONOUS SWITCHING DEVICE FOR 
FLUORESCENT LAMP 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the priority benefit of Taiwan 
application serial no. 89104493, filed Mar. 13, 2000. 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

The present invention relates to a Synchronous Switching 
device for fluorescent lamp. More particularly, the present 
invention relates to a Synchronous Switching device for 
controlling the lighting of a planar fluorescent lamp at the 
back of a large area liquid crystal display (LCD). 

2. Description of Related Art 
Liquid crystal display (LCD) is a high image quality, 

Small Volume, lightweight, low voltage driven and low 
power consumption image-displaying device. Nowadays, 
liquid crystal display (LCD) panels are widely adopted in 
portable televisions, mobile telephones, camera recorders, 
notebook computers, desktop computers as well as projec 
tors. In fact, the conventional cathode ray tube (CRT) is 
gradually being replaced by LCD as the mainstream display 
device. However, liquid crystal display differs from other 
display devices Such as plasma display panels (PDP), 
electro-luminescent (EL) displays, and light-emitting diodes 
(LED) in that the panel does not emit light. An external light 
Source must be available to illuminate the LCD panel. 
Hence, most LCD panel needs to include a back light at the 
back of the panel. 

Typically, the back light of a LCD panel is a linear 
fluorescent tube having a diameter between 1.8 mm to 2.6 
mm. The linear fluorescent tube has two electrodes, one at 
each end of the tube, with fluorescent powder coated on the 
interior sidewall. The interior space of the fluorescent tube 
is filled with mercury vapor and inert gas. The fluorescent 
lamp operates by applying a Voltage across the two 
electrodes, thereby leading to an electrode discharge and the 
production of plasma that emits ultraviolet radiation. When 
the fluorescent powder coated on the interior sidewalls of the 
fluorescent tube is activated by ultraviolet radiation, visible 
light is produced. 
AS area of a LCD panel increases, a uniformly lit panel 

capable of Serving as a back lighting Source is more urgently 
needed. Since linear fluorescent tubes are incapable of 
providing planar illumination, Special planar fluorescent 
lamps have been designed. FIGS. 1A and 1B are the respec 
tive front view and the cross-sectional top view of a con 
ventional planar fluorescent lamp. As shown in FIGS. 1A 
and 1B, the planar fluorescent lamp 100 includes surface 
panels 102a and 102b that are parallel to each other. Side 
panels 102c are inserted between and near the edges of the 
panels 102a and 102b. The surface panels 102a, 102b and 
the side panels 102c together form a fluorescent tube 102 
enclosing a hollow space 104. Fluorescent layers 106 are 
formed on the interior sidewalls of the surface panels 102a 
and 102b, respectively. A first electrode 108a and a second 
electrode 108b are installed inside the hollow space 104 
close to each side panel 102c. 
As surface area of the planar fluorescent lamp 100 

increases, overall length of the first electrode 108a and the 
second electrode 108b must increase correspondingly. Due 
to their increased length, a Voltage applied to the two 
electrodes 108a and 108b may not simultaneously equalize 
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2 
to the same potential level at every point along the entire 
length instantaneously. Since electric discharge follows the 
Smallest impedance line type route between the electrodes, 
a line type discharge Similar to a linear fluorescent lamp is 
produced. Hence, the intended uniform fluorescent panel for 
lighting a large LCD panel is not actually produced. 

FIG. 2 is a front view showing the internal structure of 
another conventional planar fluorescent lamp. The planar 
fluorescent lamp in FIG. 2 is very similar to the one shown 
in FIGS. 1A and 1B; hence identical parts are label with the 
same numerals. The planar fluorescent lamp 200 has side 
wall panels 102c inserted between the surface panels 102a 
and 102b near the edges. The surface panels 102a, 102b and 
the side panels 102c together form a hollow space 104. 
Fluorescent layers 106 are formed on the interior sidewalls 
of the surface panels 102a and 102b, respectively. An equal 
number of first electrodes 208a and second electrodes 208b 
are installed inside the hollow space 104 close to each side 
panel 102c. 
To operate the planar fluorescent lamp shown in FIG. 2, 

each pair of first electrode 208a and second electrode 208b 
must be applied Synchronous identical Voltage So that each 
pair of electrodes inside the fluorescent tube 102 emits light 
concurrently. Otherwise, only one pair of electrodes will 
carry out an electrical discharge Similar to the discharge of 
a linear fluorescent tube. In addition, when an external 
Voltage is applied to various electrode pairs, electric arcs 
may form between adjacent electrodes leading to mutual 
interference. 

Sequential timing control can be applied to the electrode 
pairs inside the planar fluorescent lamp So that each elec 
trode pair discharge in turn similar to the horizontal Scanning 
of a cathode ray tube. However, overall brightness attained 
by the planar fluorescent lamp is greatly reduced compared 
with a planar fluorescent lamp formed by joining a Series of 
parallel linear fluorescent tubes. 

Nevertheless, although a Series of fluorescent tubes on a 
planar panel is capable of having a higher brightness level, 
a diffusion panel must be inserted between the fluorescent 
panel and the LCD panel to equalize brightness level acroSS 
the panel. Moreover, when the planar fluorescent lamp is too 
close to the LCD panel, layout of the fluorescent tubes inside 
the lamp may appear on the LCD panel, thereby affecting 
image quality. On the other hand, if the distance between the 
planar fluorescent lamp and the LCD panel is increased, 
overall thickness of the LCD panel and the fluorescent lamp 
will increase thereby adding weight and Volume to the panel. 

SUMMARY OF THE INVENTION 

Accordingly, one object of the present invention is to 
provide a Synchronous Switching device for lighting the 
planar fluorescent lamp at the back of a large Surface liquid 
crystal display (LCD) panel. A voltage Signal is transmitted 
to the Synchronous Switching device. The Switching device 
generates Synchronous Voltage Signals and which then pass 
to a plurality of Voltage converters where the Voltage Signals 
are amplified. The amplified Synchronous Signal is fed to the 
common electrode and a plurality of distributed electrodes 
inside the planar fluorescent lamp So that the lamp is 
Switched on Synchronously and arcing between electrodes is 
Suppressed. Hence, the entire planar fluorescent lamp lights 
up to obtain a high brightness level and uniform light Source. 
To achieve these and other advantages and in accordance 

with the purpose of the invention, as embodied and broadly 
described herein, the invention provides a Synchronous 
Switching device. The Switching device includes a common 
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electrode, a plurality of distributed electrodes, a plurality of 
Voltage converters and a Signal generator. The distributed 
electrodes are aligned on a Straight line facing the common 
electrode. Each the distributed electrode has a length Smaller 
than the common electrode. Each Voltage converter is elec 
trically coupled to the common electrode as well as one and 
only one distributed electrode. All Voltage converters are 
electrically coupled to signal generator. 

According to a Second embodiment, this invention pro 
vides a planar fluorescent lamp. The planar fluorescent lamp 
includes a first panel, a Second panel, two Side panels, two 
fluorescent layers, a common electrode, a plurality of dis 
tributed electrodes, a plurality of Voltage converters and a 
Signal generator. The first and the Second panel are parallel 
to each other with side panels between the first and the 
Second panel near the edges So that a planar lamp enclosing 
a hollow tube is produced. The fluorescent layer is deposited 
on the interior Surface of the first and Second panel, respec 
tively. The distributed electrodes and the common electrode 
are mounted on each Side inside the hollow Space of the 
planar lamp adjacent to the Side panels. The distributed 
electrodes are aligned on a Straight line facing the common 
electrode. Each distributed electrode has a length Smaller 
than the common electrode. Each Voltage converter is elec 
trically coupled to the common electrode as well as one and 
only one distributed electrode. All Voltage converters are 
electrically coupled to the Signal generator. 

It is to be understood that both the foregoing general 
description and the following detailed description are 
exemplary, and are intended to provide further explanation 
of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings are included to provide a 
further understanding of the invention, and are incorporated 
in and constitute a part of this Specification. The drawings 
illustrate embodiments of the invention and, together with 
the description, Serve to explain the principles of the inven 
tion. In the drawings, 

FIGS. 1A and 1B are the respective front view and the 
croSS-Sectional top view of a conventional planar fluorescent 
lamp, 

FIG. 2 is a side view showing the internal structure of 
another conventional planar fluorescent lamp; 

FIG. 3A is a cross-sectional view showing the internal 
Structure of a planar fluorescent lamp according to one 
preferred embodiment of this invention; and 

FIG. 3B is a front view showing the devices constituting 
a Synchronous Switching device and the internal Structure of 
a planar fluorescent lamp according to one preferred 
embodiment of this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Reference will now be made in detail to the present 
preferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the draw 
ings and the description to refer to the Same or like parts. 

FIG. 3A is a cross-sectional view showing the internal 
Structure of a planar fluorescent lamp according to one 
preferred embodiment of this invention. FIG. 3B is a front 
View showing the devices constituting a Synchronous 
Switching device and the internal Structure of a planar 
fluorescent lamp according to one preferred embodiment of 
this invention. 
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4 
The Synchronous Switching device of this invention pro 

vides the necessary control for the planar fluorescent lamp at 
the back of a large surface LCD panel so that the entire LCD 
panel is illuminated to a uniform brightness level. The 
Synchronous Switching device and fluorescent lamp System 
as shown in FIG. 3B includes a common electrode 308, a 
plurality of distributed electrodes 310, a plurality of voltage 
converters 312 that each correspond to a distributed elec 
trode and a signal generator 314. The fluorescent lamp 300 
as shown in FIG. 3A is structurally similar to the conven 
tional fluorescent lamp shown in FIG. 1A. The fluorescent 
lamp 300 has a planar fluorescent tube bounded by a first 
panel 302a, a second panel 302b and 2 side panels 302c. 
The first panel 302a and the second panel 302b of the 

fluorescent lamp 300 are parallel to each other. The side 
panels 302c are inserted between the first panel 302a and the 
second panel 302b near the edges so that a planar lamp 302 
that encloses a hollow tube 304 is produced. The fluorescent 
layer 306 is deposited on the interior surface of the first 
panel 302a and second panel 302b, respectively. 
The distributed electrodes 310 and the common electrode 

308 are positioned near the opposite ends within the hollow 
tube 304 adjacent to the side panels 302c. The distributed 
electrodes 310 are aligned along a Straight line and facing 
the common electrode 308. Each distributed electrode 310 
has an individual identical length that is shorter than the 
length of the common electrode 308. Each distributed elec 
trode 310 has a length of between 0.5 cm to 10 cm, 
preferably about 5 cm. The voltage converters 312 can be 
Voltage amplifiers or a transformer, for example. The num 
ber of voltage converters 312 is the same as the number of 
distributed electrodes 310 used. Each voltage converter 312 
is electrically coupled to the common electrode 308 and one 
of the distributed electrodes 310. It should be noted that each 
Voltage converter 312 is electrically connected to one and 
only one distributed electrode 310. All voltage converters 
312 are electrically coupled to the Signal generator 314. 
To operate the Synchronous Switching device, a Voltage 

Signal is input to the Signal generator 314. The Signal 
generator 314 generates a plurality of Synchronous Voltage 
Signals having a Voltage between a few volts to a few tens 
of Volts. These Synchronous Voltage Signals are transmitted 
to various Voltage converters 312 where the Voltage is 
amplified to a very high Voltage Such as Several thousand 
Volts. In other words, the high Voltage Synchronous signal 
produced by the Voltage converter 312 has the same signal 
cycle T as the output signal from the Signal generator 314 but 
a different peak value. These high Voltage Synchronous 
Signals are applied to the respective distributed electrodes 
310 and the common electrode 308 So that electrons dis 
charge across the electrodes to produce the lighting effect of 
the fluorescent lamp 300. 

Since the combined length of all the distributed electrodes 
310 is shorter than width of the fluorescent lamp 300, 
instantaneous voltage at various distributed electrodes 308 is 
identical when high Voltages are applied. Thus, electric arcs 
between neighboring electrodes are Suppressed. On the other 
hand, by providing identical Synchronous high Voltage Sig 
nal from the distributed electrodes 310 to an opposite 
common electrode 308, the entire surface of the planar 
fluorescent lamp lights up simultaneously. Hence, bright and 
uniform light is produced acroSS the panel. Furthermore, the 
planar fluorescent lamp controlled by the Synchronous 
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Switch can Serve as back light for a large Surface LCD panel. 
In fact, the planar fluorescent lamp for providing necessary 
illumination to a LCD panel can have a comer-to-corner 
diagonal dimension greater than 18 inches. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made to the Structure of 
the present invention without departing from the Scope or 
Spirit of the invention. In view of the foregoing, it is intended 
that the present invention cover modifications and variations 
of this invention provided they fall within the scope of the 
following claims and their equivalents. 
What is claimed is: 
1. A Synchronous Switching device for a fluorescent lamp, 

comprising: 
a common electrode, 
a plurality of distributed electrodes aligned in a Straight 

line facing the common electrode, wherein each dis 
tributed electrode has a length shorter than that of the 
common electrode, 

a plurality of Voltage converters, each connected to a 
distributed electrode, for providing a Synchronous Sig 
nal; and 

a signal generator connected to the Voltage converters for 
providing Synchronous Voltage Signals, wherein the 
Voltage converters are able to produce identical high 
Voltage Synchronous signals. 

2. The device of claim 1, wherein each distributed elec 
trode has a length of about 0.5 cm to 10 cm. 

3. The device of claim 1, wherein each distributed elec 
trode has a length of about 5 cm. 

4. The device of claim 1, wherein the voltage converters 
include Voltage amplifiers. 

5. The device of claim 1, wherein the voltage converters 
include transformers. 
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6 
6. A planar fluorescent lamp, comprising: 
a first panel; 
a Second panel parallel to the first panel; 
a pair of Side panels between the first panel and the Second 

panel and attached to opposite edges of the first and the 
Second panel Such that the first panel, the Side panels 
and the Second panel encloses a hollow Space; 

a fluorescent layer coated on the interior-facing Surfaces 
of the first and the Second panel; 

a common electrode mounted on one side of the hollow 
Space, 

a plurality of distributed electrodes aligned in a Straight 
line and mounted on another Side of the hollow Space 
facing the common electrode, 

a plurality of Voltage converters, each connected to a 
distributed electrode, for providing a Synchronous Sig 
nal; and 

a signal generator connected to the Voltage converters for 
providing Synchronous Voltage Signals So that the Volt 
age converters are able to produce identical high Volt 
age Synchronous signals. 

7. The device of claim 6, wherein each distributed elec 
trode has a length between 0.5 cm to 10 cm. 

8. The device of claim 6, wherein each distributed elec 
trode has a length of about 5 cm. 

9. The device of claim 6, wherein the voltage converters 
include Voltage amplifiers. 

10. The device of claim 6, wherein the voltage converters 
include transformerS. 


