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(57) Abstract: The invention relates to a backlight system (B1 - BIO) for illuminating a display device, comprising a light emission
window (EW) for emitting light in the direction of a display device (Di), and an electrically conductive plate (Bs), at least a part of
which plate is arranged opposite to the light emission window, and at least one fluorescent lamp (TL) arranged between said light
emission window and said electrically conductive plate, said at least one fluorescent lamp having a first end section (S1), a middle
section (82), and a second end section (S3). The electrically conductive plate (Bs) has a construction such that, during operation of
& the backlight system, the degree of electrical coupling between the middle section of the at least one fluorescent lamp and a section of
the electrically conductive plate associated with said middle section is higher than the degree of electrical coupling between the first
end section and/or the second end section of the at least one fluorescent lamp and sections or a section of the electrically conductive
plate associated with said first end section and/or said second end section, respectively. As a result, the ignition behavior of the lamp
is improved. Furthermore, the light output of the lamp can be locally controlled.
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LCD backlighting unit

FIELD OF THE INVENTION

The invention relates to a backlight system for illuminating a display device,
comprising a light emission window for emitting light in the direction of a display device, an
electrically conductive plate of which at least a part is arranged opposite to the light emission
window, and at least one fluorescent lamp arranged between said light emission window and
said electrically conductive plate, said at least one fluorescent lamp having a first end section,
a middle section, and a second end section.

The invention further relates to a display system, in particular a Liquid Crystal

Display (LCD) system, comprising said backlight system.

BACKGROUND OF THE INVENTION

Fluorescent lamps are commonly known and are used inter alia in backlight
systems. Such a backlight system is referred to as a “direct-lit” backlight or “direct-under”
type of backlight system. The backlight systems are used inter alia for back lighting of
(image) display devices, for example for television receivers and monitors. Such backlight
systems are particularly suitable for use as backlights for non-emissive displays, such as
liquid crystal display devices, also referred to as LCD panels, which are used in (portable)
computers or (cordless) telephones. The backlight system is particularly suitable for use in
large-screen LCD display devices for television and professional applications.

Said display devices generally include a substrate provided with a regular
pattern of pixels, which are each driven by at least one electrode. The display device employs
a control circuit for reproducing an image or a datagraphic representation in a relevant area of
a (display) screen of the (image) display device. In an LCD device, the light originating from
the backlight is modulated by means of a switch or a modulator, while various types of liquid
crystal effects are utilized. In addition, the display may be based on electrophoretic or
electromechanical effects.

In the fluorescent lamp mentioned in the opening paragraph, a tubular low-
pressure mercury-vapor discharge lamp, for example one or more cold-cathode fluorescent

lamps (CCFL), hot-cathode fluorescent lamps (HCFL), or external-electrode fluorescent
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lamps (EEFL) may be used as discharge lamps in the backlight system. Commonly, a
phosphor coating is applied for enabling low-pressure mercury vapor discharge lamps to
convert UV light into other wavelengths, for example UV-B light and UV-A light for tanning
purposes (sun panel lamps), or into visible radiation for general illumination purposes.
Discharge lamps having a phosphor coating are therefore also referred to as fluorescent
lamps. The lamp voltage applied to a fluorescent lamp depends on several parameters,among
them tube length, gas pressure, and mercury content. For a fluorescent lamp intended for a
32°” LCD panel, the rms lamp voltage is usually in the range of 500 V — 2 kV, typically 1 kV.
Fluorescent lamps are normally driven with a high frequency voltage waveform that is close
to a sinusoid. The frequency typically ranges from 20 to 100 kHz for a CCFL and a HCFL
lamp, and is 1 MHz or higher for an EEFL lamp. A higher voltage has to be applied to the
fluorescent lamp before ignition takes place, which voltage depends to a large extent on the
temperature. For a CCFL lamp at 0 °C, for example, the typical rms ignition voltage is 2 kV.

Backlight systems constructed with one of the above-mentioned types of
fluorescent lamps have a typical thickness of between 17 and 35 mm. In the case of backlight
systems based on hot-cathode fluorescent lamps with a relatively large diameter of
approximately 16 mm, specific optical constructions are required in order to manufacture thin
backlight systems with a good light uniformity. There is a drive to design and construct much
thinner backlight systems than indicated above.

An advantageous option for a backlight system for a display device, such as an
LCD, is the use of an array of small CCFL or EEFL lamps. In a particular application, these
lamps are arranged together between two glass panels, between which panels ribs are
provided, thereby defining the separate discharge vessels of the lamps. The diameter of each
lamp is typically about 3 mm. In order to comply with brightness specifications of the LCD,
it is important to use a large number of lamps, typically 80, which are typically switched on
for 4 to 35% of the time in the case of scanning backlighting. The performance of such an
array of multiple small lamps is much better in terms of picture quality and size (thickness)
than that of existing solutions with approximately 2 to 20 relatively large standard CCFL,
EEFL, or HCFL lamps.

A known problem with an LCD-TV module is that moving images tend to
exhibit motion artifacts as a result of blurring owing to the fact that the light modulators
cannot instantly respond to changes in transmission levels. It has been shown that the use of a
so-called scanning or blinking backlight unit reduces the blurring problem. Scanning

backlight units typically comprise a plurality of light sources arranged in a panel-like fashion.
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The scanning of the scanning backlight unit is typically performed by switching the light
sources on and off in accordance with video signals provided to the display device. The video
signals include image data to be displayed and synchronization data which render possible a
synchronous scanning of the display device so as to form an image. The light sources are
addressed sequentially in accordance with the synchronization data, illuminating a group of
light modulators typically after the required transmission levels in the light modulators have
been achieved.

Japanse patent application JP05-251050 discloses a backlight system having a
fluorescent lamp and an electrically conducting plate opposite to the light emission window
of the backlight system. The conducting plate is positioned in the vicinity of the lamp, along
its longitudinal axis, in parallel with the lamp. The conducting plate extends from the first
electrode of the fluorescent lamp to its second electrode, and it facilitates the ignition of the
fluorescent lamp by locally increasing the electrical field.

It is a disadvantage of the known backlight system that the capacitive coupling
between the fluorescent lamp and the electrically conducting plate after ignition of the lamp
causes a capacitive current to flow to the conducting plate, which reduces the lamp current
and consequently the light output of the fluorescent lamp as a whole. In addition, the light
output of the backlight system is further negatively affected by the optical properties of the
housing of the backlight system itself, which usually results in a lower light output at the
borders of the backlight system compared with the central portion of the backlight system.

Furthermore, when an ignition voltage is applied to the lamp, the conducting
plate creates a high electric field concentrated near both ends of the discharge space inside
the fluorescent lamp. If the fluorescent lamp is dimmed by a pulse-width dimming
mechanism, the number of (high-frequency) voltage pulses is limited, which may result in
lamp flickering if the tube is not ignited over its full length. Improving the ignition behavior
of the lamp would allow duty-cycle dimming at a relatively low duty cycle of less than 30 %,

preferably in a range of 1 to 5 %.

SUMMARY OF THE INVENTION

It is an object of the invention to provide an improved backlight system that
solves the above-mentioned problems at least partially.

This object is achieved with a backlight system according to the invention,
characterized in that the electrically conductive plate has a construction such that, during

operation of the backlight system, the degree of electrical coupling between the middle
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section of the at least one fluorescent lamp and a section of the electrically conductive plate
associated with said middle section is higher than the degree of electrical coupling between
the first end section and/or the second end section of the at least one fluorescent lamp and
sections or a section of the electrically conductive plate associated with said first end section
and/or said second end section, respectively. It is noted that the term operation of the
backlight system refers to the ignition phase of the fluorescent lamp as well as to the phase
after ignition of the lamp has taken place.

The increased degree of capacitive coupling between the conductive plate and
the fluorescent lamp at the middle section of the fluorescent lamp after ignition of the lamp,
compared with the ends of the fluorescent lamp, causes an increased capacitive current to
flow from the middle section of the fluorescent lamp to the conductive plate. As a result, the
light output from the middle section of the fluorescent lamp decreases compared with the
light output of the end sections of the fluorescent lamp. A local control of the light output of
the lamp thus creates a required light distribution along the longitudinal axis of the lamp. The
higher light output at an end section of the fluorescent lamp compensates for the optical
properties of the backlight system at its borders, resulting in a more uniform light distribution
of the backlight system, especially in the direction along the longitudinal axes of the
fluorescent lamps. Furthermore, the electric field strength during the ignition phase of the
lamp towards the centre of the fluorescent lamp increases, compared with the lamp ends, due
to the increased degree of electrical coupling between the conductive plate and the middle
section of the fluorescent lamp, leading to a substantially constant electric field along the
longitudinal axis of the lamp. As a result, the ignition behavior of the fluorescent lamp is
improved, reducing the ignition time of the lamp. The latter renders it possible to lower the
duty cycle for pulse width dimming while maintaining ignition of the lamp over the full
length of the discharge space.

An embodiment of the invention is characterized in that the electrically
conductive plate has an angled or curved shape such that the average distance between the
plate and said middle section is smaller than the average distance between the plate and said
first end section, and smaller than the average distance between the plate and said second end
section. By modifying the shape of the curved or angled plate, the degree of electrical
coupling between the conducting plate and the lamp can be easily optimized for each section
of the lamp.

An embodiment of the invention is characterized in that the electrically

conductive plate comprises a plurality of holes, and in that the concentration of holes in a
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section of the plate associated with the middle section of the at least one fluorescent lamp is
smaller than the concentration of holes in a section of the plate associated with the first end
section of the at least one fluorescent lamp, and smaller than the concentration of holes in a
section of the plate associated with the second end section of the at least one fluorescent
lamp. The wording “concentration of holes” denotes the area occupied by holes per square
meter of plate. The degree of electrical coupling between the conducting plate and the lamp
can be easily optimized for each section of the lamp in that the number of holes and/or the
size of the holes in the conducting plate is varied.

An embodiment of the invention is characterized in that a section of the
electrically conductive plate associated with the middle section of the at least one fluorescent
lamp comprises a first type of material, and in that a section of the electrically conductive
plate associated with the first end section and the second end section of the at least one
fluorescent lamp comprises a second type of material, the first type of material having a
higher electrical conductivity than the second type of material. The use of materials with
different electrical conductivity values for the conducting plate makes it possible to optimize
the degree of electrical coupling between the conducting plate and each section of the lamp.

An embodiment of the invention is characterized in that the electrically
conductive plate only extends along the middle section of the at least one fluorescent lamp.
After ignition, the capacitive current to the conductive plate is concentrated near the center of
the lamp tube, only decreasing the light output near this center of the tube. The electric field
is more concentrated near the center of the tube during the ignition phase.

An embodiment of the invention is characterized in that the electrically
conductive plate is at least a part of a reflector for reflecting light towards the light emission
window. A relatively simple construction of the backlight is obtained in that the conducting
plate and the reflector are combined into one component.

An embodiment of the invention is characterized in that backlight system is a
scanning backlight system. The use of a scanning backlight system reduces the so-called
motion blur.

An embodiment of the invention is characterized in that the at least one low-
pressure discharge lamp is a cold-cathode fluorescent lamp. An advantage of a cold-cathode
fluorescent lamp is that it does not require a continuous powering of the electrodes in a
temporary standby state, reducing the power consumption as well as reducing the heat

production of the discharge lamps.
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An embodiment of the invention is characterized in that the at least one low-
pressure discharge lamp is an external-electrode fluorescent lamp. An advantage of an
external-electrode fluorescent lamp is that it has a relatively simple electrode construction
that makes a reduction of the non-light-emitting ends of a fluorescent lamp possible.

An embodiment of the invention is characterized in that the backlight system
further comprises a backing substrate at least a part of which is arranged substantially
opposite to the light emission window, wherein ribs are provided between said light emission
window and said backing substrate, said ribs being arranged substantially in a parallel
direction so as to define the discharge spaces of the fluorescent lamps. The performance of
such an array of multiple small lamps is much better in terms of picture quality and size
(thickness) that of other solutions with approximately 2 to 20 large standard CCFL, EEFL, or
HCFL lamps.

An embodiment of the invention is characterized in that the substrate thickness
corresponding to the middle section of the fluorescent lamps is greater than the substrate
thickness corresponding to the first end section and the second end section of the fluorescent
lamps. The local capacitance of the lamp can thus be varied, with the result that the local
capacitive current to the conductive plate is varied as well, after ignition of the lamp, so that
the local light output of the lamp can be influenced.

An embodiment of the invention is characterized in that the system is a
scanning backlight system, the system comprising multiple lamp sections, each lamp section
comprising a plurality of fluorescent lamps, wherein, during operation, the lamp sections are
switched on and off row by row, and wherein the electrically conductive plate furthermore
has a construction such that, during operation of the backlight system, the degree of
capacitive coupling between the fluorescent lamps near the border of a lamp section and the
electrically conductive plate is substantially equal to the degree of capacitive coupling
between the other fluorescent lamps of the lamp section and the electrically conductive plate.
During operation, the electric field lines of a lamp near the border of a section are not
shielded by the electrical field lines of a lamp of a neighboring section near the same border.
The capacitive coupling between such a lamp and the electrically conducting plate is
therefore greater than the capactive coupling between the other lamps of a lamp section and
the electrically conducting plate, resulting in a lower light output of the lamps near the border
of a lamp section. A more uniform light output of the backlight system is obtained in that the
electrically conducting plate is so adapted that the capacitive coupling between all lamps of a

lamp section and the electrically conducing plate is substantially equal.
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According to the invention, a display system comprises a backlight system
according to claim 1 that has a more uniform light distribution, and provides an operation

with pulse-width dimming at a relatively low duty cycle without flickering on the display.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross-sectional view of a first embodiment of a backlight system
according to the invention taken on an axis parallel to the longitudinal axes of the fluorescent
lamps.

Fig. 2 is a cross-sectional view of a backlight system according to the
invention taken on I — I indicated in Fig. 1.

Fig. 3 is a cross-sectional view of a second embodiment of a backlight system
according to the invention taken on an axis parallel to the longitudinal axes of the fluorescent
lamps.

Fig. 4 is a cross-sectional view of a third embodiment of a backlight system
according to the invention taken on an axis parallel to the longitudinal axes of the fluorescent
lamps.

Fig. 5 is a cross-sectional view of a fourth embodiment of a backlight system
according to the invention taken on an axis parallel to the longitudinal axes of the fluorescent
lamps.

Fig. 6 is a cross-sectional view of a fifth embodiment of a backlight system
according to the invention taken on an axis parallel to the longitudinal axes of the fluorescent
lamps.

Fig. 7 is a cross-sectional view of a sixth embodiment of a backlight system
according to the invention taken on an axis parallel to the longitudinal axes of the fluorescent
lamps.

Fig. 8 is a cross-sectional view of a seventh embodiment of a backlight system
according to the invention taken on I — I indicated in Figure 1.

Figure 9 is a plan view of an eighth embodiment of a backlight system
according to the invention viewed along II — II indicated in Figure 1.

Fig. 10 is a cross-sectional view of a ninth embodiment of a backlight system
according to the invention taken on I — I indicated in Figure 9.

Fig. 11 is a cross-sectional view of a tenth embodiment of a backlight system
according to the invention taken on an axis parallel to the longitudinal axes of the fluorescent

lamps.
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The Figures are purely diagrammatic and not drawn to scale. Some
dimensions have been particularly strongly exaggerated for reasons of clarity . Similar

components in the Figures have been given the same reference numerals as much as possible.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Figure 1 shows a backlight system B1 according to the invention, in which
light is generated by a plurality of cold-cathode low-pressure mercury vapor discharge lamps
TL, each comprising a discharge vessel V having a luminescent layer P typically arranged at
an inner wall of the discharge vessel V. The fluorescent lamps TL are supplied with a
symmetrical voltage waveform. Light is emitted towards the display device Di via a light
emission window EW of the backlight system B1. Typically, the side walls SW1, SW2 as
well as the backside Bs of the backlight system B1 comprise reflective layers R which reflect
light emitted by the fluorescent lamps TL in a direction away from the light emission window
EW back towards the light emission window EW. The backside Bs consists of a metal plate
which is connected to ground. The backside Bs has one part that is associated with the middle
section S2 of the lamps TL and that is positioned closer to the lamps TL than the other parts
of the backside Bs. Each end of a fluorescent lamp TL comprises an electrode, not shown in
Figure 1, for energizing the lamp. After ignition of the lamp TL, a gas discharge is
maintained between the anode and the cathode due to the electric field created between the
two electrodes. As a result of the mutual capacitance, i.e. capactive coupling, between the
lamps TL and the backside Bs, a capacitive current flows from the lamps TL to the backside
Bs. The degree of capactive coupling between the lamps TL and the backside Bs is a function
of the distance between the lamps TL and the backside Bs. For end sections S1 and S3 of the
lamps TL, the degree of capactive coupling, and therefore the capactive current to the
backside Bs, is smaller than for the middle section S2 of the lamps TL. Due to the larger
capacitive current from the middle section S2 to the backside Bs, the current flowing through
the lamps TL between the anode and the cathode is reduced more strongly for the middle
section S2 than for end sections S1 and S3, resulting in a relatively lower light output from
the middle section S2 compared with the end sections S1, S3. An ignition voltage is applied
to the electrodes for igniting the lamps TL. During the ignition phase of the lamps TL, the
electric field is increased for the middle section S2 compared with the end sections S1 and

S3, resulting in an electric field that is substantially constant along the longitudinal axis of the
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lamp.This improves the ignition behavior of the lamps TL, resulting in a shorter ignition
time.

In an alternative embodiment, only that part of the backside Bs that is closest
to the lamps TL, i.e. associated with the middle section S2 of the lamps TL, is made of a
metal plate, while the other parts of the backside Bs are made of an electrically non-
conductive material. In a further alternative embodiment, the metal plate is not part of the
backside Bs of the backlight system B1, but coupled to a side of the backside Bs facing the
discharge lamps TL. The backside Bs itself is made of an electrically non-conducting
material.

Figure 2 is a cross sectional view of the backlight system B1 taken on the line
I - T indicated in Figure 1.

Figure 3 shows a backlight system B2 according to the invention in which
light is generated by a plurality of fluorescent lamps TL. The fluorescent lamps TL are
supplied with a symmetrical voltage waveform. The electrically conductive backside Bs
comprises two parts associated with the middle section S2 of the lamps TL, which parts are
positioned closer to the fluorescent lamps TL than other parts of the backside Bs. After
ignition of the lamps TL, the degree of capacitive coupling between the middle section S2 of
the lamps TL and the backside Bs is higher than that between the end sections S1, S3 and the
backside Bs, resulting in a larger decrease of the light output of the middle section S2 in
comparison with the end sections S1, S3. During the ignition phase of the lamps TL, the
ignition time is reduced owing to a substantially constant electric field along the longitudinal
axis of the lamp.

Figure 4 shows a backlight system B3 according to the invention in which
light is generated by a plurality of fluorescent lamps TL. The fluorescent lamps TL are
supplied with a symmetrical voltage waveform. The electrically conductive backside Bs has
an angled shape, such that the distance between the middle section S2 of the lamps TL and
the backside Bs is smaller on average than the distance between the end sections S1, S3 and
the backside Bs. After ignition of the lamps TL, the degree of capacitive coupling between
the middle section S2 of the lamps TL and the backside Bs is higher than that between the
end sections S1, S3 and the backside Bs, resulting in a larger decrease of the light output of
the middle section S2 in comparison with end sections S1, S3. During the ignition phase of
the lamps TL, the ignition time is reduced owing to a substantially constant electric field

along the longitudinal axis of the lamp.
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Figure 5 shows a backlight system B4 according to the invention in which
light is generated by a plurality of fluorescent lamps TL. The fluorescent lamps TL are
supplied with a symmetrical voltage waveform. The electrically conductive backside Bs has a
curved shape, the distance between the middle section S2 of the lamps TL and the backside
Bs being smaller on average than the distance between the end sections S1, S3 and the
backside Bs. After ignition of the lamps TL, the degree of capacitive coupling between the
middle section S2 of the lamps TL and the backside Bs is higher than that between the end
sections S1, S3 and the backside Bs, resulting in a larger decrease of the light output of the
middle section S2 in comparison with the end sections S1, S3. During the ignition phase of
the lamps TL, the ignition time is reduced owing to a substantially constant electric field
along the longitudinal axis of the lamp.

Figure 6 shows a backlight system B5 according to the invention in which
light is generated by a plurality of fluorescent lamps TL. The fluorescent lamps TL are
supplied with a symmetrical voltage waveform. The electrically conductive backside Bs has a
flat shape, and the backside Bs has a plurality of holes of a fixed size. In the part of the
backside Bs associated with the middle section S2 of the lamps TL, the concentration of the
holes is smaller than in the other parts of the backside Bs. After ignition of the lamps TL, the
degree of capacitive coupling between the middle section S2 of the lamps TL and the
backside Bs is higher than that between the end sections S1, S3 of the lamps TL and the
backside Bs, resulting in a larger decrease of the light output of middle section S2 in
comparison with the end sections S1, S3. During the ignition phase of the lamps TL, the
ignition time is reduced owing to a substantially constant electric field along the longitudinal
axis of the lamp.

Figure 7 shows a backlight system B6 according to the invention in which
light is generated by a plurality of fluorescent lamps TL. The fluorescent lamps TL are
supplied with a symmetrical voltage waveform. The electrically conductive backside Bs has a
flat shape, and the backside Bs has a plurality of holes of different sizes. In the part of the
backside Bs associated with the middle section S2 of the lamps TL, the size of the holes is
smaller than in the other parts of the backside Bs, resulting in a relatively smaller surface
fraction occupied by holes in the part of the backside Bs associated with middle section S2 of
the lamps TL. After ignition of the lamps TL, the degree of capacitive coupling between the
middle section S2 of the lamps TL and the backside Bs is higher than that between the end
sections S1, S3 of the lamps TL and the backside Bs, resulting in a larger decrease of the

light output of middle section S2 in comparison with the end sections S1, S3. During the
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ignition phase of the lamps TL, the ignition time is reduced owing to a substantially constant
electric field along the longitudinal axis of the lamp.

Figure 8 shows an alternative backlight system B7 according to the invention
in a cross sectional view of the backlight system taken on I — I in Figure 1, in which light is
generated by a plurality of fluorescent lamps TL. The part of the backside Bs associated with
the middle section S2 of the lamps TL is not a flat plate, but has parts closer to the lamps TL
in the vicinity of the lamps TL, and parts more remote from the lamps TL in between the
lamps TL.

In an alternative embodiment, the discharge lamps TL are EEFL lamps. The
EEFL lamps each comprise a discharge vessel at whose ends conductive coatings functioning
as electrodes are applied. The electrodes are adapted for capacitive coupling of radio-
frequency electrical energy into the ionizable substance inside the discharge vessel. EEFL
lamps usually operate at a relatively high, high-frequency voltage waveform of 1 MHz or
more. In another alternative embodiment, the fluorescent lamps are HCFL lamps, operating
at a voltage waveform having a frequency of typically 40 — 80 kHz, or at an increased
frequency of 1 MHz or more.

In a further alternative embodiment, the parts of the backside Bs associated
with the first end section S1 and the second end section S3 of the fluorescent lamps TL are
made of a semiconductor material, and the part of the backside Bs associated with the middle
section S2 of the discharge lamps TL is made of an electrically conductive material, for
example aluminum. After ignition of the lamps TL, the degree of capacitive coupling
between the middle section S2 of the lamps TL and the backside Bs is higher than that
between the end sections S1, S3 of the lamps TL and the backside Bs, resulting in a larger
decrease of the light output of the middle section S2 in comparison with the end sections S1,
S3. During the ignition phase of the lamps TL, the ignition time is reduced owing to a
substantially constant electric field along the longitudinal axis of the lamp.

Figure 9 is a plan view of a further alternative backlight system B8 viewed
along II — II in Figure 1. The backlight system B8 comprises eighty lamps TL of the CCFL
type. Each lamp TL comprises a discharge space V, a first electrode 4, and a second electrode
5 positioned opposite to the first electrode 4. The backlight system B8 comprises two glass
plates (not shown) between which ribs 6 are provided, thus defining multiple neighboring
discharge spaces V. Each section 7 of ten neighboring lamps TL, in particular neighboring
discharge spaces V, may be coupled to the other sections via a channel 8 for easier

evacuation and subsequent filling of these lamps sections 7. In this embodiment, eight lamp
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sections 7 are present, of which three are shown. During operation of the backlight system
B8, sections 7 are switched on and off row by row so as to generate a scanning backlight
illumination for a display device. The lamps TL are positioned between the light emission
window EW and the electrically conductive backside Bs, both not shown in Figure 9. An
alternating voltage is applied to the electrodes 4, 5 of the lamps TL. For reasons of simplicity,
however, this Figure only depicts an instantaneous view, wherein a positive voltage is
applied to the first electrodes 4 and a negative voltage is applied to the second electrodes 5.
After ignition of the lamps TL, the degree of capacitive coupling between the middle section
S2 of the lamps TL and the backside Bs is higher than that between the end sections S1, S3
and the backside Bs, resulting in a larger decrease of the light output of the middle section S2
in comparison with the end sections S1, S3. During the ignition phase of the lamps TL, the
ignition time is reduced owing to a substantially constant electric field along the longitudinal
axis of the lamp. In a further alternative embodiment, the glass thickness of the middle
section S2 of the lamps TL is greater than the glass thickness of the first end section S1 and
the second end section S3 of the lamps TL. Since the dielectric constant of glass is much
higher than that of air, the local capacitance of the lamp can be varied, whereby the local
capacitive current to the conductive plate is varied as well, thus further influencing the local
light output of the lamp. In an alternative embodiment, the multiple neighboring discharge
spaces V are defined by ribs provided between a glass plate and the light emission window
EW.

Figure 10 shows another further alternative backlight system B9 in a cross-
section taken on the line I — I indicated in Figure 9. The cross section I — I cuts through the
first end sections S1 of the lamps TL. Figure 10 shows only one lamp section 7 and a part of
its two neighboring lamp sections for reasons of clarity. At the border 10 between section 7
and its first neighboring section, the distance between the lamps TL', TL™" and the backside
Bs is greater than the distance between the lamps TL and the backside Bs. Similarly, at the
border 11 between section 7 and its second neighboring section, the distance between the
lamps TL™", TL"""" and the backside Bs is greater than the distance between the lamps TL
and the backside Bs. At a certain moment in time during the operation of the backlight
system B9, the lamps of section 7 are switched on while the lamps of its two neighboring
sections are switched off. The capacitive coupling between each of the lamps TL™", TL™", TL
of section 7 and the backside Bs is substantially the same owing to the construction of the
backside Bs according to Figure 10, resulting in a substantially uniform light output of all

these lamps, as the capacitive current losses of these lamps are substantially equal. If the
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backside Bs were substantially flat, the capacitive coupling between the lamps TL™", TL™™"
and the backside Bs would be larger than that between the lamps TL of section 7 and the
backside Bs, resulting in less light output from lamps TL™", TL™" than from lamps TL of
section 7. This is because the electric field lines of the lamps TL™", TL™"" are not shielded by
the electric field lines of lamps TL™ and TL" ", respectively, these lamps TL', TL™ " being
switched off. The shape of the backside Bs of backlight system B9, with an increased
distance between lamps TL", TL™"" and backside Bs, compensates for this effect, and a more
uniform light output of the backlight system B9 is obtained. The parts of the backside Bs
associated with the middle sections S2 and second end sections S3 of lamps TL of Figure 9
have a similar shape, i.e. at the border 10 as well as at the border 11, the distance between the
lamps TL*, TL™", TL""" and TL™""" and the backside Bs being larger than the distance
between the lamps TL and the backside Bs. In an alternative embodiment, the shape of the
backside Bs associated with the lamps TL", TL™", TL™™", TL"""" is semicircular or semi-oval.
In a further alternative embodiment, the backside Bs is substantially flat and the parts of the
backside Bs associated with the lamps TL', TL™" and the lamps TL"", TL™"", respectively,
comprise a plurality of holes, along the longitudinal axes of these lamps. In a further
alternative embodiment, these holes are filled with a material having a lower electrical
conductivity than the material of the other parts of the backside Bs.

Figure 11 shows a backlight system B10 according to the invention in which
light is generated by a plurality of low-pressure mercury vapor discharge lamps TL, ecach
comprising a discharge vessel V having a luminescent layer P typically arranged at an inner
wall of the discharge vessel V. The low-pressure mercury vapor discharge lamps TL are
supplied with an asymmetrical voltage waveform. The electrode on the side A of the lamp TL
is connected to ground or to a very low potential. The electrode on the side B of the lamp TL
is connected to a power supply not shown in Figure 11. The backside Bs has an angled shape,
the distance between the section S2 of the lamp TL and the backside Bs being smaller on
average than the distance between the section S1 of the lamp TL and the backside Bs. The
distance between the section S3 of the lamp TL and the backside Bs is smaller on average
than the distance between the section S2 of the lamp TL and the backside Bs. During the
ignition phase of the lamp TL, the electric field is increased near section S3 compared with
sections S1 and S2 in order to reduce the ignition time of the lamp TL.

Owing to the construction of commonly used backlight systems, the light
emission window EW of the backlight system B1 often has a non-uniform light distribution

along the longitudinal axes of the discharge lamps, resulting in less light output at the borders
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of the backlight system. The present invention varies the degree of capacitive coupling of the
discharge lamps TL along the discharge space between the electrodes and the electrically
conductive plate in the backside Bs after ignition of the lamps TL. It thus provides a local
decrease in the light output of the discharge lamps TL in the middle section S2 compared
with the end sections S1, S3. The relatively higher light output at the end sections S1,S3 of
the fluorescent lamps TL compensates for the effects of the optical properties of the backlight
system B1, and as a result a more uniform light distribution of the backlight system B1 along
the longitudinal axes of the discharge lamps TL is obtained. During the ignition phase of the
lamps TL, furthermore, the electric field strength is increased near the middle section S2 of
the discharge lamps TL compared with their end sections S1, S3. As a result, the electric field
is more or less constant along the longitudinal axes of the lamps TL, improving the ignition
behavior and reducing the ignition time of the lamps TL. The latter renders it possible to
reduce the duty cycle during pulse-width dimming of the lamps TL. The shape and
dimensions of the conducting plate in the backside Bs of the backlight system B1 — B9 can be
adapted such that the appropriate degrees of electrical coupling between the conducting plate
Bs and respective the first end section S1, middle section S2, and second end section S3 of
the discharge lamp TL are achieved during operation of the discharge lamps TL.

It should be noted that the above-mentioned embodiments illustrate rather than
limit the invention, and that those skilled in the art will be able to design many alternative
embodiments without departing from the scope of the appended claims. In the claims, any
reference signs placed between parentheses shall not be construed as limiting the claim. The
word "comprising" does not exclude the presence of elements or steps other than those listed
in a claim. The word "a" or "an" preceding an element does not exclude the presence of a
plurality of such elements. In the device claim enumerating several means, several of these
means may be embodied by one and the same item of hardware. The mere fact that certain
measures are recited in mutually different dependent claims does not indicate that a

combination of these measures cannot be used to advantage.
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CLAIMS:

1. Backlight system (B1 — B10) for illuminating a display device, comprising:

- a light emission window (EW) for emitting light in the direction of a display
device (Di), and

- an electrically conductive plate (Bs) of which at least a part is arranged
opposite to the light emission window, and

- at least one fluorescent lamp (TL) arranged between said light emission
window and said electrically conductive plate, said at least one fluorescent lamp having a
first end section (S1), a middle section (S2), and a second end section (S3),

characterized in that

the electrically conductive plate (Bs) has a construction such that, during operation of the
backlight system, the degree of electrical coupling between the middle section of the at least
one fluorescent lamp and a section of the electrically conductive plate associated with said
middle section is higher than the degree of electrical coupling between the first end section
and/or the second end section of the at least one fluorescent lamp and sections or a section of
the electrically conductive plate associated with said first end section and/or said second end

section, respectively.

2. System according to claim 1, characterized in that the electrically conductive
plate has an angled or curved shape such that the average distance between the plate and said
middle section (S2) is smaller than the average distance between the plate and said first end
section (S1), and smaller than the average distance between the plate and said second end

section (S3).

3. System according to claim 1, characterized in that the electrically conductive
plate comprises a plurality of holes, and in that the concentration of holes in a section of the
plate associated with the middle section (S2) of the at least one fluorescent lamp is smaller

than the concentration of holes in a section of the plate associated with the first end section

(S1) of the at least one fluorescent lamp, and smaller than the concentration of holes in a
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section of the plate associated with the second end section (S3) of the at least one fluorescent

lamp.

4. System according to claim 1, characterized in that a section of the electrically
conductive plate associated with the middle section (S2) of the at least one fluorescent lamp
comprises a first type of material, and in that a section of the electrically conductive plate
associated with the first end section (S1) and the second end section (S3) of the at least one
fluorescent lamp comprises a second type of material, the first type of material having a

higher electrical conductivity than the second type of material.

5. System according to claim 1, characterized in that the electrically conductive

plate only extends along the middle section of the at least one fluorescent lamp.

6. System according to claim 1, characterized in that the electrically conductive
plate forms at least a part of a reflector for reflecting light towards the light emission window

(EW).

7. System according to claim 1, characterized in that the backlight system is a

scanning backlight system.

8. System according to claim 1, characterized in that the at least one fluorescent

lamp is a cold-cathode fluorescent lamp.

9. System according to claim 1, characterized in that the at least one fluorescent

lamp is an external-electrode fluorescent lamp.

10. System according to claim 1, characterized in that the backlight system further
comprises a backing substrate, at least a part of which backing substrate is arranged
substantially opposite to the light emission window, wherein ribs are provided between said
light emission window and said backing substrate, said ribs being arranged substantially in a

parallel direction so as to define discharge spaces of the fluorescent lamps.

11. System according to claim 10, characterized in that the substrate thickness

corresponding to the middle section (S2) of the fluorescent lamps is greater than that
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corresponding to the first end section (S1) and the second end section (S3) of the fluorescent

lamps.

12. System according to claim 1, characterized in that

- the system is a scanning backlight system,

- the system comprises multiple lamp sections (7), each lamp section (7)
comprising a plurality of fluorescent lamps (TL, TL™", TL™""), wherein, during operation, the
lamp sections (7) are switched on and off row by row,

- and wherein the electrically conductive plate (Bs) further has a construction
such that, during operation of the backlight system, the degree of capacitive coupling
between the fluorescent lamps (TL™, TL™ ") near the border of a lamp section (7) and the
electrically conductive plate (Bs) is substantially equal to the degree of capacitive coupling
between the other fluorescent lamps (TL) of the lamp section (7) and the electrically

conductive plate (Bs).

13. Display system, in particular a Liquid Crystal Display system, comprising a

backlight system according to claim 1.
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