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(57) A lighting control signal generating circuit 10
controls the output pulse of a drive signal circuit 11 by
the output signal. The output pulses of the drive signal
circuit 11 include a first and a second pulse drive signal
11a, 11b, each of which has a phase inverted to each
other. These first and second pulse drive signals 11a,
11b are controlled the repetition frequency by the output
signal of said light control signal generating circuit 10.
Further, the drive signal circuit 11 generates a third pulse
drive signal 11c which is so controlled as to be turned
ON and OFF in accordance with the output signal of the
light control signal generating circuit 10. The first and
second pulse drive signal 11a, 11b supplied by the drive
signal circuit 11 control the first and the second switch-

ing device S1, S2 by turning them ON and OFF alter-
nately. A pulse transformer 12 is provided with a primary
coil L1 and a secondary coil L2 . The direction of the
current flowing in the primary coil L1 is switched and a
boosted pulse voltage is generated in the secondary coil
L2. A flicker preventing circuit 14 is connected with the
primary coil L1 of the pulse transformer 12 in parallel.
This flicker preventing circuit 14 is composed of a series
connection circuit of a third switching device S3 and an
element R having a resistance component. The third
switching device S3 is turned ON and OFF in accord-
ance with the third drive signal 11c supplied by the drive
signal circuit 10. An outer electrode fluorescent lamp is
connected with the secondary coil L2 of the pulse trans-
former 12.
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Description

FIELD OF INVENTION

[0001] The present invention relates to a discharge
lamp device and especially to a discharge lamp drive
device suited for backlight sources for liquid crystal dis-
play units.

BACKGROUND TECHNOLOGY

[0002] Conventional liquid crystal display units used
for electronic devices such as personal computers, car
navigation systems use cold cathode fluorescent lamps
as backlight sources for liquid crystal units. By the way,
the cold cathode fluorescent lamps for this backlight
source are required to have a high performance such
as high brightness, low power consumption, small size,
or long life according with the spread and the progress
of electronic devices such as personal computers for
high performance. For such demands, an outer elec-
trode type fluorescent lamp is attracting attention. As
one configuration of this outer electrode type fluorescent
lamp, a lamp with a following structure is known. That
is, the fluorescent lamp is composed of a glass tube in
which a rare gas mainly composed of xenon (discharge
medium) is enclosed airtight , on the inner surface of
which a phosphor film is formed. An outer electrode,
which is wound spirally around the glass tube along al-
most, the entire length, and an inner electrode is provid-
ed at least at one end of the glass tube.
[0003] Such outer electrode type fluorescent lamp is,
generally, driven and lighted by a high frequency pulse
source. The high frequency pulse source is composed
of a signal drive circuit, which generates high frequency
pulse signal, and an inverter circuit including a pulse
transformer to which the output pulse signal of the signal
drive circuit is supplied.
[0004] Now, in a liquid crystal display unit, a function
is required that the luminance of the display panel is ad-
justed in accordance with its use circumstances. That
is, in liquid crystal display unit, more effective image dis-
play is possible by properly selecting brightness etc. in
accordance with an image displayed or a place where
the display unit is operated. Adjusting the luminance of
backlight source, that is, by a light control performs such
luminance adjustment on the liquid crystal display
screen. The light control of the outer electrode type flu-
orescent lamp described above is performed by varying
the numbers of the output pulse per unit time put out of
the high frequency pulse source. That is, the output
pulse from the high frequency pulse source supplies a
high frequency pulse of 200 pulses per second, for ex-
ample, to the outer electrode type fluorescent lamp. De-
creasing the number of the pulses, however, the lumi-
nance of the fluorescent lamp can be decreased. Now
assuming that, the luminance of a fluorescent lamp is
maximum when the high frequency pulse of 200 pulses

per sec. is supplied to the outer electrode type fluores-
cent lamp, the light control ratio will be 50%if the number
of pulses per sec. is decreased to, for example, 100
pulses per sec..
[0005] However, in the light control of conventional
outer electrode type fluorescent lamp, if the lighting con-
trol ratio is decreased to 1 to 5%, there was a problem
that the light emission of the lamp becomes unstable,
and so called a flickering might have occurred.
[0006] Taking such problems into consideration
makes the present invention, and it is an object of the
present invention to supply a discharge lamp device,
which is capable of preventing the flickering at the low
light control ratio, and to enable a stable light emission
in a wide range of the light control.

DISCLOSURE OF THE INVENTION

[0007] The discharge lamp device according to the
present invention includes a light control signal gener-
ating circuit, a drive signal circuit for generating a first,
a second and a third pulse drive signals. A pulse repe-
tition frequency of the first and the second pulse drive
signals are controlled by an output signal of the light con-
trol signal generating circuit. The phases of the first and
the second pulse drive signals are inverted to each oth-
er. The third pulse drive signal alternately turns on and
off in accordance with the output signal of the light con-
trol signal generating circuit. The discharge lamp device
according to the present invention further includes a first
and a second switching devices each of which is alter-
nately controlled open and close by said first and the
second pulse drive signals supplied from the drive signal
circuit, a pulse transformer having a primary coil and a
secondary coil, in which a direction of a current flowing
in the primary coil is switched by the first and second
switching device and in which an up converted pulse
voltage is generated in the secondary coil, and a flicker
preventing circuit connected in parallel with the primary
coil of said pulse transformer. The flicker preventing cir-
cuit is composed of a series connected circuit of a third
switching device, which is made on and off in according
with the third drive signal supplied from the drive signal
circuit and an element having a resistance component.
The discharge lamp device according to the present in-
vention further includes an outer electrode fluorescent
lamp connected with the secondary coil of the pulse
transformer.
[0008] Further, in the discharge lamp device accord-
ing to the present invention, the first and second switch-
ing devices are connected between the power source
and the ground in series. The primary coil of said pulse
transformer is connected with the connection point of
said first and second switching devices and a capacitor
is connected between the power source and the ground.
[0009] Further, in the discharge lamp device accord-
ing to the present invention, the third drive signal sup-
plied from the drive signal circuit turns the third switching
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device ON when the lighting control ratio designated by
the output signal of the light control signal generating
circuit is equal to or lower than a prescribed value, and
turns the third switching device OFF when the lighting
control ratio designated by the output signal of the light
control signal generating circuit is equal to or higher than
a prescribed value.
[0010] Further, in the discharge lamp device accord-
ing to the present invention, the prescribed value of the
light control ratio is about 20%.
[0011] Further, in the discharge lamp device accord-
ing to the present invention, at least one of the first and
second switching device is connected with a uni-direc-
tional element which allows an electric current to flow in
one direction.
[0012] Further, in the discharge lamp device accord-
ing to the present invention, the outer electrode fluores-
cent lamp is composed of a glass tube on the inner face
of which a phosphor film is formed and a rare gas mainly
composed of xenon is enclosed airtight therein, an inner
electrode which is provided inside one end of the glass
tube and from which a lead terminal is lead out of the
glass tube, an outer electrode which is wound spirally
around the outer surface of the glass tube along almost
the entire length of the tube at a prescribed pitch.
[0013] Further, in the discharge lamp device accord-
ing to the present invention, plurality of sets of the first
and second switching devices, the pulse transformer,
the flicker preventing circuit including the third switching
device, and the outer electrode type fluorescent lamp
are provided. The first and the second pulse-driving sig-
nal of the drive signal circuit are supplied in parallel to
the first and said second switching devices of each of
the plurality of sets. The third pulse-driving signal of the
driving signal circuit is supplied in parallel to the third
switching device of each of the plurality of sets.
[0014] The discharge lamp drive device according to
the present invention includes a light control signal gen-
erating circuit, a drive signal circuit for generating a first,
a second and a third pulse drive signals. A pulse repe-
tition frequency of the first and the second pulse drive
signals are controlled by an output signal of the light con-
trol signal generating circuit. The phases of the first and
the second pulse drive signals are inverted to each oth-
er. The third pulse drive signal alternately turns on and
off in accordance with the output signal of the light con-
trol signal generating circuit. The discharge lamp device
according to the present invention further includes a first
and a second switching devices each of which is alter-
nately controlled open and close by said first and the
second pulse drive signals supplied from the drive signal
circuit, a pulse transformer having a primary coil and a
secondary coil, in which a direction of a current flowing
in the primary coil is switched by the first and second
switching device and in which an up converted pulse
voltage is generated in the secondary coil, and a flicker
preventing circuit connected in parallel with the primary
coil of said pulse transformer. The flicker preventing cir-

cuit is composed of a series connected circuit of a third
switching device, which is made on and off in according
with the third drive signal supplied from the drive signal
circuit and an element having a resistance component.
[0015] Further, in the discharge lamp drive device of
the invention, the first and second switching devices are
connected between the power source and the ground in
series. The primary coil of said pulse transformer is con-
nected with the connection point of said first and second
switching devices and a capacitor is connected between
the power source and the ground.
[0016] Further, in the discharge lamp drive device of
the invention, the third drive signal supplied from the
drive signal circuit turns the third switching device ON
when the lighting control ratio designated by the output
signal of the light control signal generating circuit is
equal to or lower than a prescribed value, and turns the
third switching device OFF when the lighting control ra-
tio designated by the output signal of the light control
signal generating circuit is equal to or higher than a pre-
scribed value.
[0017] Further, in the discharge lamp drive device of
the invention, the predetermined value of the lighting
control ratio is about 20%.
[0018] Further, in the discharge lamp drive device of
the invention, at least one of the first and second switch-
ing device is connected with a uni-directional element
which allows an electric current to flow in one direction.
[0019] Further, in the discharge lamp drive device of
the invention, a plurality sets of the first and second
switching devices, the pulse transformer, the flicker pre-
venting circuit including the third switching device, and
the outer electrode type fluorescent lamp are provided.
The first and the second pulse-driving signal of the drive
signal circuit are supplied in parallel to the first and said
second switching devices of each of the plurality of sets.
The third pulse-driving signal of the driving signal circuit
is supplied in parallel to the third switching device of
each of the plurality of sets.
[0020] Further, in the discharge lamp device or the
discharge lamp drive device of the invention, the uni-
directional current device is at least one selected from
the group of a diode, a transistor, a MOSFET, and a pho-
to coupler.
[0021] Further, in the discharge lamp device or the
discharge lamp drive device of the invention, by insert-
ing a device having a resistance component together
with the uni-directional device such as a rectif ier, which
allows an electric current to flow in one direction, the
stabile lighting can be more improved. The resistance
component is, for example, a resistance device of from
0.05 to 10Ω, or an inductor device of such resistance.
[0022] With the invention described above, the flicker
does not occur and a stable lighting of high luminance
can be maintained and enables low power consumption
in the wide range of lighting control ratio. Moreover, the
light control can be performed easily with a precise con-
trol of luminance because the flicker is prevented.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

Fig.1 is a cross section showing an example of an
outer electrode type fluorescent lamp used in an
embodiment of the present invention.
Fig.2 is a block diagram showing a discharge lamp
drive device and its operation according to the em-
bodiment of the present invention.
Fig.3 is also a block diagram showing an embodi-
ment of discharge lamp drive device together with
the operation according to the embodiment of the
present invention.
Fig.4 is a timing chart of the pulse drive signal used
in the discharge lamp drive device shown in Fig.2.
Fig.5 is also a timing chart of the pulse drive signal
used in the discharge lamp drive device shown in
Fig.2.
Fig.6 shows a pulse wave form showing a relation
between the output pulse of the drive signal gener-
ating circuit and the lighting control rate.
Fig.7 shows wave forms showing a lamp voltage
and a lamp current applied to the fluorescent lamp
shown in Fig.1 by the discharge lamp drive device
shown in Fig.2 and Fig.3.
Fig.8 shows wave forms showing the lamp voltage
and the lamp current applied to the fluorescent lamp
shown in Fig.1 by the conventional discharge lamp
drive device for comparison.
Fig.9 is a graph showing light control characteristics
of the fluorescent lamp shown in Fig.2 and Fig.3.
Fig. 10 is a block diagram showing another embod-
iment according to the present invention and its op-
eration.
Fig. 11 is also a block diagram showing other em-
bodiment according to the present invention and its
operation.
Fig.12 is a block diagram showing yet other embod-
iment according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0024] The embodiments according to the present in-
vention will be explained below referring to the figures.
[0025] Fig.1 is a cross section showing an example of
an outer electrode type fluorescent lamp used in an em-
bodiment according to the present invention. The outer
electrode type fluorescent lamp is composed of a glass
tube 2 on an inner wall of which a phosphor film 1 is
formed. A rare gas, which is a discharge medium and is
composed mainly of xenon gas, is enclosed airtight in-
side the glass tube 2. An inner electrode 4 is mounted
at one end of the glass tube 2. A lead terminal 3 of the
inner electrode 4 is lead out of the glass tube 2. An outer
electrode 5 is spirally wound around the outer surface
of the glass tube 2 along almost its entire length at a
prescribed pitch.

[0026] Fig.2 and Fig.3 are the block diagrams show-
ing embodiments of the discharge lamp drive device
with its operation according to the present invention.
[0027] As shown in the figures, the light control signal
generating circuit 10 supplies its output signals 10a,
10b, ···, 10n to a drive signal generating circuit 11. The
drive signal generating circuit 11 supplies a first and a
second switching device S1, S2 with a first pulse drive
signals 11a and a second pulse drive signals 11b. Spe-
cifically, the drive signal circuit includes microcomputers
and oscillators, for example, and generates required
output pulses. The switching devices S1 and S2 are
made ON and OFF by the pulse drive signals 11a, 11b.
The switching devices S1 and S2 supply a pulse voltage
between terminals of a primary coil L1 of a pulse trans-
former 12. In detail, the first switching device S1 is con-
nected between a power source V and one of the termi-
nals of the primary coil L1 of the pulse transformer 12
via an series connected inductance device L3. The sec-
ond switching device S2 is connected between one of
the terminals of the primary coil L1 and the ground via
a series connection of a device D and an inductance
device L4. The device D is such an element as a diode,
for example, for allowing an electric current to flow in
one direction. Capacitor C1 and C2 are connected in
series between the power source V and the ground. At
the connecting point of the capacitor C2 and C2, the oth-
er terminal of the primary coil L1 of the pulse transformer
12 is connected. The pulse transformer 12 is one, which
is generally used for the driving of the discharge lamps
of the kind, and in which a leakage inductance is about
0.1 to 30 % of a primary inductance of the transformer
12. Here, the leakage inductance is defined as a primary
inductance when the secondary coil is short-circuited.
[0028] On the other hand, the outer electrode fluores-
cent lamp 13 is connected between the terminals of the
secondary coil L2 of the pulse transformer 12. A flicker
preventing circuit 14 is connected in parallel between
the terminals of the primary coil L1 of the pulse trans-
former 12. The flicker preventing circuit 14 is composed
by a series connection of a third switching device S3
and a resistance element R, in which the third switching
device S3 is switched ON and OFF by the third drive
signal 11c provided from the drive signal circuit 10.
[0029] Now, the operation of the discharge lamp drive
device according to the present invention described
above will be explained referring to Fig.4. The drive sig-
nals 11a, 11b supplied from the drive signal circuit 11
shown in Fig.2 and Fig.3 are pulse signals the phases
of which are inverted to each other as shown in (11a),
(11b) in Fig. 4. Specifically, the drive signal 11b is in OFF
state when the drive signal 11a is in ON state and, on
the contrary, the drive signal 11b is in ON state when
the drive signal 11a is in OFF state. The drive signal 11a
turns the first switching device S1 ON while the drive
signal 11a is ON, and turns the first switching device S1
OFF while the drive signal 11a is OFF, as shown in (S1)
of Fig.4. The drive signal 11b turns the second switching
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device S2 ON and OFF in a similar manner. Therefore,
the first and the second switching devices S1, S2 are
always driven by the drive signal 11a, 11b so that when
one is ON, another is OFF.
[0030] While the first switching device S1 is ON and
the second switching device S2 is OFF, the current flows
in the circuit composed of the power source V - the f irst
switching device S1 - the third inductance element L3 -
the primary coil L1 of the pulse transformer 12 - the ca-
pacitor C2, as indicated by an arrow A shown in Fig.2,
thereby charging the capacitor C2. Next, while the first
switching device S1 is OFF and the second switching
device S2 is ON, the current flows in the circuit com-
posed of the power source V - the capacitor C1 - the
primary coil L1 of the pulse transformer 12 - the diode
D - the inductance element L4 - the second switching
device S2 - the ground, as indicated by an arrow B
shown in Fig.3, through which an electric charge stored
in the capacitor C2 is discharged to the ground at the
same time. Here, the diode D cuts off the electric current
flowing in the direction other than those indicated by the
arrows A and B.
[0031] In this way, the pulsed current synchronized
with the drive signal 11a, 11b is supplied from the power
source V to the primary coil L1 of the pulse transformer
12 through the capacitor C2 which functions as a ballast
element. The electric power thus induced and boosted
in the voltage in the secondary coil is supplied into the
fluorescent lamp. Here, the primary coil L1 of the pulse
transformer 12 constructs an LC resonance circuit to-
gether with the capacitors C1, C2, supplying the output
pulse generated in the secondary coil L2 to the outer
electrode type fluorescent lamp 13.
[0032] The light control signal generating circuit 10
shown in Fig.2 and Fig.3 is controlled by the output sig-
nal 10a, 10b, ···, 10n to vary the numbers of the output
pulse per unit time supplied from the drive signal gen-
erating circuit 11. By this procedure, the light control sig-
nal generating circuit continuously adjusts the light con-
trol ratio in a range from 0 to 100 %.
[0033] Fig.6 shows a pulse wave form showing a re-
lation between the output pulse of the drive signal gen-
erating circuit and the lighting control rate. Fig.6 (A) is a
wave form showing the drive signal 11a (or 11b) when
the light control ratio is 100 %. Assuming the repetition
frequency of the drive signal 11a to be 20 kHz, for ex-
ample, the repetition period is 50 µs. Now, setting the
unit time as 0.01 s (repetition frequency of which is 100
Hz), the numbers of the output pulse of the drive signal
generating circuit 11 per unit time is 200. That is, when
the light control ratio is 100 %, the drive signal 11a re-
peatedly provides 200 pulses per unit time with the rep-
etition frequency of 100 Hz.
[0034] Fig.6 (B) shows the wave form of the drive sig-
nal 11a (or 11b) when the light control ratio is 5 %. The
drive signal generating circuit 11 thus provides the out-
put pulse signal of 10 pulses per unit time.
[0035] Fig.6 (C) shows the wave form of the drive sig-

nal 11a (or 11b) when the light control ratio is 1 %. The
drive signal generating circuit 11 thus provides the out-
put pulse signal of 1 pulse per unit time.
[0036] The output signal 10a, 10b, ···, 10n of the light
control signal generating circuit 10 form a n-digit binary
signal, which expresses a lighting control ratio (%)rang-
ing from 0 to 100. The drive signal generating circuit 11
counts the number of output pulse per unit time desig-
nated by the output signal 10a, 10b, ···,10n of the light
control signal generating circuit 10 using a built-in mi-
crocomputer and supplies them as its output signal.
[0037] By the way, the third switching device S3 form-
ing the flicker preventing circuit 14 shown in Fig.2 and
Fig.3 is controlled to be turned ON and OFF by the third
drive signal 11c, which is supplied from the drive signal
circuit 10. The third signal 11c is a binary signal, which
is turned ON and OFF at a far long repetition period com-
pared with that of the first and the second pulse drive
signal 11a, 11b, as shown by (11c) of Fig.4 and Fig.5.
The third switching device S3 is controlled to be turned
ON and OFF by the third drive signal 11c as shown by
(S3) in Fig.4 and Fig.5. The third drive signal 11c is also
controlled by the output signal 10a, 10b, ···, 10n of the
light control signal generating circuit 10. That is, the third
drive signal 11c is so controlled as to be turned ON,
when the light control ratio designated by the output sig-
nal 10a, 10b, ···,10n, is equal or lower than a prescribed
value, for example, 20 %. And the third drive signal 11c
is so controlled as to be turned OFF when the light con-
trol ratio is equal or higher than 20 %.
[0038] When the third switching device S3 is turned
OFF, the flicker preventing circuit 14 is turned OFF as
shown in Fig.2 and Fig.3, and the LC resonant circuit
composed of the primary coil L1 of the pulse transformer
12 and the capacitor C1, C2, resonates with a reso-
nance frequency f which is given by the following equa-
tion.

[0039] Next, when the third switching device S3 of the
flicker preventing circuit 14 is ON, the resistance ele-
ment R is connected in parallel with the primary coil L1
of the pulse transformer 12. The resistance element R
functions to dump the resonance in the LC resonance
circuit composed of the primary coil L1 and the capacitor
C1, C2, as a so to speak dumping resistance. Thus, the
ringing generated in the LC resonance circuit is prevent-
ed. As a result, the ringing in lamp voltage and lamp cur-
rent generated between the electrodes of the outer elec-
trode type fluorescent lamp 13 also can be prevented
or suppressed.
[0040] Fig. 7 shows wave forms showing a lamp volt-
age and a lamp current generated between the elec-
trodes of the outer electrode type fluorescent lamp 13
connected with the secondary coil L2 of the pulse trans-
former 12, while Fig.8 shows, for the comparison, the

f=1/(2π√LC)
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wave form of the lamp voltage and the lamp current
when the third switching device S3 of the flicker preven-
tion circuit 14 is turned OFF.
[0041] As shown in these figures, the ringing in the
lamp voltage wave form, which is observed in the con-
ventional drive circuit, is greatly decreased by using the
drive circuit according to the present invention. As a re-
sult, the luminance of the outer electrode type fluores-
cent lamp 13 became stable even when the light control
ratio is equal or less than 20 %, thereby preventing the
flicker. In the embodiment described above, a stable and
flicker less lighting has been realized until the light con-
trol ratio reaches the minimum ratio of 0.5 % as shown
in Fig.9. Fig.9 is a graph showing the light control char-
acteristics of the fluorescent lamp driven by the dis-
charge lamp drive device shown in Fig. 2 and Fig. 3, in
which the abscissa indicates the light control ratio (%)
and the ordinate indicates the relative luminance (%).
[0042] In the discharge lamp drive device described
above, the elements L3, L4 having a resistance compo-
nent are connected in series with the first and the sec-
ond switching devices S1, S2, and uni- directional de-
vice D, which allows the electric current to flow in one
direction is connected in series with one of the element
L4 having a resistance component at the same time.
With this arrangement, pause periods are formed at the
time following the positive and negative peak in the lamp
current as shown in Fig.7, which enable to decrease the
loss and to improve the efficiency in the drive circuit.
Thus, the brightness at the center portion of the fluores-
cent lamp 13 can be increased by more than 10 % com-
pared with that is used in the conventional lamp drive
device. However, even when the devices L3, L4 having
a resistance component are omitted, the flicker was not
observed in the outer electrode type fluorescent lamp
with the improved luminance.
[0043] Fig. 10 and Fig. 11 are block diagrams of a dis-
charge drive device according to another embodiment
of the present invention. This embodiment has a similar
configuration to that of the embodiment shown in Fig.2
and Fig. 3 . Therefore, the same components are as-
signed with the same symbols thereby omitting detailed
explanations, and only different parts are explained be-
low. In this embodiment, a uni-directional device D' is
connected in series with and between the first switching
device S1 and the capacitor C1. With this arrangement,
the luminance of the fluorescent lamp 13 was increased
with the decrease in power loss and the efficiency of the
drive circuit was improved as in the embodiment de-
scribed above.
[0044] In this embodiment, the flicker of the fluores-
cent lamp at low light control ratio can be prevented by
the function of the third switching device S3 of being
turned ON and OFF in the flicker preventing circuit 14
as in the first embodiment.
[0045] Fig. 12 is a block diagram showing yet other
embodiment according to the present invention. In this
embodiment, pulse drive signals 11a, 11b from common

drive signal circuit 10 are supplied to a plurality of pulse
transformers, for example, to three pulse transformers
12a, 12b, 12c in parallel. The configuration of the em-
bodiment except for the above portion is fundamentally
the same as that of the embodiment already described
above. Thus, the same components are assigned with
the same symbols omitting detailed explanation thereof
and only differing parts are explained below.
[0046] Three outer electrode type fluorescent lamps
13a, 13b, 13c are connected at the secondary coil L2 of
three pulse transformers 12a, 12b, 12c respectively.
The circuit configuration including the first switching de-
vice S1, the second switching device S2, the capacitor
C1, C2, the diode D, and flicker preventing circuit 14
connected with the primary coil L1 of each pulse trans-
formers 12a, 12b, 12c is similar to the circuit configura-
tion shown in Fig.2 and Fig.3.
[0047] The pulse drive signals 11a, 11b of the drive
signal circuit are supplied to the first switching device
S1 and the second switching device S2 of each pulse
transformer 12a, 12b, 12c respectively, and so control
them as to alternately turn ON and OFF. Further, the
third pulse drive signal 11c of the drive signal circuit 11
is supplied to the first switching device S3 of each pulse
transformer 12a, 12b, 12c and so control them as to turn
ON and OFF by the drive signal 11c from the light control
signal generating circuit 10. Here in this case, the drive
signal 11a, 11b can distribute the current among the
pulse transformer 12a, 12b, 12c and reduce the load of
the power source by shifting the phase of the each pulse
signals supplied to each pulse transformer 12a, 12b,
12c by the amount from about 1 to 20 µs.
[0048] According to the present embodiment, the
pulse drive signals 11a, 11b, which are supplied from
the drive signal circuit 11 are divided and supplied to a
plurality of fluorescent lamps 13a, 13b, and 13c for si-
multaneous operation. In the discharge lamp drive de-
vice according to the present embodiment, each of outer
electrode type fluorescent lamp 13a, 13b, 13c are sup-
plied with an input current having a required input volt-
age and current wave form at the same timing. That is,
each unit including each pulse transformer 12a, 12b,
12c and outer electrode type fluorescent lamp 13a, 13b,
13c which are arranged in parallel or in a plane is oper-
ating simultaneously and in a similar manner. Thus,
each unit operates basically in the similar manner to the
circuit configurations shown in Fig.1 and Fig.2 with the
similar advantages.
[0049] In the above description on each discharge
lamp drive device, the explanation was made about the
configuration, in which elements L3 and L4 having re-
sistance component are connected in series with the
first and the second switching devices S1, S2, and the
uni-directional device D, which allows the electric cur-
rent to flow in one direction is connected in series to one
of the elements L4 having resistance component. Al-
though the series connection of the elements L3 and L4
having resistance component are omitted, however, nei-
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ther the flicker nor the ringing is generated (which
means the decrease of the power loss or consumption).
Thus, it is observed that a fine light control is possible
with increased luminance.
[0050] The present invention is not limited to the
above embodiments, but many variations can be adopt-
ed within the scope of the invention. For example, the
number of the fluorescent lamp may be one or more.
[0051] Further, uni-directional devices D or D' may be
connected in series to each of the first and the second
switching devices S1, S2 respectively.
[0052] According to the present invention explained
above, the circuit configuration is adopted, in which the
flicker or ringing in the lamp current supplied to the flu-
orescent lamp is not occurred when the outer electrode
type fluorescent lamp is driven for being lighted by pulse
drive signals. With the circuit configuration, a fine light
control is possible and the light emitting luminance of
the fluorescent lamp can be improved by more than 10
% compared with the luminance of the lamp when con-
ventional circuit arrangement is used.
[0053] Here, the prevention of flicker and the possibil-
ity of a fine light control contribute to provide high picture
quality of liquid crystal display units. Moreover, the in-
crease of luminance enabled the decrease in the lamp
current and the power consumption.

Claims

1. A discharge lamp device comprising:

a light control signal generating circuit;
a drive signal circuit which generates a first, a
second and a third pulse drive signals;
each of said first and second pulse drive signals
having a phase, which is inverted to each other;
said third pulse drive signal being ON and OFF
state in accordance with an output signal of said
light control signal generating circuit;
a first and a second switching devices which
are controlled to be turned ON and OFF alter-
nately by said first and second pulse drive sig-
nal supplied by said drive signal circuit;
a pulse transformer which is provided with a pri-
mary and a secondary coils;
a direction of an electric current flowing in said
primary coil being switched by said first and
second switching devices and a boosted pulse
voltage being generated in said secondary coil;
a flicker preventing circuit which is connected
in parallel with the primary coil of said pulse
transformer;
said flicker preventing circuit being composed
of a series connected circuit of an element hav-
ing a resistance component and a third switch-
ing device, which is turned ON and OFF in ac-
cordance with said third drive signal supplied

by said drive signal circuit; and
an outer electrode fluorescent lamp connected
with said secondary coil of said pulse trans-
former.

2. A discharge lamp device according to claim 1,
wherein said first and second switching devices are
connected in series between said power source and
the ground, the primary coil of said pulse transform-
er is connected with the connecting point of said
power source and said first and second switching
devices, and a capacitor is connected between said
power source and the ground.

3. A discharge lamp device according to claim 2,
wherein the third drive signal which is supplied by
said drive signal circuit so controls as to turn said
third switching device ON when the light control ra-
tio designated by the output signal of said light con-
trol signal generating circuit is equal to or lower than
the predetermined value, and so controls as to turn
said third switching device OFF when the light con-
trol ratio designated by the output signal of said light
control signal generating circuit is equal to or higher
than the predetermined value.

4. A discharge lamp device according to claim 3,
wherein the predetermined value of said light con-
trol ratio is about 20 %.

5. A discharge lamp device according to claim 4 ,
wherein at least one of said the first and the second
switching device is connected with a one direction
device which allows the electric current to flow only
in one direction.

6. A discharge lamp device according to any one of
the claims 1 to 4, wherein said outer electrode type
fluorescent lamp is composed of a glass tube on an
inner surface of which a phosphor film is formed and
a rare gas composed mainly of xenon is enclosed
airtight therein, an inner electrode which is provided
at one end of said glass tube, said inner electrode
having a lead terminal led out of said glass tube,
and an outer electrode which is wound spirally
around said glass tube along almost the entire
length of said tube at a predetermined pitch.

7. A discharge lamp device according to any one of
the claims 1 to 3, wherein a plurality of sets each
including the first and second switching devices, the
pulse transformer, the flicker preventing circuit in-
cluding the third switching device, and the outer
electrode type fluorescent lamp are provided,
wherein the first and the second pulse-driving signal
of the drive signal circuit are supplied in parallel to
the first and said second switching devices of each
of the plurality of sets, and wherein the third pulse-
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driving signal of the driving signal circuit is supplied
in parallel to the third switching device of each of
the plurality of sets.

8. A display lamp drive device comprising:

a light control signal generating circuit;
a drive signal circuit which generates a first, a
second and a third pulse drive signals;
each of said first and second pulse drive signals
having an phase, which is inverted to each oth-
er;
said third pulse drive signal being ON and OFF
state in according with an output signal of said
light control signal generating circuit;
a first and a second switching devices which
are controlled to be turned ON and OFF alter-
nately by said first and second pulse drive sig-
nal supplied by said drive signal circuit;
a pulse transformer which is provided with a pri-
mary and a secondary coils;
a direction of an electric current flowing in said
primary coil being switched by said first and
second switching devices and a boosted pulse
voltage being generated in said secondary coil;
and
a flicker preventing circuit which is connected
in parallel with the primary coil of said pulse
transformer;
said flicker preventing circuit being composed
of a series connected circuit of an element hav-
ing a resistance component and a third switch-
ing device, which is turned ON and OFF in ac-
cordance with said third drive signal supplied
by said drive signal circuit.

9. A discharge lamp drive device according to claim 8,
wherein said first and second switching devices are
connected in series between said power source and
the ground, the primary coil of said pulse transform-
er is connected with the connecting point of said
power source and said first and second switching
devices, and a capacitor is connected between said
power source and the ground.

10. A discharge lamp drive device according to claim 9,
wherein the third drive signal which is supplied by
said drive signal circuit so controls as to turn said
third switching device ON when the light control ra-
tio designated by the output signal of said light con-
trol signal generating circuit is equal to or lower than
the predetermined value, and so controls as to turn
said third switching device OFF when the light con-
trol ratio designated by the output signal of said light
control signal generating circuit is equal to or higher
than the predetermined value.

11. A discharge lamp drive device according to claim

10, wherein the predetermined value of said light
control is 20 %.

12. A discharge lamp drive device according to claim
11, wherein at least one of said the first and the sec-
ond switching device is connected with a one direc-
tion device which allows the electric current to flow
only in one direction.

13. A discharge lamp drive device according to any one
of the claims 8 to 11, wherein a plurality of sets each
including the first and second switching devices, the
pulsetransformer, the flicker preventing circuit in-
cluding the third switching device, and the outer
electrode type fluorescent lamp are provided,
wherein the first and the second pulse-driving signal
of the drive signal circuit are supplied in parallel to
the first and said second switching devices of each
of the plurality of sets, and wherein the third pulse-
driving signal of the driving signal circuit is supplied
in parallel to the third switching device of each of
the plurality of sets.
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