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(54) LED lighting time control apparatus

(57) By means of a PWM pulse setting device (10),
a PWM pulse with a pulse width corresponding to a re-
quested lighting time is supplied to an LED. In a constant-
current driver (6), current to be fed to the LED (2) is ad-
justed within a PWM pulse width set by the PWM pulse

setting device (10) and for a predetermined constant cur-
rent. In this case, by means of a current breaking adjuster
(15), an output that turns off an operation by the constant-
current driver (6) is provided before the time when the
PWM pulse of a minimum lighting time is turned off.
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Description

[0001] The present invention relates to a technique
which controls a lighting time of light emitting diodes
(LEDs) which may be used as a backlight of a liquid crys-
tal display (LCD), and particularly relates to an LED light-
ing time control apparatus which is able to accurately
control a short lighting time of LEDs.
[0002] Because an LCD having a backlight displays
clearly, many LCDs have a backlight. In view of environ-
mental friendliness, for example, LEDs have come to be
used as a backlight instead of cold cathode fluorescent
lamps (CCFLs).
[0003] An LCD backlight may be required to provide a
moderate brightness to a liquid crystal screen. In partic-
ular, a light control is desirable by which the brightness
is increased in a bright environment and the brightness
is reduced to prevent glare if it is dark. Particularly in a
vehicle, the existence of a monitor having a certain bright-
ness within a sight of a driver in a dark environment such
as in a tunnel may disturb driving. Accordingly, for exam-
ple, when a navigation screen is displayed on the monitor
in a dark environment, the screen may be displayed dark-
er by changing a display mode.
[0004] The use of such an LED as a backlight may
require adjustment of illuminance of the LED for the ne-
cessities as described above. When LED light is control-
led by pulse width modulation (PWM), the duty ratio of
the PWM is controlled with a control device to thereby
control the LED light. The duty ratio control by PWM in-
creases the brightness as the pulse width of current being
fed to the LED is increased and reduces the brightness
as the pulse width is reduced, on a predetermined cycle.
[0005] The brightness of an LED may be adjusted by
direct control over current to be fed to the LED. However,
the adjustment by PWM control has often been used be-
cause it is more precise and may provide high controlla-
bility over many LEDs.
[0006] Such PWM control over LEDs may be per-
formed with a control circuit as illustrated in Fig. 7, for
example. The LED lighting control circuit of the related
art illustrated in Fig. 7 includes a boosting constant cur-
rent circuit that performs lighting control over 2-parallel
arrays of 3-serial LEDs. The current from a battery 51 is
fed to an LED 52 under control of a field effect transistor
(FET) 53.
[0007] In the circuit illustrated in Fig. 7, driving of the
FET 53 is controlled by an FET driver 55 in an LED control
unit 54. The LED control unit 54 includes a constant cur-
rent driver 56 for feeding a predetermined amount of cur-
rent to the LEDs 52. Predetermined set amounts of cur-
rent are fed to the 2-parallel first LED array 61 and second
LED array 62 illustrated in Fig. 7 through a first constant
current driver 58 and a second constant current driver
59, respectively, in accordance with set values in a cur-
rent setting/PWM setting unit 60 for current setting and
PWM setting (hereinafter, a setting unit which imple-
ments the same function will be referred to as a "current

setting/PWM setting unit"). The first constant current driv-
er 58 and second constant current driver 59 are grounded
outside the LED control unit 54.
[0008] In this case, an error amplifier 57 detects and
amplifies an error of each of the first LED array 61 and
the second LED array 62, and feedback control is per-
formed by performing PWM control over the FET 53 such
that predetermined amounts of current may be fed to the
first LED array 61 and the second LED array 62. Regard-
ing this control, a microcomputer 64 receives voltage of
the battery 51 and monitors variations of voltage to be
fed to the LEDs, which particularly occur in a vehicle bat-
tery, and further receives voltage of the same battery 51
through a power supply circuit 63 for the microcomputer
and receives detection values detected by the compo-
nents within the LED control circuit 54 so as to perform
control using predetermined software.
[0009] In the control circuit illustrated in Fig. 7, the con-
stant current driver 56 controls current so that LEDs have
a predetermined illuminance. For a vehicle monitor as
described above, for example, it is desirable that the
brightness is reduced in a darker part as much as pos-
sible for high contrast with a brighter part and that power
consumption is reduced. In order to do so, it is desirable
that driving control is performed in which the pulse width
of the duty ratio control in the PWM control as described
above is reduced as much as possible.
[0010] However, in a widely used LED, reducing the
pulse width for a shorter lighting time has a limitation of
"minimum pulse width" due to the problem which will be
described below.
[0011] That is, when operations of pulses in the PWM
control are examined in detail, for example, if the duty
ratio is reduced as low as Duty = 0.38% as illustrated on
the screen of 4 msec/div with PWM = 150 Hz in Fig. 8A,
the LED drive waveform of the PWM is reduced in width
as small as 25 msec. The waveform when 50 mA/div is
fed to one LED in the illustrated example starts rising with
a delay of 12 msec from the time when a PWM waveform
is generated, and a predetermined constant current is
obtained in 1 msec. Thus, the LED lights up with a general
constant current after a lapse of the delay time of 12 msec
after a PWM waveform is generated and the rising time
of 1 msec, that is, a response delay time of 13 msec. After
that, when the PWM is turned off, the lighting current fed
to the LED is turned off without any particular response
delay.
[0012] As described above, generally, a constant cur-
rent is not fed to an LED immediately after a PWM is
turned on, but a response delay time of 13 msec in total
occurs as illustrated. This is because a series of opera-
tions sequentially occurs within a control IC, the opera-
tions being (1) LED lighting instruction in response to
starting PWM, (2) constant current setting, (3) constant
current driver operation, and (4) current feeding.
[0013] The response delay time as described above
exists in all control ICs used for constant current control
as described above. However, the response delay time
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including the delay time and the rising time varies in ac-
cordance with the characteristic of the control IC. Some
control ICs are particularly designed and produced to
have a shorter response delay time but are expensive
accordingly.
[0014] The response delay of a control IC is significant
when the pulse width of PWM is particularly small as in
the example illustrated in Fig. 8A. For example, on the 2
msec/div screen illustrated in Fig. 8B, the response delay
time is not significant at all when the duty value is suffi-
ciently as high as Duty = 50% even with PWM = 150 Hz
that is equal to that in Fig. 8A. It is significant only when
the pulse width is particularly small. In many cases, a
control IC is used for LED lighting control without caring
about the response delay time.
[0015] JP 2010-267415 A (EP 2 257 125 A2) discloses
an art including a light source unit having a plurality of
LED circuits having a plurality of LEDs and a plurality of
drive circuits each lighting the LEDs corresponding to
LED circuit in response to the input of a PWM signal so
that flicker is reduced without increasing the lighting fre-
quency, thereby reducing the costs of the components
and allowing smooth light control of the LED by increasing
the number of tones. When a PWM control circuit outputs
a PWM signal to each of the drive circuits in response to
an input of a light control signal, output timings of PWM
signals are made different from each other among the
drive circuits so that the period of time when the LEDs
of the whole light source unit light out can be reduced
even with a reduced dimming ratio.
[0016] In order to light LEDs as dark as possible by
controlling the constant current, the pulse width is re-
duced to the limits of the control ICs, that is, to the min-
imum lighting times of the control ICs. The pulse width
that corresponds to the minimum lighting time is limited
for the following reasons.
[0017] Referring to Fig. 9 illustrating the same wave-
form portion as that in Fig. 8A, in a waveform of PWM =
150 Hz having a 12 msec delay time after PWM is turned
on and 1 msec of a rising time of a constant current as
described above, the operating time until feeding of 400
mA in a constant current state after the rise is a minimum
lighting time of the control IC, and the PWM pulse width
at that time is a minimum lighting time of the PWM control.
[0018] In other words, existing control ICs widely used
at present assure feeding of 150 mA at a maximum per
output channel, which is regarded as a maximum output
current or a maximum possible current (provisional
name). However, in reality, an element capable of feed-
ing current of about 450 mA that is triple the maximum
output current is used, which is regarded as an actual
maximum possible current (provisional name). On the
premise of this, circuit design has been implemented by
regarding a current of 400 mA that is about 90% of 450
mA as a safe actual maximum possible current (provi-
sional name) for safety and control is performed so as to
acquire the current as the ability time of the control IC.
[0019] Fig. 9 illustrates waveforms for understanding

of the minimum lighting time in relation to the safe actual
maximum possible current of a control IC. The PWM
pulse examples corresponding to a requested lighting
time in Fig. 9 have a PWM pulse (2) corresponding to a
minimum lighting time (25 msec) at the center, a pulse
(1) larger than (2), and a pulse (3) smaller than (2). Fig.
9 further illustrates waveforms matched at the point of
time when those pulses are turned off. In the PWM pulse
(1) which is turned on at a time t1, the lighting current of
the LED start rising at a time t11. At a time t4, the PWM
pulse is turned off, and the LED lighting pulse under con-
stant current control is also turned off. This control IC is
set such that 400 mA flows in all LEDs.
[0020] Thus, the pulse (1) is controlled with 400 mA
constant current as a whole and is turned off at the time
t4. Thus, gradually reducing the width of the PWM pulse
from the width of the pulse (1) in Fig. 9, the 400 mA con-
stant current is no longer obtained at the point P1. The
PWM pulse with the pulse width reduced up to that point
is the pulse of the minimum lighting time, which is the
pulse (2). In the illustrated example, the PWM pulse cor-
responding to the minimum lighting time is 25 msec.
[0021] When the width of the PWM pulse is reduced
to that of the pulse (3) having the illustrated waveform,
the current at that time has a value lower than 400 mA
above, such as 200 mA at a maximum, which is smaller
than the predetermined maximum possible current. This
only allows flow of a current to the LED for a lighting time
smaller than the minimum lighting time.
[0022] The flow of a current for a lighting time smaller
than the minimum lighting time may prevent intended
control, as illustrated in Fig. 10, for example. In other
words, with the lighting time indicated as a "minimum
lighting time" on the axis of lighting time in Fig. 10 or
larger, the luminance of an LCD illuminated by the LED
is proportional to the lighting time of the LED. On the
other hand, with a lighting time smaller than the minimum
lighting time, the luminance of an LCD and the lighting
time of the LED are no longer proportional. This relation-
ship changes in accordance with the characteristic
unique to the control IC. For this reason, control of a
lighting time so as to obtain a predetermined luminance
may not substantially be performed in the lighting time
smaller than the minimum lighting time.
[0023] As described above, when the pulse width of
an LED used as a backlight of an LCD is controlled by
PWM as described above in the related art, if the lighting
time is tried to be as short as possible, there is a limit of
a minimum lighting time inherent to a control IC for con-
stant current control and a predetermined control may
not performed with a pulse width corresponding to a light-
ing time smaller than the minimum lighting time. In order
to solve the problem, the use of a control IC may be con-
sidered which has high current capability and rises fast.
However, such control IC is not widely used and accord-
ingly is expensive.
[0024] Also, the resolution may be increased from a
high resolution such as a dimming capability of 1024
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steps that are tenth power of 2 to a dimming capability
of 4096 steps that are twelfth power of 2. However, a
particularly high-performance control IC may need to be
selected and used, which is expensive.
[0025] The use of a less expensive control IC widely
used in the related art may only reduce the luminance
by 0.25% of the luminance with 100% lighting of an LED
not performing light control when, for example, the PWM
frequency is 100 Hz and the minimum pulse width for
keeping the minimum lighting time is 25 msec. In the case
of a monitor to be used in a vehicle, for example, the
luminance during nighttime might not be reduced suffi-
ciently.
[0026] In other words, for example, in the case where
a bright LCD with a luminance of 1000 cd/m2 with 100%
lighting is used without performing light control, the lumi-
nance may only be reduced by 0.25% from the luminance
without light control, when the PWM frequency is 100 Hz
and the minimum pulse width of 25 msec. Thus, the lu-
minance may only be reduced to 1000 cd/m2 x 0.25% =
2.5 cd/m2. When a monitor is used in a vehicle, for ex-
ample, the luminance of an LCD during night time is de-
sirably 1.0 cd/m2 or lower. However, it has been difficult
to satisfy such a demand.
[0027] Further, as described above, up to now the min-
imum lighting time could not be reduced below a prede-
termined time, the dimming resolution could not be in-
creased, and the dimming ratio could not be increased.
Thus, the contrast between the darkest part and the
brightest part on the screen could not be increased. Ac-
cordingly, there is no active backlight function which en-
ables to reduce the luminance of the backlight in a dark
part of an image.
[0028] Accordingly, it may be an object of the present
invention to provide an LED lighting time control appa-
ratus that enables to further reduce the minimum lighting
time by a predetermined period of time, in particular for
control of the lighting time of an LED that is used as a
backlight of an LCD controlled by pulse width control with
PWM.
[0029] The problem is solved by the features of claim
1. Further embodiments and developments are defined
in the dependent claims.
[0030] Accordingly, an LED lighting time control appa-
ratus includes PWM pulse setting means configured to
set a pulse with a pulse width corresponding to a request-
ed lighting time of an LED that is adapted for use as a
backlight for an LCD; a constant-current driver configured
to adjust a current to be fed to the LED within a PWM
pulse width set by the PWM pulse setting means and to
provide the current as a predetermined constant current;
and current breaking adjusting means configured to pro-
vide an output that turns off the constant-current driver.
Particularly, the current breaking adjusting means is con-
figured to provide the output that turns off the constant-
current driver, before the time when the PWM pulse is
turned off.
[0031] Alternatively or additionally, the time when the

current breaking adjusting means is configured to break
the constant-current driver may be set earlier than the
time when a PWM pulse to be output in accordance with
a preset minimum lighting time is turned off.
[0032] Alternatively or additionally, the current break-
ing adjusting means may be configured to break the con-
stant-current driver prior to the time when a PWM pulse
is turned off except the time when a PWM pulse is output
in accordance with a preset minimum lighting time or
higher.
[0033] In all or particular embodiments of the LED light-
ing time control apparatus, the current breaking adjusting
means may be provided in the constant-current driver on
a ground side of the constant-current driver which is con-
figured to turn on/off the current feed to the LED, and a
current breaking adjustment transistor may be provided
that is configured to perform an ON/OFF operation.
[0034] In all or particular embodiments of the LED light-
ing time control apparatus, a plurality of constant-current
drivers may be provided for a group of a plurality of par-
allel LEDs, and one current breaking adjustment transis-
tor may be provided between a part connecting ground
sides of the plurality of constant-current drivers and a
ground part.
[0035] In particular embodiments of the LED lighting
time control apparatus, the current breaking adjusting
means may be provided separately from an LED control
means having the constant-current driver, the PWM set-
ting means, and constant current setting means. Alter-
natively, the current breaking adjusting means may be
provided within the LED control means having the con-
stant-current driver, the PWM setting means, and con-
stant current setting means.
[0036] Additionally or alternatively, the current break-
ing adjusting means may be configured to generate a
pulse for breaking the constant-current driver, and to turn
on the pulse for breaking the constant-current driver at
a time different from the time set by the PWM pulse setting
means for turning on a PWM pulse and to turned off the
pulse for breaking the constant-current driver at a re-
quested time for turning off the LED.
[0037] Additionally or alternatively, the time when the
current breaking adjusting means is turned on may be
set to be earlier than the time when the PWM pulse is
turned on by a predetermined period of time.
[0038] Alternatively or additionally, the time when the
current breaking adjusting means breaks the con-
stant-current driver may be set to be at or after the time
when the constant-current driver is energized to have a
constant current after a predetermined delay time.
[0039] The invention configured as described above
may solve the following problem. That is, when an LED
as a backlight for an LCD is controlled with a PWM pulse,
there is a limitation of the minimum width of the PWM
pulse due to the minimum lighting time according to the
characteristic of the control IC to be used. With the pulse
width equal to or smaller than the minimum width, the
proportional relationship between the lighting time and
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the luminance of the LCD is no longer satisfied, causing
the control thereon not to be substantially performed. The
invention configured as described above may solve the
problem by providing a current breaking adjuster which
implements a function of separately breaking an opera-
tion of a constant current driver. Thus, an operation of
the constant current driver may be stabilized and be
turned off at a time desired. As a result, proportional re-
lationship between the lighting time and the luminance
of the LCD may be maintained even in the minimum light-
ing time or shorter.
[0040] Thus, the luminance of an LCD may be further
securely reduced while the related art may only reduce
the luminance of an LCD up to the minimum lighting time.
For example, the luminance of an LCD monitor during
night time may further be reduced, and the glare caused
when the LCD monitor is used in a vehicle, for example,
may be securely reduced.
[0041] When the frequency of a PWM pulse is 100 Hz
and the PWM pulse width corresponding to the minimum
lighting time is 25 msec, for example, the brightness of
the LED having a pulse width as a result of 100% lighting
by turning off the light control may be 1000 cd/m2, for
example. In this case, the related art may only reduce
the luminance up to 2.5 cd/m2 that is 0.25% of 1000
cd/m2. For the same reason as described above, the
configuration of the present invention may reduce the
luminance up to 0.1%, 0.05% or the like. An LCD with
sufficiently low luminance may be implemented without
using an expensive control IC.
[0042] Moreover, the minimum luminance may be re-
duced. Thus, the contrast between a dark part and a
bright part on an LCD screen may be increased. The
power consumption may be reduced when the LCD
screen has more dark parts. For the same reason, the
dimming ratio may be set in detail, and the dimming res-
olution may be increased. Thus, finer display may be
achieved on the LCD screen.
[0043] According to the present invention, an inexpen-
sive transistor may be used as a current breaking adjuster
with no needs for use of a high current capability element
or a high resolution element and an expensive control
IC. Therefore, costs can be reduced.
[0044] Furthermore, turning off an operation of a con-
stant current driver by using a current breaking adjuster
according to the present invention is particularly effective
for control over the minimum lighting time as described
above. Moreover, it is effective for PWM pulse control in
general by outputting a PWM pulse which keeps an ON
state slightly longer than a requested lighting time of an
LED and turning off the constant current driver at the time
corresponding to the requested lighting time by means
of the current breaking adjuster. In this case, the dimming
ratio may be improved more than that in the related art,
and an LCD with a high dimming resolution may be
achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045]

Fig. 1 is a circuit diagram illustrating an embodiment
of the present invention with function blocks thereof;
Figs. 2A to 2D illustrate waveforms at parts (a) to (d)
in Fig. 1, respectively, in comparison with an exam-
ple in the related art;
Fig. 3 is an operation flowchart describing lighting
control processing for a lighting time equal to or
shorter than a minimum lighting time of an LED ac-
cording to an embodiment of the present invention;
Figs. 4A to 4F are waveform diagrams illustrating
time points and periods used in the operation flows
in Fig. 3;
Fig. 5 illustrates a relationship between lighting times
and LCD luminances of the present invention;
Figs. 6A and 6B illustrate other embodiments of the
present invention;
Fig. 7 illustrates an example in the related art;
Figs. 8A and 8B illustrate relationships between
PWM pulses of LED and constant current pulses of
LED lighting in the related art;
Fig. 9 illustrates relationships between maximum
possible currents of a control IC and minimum light-
ing times caused by the currents; and
Fig. 10 illustrates a relationship between LED lighting
times and LCD luminances according to the related
art.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0046] Embodiments of the present invention will be
described with reference to drawings.
[0047] Fig. 1 illustrates an embodiment of an LED short
lighting time control circuit according to the present in-
vention, which is implemented on the basis of the related
art illustrated in Fig. 7. In other words, in the example
illustrated in Fig. 1, a boosting constant current circuit
performs lighting control over 2-parallel arrays of respec-
tive 3-serial LEDs in the same manner as the example
in the related art illustrated in Fig. 7. Current is fed from
a battery 1 to an LED 2 under the control by an FET 3.
[0048] In the circuit illustrated in Fig. 1, the driving of
the FET 3 is controlled by an FET driver 5 in an LED
control unit 4. The LED control unit 4 includes a constant
current driver 6 so that a predetermined amount of current
is fed to the LED 2. Predetermined set amounts of current
are fed to the illustrated 2 parallel first LED array 11 and
second LED array 12 with a first constant current driver
8 and a second constant current driver 9, respectively,
in accordance with the PWM pulses set in a current set-
ting/PWM setting unit 10.
[0049] In this case, for each of the first LED array 11
and the second LED array 12, an error amplifier 7 detects
and amplifies an error, and feedback control is performed
by performing PWM control such that predetermined
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amounts of current may be fed to them based on the
setting in the FET driver 5. Under this control, the voltage
of the battery 1 is received, and variations of voltage fed
to the LEDs, which particularly occur in a vehicle battery,
are monitored. A microcomputer 14 which receives the
voltage of the same battery 1 through a power supply
circuit 13 for the microcomputer receives detection val-
ues detected by the components within the LED control
circuit 4 for control by predetermined software.
[0050] On the premise of the configuration of an LED
lighting control circuit in the related art as described
above, the circuit of the embodiment illustrated in Fig. 1
has a current breaking adjuster 15 in a part where the
first constant current driver 58 and second constant cur-
rent driver 59 in the example in the related art in Fig. 7
are directly grounded outside the LED control unit 54.
[0051] The current breaking adjuster 15 illustrated in
Fig. 1, separately from the circuit element part of the LED
control unit 4 used in the related art, internally contains
a first current breaking adjustment transistor 16 in a
grounded part of the first constant current driver 8 and a
second current breaking adjustment transistor 17 in a
grounded part of the second constant current driver 9.
The current breaking transistor may be any element
which functions as a widely used transistor including an
FET.
[0052] The first current breaking adjustment transistor
16 and second current breaking adjustment transistor 17
are driven by a microcomputer 14 at timings which will
be described below and may be coercively turned off
even when a PWM pulse performs an ON operation in a
minimum lighting time and the constant current drivers
are feeding a constant current.
[0053] Figs. 2A to 2D are waveform diagrams illustrat-
ing output waveforms of the components in the circuit
configuration, compared with those of an example in the
related art. Part (1) of Figs. 2A to 2D includes waveforms
of an example in the related art, and Part (2) includes
waveforms of the present invention. Fig. 2A illustrates
voltage waveforms of a PWM pulse input from the micro-
computer 14 to the current setting/PWM setting unit 10
in the LED control unit 4 as illustrated in Fig. 1. Fig. 2B
illustrates voltage waveforms of a PWM pulse input from
the microcomputer 14 to the current breaking adjuster
15. Fig. 2C illustrates a waveform under constant current
control by the constant current driver 6. Fig. 2D illustrates
waveforms as a result of breaking adjustment by the cur-
rent breaking adjuster 15 on the waveforms under the
constant current control.
[0054] As in the waveform diagrams in Figs. 2A to 2D,
the PWM pulse in Fig. 2A is 25 msec that is equal to the
example in the related art (1) and the present invention
(2). On the other hand, the waveform in the current break-
ing adjuster in Fig. 2B is only output by the present in-
vention (2). The pulse waveform of the current breaking
adjuster illustrated in Fig. 2B is turned on earlier than the
time when the waveform of the PWM pulse in Fig. 2A is
turned on by a predetermined period of time such as 10

msec, which may prevent an influence on an operation
of a PWM pulse that will be turned on thereafter.
[0055] The operation pulse of the current breaking ad-
juster illustrated in Fig. 2B stops an operation by breaking
the ground of a transistor of the constant current driver
6 at a time point OFF. Thus, the current to be fed to the
LED may be adjusted at the time point OFF. As illustrated
in Fig. 2C, an example in the related art without the cur-
rent breaking adjuster may not reduce the minimum light-
ing time shorter than 12 msec that is the minimum lighting
time as in (1) described in the related art. On the other
hand, according to the present invention, as illustrated
in Fig. 2C (2), the minimum lighting time may be control-
led to a desired lighting time equal to or shorter than 12
msec, without reducing the pulse width of a PWM pulse
required for keeping the minimum lighting time.
[0056] Because a pulse in the current breaking adjust-
er 15 performs the operation as described above and
reduces the minimum lighting time more than before, the
OFF time of the operation pulse is set at a desirable point
in time that is earlier than the OFF time of a PWM pulse
in FIG. 2A. Furthermore, because the pulse is for con-
trolling the minimum lighting time, the OFF time of the
operation pulse is set at a point in time when a constant
current is obtained after a 12 msec delay time and a 1
msec rising time obtained in the constant current driver
in Fig. 2C.
[0057] The present invention may be implemented by
an operation flow as illustrated in Fig. 3, for example, in
order to control a LED lighting time shorter than the min-
imum lighting time in the related art with a current break-
ing adjuster as illustrated in Figs. 2A to 2D in an LED
lighting control circuit as illustrated in Fig. 1 according to
the present invention.
[0058] That is, in an example of lighting control
processing for an LED lighting time equal to or shorter
than the LED minimum lighting time in Fig. 3, a requested
lighting time of an LED is first input (step S1).
[0059] For the requested lighting time, an instruction
for a requested brightness is input in order to change the
brightness of the backlight of the entire screen or a part
of the screen due to some screen state or some ambient
brightness of an LCD for which the LED is used. In many
cases, a user instruction regarding the display of the LCD
or an automatic brightness instruction signal is input.
[0060] Next, a PWM pulse width (Wa) corresponding
to the requested lighting time is calculated (step S2). This
operation is implemented by a conventional method in
consideration of the characteristic of the used LED.
[0061] Next, in the example in Fig. 3, whether the cal-
culated PWM pulse width (Wa) is smaller than the pulse
width (Wm) of the preset minimum lighting time or not is
determined (step S3).
[0062] In step S3, whether the pulse width (Wa) cor-
responding to the requested lighting time is smaller than
25 msec is determined because the minimum lighting
time is about 25 msec for the reason as described above
in a presently widely used lighting control IC as described
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with the related art.
[0063] If it is determined in step S3 that the PWM pulse
width (Wa) of the requested lighting time is not smaller
than the PWM pulse width (Wm) of the preset minimum
lighting time, the processing moves to step S13 where
the PWM pulse corresponding to the requested lighting
time is output for the lighting control over the LED. After
that, the processing returns to step S1, a new requested
LED lighting time is input, and the operation described
above is repeated.
[0064] Though the processing in step S13 is similar to
the conventional processing, a PWM pulse having a suf-
ficiently larger pulse width than a requested lighting time
may be output, and the OFF time of the current breaking
adjuster may be output so as to achieve the requested
lighting time for the operation, according to the present
invention. In this case, finer lighting time control with a
high resolution than before may be allowed even with a
PWM pulse.
[0065] If it is determined in step S3 that the PWM pulse
width (Wa) of the requested lighting time is smaller than
the PWM pulse width (Wm) of the preset minimum light-
ing time, the processing moves to step S4 where an ON
time (tpn) and an OFF time (tpf) for outputting the PWM
pulse to be output next in accordance with the preset
minimum lighting time.
[0066] This operation will be described with reference
to Figs. 4A to 4F. When the pulse width of a PWM pulse
corresponding to the minimum lighting time is Wm as in
Fig. 4A, the pulse width corresponding to the requested
lighting time acquired in step S2 in Fig. 3 is Wa as in Fig.
4B. Thus, it is determined in step S3 that the PWM pulse
width (Wa) of the requested lighting time is smaller than
the PWM pulse width (Wm) of the preset minimum light-
ing time. In step S4, as illustrated in Fig. 4C, the ON time
(tpn) and OFF time (tpf) of the PWM pulse to be output
in accordance with the set minimum lighting time are cal-
culated. The ON time in this case may be, in many cases,
a time for turning on the pulse at a predetermined fre-
quency of the PWM pulse. The OFF time may be a time
after Wm that is the minimum lighting time corresponding
to the PWM pulse width.
[0067] After that, referring to Fig. 3, an ON time (tsn)
for a pulse for an operation by a current breaking adjuster
a predetermined period of time (Wb) before the calculat-
ed PWM pulse ON time (tpn) is calculated (step S5). As
illustrated in Fig. 4D, this operation sets the time tsn a
period of time (Wb) such as 10 msec, which is set as
required, before the time tpn when the PWM pulse in Fig.
4C is turned on as the ON time of the pulse for an oper-
ation by the current breaking adjuster.
[0068] The required time (Wb) is set so as to prevent
an operation interference due to the coincidence be-
tween the ON operation of the current breaking adjuster
and the ON operation of the PWM pulse. From the view-
point, any period of time may be set. Therefore, the re-
quired time (Wb) may be set to simultaneously turn ON
the current breaking adjuster and the PWM pulse if the

coincidence does not have an influence on operations of
the constant current driver and so on.
[0069] After that, in step S6, an OFF time (tsf) of the
pulse for an operation of the current breaking adjuster
which corresponds to the OFF time with the PWM pulse
width (Wa) according to the requested lighting time is
calculated from the calculated PWM pulse ON time (tpn).
This operation is implemented by calculating the OFF
time (tsf) with the PWM pulse width (Wa) according to
the requested lighting time from the PWM pulse ON time
(tpn), as illustrated in Fig. 4D.
[0070] Next, referring to the example in Fig. 3, in step
S7, whether the calculated OFF time (tsf) for the opera-
tion pulse of the current breaking adjuster is after a con-
stant current starting time (trn) when a constant current
is obtained with a delay from the ON time (tpn) of the
PWM pulse or not is determined. This processing has a
delay caused by a series of operations of starting an op-
eration of the constant current driver with a PWM pulse
from the time tpn, then performing constant current set-
ting, operating the constant current driver next, and feed-
ing current, as illustrated in Fig. 4E.
[0071] The delay time due to the processing may differ
in accordance with the characteristic of the control IC but
may be about 13 msec in a widely used control IC as
described above, which is a value known in advance. In
the illustrated example, the operation starts from the time
tpn, and a constant current is obtained at the time trn
after the delay time of the preset time Wc.
[0072] In step S7, whether the OFF time (tsf) of the
operation pulse for the current breaking adjuster acquired
in Fig. 4D is after the constant current starting time (trn)
or not is determined. If it is before the constant current
starting time, the minimum lighting time in the current
breaking adjuster may not be controlled in accordance
with the requested lighting time. Thus, the processing
moves to step S14 in Fig. 3 where the OFF time of the
pulse for an operation of the current breaking adjuster is
set to the constant current starting time (trn) that is the
minimum constant current adjusting time in the constant
current driver. The processing then returns to step S1,
and the operation is repeated.
[0073] If it is determined in step S7 that the OFF time
(tsf) of the operation pulse for the current breaking ad-
juster acquired in Fig. 4D is after the constant current
starting time (trn), operations corresponding to the cal-
culated times are sequentially performed in and after
processing step S8.
[0074] In step S8 in the example in Fig. 3, the operation
of the current breaking adjuster is turned on at the time
tsn in Fig. 4D. Next, in step S9, at the time tpn, the PWM
pulse is turned on to start an operation of the constant
current driver. The constant current control is, however,
performed by the constant current driver with an opera-
tion delay as described above.
[0075] Next, in step S10, the constant current driver
obtains a constant current at the time trn. In step S11
next, the current breaking adjuster is turned off at the

11 12 



EP 2 571 334 A1

8

5

10

15

20

25

30

35

40

45

50

55

time tsn, and the constant current driver is thus turned
off. In step S12, the PWM pulse is turned off at the time
tpf at the end of a series of the operations described
above. Then, the processing returns to step S1, and the
operations are repeated. These operations allow accu-
rate lighting operation control with a pulse width corre-
sponding to a lighting time smaller than a conventional
minimum lighting time, as illustrated in Fig. 4F.
[0076] Moreover, in the relationship between a lighting
time and an LCD luminance, as illustrated in Fig. 5, per-
forming those operations according to the present inven-
tion may eliminate the operation with a curve according
to a characteristic inherent to each control IC caused by
a smaller lighting time than its conventional minimum
lighting time. Thus, the lighting time and the LCD lumi-
nance may keep a proportional relationship even with a
smaller lighting time than the minimum lighting time.
[0077] The current breaking adjuster used in the
present invention may be implemented in various forms
as illustrated in Figs. 6A and 6B, for example. Fig. 6A
illustrates a circuit diagram with some part illustrated in
Fig. 1 being omitted. In the current breaking adjuster 15
in Fig. 6A, ground wires of the first constant current driver
8 and second constant current driver 9 of the constant
current driver 6, which are drawn externally from the LED
control unit 4, are connected. One first current breaking
adjustment transistor 16 is provided between the con-
nected part and the grounded part and is controlled by a
microcomputer to implement the current breaking adjust-
er. This can reduce the number of current breaking ad-
justment transistors than that of the circuit illustrated in
Fig. 1 and thus can reduce the costs.
[0078] According to an embodiment illustrated in Fig.
6B, the current breaking adjuster 15 is included in the
LED control unit 4. According to the illustrated embodi-
ment, like the embodiment in Fig. 6A, the ground con-
nection wires of the first constant current driver 8 and
second constant current driver 9 are connected within
the LED control unit 4, and one first current breaking ad-
justment transistor 16 is provided after the connection
part, and the ground wires are drawn externally from the
LED control unit 4. This allows the current breaking ad-
juster 15 to be included in a control circuit constituted by
the LED control unit 4 in advance, which can stabilize an
operation of the current breaking adjuster 15 with the
constant current circuit in the LED control unit 4 and thus
the costs are reduced.

Claims

1. An LED lighting time control apparatus, which con-
trols the time for lighting an LED (2) in accordance
with the pulse width of a PWM pulse, the apparatus
comprising:

PWM pulse setting means (10) configured to set
a pulse with a pulse width corresponding to a

requested lighting time of the LED (2) adapted
for use as a backlight for an LCD;
a constant-current driver (6) configured to adjust
a current to be fed to the LED (2) within a PWM
pulse width set by the PWM pulse setting means
(10) and to provide the current as a predeter-
mined constant current; and
current breaking adjusting means (15) config-
ured to provide an output that turns off an oper-
ation of the constant-current driver (6),
wherein the current breaking adjusting means
(15) is configured to provide the output that turns
off the operation of the constant-current driver
(6), before the time when the PWM pulse is
turned off.

2. The LED lighting time control apparatus according
to Claim 1, wherein the time when the current break-
ing adjusting means (15) is configured to break the
constant-current driver (6) is configured to be earlier
than the time when a PWM pulse to be output in
accordance with a preset minimum lighting time is
turned off.

3. The LED lighting time control apparatus according
to Claim 2, wherein the current breaking adjusting
means (15) is configured to break the constant-cur-
rent driver (6) prior to the time when a PWM pulse
is turned off other than the time when a PWM pulse
is output in accordance with a preset minimum light-
ing time.

4. The LED lighting time control apparatus according
to Claim 1, wherein the current breaking adjusting
means (15) is provided in the constant-current driver
(6) on a ground side of the constant-current driver
(6) which is configured to turn on/off the current feed
to the LED (2), and includes a current breaking ad-
justment transistor (16, 17) that is configured to per-
form an ON/OFF operation.

5. The LED lighting time control apparatus according
to Claim 4, wherein a plurality of constant-current
drivers (6) are provided for a group of a plurality of
parallel LEDs (2); and
one current breaking adjustment transistor (16, 17)
is respectively provided between a part connecting
ground sides of the plurality of constant-current driv-
ers and a ground part.

6. The LED lighting time control apparatus according
to Claim 1, wherein the current breaking adjusting
means (15) is provided separately from an LED con-
trol means (4) having the constant-current driver (6),
the PWM setting means (10), and constant current
setting means (10).

7. The LED lighting time control apparatus according
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to Claim 1, wherein the current breaking adjusting
means (15) is provided within an LED control means
(4) having the constant-current driver (6), the PWM
setting means (10), and constant current setting
means (10).

8. The LED lighting time control apparatus according
to Claim 1, wherein the current breaking adjusting
means(15) is configured to generate a pulse for
breaking the constant-current driver (6), to turn on
the pulse for breaking the constant-current driver (6)
at a time different from the time set by the PWM pulse
setting means (10) for turning on a PWM pulse, and
to turn off the pulse for breaking the constant-current
driver (6)at a requested time for turning off the LED
(2).

9. The LED lighting time control apparatus according
to Claim 8, wherein the time when the current break-
ing adjusting means (15) is turned on is configured
to be earlier, by a predetermined period of time, than
the time when the PWM pulse is turned on.

10. The LED lighting time control apparatus according
to Claim 1, wherein the time when the current break-
ing adjusting means (15) breaks the constant-cur-
rent driver (6) is configured to be at or after the time
when the constant-current driver (6) is energized to
have a constant current after a certain delay time.

15 16 



EP 2 571 334 A1

10



EP 2 571 334 A1

11



EP 2 571 334 A1

12



EP 2 571 334 A1

13



EP 2 571 334 A1

14



EP 2 571 334 A1

15



EP 2 571 334 A1

16



EP 2 571 334 A1

17



EP 2 571 334 A1

18



EP 2 571 334 A1

19



EP 2 571 334 A1

20



EP 2 571 334 A1

21



EP 2 571 334 A1

22

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2010267415 A [0015] • EP 2257125 A2 [0015]


	bibliography
	description
	claims
	drawings
	search report

