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(57) ABSTRACT

A lighting device includes light emitting element groups
(HSB) including a light emitting element group (HS2) that
emits light when being applied with a voltage at a light
emission reference voltage (VH2), and a light emitting
element group (HS12) that emits light when being applied
with a light emission reference voltage (VH12) higher than
the light emission reference voltage (VH2), the light emit-
ting element groups (HSB) emitting light when being
applied with a voltage equal to or higher than a light
emission reference voltage (VHa); a semiconductor chip
(IC1) including a light emission control unit (HC1) arranged
to perform light emission control to cause light emission of
a light emitting element group (HS) if a drive voltage (Vk)

2015. is higher than the light emission reference voltage (VHa),
. .. L and to perform light emission stop control to stop the light
(0 Foreign Application Priority Data emission if the drive voltage (VKk) is lower than the same;
and a semiconductor chip (IC2) including a light emission
BZZ' i;’ 3812 853 """"""""""""""""" %812;2;;(6) control unit (HC2) arranged to perform light emission
R control to cause light emission of a light emitting element
o . . group (HSa) if the drive voltage (Vk) is higher than the light
Publication Classification emission reference voltage (VHa), and to perform light
(51) Int. CL emission stop control to turn off the emitting element group
HO5B 33/08 (2006.01) (HSa) if the drive voltage (Vk) is lower than the same.
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LIGHTING DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a lighting device
constituted of a plurality of light emitting elements.

BACKGROUND ART

[0002] Recent years, along with diversification of design
of lighting devices, as disclosed in Patent Document 1 or
Patent Document 2, there is known a lighting device in
which a plurality of light emitting element groups connected
in parallel to each other with respect to a power supply
circuit include different numbers of light emitting elements.
[0003] List of Citations

PATENT LITERATURE
Patent Document 1: JP-A-2010-225413
Patent Document 2: JP-A-2008-77944
SUMMARY OF THE INVENTION

Technical Problem

[0004] In the conventional lighting device as described
above, the light emitting element groups may have different
light emission reference voltages necessary for light emis-
sion. For example, at rising or falling of the power supply to
drive the lighting device, if a voltage supplied from the
power supply circuit does not have a sufficient level, turn-on
and turn-off timings of the light emitting elements in the
light emitting element groups may be varied. If turn-on and
turn-off timings of the light emitting elements in the light
emitting element groups of the lighting device are varied,
fine view may be impaired. In addition, when the lighting
device is used as an in-vehicle exterior lamp, for example,
it may be woolly lighting and may cause an accident, which
is a problem.

[0005] It is an object of the present invention to provide a
lighting device that prevents a variation in turn-on and
turn-oftf timings of a plurality of light emitting element
groups connected in parallel to each other with respect to a
power supply circuit.

Means for Solving the Problem

[0006] A lighting device according to the present inven-
tion includes a power supply circuit arranged to supply a
drive voltage; light emitting element groups including a first
light emitting element group having a plurality of first light
emitting elements connected in series, arranged to emit light
by a first light emission current flowing when being applied
with a first light emission voltage based on the drive voltage,
at a first light emission reference voltage or higher, and a
second light emitting element group having a plurality of a
second light emitting elements connected in series, arranged
to emit light by a second light emission current flowing
when being applied with a second light emission voltage
based on the drive voltage, at a second light emission
reference voltage higher than the first light emission refer-
ence voltage, the light emitting element groups emitting
light when being applied with a light emission voltage equal
to or higher than a light emission reference voltage based on
the second light emission reference voltage; a first semicon-
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ductor chip including a first light emission control unit
arranged to detect a magnitude relationship between the
drive voltage and the light emission reference voltage, to
perform light emission control to cause light emission of the
light emitting element group if the drive voltage is higher
than the light emission reference voltage, and to perform
light emission stop control to stop light emission of the light
emitting element group if the drive voltage is lower than the
light emission reference voltage, the first semiconductor
chip being connected to the first light emitting element
group; and a second semiconductor chip including a second
light emission control unit arranged to detect a magnitude
relationship between the drive voltage and the light emission
reference voltage, to perform light emission control to cause
light emission of the light emitting element group if the drive
voltage is higher than the light emission reference voltage,
and to perform light emission stop control to stop light
emission of the light emitting element group if the drive
voltage is lower than the light emission reference voltage,
the second semiconductor chip being connected to the first
semiconductor chip and the second light emitting element
group.

[0007] In addition, a lighting device according to the
present invention includes light emitting element groups
including a first light emitting element group having a
plurality of first light emitting elements connected in series,
arranged to emit light by a first light emission current
flowing when being applied with a first light emission
voltage based on the drive voltage, at a first light emission
reference voltage or higher, and a second light emitting
element group having a plurality of a second light emitting
elements connected in series, arranged to emit light by a
second light emission current flowing when being applied
with a second light emission voltage based on the drive
voltage, at a second light emission reference voltage higher
than the first light emission reference voltage, the light
emitting element groups emitting light when being applied
with a light emission voltage equal to or higher than a light
emission reference voltage based on the second light emis-
sion reference voltage; and a light emission control unit
arranged to detect a magnitude relationship between the
drive voltage and the light emission reference voltage, to
perform light emission control to cause light emission of the
light emitting element group if the drive voltage is higher
than the light emission reference voltage, and to perform
light emission stop control to stop light emission of the light
emitting element group if the drive voltage is lower than the
light emission reference voltage.

Advantageous Effects of the Invention

[0008] With the lighting device according to the present
invention, it is possible to prevent a variation in turn-on and
turn-off timings in a plurality of light emitting element
groups connected in parallel to each other with respect to a
power supply circuit.

BRIEF DESCRIPTION OF DRAWINGS

[0009] FIG. 1 is a diagram illustrating a lighting device 10
according to a first embodiment of the present invention.

[0010] FIGS. 2A to 2E are diagrams illustrating transitions
of signal waveforms from rising to falling of a power supply
to drive the lighting device 10.
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[0011] FIG. 3 is a diagram illustrating a lighting device
10a according to a first variation of the first embodiment of
the present invention.

[0012] FIG. 4 is a diagram illustrating a lighting device
104 according to a second variation of the first embodiment
of the present invention.

[0013] FIG. 51is a diagram illustrating a lighting device 20
according to a second embodiment of the present invention.
[0014] FIGS. 6A to 6E are diagrams illustrating transitions
of signal waveforms from rising to falling of a power supply
to drive the lighting device 20.

[0015] FIG. 7 is a diagram illustrating a lighting device
20a according to a first variation of the second embodiment
of the present invention.

[0016] FIG. 81is a diagram illustrating a lighting device 30
according to a third embodiment of the present invention.
[0017] FIGS. 9A to 9E are diagrams illustrating transitions
of signal waveforms from rising to falling of a power supply
to drive the lighting device 30.

[0018] FIG. 10 is a diagram illustrating a lighting device
30a according to a first variation of the third embodiment of
the present invention.

[0019] FIG. 11 is a diagram illustrating a lighting device
306 according to a second variation of the third embodiment
of the present invention.

[0020] FIG. 12 is a diagram illustrating a lighting device
30c according to a third variation of the third embodiment of
the present invention.

[0021] FIG. 13 is a diagram illustrating a lighting device
40 according to a fourth embodiment of the present inven-
tion.

[0022] FIG. 14 is a diagram illustrating a lighting device
40a according to a first variation of the fourth embodiment
of the present invention.

[0023] FIG. 15 is a diagram illustrating a lighting device
405 according to a second variation of the fourth embodi-
ment of the present invention.

[0024] FIG. 16 is a diagram illustrating a lighting device
40c¢ according to a third variation of the fourth embodiment
of the present invention.

[0025] FIG. 17 is a diagram illustrating a lighting device
404 according to a fourth variation of the fourth embodiment
of the present invention.

[0026] FIG. 18 is a diagram illustrating a lighting device
40¢ according to a fifth variation of the fourth embodiment
of the present invention.

[0027] FIG. 19 is a diagram illustrating a lighting device
40f according to a sixth variation of the fourth embodiment
of the present invention.

[0028] FIG. 20 is a diagram illustrating a lighting device
40g according to a seventh variation of the fourth embodi-
ment of the present invention.

[0029] FIG. 21 is a diagram illustrating a lighting device
40/ according to an eighth variation of the fourth embodi-
ment of the present invention.

[0030] FIG. 22 is a diagram illustrating a lighting device
40/ according to a ninth variation of the fourth embodiment
of the present invention.

[0031] FIG. 23 is a diagram illustrating a lighting device
405 according to a tenth variation of the fourth embodiment
of the present invention.

[0032] FIG. 24 is a diagram illustrating a lighting device
40% according to an eleventh variation of the fourth embodi-
ment of the present invention.
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[0033] FIG. 25 is a diagram illustrating a lighting device
50 according to a fifth embodiment of the present invention.
[0034] FIG. 26 is a diagram illustrating a lighting device
50a according to a first variation of the fifth embodiment of
the present invention.

[0035] FIG. 27 is a diagram illustrating a lighting device
504 according to a second variation of the fifth embodiment
of the present invention.

[0036] FIG. 28 is a diagram illustrating a lighting device
50c¢ according to a third variation of the fifth embodiment of
the present invention.

[0037] FIG. 29 is a diagram illustrating a lighting device
504 according to a fourth variation of the fifth embodiment
of the present invention.

[0038] FIG. 30 is a diagram illustrating a lighting device
50e¢ according to a fifth variation of the fifth embodiment of
the present invention.

DESCRIPTION OF EMBODIMENTS

[0039] Hereinafter, with reference to the drawings,
embodiments of the present invention are described. Note
that numeric values, circuits, and the like can be appropri-
ately selected within the scope of the present invention
without deviating from the spirit thereof.

First Embodiment

[0040] FIG. 1 is a diagram illustrating a lighting device 10
according to a first embodiment of the present invention.
The lighting device 10 includes a power supply circuit VS,
light emitting element groups HS, and a light emission
control unit HC. The lighting device 10 is used as an
in-vehicle exterior lamp such as a head lamp, a winker, a
hazard lamp, or a brake lamp, but this is not a limitation.
[0041] The power supply circuit VS outputs a drive volt-
age Vk of 12V, for example. In addition, the power supply
circuit VS can supply a drive current 1k having a current
value corresponding to a load to which the drive voltage Vk
is supplied.

[0042] The light emitting element groups HS include a
light emitting element group HS1, and a light emitting
element group HS2. The light emitting element groups HS
are the load to which the drive voltage Vk is supplied.
[0043] The light emitting element group HS1 includes a
plurality of light emitting elements HSla connected in
series, and a resistor element Rhl. The light emitting ele-
ment HS1a is a light emitting diode (LED) and is a self light
emitting element. The cathode of the light emitting element
HS1a as one terminal of the light emitting element group
HS1 is connected to one terminal of the resistor element
Rhl. The other terminal of the resistor element Rhl is
connected to a power supply VSS as a first power supply
having a potential such as 0 V lower than the drive voltage
Vk. Note that the light emitting element HS1a is not limited
to an LED but may be a general organic electro lumines-
cence (EL) element such as a light emitting polymer as a self
light emitting element.

[0044] The light emitting element group HS1 emits light
by a light emission current Th1 flowing in each of the light
emitting elements HS1a, when a light emission voltage Vh1
equal to or higher than a light emission reference voltage
VH1 based on the drive voltage Vk is applied to the anode
of the light emitting element HS1a as the other terminal of
itself. Note that a current value of the light emission current
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Th1 is determined based on a resistance value of the resistor
element Rh1. In addition, each of the light emitting elements
HS1a has an internal resistance, and a forward voltage of
one light emitting element HS1a is supposed to be 2 V, for
example.

[0045] Here, the light emission reference voltage VH1 for
the light emitting element group HS1 to emit light in this
embodiment is 6 V, for example, because the light emitting
element group HS1 includes three light emitting elements
HS1a connected in series, each of which has a forward
voltage of 2 V. In other words, in order that the light emitting
element group HS1 emits light, the light emission voltage
Vh1 applied to the anode of the light emitting element HS1a
on the other terminal must be 6 V or higher.

[0046] Here, “the anode of the light emitting element
HS1a as the other terminal of the light emitting element
group HS1” is referred to as a node Nhl, and “the cathode
of the light emitting element HS1a as the one terminal of the
light emitting element group HS1” is referred to as a node
Nh1la. In addition, “the light emission current Ih1 flowing in
each of the light emitting elements HS1a” is referred to as
“the light emission current Th1 flowing in the light emitting
element group HS1”.

[0047] The light emitting element group HS2 includes a
plurality of light emitting elements HS2a connected in
series, and a resistor element Rh2. The light emitting ele-
ment HS2aq is a light emitting diode (LED) and is a self light
emitting element. The cathode of the light emitting element
HS2a as one terminal of the light emitting element group
HS2 is connected to one terminal of the resistor element
Rh2. The other terminal of the resistor element Rh2 is
connected to the power supply VSS. Note that the light
emitting element HS2a is not limited to an LED but may be
a general organic electro luminescence (EL) element as a
self light emitting element, though this is not a limitation.

[0048] The light emitting element group HS2 emits light
by a light emission current [h2 flowing in each of the light
emitting elements HS2a, when a light emission voltage Vh2
equal to or higher than a light emission reference voltage
VH2 higher than the light emission reference voltage VH1
based on the drive voltage Vk is applied to the anode of the
light emitting element HS2a as the other terminal of itself.
Note that a current value of the light emission current Th2 is
determined based on a resistance value of the resistor
element Rh2. In addition, each of the light emitting elements
HS2a has an internal resistance, and a forward voltage of
one light emitting element HS2a is supposed to be 2 V, for
example.

[0049] Here, the light emission reference voltage VH2 for
the light emitting element group HS2 to emit light in this
embodiment is 8 V, for example, because the light emitting
element group HS2 includes four light emitting elements
HS2a connected in series, each of which has a forward
voltage of 2 V. In other words, in order that the light emitting
element group HS2 emits light, the light emission voltage
Vh2 applied to the anode of the light emitting element HS2a
on the other terminal must be 8 V or higher.

[0050] Here, “the anode of the light emitting element
HS2a as the other terminal of the light emitting element
group HS2” is referred to as a node Nh2, and “the cathode
of the light emitting element HS2a as the one terminal of the
light emitting element group HS2” is referred to as a node
Nh2a. In addition, “the light emission current [h2 flowing in

Apr. 18,2019

each of the light emitting elements HS2a” is referred to as
“the light emission current Ih2 flowing in the light emitting
element group HS2”.

[0051] Here, in order that the light emitting element
groups HS emits light without an internal variation in this
embodiment, i.e. in order that the light emitting element
group HS1 and the light emitting element group 2 emit light
simultaneously, a voltage higher than 8 V as the light
emission reference voltage VH2 must be applied to the light
emitting element groups HS as light emission voltage Vh,
because the light emission reference voltage VH2 is 8 V and
is higher than the light emission reference voltage VH1 that
is 6 V. Here, the voltage for the light emitting element groups
HS to emit light without an internal variation is referred to
as light emission reference voltage VH. The light emitting
element groups HS emits light when being applied with the
light emission voltage Vh higher than the light emission
reference voltage VH based on the light emission reference
voltage VH2. Note that, in this embodiment, the light
emission reference voltage VH is 8 V that is the same as the
light emission reference voltage VH2.

[0052] Note that this embodiment describes the example
where the light emitting element group HS2 includes more
number of light emitting elements HS2a than the number of
the light emitting elements HS1la disposed in the light
emitting element group HS1, but this is not a limitation. In
other words, the lighting device 10 according to the present
invention achieves outstanding effects in cases where the
light emission reference voltage VH1 necessary for the light
emitting element group HS1 to emit light is different from
the light emission reference voltage VH2 necessary for the
light emitting element group HS2 to emit light, and a case
where the light emitting element group HS1 and the light
emitting element group HS2 have the same number of light
emitting elements is not excluded. In addition, in the same
manner, each of the light emitting elements group HS1 and
the light emitting element group HS2 may have a single
LED.

[0053] Here, if the light emitting element groups HS are
applied with the light emission voltage Vh, which is equal to
or higher than the light emission reference voltage VH1 and
lower than or equal to the light emission reference voltage
VH2 without any control, the light emitting element group
HS1 emits light while the light emitting element group HS2
does not emit light. In addition, after that, when the light
emission voltage Vh becomes equal to or higher than the
light emission reference voltage VH2 and is applied to the
light emitting element groups HS, not only the light emitting
element group HS1 but also the light emitting element group
HS2 emits light. In other words, if the light emitting element
groups HS are applied with the light emission voltage Vh
lower than the reference voltage VH2, light emission timing
is varied between the light emitting element group HS1 and
the light emitting element group HS2, and hence light
emission of the entire light emitting element groups HS may
be fluctuated. In particular, when being used as an in-vehicle
exterior lamp, the fluctuation in light emission of the light
emitting element groups may cause an accident. The lighting
device 10 according to the present invention is aimed to
prevent occurrence of such a problem.

[0054] The light emission control unit HC includes a
comparing circuit CN and a transistor P1.
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[0055] The comparing circuit CN includes a resistor ele-
ment R1, a resistor element R2, a reference power supply
Refl, and a comparator Cpl.

[0056] The resistor element R1 has one terminal con-
nected to the power supply circuit VS and has a resistance
value of 400 ohms, for example. Here, connection node
between the resistor element R1, i.e. the comparing circuit
CN and the power supply circuit VS is referred to as a node
Nd1. The resistor element R2 has one terminal connected to
the other terminal of the resistor element R1, and the other
terminal connected to the power supply VSS, and has a
resistance value of 200 ohms, for example. Here, a connec-
tion node between the other terminal of the resistor element
R1 and the one terminal of the resistor element R2 is referred
to as a node Nd2, and a potential at the node Nd2 is referred
to as a comparison voltage Vc. The potential at the node Nd2
is a potential obtained by dividing the drive voltage Vk by
the resistor element R1 and the resistor element R2.
[0057] The reference power supply Refl has one terminal
connected to the power supply VSS and generates a refer-
ence voltage Vrefl as a first reference voltage. The reference
voltage Vrefl is set to be equal to or higher than a voltage
value obtained by dividing the light emission reference
voltage VH by the resistor element R1 and the resistor
element R2. In other words, the reference voltage Vrefl is
set based on the light emission reference voltage VH. In this
embodiment, the reference voltage Vrefl is set to 3 V, for
example, which is higher than 2.6 V obtained by dividing 8
V as the light emission reference voltage VH by 400 ohms
of the resistor element R1 and 200 ohms of the resistor
element R2.

[0058] The comparator Cpl has an inverting terminal
connected to the node Nd2, to which the comparison voltage
Ve is input, and a noninverting terminal connected to the
other terminal of the reference power supply Refl, to which
the reference voltage Vrefl is input. The comparator Cpl
compares the comparison voltage Vc with the reference
voltage Vrefl, and outputs a comparison result signal Vcrl
as the comparison result from an output terminal. If the
comparison voltage Vc is lower than the reference voltage
Vrefl, the comparator Cpl outputs the comparison result
signal Verl of high level that is substantially the same
voltage level as the drive voltage Vk, for example. If the
comparison voltage Vc is higher than the reference voltage
Vrefl, the comparator Cpl outputs the comparison result
signal Verl of low level that is 0 V, for example.

[0059] As described above, the comparing circuit CN is
connected to the power supply circuit VS, determines
whether the drive voltage Vk is higher or lower than a
voltage based on the light emission reference voltage VH,
and outputs the result as the comparison result signal Verl.
[0060] The transistor P1 is a PMOS transistor having a
source terminal S connected to the power supply circuit VS,
a drain terminal D connected to the node Nh1 and the node
Nh2, and a gate terminal G as a control terminal connected
to the output terminal of the comparator Cpl, i.e. to the
comparing circuit CN. The transistor P1 is on-off controlled
by the comparison result signal Vcrl, which is output from
the comparing circuit CN and input to the gate terminal G.
In this way, light emission control and light emission stop
control of the light emitting element groups HS are per-
formed.

[0061] Note that the connection node among the drain
terminal D of the transistor P1, the node Nhil, and the node
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Nh2 is referred to as a node Nd3. The light emitting element
group HS1 and the light emitting element group HS2 are
connected in parallel to each other at the node Nd3 that is the
connection node to the drain terminal D of the transistor P1.

[0062] The transistor P1 is turned off when the comparison
result signal Verl at high level output from the comparing
circuit CN is input to the gate terminal G. In this case, the
potential at the node Nd3 becomes 0 V, and thus the light
emission voltage Vh becomes 0 V. Therefore, the light
emission voltage Vh1 applied to the light emitting element
group HS1 is 0V, and the light emission current Th1 flowing
in the light emitting element group HS1 is stopped to be 0
A, so that the light emitting element group HS1 does not
emit light. In addition, the light emission voltage Vh2
applied to the light emitting element group HS2 is 0 V, and
the light emission current Th2 flowing in the light emitting
element group HS2 becomes 0 A, so that the light emitting
element group HS2 does not emit light.

[0063] In addition, the transistor P1 is turned on when the
low level comparison result signal Verl output from the
comparing circuit CN is input to the gate terminal G. In this
case, the potential at the node Nd3 becomes 9 V or higher,
for example, and the light emission voltage Vh becomes 9V
or higher. Therefore, the light emitting element group HS1
is applied with the light emission voltage Vh1 higher than 6
V as the light emission reference voltage VH1, and the light
emission current [h1 flows so that the light emitting element
group HS1 emits light. In addition, the light emitting ele-
ment group HS2 is applied with the light emission voltage
Vh2 higher than 8 V as the light emission reference voltage
VH2, and the light emission current Th2 flows so that the
light emitting element group HS2 emits light.

[0064] As described above, the light emission control unit
HC detects a magnitude relationship between the drive
voltage Vk and the light emission reference voltage VH. If
the drive voltage Vk is higher than the light emission
reference voltage VH, the light emission control unit HC
performs the light emission control to cause light emission
of the light emitting element groups HS by turning on the
transistor P1 so that the light emission current Thl can be
supplied to the light emitting element group HS1 and the
light emission current Th2 can be supplied to the light
emitting element group HS2. If the drive voltage Vk is lower
than the light emission reference voltage VH, the light
emission control unit HC performs the light emission stop
control to stop light emission of the light emitting element
groups HS by turning off the transistor P1 so that the light
emission current [h1 cannot be supplied to the light emitting
element group HS1 and the light emission current [h2 cannot
be supplied to the light emitting element group HS2. There-
fore, the lighting device 10 according to this embodiment
can cause as well as stop the light emission of the light
emitting element group HS1 and the light emitting element
group HS2 at the same time.

[0065] FIGS. 2A to 2E are diagrams illustrating transitions
of signal waveforms from rising to falling of a power supply
to drive the lighting device 10. FIG. 2A indicates the
transition of the drive voltage Vk in temporal change. FIG.
2B indicates a relationship between the transition of the
comparison voltage Vc and the reference voltage Vrefl in
temporal change. FIG. 2C indicates the transition of the
comparison result signal Verl in temporal change. FIG. 2D
indicates the transition of the light emission voltage Vh in
temporal change. FIG. 2E indicates the transitions of the
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light emission current Th1 and the light emission current [h2
in temporal change. Note that, in each of FIGS. 2A to 2D,
the vertical axis represents voltage V, and the horizontal axis
represents time t. Further, in FIG. 2E, the vertical axis
represents current I, and the horizontal axis represents time
t. Further, time points t0 to t4 are common among FIGS. 2A
to 2E.

[0066] At time point t0, drive of the power supply to drive
the lighting device 10 is started, and then a voltage level of
the drive voltage Vk output from the power supply circuit
VS starts to increase. In this case, the comparison voltage Ve
obtained by dividing the drive voltage Vk is equal to or
lower than 3 V as the reference voltage Vrefl, and hence the
comparison result signal Vcrl has substantially the same
level as the drive voltage VK, so that the transistor P1 is in
off state. Therefore, the light emission voltage Vh output
from the transistor P1 is 0 V, so that the light emission
current [h1 does not flow in the light emitting element group
HS1, and the light emission current Th2 does not flow in the
light emitting element group HS2. In other words, at time
point t0, the light emitting element groups HS are in off
state.

[0067] At time point t1, when the drive voltage Vk
becomes 9 V, the comparison voltage V¢ becomes 3 V, and
then becomes higher than 3 V as the reference voltage Vrefl.
Thus, the comparison result signal Verl is changed to low
level. In this way, the transistor P1 is turned on so that the
light emission voltage Vh of approximately 9 V is output. In
this case, because the light emission voltage Vhl of approxi-
mately 9 V applied to the light emitting element group HS1
is higher than 6 V as the light emission reference voltage
VHI1, the light emission current Thl flows in the light
emitting element group HS1 so that the light emitting
element group HS1 emits light. In addition, because the light
emission voltage Vh2 of approximately 9 V applied to the
light emitting element group HS2 is higher than 8 V as the
light emission reference voltage VH2, the light emission
current [h2 flows in the light emitting element group HS2 so
that the light emitting element group HS2 emits light. In
other words, the light emitting element group HS1 and the
light emitting element group HS2 emit light at the same
timing without a variation.

[0068] At time point t2, when the drive of the power
supply to drive the lighting device 10 is stopped, the drive
voltage VK starts to decrease. In this case, the light emission
voltage Vh, the light emission current Thl, and the light
emission current h2, which are output from the transistor P1
based on the comparison voltage Vc obtained by dividing
the drive voltage Vk, the light emission voltage Vh, and the
drive voltage Vk, also start to decrease.

[0069] At time point t3, when the decreasing drive voltage
Vk becomes lower than 9 V, the comparison voltage Vc
becomes lower than 3 V. In this way, the comparison result
signal Verl is changed to substantially the same level as the
drive voltage VKk, the transistor P1 is turned off, and output
of the light emission voltage Vh, the light emission current
Th1, and the light emission current Ih2 from the transistor P1
is stopped. In this way, supply of the light emission current
Ihl to the light emitting element group HS1 and supply of
the light emission current Th2 to the light emitting element
group HS2 are stopped, and hence the light emitting element
group HS1 and the light emitting element group HS2 are
turned off simultaneously. In this case, the transistor P1 is
turned off at a time point when the light emission voltage Vh
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is higher than 8 V as the light emission reference voltage
VH2, it is avoided that the light emitting element group HS1
and the light emitting element group HS2 are turned off at
different timings with a variation.

[0070] At time point t4, the drive voltage Vk is decreased
to 0 V. In this way, drive of the lighting device 10 is stopped.
[0071] As described above, in the lighting device 10
according to the first embodiment of the present invention,
the light emission control unit HC detects a magnitude
relationship between the drive voltage Vk and the light
emission reference voltage VH, performs light emission
control to cause light emission of the light emitting element
groups HS if the drive voltage Vk is higher than the light
emission reference voltage VH, and performs light emission
stop control to stop light emission of the light emitting
element groups HS if the drive voltage Vk is lower than the
light emission reference voltage VH. Therefore, it is possible
to prevent a variation in timing of causing as well as
stopping light emission of the light emitting element group
HS1 and the light emitting element group HS2.

[0072] [First Variation of First Embodiment]

[0073] FIG. 3 is a diagram illustrating a lighting device
10a according to a first variation of the first embodiment of
the present invention. The lighting device 10a includes the
power supply circuit VS, the light emitting element groups
HS, the light emission control unit HC, a dimming circuit
LC1, and a dimming circuit LC2. The lighting device 10a
according to this variation is substantially different from the
lighting device 10 illustrated in FIG. 1 in that the dimming
circuit LC1 and the dimming circuit LC2 are further pro-
vided. Note that in the lighting device 10q illustrated in FIG.
3, the same structure as in the lighting device 10 illustrated
in FIG. 1 is denoted by the same numeral or symbol, and
description thereof is appropriately omitted.

[0074] The dimming circuit LC1 has one terminal con-
nected to the node Nd3, i.e. the drain terminal D of the
transistor P1 and the other terminal connected to the node
Nhi. In other words, the node Nh1 is connected to the node
Nd3 via the dimming circuit LC1. The dimming circuit LC1
adjusts the light emission current Thl flowing in the light
emitting element group HS1 to have a predetermined current
value, and thus adjusts light emission luminance of the light
emitting element group HS1. Here, when the transistor P1 is
turned on, the drive voltage Vk is supplied to the dimming
circuit LC1, and when the transistor P1 is turned off, supply
of the drive voltage Vk to the dimming circuit LC1 is
stopped.

[0075] Note that the dimming circuit LC1 may have a
structure for adjusting amount of current to flow in the light
emitting element group HS1 based on a current value
flowing in the light emitting element group HS1, or may
have a structure for causing a predetermined amount of
current to flow in the light emitting element group HS1 by
a PWM control, or other various structures can be adopted
without limiting to these structures. In addition, because the
lighting device 10a is equipped with the dimming circuit
LC1, it is possible to determine the current value of the light
emission current Thl flowing in the light emitting element
group HS1 by the dimming circuit L.C1, without the resistor
element Rhl, or together with the resistor element Rhl. In
addition, this embodiment describes the lighting device 10a
having the structure in which the dimming circuit LC1 is
connected between the node Nd3 and the node Nhl as
described above, but this is not the limitation, and the
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dimming circuit LC1 may be connected between the node
Nhla and the power supply VSS.

[0076] The dimming circuit LC2 has one terminal con-
nected to the node Nd3, i.e. the drain terminal D of the
transistor P1 and the other terminal connected to the node
Nh2. In other words, the node Nh2 is connected to the node
Nd3 via the dimming circuit LC2. In this way, the series
connection of the dimming circuit LC2 and the light emit-
ting element group HS2 is connected in parallel to the series
connection of the dimming circuit LC1 and the light emit-
ting element group HS1 at the node Nd3. The dimming
circuit LC2 adjusts the light emission current Th2 flowing in
the light emitting element group HS2 to have a predeter-
mined current value, and thus adjusts light emission lumi-
nance of the light emitting element group HS2. Here, the
drive voltage Vk is supplied to the dimming circuit L.C2
when the transistor P1 is turned on, and the supply of the
drive voltage Vk to the dimming circuit LC2 is stopped
when the transistor P1 is turned off.

[0077] Note that the dimming circuit LC2 may have a
structure for adjusting amount of current to flow in the light
emitting element group HS2 based on a current value
flowing in the light emitting element group HS2, or may
have a structure for causing a predetermined amount of
current to flow in the light emitting element group HS2 by
a PWM control, or other various structures can be adopted
without limiting to these structures. In addition, because the
lighting device 10a is equipped with the dimming circuit
LC2, it is possible to determine the current value of the light
emission current Th2 flowing in the light emitting element
group HS2 by the dimming circuit LC2, without the resistor
element Rh2, or together with the resistor element Rh2. In
addition, although this embodiment describes the lighting
device 10a having the structure in which the dimming circuit
LC2 is connected between the node Nd3 and the node Nh2,
this is not the limitation. The dimming circuit LC2 may be
connected between the node Nh2a and the power supply
VSS.

[0078] [Second Variation of First Embodiment]

[0079] FIG. 4 is a diagram illustrating a lighting device
104 according to a second variation of the first embodiment
of the present invention. The lighting device 1054 includes
the power supply circuit VS, the light emitting element
groups HS, the dimming circuit LC1, the dimming circuit
LC2, and a light emission control unit HCa. The lighting
device 105 according to this variation is substantially dif-
ferent from the lighting device 10q illustrated in FIG. 3 in
that the light emission control unit HCa is disposed instead
of the light emission control unit HC. Note that in the
lighting device 105 illustrated in FIG. 4, the same structure
as in the lighting device 10 illustrated in FIG. 1 or the
lighting device 10q illustrated in FIG. 3 is denoted by the
same reference numeral or symbol, and description thereof
is appropriately omitted.

[0080] The dimming circuit LC1 has one terminal con-
nected to the node Nd1, and thus is connected to the power
supply circuit VS. The dimming circuit LC1 adjusts the light
emission current Thl flowing in the light emitting element
group HS1 to have a predetermined current value.

[0081] The dimming circuit LC2 has one terminal con-
nected to the node Nd1, and thus is connected to the power
supply circuit VS. The dimming circuit LC2 adjusts the light
emission current Th2 flowing in the light emitting element
group HS2 to have a predetermined current value.
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[0082] The light emission control unit HCa includes the
comparing circuit CN, a transistor P2, and a transistor P3.
[0083] The transistor P2 is a PMOS transistor, which has
the source terminal S connected to the other terminal of the
dimming circuit [.C1, the drain terminal D connected to the
node Nhl, and the gate terminal G as a control terminal
connected to the comparing circuit CN. The transistor P2 is
on-off controlled by the comparison result signal Verl,
which is output from the comparing circuit CN and is input
to the gate terminal G. In this way, light emission control and
light emission stop control of the light emitting element
groups HS are performed. When the transistor P2 is turned
on, the drive voltage Vk, which is supplied from the power
supply circuit VS to the source terminal S via the dimming
circuit LC1, is output as the light emission voltage Vh1 from
the drain terminal D.

[0084] When the comparison result signal Verl having
high level output from the comparing circuit CN is input to
the gate terminal G, the transistor P2 is turned off. In this
case, the light emission voltage Vhl applied to the light
emitting element group HS1 becomes 0 V and the light
emission current Thl supplied to the light emitting element
group HS1 to flow becomes 0 A. In other words, supply of
the light emission current Th1 to the light emitting element
group HS1 is stopped, and hence the light emitting element
group HS1 does not emit light. In addition, when the
comparison result signal Verl having low level output from
the comparing circuit CN is input to the gate terminal G, the
transistor P2 is turned on. In this case, the light emission
voltage Vhl applied to the light emitting element group HS1
becomes equal to or higher than 9 V, which is higher than the
light emission reference voltage VH1. Therefore, the light
emission voltage Vh1 higher than 6 V as the light emission
reference voltage VHI1 is applied to the light emitting
element group HS1 so that the light emission current Th1 is
supplied to flow. In this way, the light emitting element
group HS1 emits light.

[0085] The transistor P3 is a PMOS transistor, which has
the source terminal S connected to the other terminal of the
dimming circuit [.C2, the drain terminal D connected to the
node Nh2, and the gate terminal G as a control terminal
connected to the comparing circuit CN. The transistor P3 is
on-off controlled by the comparison result signal Verl,
which is output from the comparing circuit CN and is input
to the gate terminal G. In this way, light emission control and
light emission stop control of the light emitting element
groups HS are performed. When the transistor P3 is turned
on, the drive voltage Vk supplied from the power supply
circuit VS to the source terminal S via the dimming circuit
LC2 is output as the light emission voltage Vh2 from the
drain terminal D.

[0086] When the comparison result signal Verl having
high level output from the comparing circuit CN is input to
the gate terminal G, the transistor P3 is turned off. In this
case, the light emission voltage Vh2 applied to the light
emitting element group HS1 is 0 V, and the light emission
current [h2 supplied to the light emitting element group HS2
to flow becomes 0 A. In other words, the supply of the light
emission current [h2 to the light emitting element group HS2
is stopped, and hence the light emitting element group HS2
does not emit light. In addition, when the comparison result
signal Verl having low level output from the comparing
circuit CN is input to the gate terminal G, the transistor P3
is turned on. In this case, the light emission voltage Vh2
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applied to the light emitting element group HS2 becomes 9
V or higher, which is higher than the light emission refer-
ence voltage VH2. Therefore, the light emission voltage Vh2
higher than 8 V as the light emission reference voltage VH2
is applied to the light emitting element group HS2, and
hence the light emission current Ih2 is supplied to flow. In
this way, the light emitting element group HS2 emits light.
[0087] Here, the series connection of the dimming circuit
LC1 and the light emitting element group HS1 is connected
in parallel to the series connection of the dimming circuit
LC2 and the light emitting element group HS2 with respect
to the power supply circuit VS.

[0088] As described above, the light emission control unit
HCa detects a magnitude relationship between the drive
voltage Vk and the light emission reference voltage VH. If
the drive voltage Vk is higher than the light emission
reference voltage VH, the light emission control unit HCa
performs light emission control to cause light emission of
the light emitting element groups HS, by turning on the
transistor P2 so that the light emission current Thl can be
supplied to the light emitting element group HS1, and by
turning on the transistor P3 so that the light emission current
Th2 can be supplied to the light emitting element group HS2.
If the drive voltage Vk is lower than the light emission
reference voltage VH, the light emission control unit HCa
performs light emission stop control to stop light emission of
the light emitting element groups HS, by turning off the
transistor P2 so that the light emission current Thl cannot be
supplied to the light emitting element group HS1, and by
turning off the transistor P3 so that the light emission current
Th2 cannot be supplied to the light emitting element group
HS2. Therefore, the lighting device 105 according to this
embodiment can cause as well as stop the light emission of
the light emitting element group HS1 and the light emitting
element group HS2 at the same time.

[0089] Note that the lighting device 106 according to the
second variation of the first embodiment of the present
invention includes the transistor P2 and the transistor P3
instead of the transistor P1 in the lighting device 10, and
hence the light emission current Thl to flow in the light
emitting element group HS1 to cause light emission of the
light emitting element group HS1 and the light emission
current Th2 to flow in the light emitting element group HS2
to cause light emission of the light emitting element group
HS2 can be supplied from the power supply circuit VS to the
light emitting element group HS1 and the light emitting
element group HS2 through different transistors. Therefore,
the current concentrated in the transistor P1 in the lighting
device 10 can be distributed between the transistor P2 and
the transistor P3, and thus local heat concentration inside the
lighting device can be prevented. It is needless to say that
this effect is enhanced in proportion to an increase in the
number of light emitting elements included in the light
emitting element groups HS or the number of the light
emitting element groups connected in parallel to each other.

Second Embodiment

[0090] FIG. 5is a diagram illustrating a lighting device 20
according to a second embodiment of the present invention.
The lighting device 20 includes the power supply circuit VS,
the light emitting element groups HS, and a light emission
control unit HCb. The lighting device 20 according to this
embodiment is substantially different from the lighting
device 10 illustrated in FIG. 1 in that the light emission
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control unit HCb is disposed instead of the light emission
control unit HC. Note that in the lighting device 20 illus-
trated in FIG. 5, the same structure as in the lighting device
10 illustrated in FIG. 1 is denoted by the same numeral or
symbol, and description thereof is appropriately omitted.
[0091] The light emitting element group HS1 has the other
terminal connected to the power supply circuit VS. In
addition, the light emitting element group HS2 has the other
terminal connected to the power supply circuit VS. In this
way, the light emitting elements HS1a of the light emitting
element group HS1 and the light emitting elements HS2a of
the light emitting element group HS2 are connected in
parallel to each other with respect to the power supply circuit
VS. Note that the light emitting element group HS1 in the
lighting device 20 includes a resistor element Rh3 instead of
the resistor element Rh1 in the lighting device 10, which has
one terminal connected to the power supply circuit VS and
the other terminal connected to the node Nhl. The light
emission current Thl is determined based on resistance
values of the light emitting elements HS1a and the resistor
element Rh3. In addition, the light emitting element group
HS2 in the lighting device 20 includes a resistor element
Rh4 instead of the resistor element Rh2 in the lighting
device 10, which has one terminal connected to the power
supply circuit VS and the other terminal connected to the
node Nh2. The light emission current Th2 is determined
based on resistance values of the light emitting elements
HS2a and the resistor element Rh4. In addition, the resis-
tance value of the resistor element Rh3 is larger than the
resistance value of the resistor element Rh4, and is formed
so that a voltage determined by a series resistance value of
an internal resistance of the light emitting element HS1a and
the resistor element Rh3 and the light emission current Thl
is the same as a voltage determined by a series resistance
value of an internal resistance of the light emitting element
HS2a and the resistor element Rh4 and the light emission
current 1h2. In this way, the light emission current Thl
flowing in the light emitting element group HS1 and the light
emission current Th2 flowing in the light emitting element
group HS2 have the same current value, and hence the light
emitting element group HS1 and the light emitting element
group HS2 have the same light emission luminance. How-
ever, if it is not necessary that the light emitting element
group HS1 and the light emitting element group HS2 have
the same light emission luminance, it is not necessary to set
the resistance value of the resistor element Rh3 to be larger
than the resistance value of the resistor element Rh4.
[0092] The light emission control unit HCb includes a
comparing circuit CNa, a transistor N1, and a transistor N2.
[0093] The comparing circuit CNa includes the resistor
element R1, the resistor element R2, the reference power
supply Refl, and a comparator Cp2. Note that the connec-
tion node between the resistor element R1 and the power
supply circuit VS is Nd1, and hence in this embodiment, the
node Nd1 is a connection node between the comparing
circuit CNa and the power supply circuit VS, in other words.
[0094] The comparator Cp2 has a noninverting terminal
connected to the node Nd2 so as to receive the comparison
voltage Ve, and an inverting terminal connected to the other
terminal of the reference power supply Refl so as to receive
the reference voltage Vrefl. The comparator Cp2 compares
the comparison voltage V¢ with the reference voltage Vrefl
and outputs a comparison result signal Ver2 as a result of the
comparison from an output terminal. If the comparison
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voltage Vc is lower than the reference voltage Vrefl, the
comparator Cp2 outputs the comparison result signal Ver2
of low level that is 0 V, for example. If the comparison
voltage Vc is higher than the reference voltage Vrefl, the
comparator Cp2 outputs the comparison result signal Ver2
of high level that is substantially the same as the drive
voltage Vk, for example.

[0095] As described above, the comparing circuit CNa is
connected to the power supply circuit VS and determines
whether the drive voltage Vk is higher or lower than a
voltage based on the light emission reference voltage VH,
and outputs the comparison result signal Ver2 as a result.
[0096] The transistor N1 is an NMOS transistor and has
the gate terminal G as a control terminal connected to the
output terminal of the comparator Cp2, i.e. to the comparing
circuit CNa, the drain terminal D connected to the node
Nhla, and the source terminal S connected to the power
supply VSS. In other words, the node Nhla is connected to
the power supply VSS via the transistor N1. The transistor
N1 is on-off controlled by the comparison result signal Vcr2
that is output from the comparing circuit CNa and is input
to the gate terminal G. In this way, light emission control and
light emission stop control of the light emitting element
group HS1 are performed.

[0097] The transistor N1 is turned off when the low level
comparison result signal Vcr2 output from the comparing
circuit CNa is input to the gate terminal G. In this case, the
light emission current Thl flowing in the light emitting
element group HS1 is stopped to be 0 A. In other words,
supply of the light emission current Ih1 to the light emitting
element group HS1 is stopped, and hence the light emitting
element group HS1 does not emit light. In addition, the
transistor N1 is turned on when the high level comparison
result signal Ver2 output from the comparator Cp2 is input
to the gate terminal G. In this case, because the light emitting
element group HS1 is applied with the light emission
voltage Vh1 higher than the reference voltage VHI, the light
emission current Thl flows in the light emitting element
group HS1. In this way, the light emitting element group
HS1 emits light.

[0098] The transistor N2 is an NMOS transistor and has
the gate terminal G as a control terminal connected to the
output terminal of the comparator Cp2, i.e., to the comparing
circuit CNa, the drain terminal D connected to the node
Nh2a, and the source terminal S connected to the power
supply VSS. In other words, the node Nh2a is connected to
the power supply VSS via the transistor N2. The transistor
N2 is on-off controlled by the comparison result signal Vcr2
that is output from the comparing circuit CNa and is input
to the gate terminal G. In this way, light emission control and
light emission stop control of the light emitting element
group HS2 are performed.

[0099] When the low level comparison result signal Vcr2
output from the comparing circuit CNa is input to the gate
terminal G, the transistor N2 is turned off. In this case, the
light emission current Th2 flowing in the light emitting
element group HS2 is stopped to be O A. In other words, the
supply of the light emission current Ih2 to the light emitting
element group HS2 is stopped, and hence the light emitting
element group HS2 does not emit light. In addition, when the
high level comparison result signal Ver2 output from the
comparator Cp2 is input to the gate terminal G, the transistor
N2 is turned on. In this case, because the light emission
voltage Vh2 higher than the reference voltage VHI1 is
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applied to the light emitting element group HS2, the light
emission current [h2 flows in the light emitting element
group HS2. In this way, the light emitting element group
HS2 emits light.

[0100] As described above, the light emission control unit
HCb detects a magnitude relationship between the drive
voltage Vk and the light emission reference voltage VH. If
the drive voltage Vk is higher than the light emission
reference voltage VH, the light emission control unit HCb
performs light emission control to cause light emission of
the light emitting element groups HS by turning on the
transistor N1 so that the light emission current Thl can be
supplied to the light emitting element group HS1, and by
turning on the transistor N2 so that the light emission current
Th2 can be supplied to the light emitting element group HS2.
If the drive voltage Vk is lower than the light emission
reference voltage VH, the light emission control unit HCb
performs light emission stop control to stop light emission of
the light emitting element groups HS by turning off the
transistor N1 so that the light emission current [h1 cannot be
supplied to the light emitting element group HS1, and by
turning off the transistor N2 so that the light emission current
Th2 cannot be supplied to the light emitting element group
HS2. Therefore, the lighting device 20 according to this
embodiment can cause as well as stop the light emission of
the light emitting element group HS1 and the light emitting
element group HS2 at the same time.

[0101] Note that the lighting device 20 performs the light
emission control and the light emission stop control by
controlling on and off of the transistor N1 connected
between the node Nhla and the power supply VSS, and by
controlling on and off of the transistor N2 connected
between the node Nh2a and the power supply VSS, and
hence it is not necessary to connect the PMOS transistors
between the power supply circuit VS and the light emitting
element group HS1 as well as the light emitting element
group HS2, for performing the light emission control and the
light emission stop control, like the lighting devices 10, 10a,
and 105 in the first embodiment. Therefore, the light emis-
sion voltage Vh1 based on the drive voltage Vk output from
the power supply circuit VS can be supplied to the light
emitting element group HS1 without causing a voltage drop,
and the light emission voltage Vh2 can be supplied to the
light emitting element group HS2 without causing a voltage
drop. Therefore, the light emitting element group HS1 and
the light emitting element group HS2 can emit light by a
lower voltage as the drive voltage Vk.

[0102] In addition, the lighting device 20 performs the
light emission control and the light emission stop control by
controlling on and off of the transistor N1 connected
between the node Nhla and the power supply VSS, and by
controlling on and off of the transistor N2 connected
between the node Nh2a and the power supply VSS, and
hence it is not necessary to use the PMOS ftransistors for
performing the light emission control and the light emission
stop control, like the lighting devices 10, 10a, and 105 in the
first embodiment. In other words, the light emission control
and the light emission stop control can be performed by the
NMOS transistors that requires a smaller size than the
PMOS transistors for achieving the same drive ability, and
hence it is possible to reduce the area of the lighting devices
compared with the lighting devices 10, 10a, and 105 in the
first embodiment.
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[0103] FIGS. 6A to 6E are diagrams illustrating transitions
of signal waveforms from rising to falling of the power
supply to drive the lighting device 20. FIG. 6A indicates the
transition of the drive voltage Vk in temporal change. FIG.
6B indicates a relationship between the transition of the
comparison voltage Vc and the reference voltage Vrefl in
temporal change. FIG. 6C indicates the transition of the
comparison result signal Vcr2 in temporal change. FIG. 6D
indicates the transitions of the light emission voltage Vhl
and the light emission voltage Vh2 in temporal change. FIG.
6F indicates the transitions of the light emission current Th1l
and the light emission current Th2 in temporal change. Note
that in each of FIGS. 6A to 6D, the vertical axis represents
voltage V, and the horizontal axis represents time t. Further,
in FIG. 6E, the vertical axis represents current I, and the
horizontal axis represents time t. Further, time points t10 to
t14 are common among FIGS. 6A to 6E. In addition, in FIG.
6F, the light emission current Thl and the light emission
current Th2 are shown to have the same current value, but
this is not a limitation in reality. In addition, in FIGS. 6A to
6F, the signal waveform described in the first embodiment
with reference to FIGS. 2A to 2E is denoted by the same
numeral or symbol, and description thereof is appropriately
omitted.

[0104] At time point t10, drive of the power supply to
drive the lighting device 20 is started so that the drive
voltage VKk starts to increase. In this case, the comparison
voltage Vc is equal to or lower than 3 V as the reference
voltage Vrefl, and hence the comparison result signal Vecr2
is low level. In addition, because the comparison result
signal Vcr2 is low level, the transistor N1 and the transistor
N2 is turned off, the light emission current Th1 does not flow
in the light emitting element group HS1, and the light
emission current [h2 does not flow in the light emitting
element group HS2. In other words, at time point t10, the
light emitting element groups HS are in off state.

[0105] At time point t11, the comparison voltage Vc
becomes equal to or higher than the reference voltage Vrefl,
and the comparison result signal Vcr2 becomes high level so
that the transistor N1 and the transistor N2 are turned on. In
this case, the light emission voltage Vhl and the light
emission voltage Vh2 are approximately 9 V, and hence the
light emission current Thl flows in the light emitting element
group HS1 so that the light emitting element group HS1
emits light. In addition, the light emission current [h2 flows
in the light emitting element group HS2 so that the light
emitting element group HS2 emits light. In other words, all
the light emitting elements HSla of the light emitting
element group HS1 and all the light emitting elements HS2a
of the light emitting element group HS2 emit light at the
same timing without a variation.

[0106] At time point t12, when the drive of the power
supply to drive the lighting device 20 is stopped, the drive
voltage Vk starts to decrease. In this case, the comparison
voltage Vc, the light emission voltage Vhl, the light emis-
sion current Ihl, the light emission voltage Vh2, and the
light emission current [h2 also start to decrease.

[0107] At time point t13, the decreased drive voltage Vk
becomes lower than 9 V, and the comparison voltage Vc
becomes lower than 3 V. In this way, the comparison result
signal Vcr2 becomes low level, and hence the transistor N1
and the transistor N2 are turned off. Then, the light emission
current Th1 flowing in the light emitting element group HS1
and the light emission current Th2 flowing in the light
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emitting element group HS2 are stopped so that the light
emitting element group HS1 and the light emitting element
group HS2 are turned off at the same time. In this case, the
transistor N1 and the transistor N2 are turned off at a time
point when the light emission voltage Vhl and the light
emission voltage Vh2 are higher than 8 V as the reference
voltage VH2. Therefore, it is avoided that the light emitting
element group HS1 and the light emitting element group
HS2 are turned off at different timings with a variation.
[0108] At time point t14, the drive voltage Vk is decreased
to 0 V. In this way, drive of the lighting device 20 is stopped.
[0109] As described above, in the lighting device 20
according to the second embodiment of the present inven-
tion, the light emission control unit HCb detects a magnitude
relationship between the drive voltage Vk and the light
emission reference voltage VH. If the drive voltage Vk is
higher than the light emission reference voltage VH, the
lighting device 20 performs light emission control to cause
light emission of the light emitting element groups HS. If the
drive voltage Vk is lower than the light emission reference
voltage VH, the lighting device 20 performs light emission
stop control to stop light emission of the light emitting
element groups HS. Therefore, it is possible to prevent a
variation in timing of causing as well as stopping light
emission of the light emitting element group HS1 and the
light emitting element group HS2.

[0110] [First Variation of Second Embodiment]

[0111] FIG. 7 is a diagram illustrating a lighting device
20a according to a first variation of the second embodiment
of the present invention. The lighting device 20a includes
the power supply circuit VS, the light emitting element
groups HS, the light emission control unit HCb, the dim-
ming circuit LC1, and the dimming circuit LC2. The lighting
device 20a according to this variation is substantially dif-
ferent from the lighting device 20 illustrated in FIG. 5 in that
the dimming circuit LC1 and the dimming circuit LC2 are
further provided. Note that in the lighting device 20aq illus-
trated in FIG. 7, the same structure as in the lighting device
10q illustrated in FIG. 3, the lighting device 105 illustrated
in FIG. 4, or the lighting device 20 illustrated in FIG. 5 is
denoted by the same numeral or symbol, and description
thereof is appropriately omitted.

[0112] The dimming circuit LC1 has one terminal con-
nected to the node Nd1 so as to be connected to the power
supply circuit VS. In addition, the dimming circuit LC1 has
the other terminal connected to the node Nhl. In other
words, the node Nhl is connected to the power supply
circuit VS via the dimming circuit LC1 and the node Nd1.
The dimming circuit LC1 adjusts the light emission current
Th1 flowing in the light emitting element group HS1 to have
a predetermined current value.

[0113] Note that the lighting device 20a according to this
embodiment has the structure in which the dimming circuit
LC1 is connected between the node Nd1 and the node Nhi,
but this is not a limitation. The dimming circuit LC1 may be
connected between the node Nhla and the power supply
VSS.

[0114] The dimming circuit LC2 has one terminal con-
nected to the node Nd1, so as to be connected to the power
supply circuit VS. In addition, the dimming circuit LC2 has
the other terminal connected to the node Nh2. In other
words, the node Nh2 is connected to the power supply
circuit VS via the dimming circuit LC2 and the node Nd1.
In this way, the series connection of the dimming circuit
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LC2 and the light emitting element group HS2 is connected
in parallel to the series connection of the dimming circuit
LC1 and the light emitting element group HS1 at the node
Nd1. The dimming circuit LC2 adjusts the light emission
current Th2 flowing in the light emitting element group HS2
to have a predetermined current value.

[0115] Note that the lighting device 20a according to this
embodiment has the structure in which the dimming circuit
LC2 is connected between the node Nd2 and the node Nh2,
but this is not a limitation. The dimming circuit LC2 may be
connected between the node Nh2a and the power supply
VSS.

Third Embodiment

[0116] FIG. 8 is a diagram illustrating a lighting device 30
according to a third embodiment of the present invention.
The lighting device 30 includes the power supply circuit VS,
the light emitting element groups HS, the dimming circuit
LC1, the dimming circuit LC2, and a light emission control
unit HCc. The lighting device 30 according to this embodi-
ment is substantially different from the lighting device 10a
illustrated in FIG. 3 in that the light emission control unit
HCc is provided instead of the light emission control unit
HC, and is substantially different from the lighting device
105 illustrated in FIG. 4 in that the light emission control
unit HCc is provided instead of the light emission control
unit HCa, and is substantially different from the lighting
device 20aq illustrated in FIG. 7 in that the light emission
control unit HCc is provided instead of the light emission
control unit HCb. Note that in the lighting device 30
illustrated in FIG. 8, the same structure as in the lighting
device 10q illustrated in FIG. 3, the lighting device 105
illustrated in FIG. 4, or the lighting device 20q illustrated in
FIG. 7 is denoted by the same numeral or symbol, and
description thereof is appropriately omitted.

[0117] The dimming circuit LC1 has one terminal con-
nected to the node Nd1, so as to be connected to the power
supply circuit VS. In addition, the dimming circuit LC1 has
the other terminal connected to the node Nhl. In other
words, the node Nhl is connected to the power supply
circuit VS via the dimming circuit LC1 and the node Nd1.
The dimming circuit L.C1 adjusts the light emission current
Ih1 flowing in the light emitting element group HS1 to have
a predetermined current value, so as to adjust the light
emission luminance of the light emitting element group
HS1. The dimming circuit LC1 includes a transistor P4 as a
first dimming switch and a comparing circuit CNL1 as a first
dimming comparing circuit.

[0118] The comparing circuit CNL1 includes a resistor
element R3, a reference power supply Ref2, and a compara-
tor Cp3.

[0119] The resistor element R3 has one terminal connected
to the power supply circuit VS and has a resistance value of
400 ohms, for example.

[0120] The reference power supply Ref2 has one terminal
connected to the power supply circuit VS and one terminal
of the resistor element R3, and outputs a reference voltage
Vref2 as a first dimming reference voltage. The reference
power supply Ref2 outputs the reference voltage Vref2 at a
potential that is decreased from the drive voltage Vk by a
predetermined potential.

[0121] The comparator Cp3 has an inverting terminal
connected to the other terminal of the resistor element R3 so
as to receive a feedback voltage Vbl as a first dimming
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comparison voltage that is a potential of the resistor element
R3, and a noninverting terminal connected to the other
terminal of the reference power supply Ref2 so as to receive
the reference voltage Vref2. The comparator Cp3 compares
the feedback voltage VIibl with the reference voltage Vref2
and outputs a comparison result signal Ver3 as a first control
signal as a result of the comparison from an output terminal.
Here, a connection node between the other terminal of the
resistor element R3 and the inverting terminal of the com-
parator Cp3 is referred to as a node Nd4. Note that the
voltage level of the feedback voltage Vib1 is determined
based on the light emission voltage Vh1.

[0122] The transistor P4 is a PMOS transistor, and its
source terminal S is connected to the node Nd4 that is the
other terminal of the resistor element R3 and is a noninvert-
ing terminal of the comparator Cp3, i.e. is connected to the
power supply circuit VS via the resistor element R3, and its
drain terminal D is connected to the node Nh1. The transistor
P4 generates and outputs the light emission voltage Vh1 and
the light emission current Thl from the drive voltage Vk
supplied to the source terminal S from the power supply
circuit VS via the resistor element R3.

[0123] Here, the comparator Cp3 compares the feedback
voltage Vib1 with the reference voltage Vref2, supplies the
comparison result signal Ver3 to the gate terminal G of the
transistor P4 so that a potential of the node Nd4 has the same
level as the reference voltage Vref2 based on a result of the
comparison, and adjusts the output level of the light emis-
sion current Thl output from the transistor P4. If the feed-
back voltage Vb1 is lower than the reference voltage Vref2,
for example, the comparator Cp3 outputs the comparison
result signal Ver3 having a lower voltage level so as to
increase the potential of the node Nd4, and controls the
output of the transistor P4 to increase. If the feedback
voltage Vib1 is higher than the reference voltage Vref2, for
example, the comparator Cp3 outputs the comparison result
signal Ver3 having a higher voltage level so as to decrease
the potential of the node Nd4, and controls the output of the
transistor P4 to decrease.

[0124] As described above, the dimming circuit LC1
adjusts the light emission current Thl output from the
transistor P4 to have a predetermined current value using the
comparison result signal Ver3 output from the comparing
circuit CNL1, and thus adjusts the light emission luminance
of the light emitting element group HS1.

[0125] The dimming circuit LC2 has one terminal con-
nected to the node Nd1, so as to be connected to the power
supply circuit VS. In addition, the dimming circuit LC2 has
the other terminal connected to the node Nh2. In other
words, the node Nh2 is connected to the power supply
circuit VS via the dimming circuit LC2 and the node Nd1.
The dimming circuit LC2 adjusts the light emission current
Th2 flowing in the light emitting element group HS2 to have
a predetermined current value, and thus adjusts the light
emission luminance of the light emitting element group
HS2. The dimming circuit LC2 includes a transistor P5 as a
second dimming switch, and a comparing circuit CNL2 as a
second dimming comparing circuit.

[0126] The comparing circuit CNL2 includes a resistor
element R4, a reference power supply Ref3, and a compara-
tor Cp4.

[0127] The resistor element R4 has one terminal con-
nected to the power supply circuit VS and has a resistance
value of 400 ohms, for example.



US 2019/0116639 Al

[0128] The reference power supply Ref3 has one terminal
connected to the power supply circuit VS and one terminal
of'the resistor element R4 so as to supply a reference voltage
Vref3 as a second dimming reference voltage. In the lighting
device 30, the reference voltage Vref3 is supplied as a
potential that is decreased from the drive voltage Vk by a
predetermined potential.

[0129] The comparator Cp4 has an inverting terminal
connected to the other terminal of the resistor element R4 so
as to receive a feedback voltage Vib2 as a second dimming
comparison voltage having a potential of the resistor ele-
ment R4, and a noninverting terminal connected to the other
terminal of the reference power supply Ref3 so as to receive
the reference voltage Vref3. The comparator Cp4 compares
the feedback voltage Vib2 with the reference voltage Vref3,
and outputs a comparison result signal Verd4 as a second
control signal as a result of the comparison from an output
terminal. Here, a connection node between the other termi-
nal of the resistor element R4 and the inverting terminal of
the comparator Cp4 is referred to as a node Nd5. Note that
a voltage level of the feedback voltage Vb2 is determined
based on the light emission voltage Vh2.

[0130] The transistor P5 is a PMOS transistor, and its
source terminal S is connected to the node Nd5 that is the
other terminal of the resistor element R4 and is the nonin-
verting terminal of the comparator Cp4, i.e. is connected to
the power supply circuit VS via the resistor element R4, and
its drain terminal D is connected to the node Nh2. The
transistor P5 generates and outputs the light emission volt-
age Vh2 and the light emission current [h2 from the drive
voltage Vk supplied to the source terminal S from the power
supply circuit VS via the resistor element R4.

[0131] Here, the comparator Cp4 compares the feedback
voltage Vib2 with the reference voltage Vref3, supplies the
comparison result signal Vcrd to the gate terminal G of the
transistor P5 so that a potential of the node Nd5 has the same
level as the reference voltage Vref3 based on a result of the
comparison, and adjusts an output level of the light emission
current [h2 output from the transistor P5. If the feedback
voltage Vib2 is lower than the reference voltage Vref3, for
example, the comparator Cp4 outputs the comparison result
signal Verd having a lower voltage level so as to increase the
potential of the node Nd5, and controls the output of the
transistor P5 to increase. If the feedback voltage Vib2 is
higher than the reference voltage Vref3, for example, the
comparator Cp4 outputs the comparison result signal Verd
having a higher voltage level so as to decrease the potential
of the node Nd5, and controls the output of the transistor P5
to decrease.

[0132] As described above, the dimming circuit LC2
adjusts the light emission current Th2 output from the
transistor P5 to have a predetermined current value using the
comparison result signal Vcrd output from the comparing
circuit CNL2, and thus adjusts the light emission luminance
of the light emitting element group HS2.

[0133] Note that the series connection of the dimming
circuit LC1 and the light emitting element group HS1 is
connected in parallel to the series connection of the dimming
circuit LC2 and the light emitting element group HS2 with
respect to the power supply circuit VS.

[0134] The light emission control unit HCc includes a
transistor P6, a transistor P7, and the comparing circuit CNa.
[0135] The transistor P6 is a PMOS transistor, which has
the source terminal S as one terminal connected to the power
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supply circuit VS, the drain terminal D as the other terminal
connected to the gate terminal G of the transistor P4, and the
gate terminal G as a control terminal connected to the
comparing circuit CNa. The transistor P6 is on-off controlled
by the comparison result signal Vcr2, which is output from
the comparing circuit CNa and is input to the gate terminal
G, and thus the light emission control and the light emission
stop control of the light emitting element group HS1 are
performed.

[0136] The transistor P6 is turned on when the low level
comparison result signal Ver2 is input to the gate terminal G
from the comparing circuit CNa. In this way, the transistor
P4 becomes off state regardless of the output of the com-
parison result signal Vcr3 because the source terminal S and
the gate terminal G are short-circuited. In other words, the
transistor P4 cannot be turned on by the comparison result
signal Ver3 so that the supply of the light emission current
Th to the light emitting element group HS1 is stopped. In
other words, the dimming circuit L.C1 stops generation of
the light emission current Thl based on the light emission
stop control by the light emission control unit HCc. In the
way described above, the light emission stop control of the
light emitting element group HS1 is performed.

[0137] The transistor P6 is turned off when the high level
comparison result signal Ver2 is input to the gate terminal G
from the comparing circuit CNa. In this way, the short-
circuit between the source terminal S and the gate terminal
G of the transistor P4 is released so that they are uncon-
nected, and hence a current value of the light emission
current [h1 output from the transistor P4 to the light emitting
element group HS1 can be controlled by the comparison
result signal Ver3. In other words, the dimming circuit LC1
generates the light emission current Ihl based on the light
emission control by the light emission control unit HCc. As
described above, the light emission control of the light
emitting element group HS1 is performed.

[0138] Note that a first threshold voltage for the transistor
P6 to be turned on is preferred to be lower than a second
threshold voltage for the transistor P4 to be turned on. The
reason of this is as follows. As to the transistor P6, if the
drive voltage Vk is lower than the light emission reference
voltage VH, the low level comparison result signal Ver2 is
input to the gate terminal G while the drive voltage Vk is
input to the source terminal S, and hence the transistor P6 is
turned on along with an increase of the drive voltage Vk. On
the other hand, as to the transistor P4, the drive voltage Vk
is input to the source terminal S while the output of the
transistor P6 is input to the gate terminal G. In this case, if
the second threshold voltage of the transistor P4 is lower
than the first threshold voltage of the transistor P6, the
transistor P4 is turned on before the transistor P6 is turned
on so that the gate terminal G and the source terminal S of
the transistor P4 are short-circuited, and hence the light
emission voltage Vh1l may be applied to the light emitting
element group HS1 so that the light emitting element group
HS1 may emit light slightly.

[0139] The transistor P7 is a PMOS transistor, which has
the source terminal S as one terminal connected to the power
supply circuit VS, the drain terminal D as the other terminal
connected to the gate terminal G of the transistor P5, and the
gate terminal G as a control terminal connected to the
comparing circuit CNa. The transistor P7 is on-off controlled
by the comparison result signal Vcr2, which is output from
the comparing circuit CNa and is input to the gate terminal
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G. In this way, the light emission control and the light
emission stop control of the light emitting element group
HS2 are performed.

[0140] The transistor P7 is turned on when the low level
comparison result signal Ver2 is input to the gate terminal G
from the comparing circuit CNa. In this way, the transistor
P5 becomes off state regardless of the output of the com-
parison result signal Verd because the source terminal S and
the gate terminal G are short-circuited. In other words, the
transistor P5 cannot be turned on by the comparison result
signal Vcrd so that the supply of the light emission current
Th2 to the light emitting element group HS2 is stopped. In
other words, the dimming circuit LC2 stops generation of
the light emission current Th2 based on the light emission
stop control by the light emission control unit HCc. In the
way described above, the light emission stop control of the
light emitting element group HS2 is performed.

[0141] The transistor P7 is turned off when the high level
comparison result signal Ver2 is input to the gate terminal G
from the comparing circuit CNa. In this way, the short-
circuit between the source terminal S and the gate terminal
G of the transistor P5 is released so that they are uncon-
nected, and hence a current value of the light emission
current [h2 output from the transistor P5 to the light emitting
element group HS2 can be controlled by the comparison
result signal Vcrd. In other words, the dimming circuit LC2
generates the light emission current Th2 based on the light
emission control by the light emission control unit HCc. As
described above, the light emission control of the light
emitting element group HS2 is performed.

[0142] Note that a third threshold voltage for the transistor
P7 to be turned on is preferred to be lower than a fourth
threshold voltage for the transistor P5 to be turned on. The
reason of this is as follows. As to the transistor P7, if the
drive voltage Vk is lower than the light emission reference
voltage VH, the low level comparison result signal Ver2 is
input to the gate terminal G while the drive voltage Vk is
input to the source terminal S, and hence the transistor P7 is
turned on along with an increase of the drive voltage Vk. On
the other hand, as to the transistor P5, the drive voltage Vk
is input to the source terminal S while the output of the
transistor P7 is input to the gate terminal G. In this case, if
the fourth threshold voltage of the transistor P5 is lower than
the third threshold voltage of the transistor P7, the transistor
P5 is turned on before the transistor P7 is turned on so that
the gate terminal G and the source terminal S of the
transistor P5 are short-circuited, and hence the light emis-
sion voltage Vh2 may be applied to the light emitting
element group HS1 so that the light emitting element group
HS2 may emit light slightly.

[0143] As described above, the light emission control unit
HCc detects a magnitude relationship between the drive
voltage Vk and the light emission reference voltage VH. If
the drive voltage Vk is higher than the light emission
reference voltage VH, the light emission control unit HCc
performs the light emission control to cause light emission
of the light emitting element groups HS by turning off the
transistor P6 to enable control of the output of the transistor
P4 by the comparison result signal Vcr3, and by turning off
the transistor P7 to enable control of the output of the
transistor P5 by the comparison result signal Vcrd, so that
the light emission current Thl can be supplied to the light
emitting element group HS1 and that the light emission
current [h2 can be supplied light emitting element group
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HS2. In other words, the light emission control unit HCc
performs light emission control so that the dimming circuit
LC1 can generate the light emission current Th1 while the
dimming circuit LC2 can generate the light emission current
Th2. In addition, if the drive voltage Vk is lower than the
light emission reference voltage VH, the light emission
control unit HCc performs the light emission stop control to
stop light emission of the light emitting element groups HS
by turning on the transistor P6 and the transistor P7 so that
the outputs of the transistor P4 and the transistor P5 of the
dimming circuit LC1 cannot be controlled by the compari-
son result signal Vcr3 and are forcibly stopped, so that the
light emission current Thl cannot be supplied to the light
emitting element group HS1, and that the light emission
current [h2 cannot be supplied to the light emitting element
group HS2. In other words, the light emission control unit
HCc performs the light emission stop control so that the
dimming circuit LC1 cannot generate the light emission
current Thl, and that the dimming circuit LC2 cannot gen-
erate the light emission current Ih2. Therefore, the lighting
device 30 according to this embodiment can cause as well as
stop the light emission of the light emitting element group
HS1 and the light emitting element group HS2 at the same
time.

[0144] FIGS. 9A to 9E are diagram illustrating transitions
of signal waveforms from rising to falling of a power supply
to drive the lighting device 30. FIG. 9A indicates the
transition of the drive voltage Vk in temporal change. FIG.
9B indicates a relationship between the transition of the
comparison voltage Vc and the reference voltage Vrefl in
temporal change. FIG. 9C indicates the transition of the
comparison result signal Vcr2 in temporal change. FIG. 9D
indicates the transitions of the light emission voltage Vhl
and the light emission voltage Vh2 in temporal change. FIG.
9E indicates the transition of the light emission current [hl
and the light emission current Th2 in temporal change. Note
that, in each of FIGS. 9A to 9D, the vertical axis represents
voltage V, and the horizontal axis represents time t. Further,
in FIG. 9E, the vertical axis represents current I, and the
horizontal axis represents time t. Further, time points t20 to
124 are common among FIGS. 9A to 9E. In addition, in FIG.
9E, the light emission current Thl and the light emission
current Th2 are shown to have the same current value, but
this is not a limitation in reality. In addition, in FIGS. 9A to
9E, the signal waveform described in second embodiment
with reference to FIGS. 6A to 6E is denoted by the same
numeral or symbol, and description thereof is appropriately
omitted.

[0145] At time point t20, the drive of the power supply to
drive the lighting device 30 is started so that the drive
voltage Vk starts to increase. In this case, because the
comparison voltage Vc is equal to or lower than 3 V as the
reference voltage Vrefl, the comparison result signal Ver2
has low level. In addition, because the comparison result
signal Vcr2 has low level, the drive voltage Vk increases.
When the gate-source voltage of the transistor P6 exceeds a
threshold value, the transistor P6 is turned on. When the
gate-source voltage of the transistor P7 exceeds a threshold
value, the transistor P7 is turned on. In this way, the gate
terminal G and the source terminal S of the transistor P4 are
short-circuited so that the transistor P4 is turned off. In
addition, the gate terminal G and the source terminal S of the
transistor P5 are short-circuited so that the transistor P5 is
turned off. Therefore, the light emission voltage Vh1 is 0 V
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so that the light emission current Th1 does not flow in the
light emitting element group HS1, and the light emission
voltage Vh2 is 0 V so that the light emission current Th2 does
not flow in the light emitting element group HS2. In other
words, the light emitting element group HS1 and the light
emitting element group HS2 are both turned off.

[0146] At time point t21, the comparison voltage Vc
becomes equal to or higher than the reference voltage Vrefl,
and the comparison result signal Ver2 is changed to high
level, so that the transistor P6 and the transistor P7 are turned
off. In this way, the short-circuit between the gate terminal
G and the source terminal S of the transistor P4 is released
so that the output of the transistor P4 can be adjusted by the
comparison result signal Ver3, and hence the light emission
luminance of the light emitting element group HS1 can be
adjusted. Here, because the light emission voltage Vhl is
approximately 9 V, when the transistor P4 is turned on, the
light emission current Thl flows in the light emitting element
group HS1 so that the light emitting element group HS1
emits light. In addition, the short-circuit between the gate
terminal G and the source terminal S of the transistor P5 is
released, and hence the output of the transistor P5 can be
adjusted by the comparison result signal Verd. Thus, the
light emission luminance of the light emitting element group
HS2 can be adjusted. Here, because the light emission
voltage Vh2 is approximately 9 V, when the transistor P5 is
turned on, the light emission current Th2 flows in the light
emitting element group HS2 so that the light emitting
element group HS2 emits light. In other words, all the light
emitting elements HS1a of the light emitting element group
HS1 and all the light emitting elements HS2a of the light
emitting element group HS2 emit light at the same timing
without a variation.

[0147] At time point t22, the drive of the power supply to
drive the lighting device 30 is stopped, and then the drive
voltage Vk starts to decrease. In this case, the comparison
voltage Vc, the light emission voltage Vhl, the light emis-
sion current Ihl, the light emission voltage Vh2, and the
light emission current [h2 also start to decrease.

[0148] At time point t23, the decreasing drive voltage Vk
becomes lower than 9 V, and the comparison voltage Vc
becomes lower than 3 V. In this way, the comparison result
signal Ver2 is changed to low level, and again the transistor
P6 and the transistor P7 are turned on while the transistor P4
and the transistor P5 are turned off. Then, the light emission
current Th1 flowing in the light emitting element group HS1
and the light emission current Th2 flowing in the light
emitting element group HS2 are stopped so that the light
emitting element group HS1 and the light emitting element
group HS2 are turned off at the same time. In this case, the
transistor P4 and the transistor P5 are turned off at a time
point when the light emission voltage Vhl and the light
emission voltage Vh2 are higher than 8 V as the reference
voltage VH2, and hence it is avoided that the light emitting
element group HS1 and the light emitting element group
HS2 are turned off at different timings with a variation.
[0149] At time point t24, the drive voltage Vk is decreased
to 0 V. In this way, the drive of the lighting device 30 is
stopped.

[0150] As described above, in the lighting device 30
according to the third embodiment of the present invention,
the light emission control unit HCc detects a magnitude
relationship between the drive voltage Vk and the light
emission reference voltage VH, performs light emission
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control to cause light emission of the light emitting element
groups HS if the drive voltage Vk is higher than the light
emission reference voltage VH, and performs light emission
stop control to stop light emission of the light emitting
element groups HS if the drive voltage Vk is lower than the
light emission reference voltage VH. Therefore, it is possible
to prevent a variation in timing of causing as well as
stopping light emission of the light emitting element group
HS1 and the light emitting element group HS2.

[0151] In addition, in the lighting device 30 according to
the third embodiment of the present invention, the dimming
circuit LC1 stops generation of the light emission current
Ih1 based on the light emission stop control by the light
emission control unit HCc, and generates the light emission
current Th1 based on the light emission control by the light
emission control unit HCc. In addition, the dimming circuit
LC2 stops generation of the light emission current [h2 based
on the light emission stop control by the light emission
control unit HCc, and generates the light emission current
Th2 based on the light emission control by the light emission
control unit HCc. Therefore, it is not necessary to dispose a
transistor for performing the light emission control or the
light emission stop control in the path of current for causing
light emission of the light emitting element groups HS like
the lighting devices 10, 10a, 1056, 20, and 20a. Therefore, it
is possible to suppress an increase in a circuit area of the
lighting device that may occur when using the present
invention.

[0152] Note that the lighting device 30 according to this
embodiment has the structure in which the dimming circuit
LC1 is connected between the power supply circuit VS and
the node Nhl, and the dimming circuit L.C2 is connected
between the power supply circuit VS and the node Nh2 as
described above, but this is not a limitation. It is possible to
adopt a structure in which the dimming circuit LC1 is
connected between the node Nhla and the power supply
VSS, and the dimming circuit LC2 is connected between the
node Nh2a and the power supply VSS. In this case too, when
adopting the structure in which the dimming circuit L.C1
generates the light emission current Ihl based on the light
emission control and stops generation of the light emission
current Ih1 based on the light emission stop control, and the
dimming circuit LC2 generates the light emission current
Th2 based on the light emission control and stops generation
of the light emission current [h2 based on the light emission
stop control, it is possible to achieve the effect obtained by
this embodiment, i.e., to suppress an increase in the circuit
area.

[0153] In addition, in the lighting device 30 according to
this embodiment, the noninverting terminal of the compara-
tor Cp4 is connected to the other terminal of the reference
power supply Ref3 so that the reference voltage Vref3 is
supplied, as an example, but this is not a limitation. It is
possible to supply the reference voltage Vref3 to the non-
inverting terminal of the comparator Cp4 from the reference
power supply Ref2. In this case, it is preferred to adopt the
structure in which, instead of the reference power supply
Ref3, the other terminal of the reference power supply Ref2,
whose one terminal is connected to the power supply circuit
VS and one terminal of the resistor element R3, is connected
to the noninverting terminal of the comparator Cp3 and is
connected to the noninverting terminal of the comparator
Cp4. In this way, it is possible to suppress an increase in the
area of the lighting device 30.
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[0154] [First Variation of Third Embodiment]

[0155] FIG. 10 is a diagram illustrating a lighting device
30a according to a first variation of the third embodiment of
the present invention. The lighting device 30a includes the
power supply circuit VS, the light emitting element groups
HS, the dimming circuit L.C1, the dimming circuit LC2, and
the light emission control unit HCc. In the lighting device
30a according to this variation, the connection destinations
of' the transistor P6 and the transistor P7 of the light emission
control unit HCc are substantially different from those in the
lighting device 30 illustrated in FIG. 8. Note that in the
lighting device 30q illustrated in FIG. 10, the same structure
as in the lighting device 30 illustrated in FIG. 8 is denoted
by the same numeral or symbol, and description thereof is
appropriately omitted.

[0156] The transistor P6 has the drain terminal D as the
other terminal connected to the other terminal of the refer-
ence power supply Ref2 and the noninverting terminal of the
comparator Cp3.

[0157] The transistor P6 is turned on when the low level
comparison result signal Verl is input to the gate terminal G
from the comparing circuit CNa. In this way, the noninvert-
ing terminal of the comparator Cp3 is supplied with the drive
voltage Vk as the reference voltage Vref2 regardless of the
potential supplied by the reference power supply Ref2, and
the comparison result signal Vcr3 output from the compara-
tor Cp3 is supplied to the gate terminal G of the transistor
P4, so that the feedback voltage Vb1 has the same level as
the reference voltage Vref2, i.e. so that the drive voltage Vk
does not cause a voltage drop by the resistor element R3, in
other words, so that potentials on both ends of the resistor
element R3 have the same level, and the transistor P4 is
turned off so that the supply of the light emission current Ih1
to the light emitting element group HS1 is stopped. In other
words, the dimming circuit LC1 stops generation of the light
emission current [h1 based on the light emission stop control
by the light emission control unit HCc. In the way described
above, the light emission stop control of the light emitting
element group HS1 is performed.

[0158] In addition, the transistor P6 is turned off when the
high level comparison result signal Verl is input to the gate
terminal G from the comparing circuit CNa. In this way,
because a voltage supplied from the reference power supply
Ref2 is supplied as the reference voltage Vref2 to the
noninverting terminal of the comparator Cp3, a current
value of the light emission current Thl output from the
transistor P4 to the light emitting element group HS1 can be
controlled by the comparison result signal Vcr3. In other
words, the dimming circuit LC1 generates the light emission
current Th1 based on the light emission control by the light
emission control unit HCc. As described above, the light
emission control of the light emitting element group HS1 is
performed.

[0159] The transistor P7 has the drain terminal D as the
other terminal connected to the other terminal of the refer-
ence power supply Ref3 and the noninverting terminal of the
comparator Cp4.

[0160] The transistor P7 is turned on when the low level
comparison result signal Verl is input to the gate terminal G
from the comparing circuit CNa. In this way, the noninvert-
ing terminal of the comparator Cp4 is supplied with the drive
voltage Vk as the reference voltage Vref3 regardless of the
potential supplied by the reference power supply Ref3, and
the comparison result signal Vcrd output from the compara-
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tor Cp4 is supplied to the gate terminal G of the transistor
P5, so that the feedback voltage Vb2 has the same level as
the reference voltage Vref3, i.e. so that the drive voltage Vk
does not cause a voltage drop by the resistor element R4, in
other words, so that potentials on both ends of the resistor
element R4 have the same level, and the transistor P5 is
turned off so that the supply of the light emission current Ih2
to the light emitting element group HS2 is stopped. In other
words, the dimming circuit LC2 stops generation of the light
emission current [h2 based on the light emission stop control
by the light emission control unit HCc. In the way described
above, the light emission stop control of the light emitting
element group HS2 is performed.

[0161] In addition, the transistor P7 is turned off when the
high level comparison result signal Verl is input to the gate
terminal G from the comparing circuit CNa. In this way,
because a voltage supplied from the reference power supply
Ref3 is supplied as the reference voltage Vref3 to the
noninverting terminal of the comparator Cp4, a current
value of the light emission current Th2 output from the
transistor P5 to the light emitting element group HS2 can be
controlled by the comparison result signal Vcrd. In other
words, the dimming circuit LC2 generates the light emission
current Th2 based on the light emission control by the light
emission control unit HCc. As described above, the light
emission control of the light emitting element group HS2 is
performed.

[0162] As described above, the light emission control unit
HCc detects a magnitude relationship between the drive
voltage Vk and the light emission reference voltage VH. If
the drive voltage Vk is higher than the light emission
reference voltage VH, the light emission control unit HCc
performs the light emission control to cause light emission
of the light emitting element groups HS by turning off the
transistor P6 to enable control of the output of the transistor
P4 by the comparison result signal Vcr3, and by turning off
the transistor P7 to enable control of the output of the
transistor P5 by the comparison result signal Vcrd, so that
the light emission current Thl can be supplied to the light
emitting element group HS1 and that the light emission
current 1h2 can be supplied to the light emitting element
group HS2. In other words, the light emission control unit
HCc performs light emission control so that the dimming
circuit LC1 can generate the light emission current [h1 while
the dimming circuit LC2 can generate the light emission
current [h2. In addition, if the drive voltage Vk is lower than
the light emission reference voltage VH, the light emission
control unit HCc performs the light emission stop control to
stop light emission of the light emitting element groups HS
by turning on the transistor P6 and the transistor P7 to
forcibly stop the outputs of the transistor P4 and the tran-
sistor P5 of the dimming circuit LC1, so that the light
emission current [h1 cannot be supplied to the light emitting
element group HS1, and that the light emission current Th2
cannot be supplied to the light emitting element group HS2.
In other words, the light emission control unit HCc performs
the light emission stop control so that the dimming circuit
LC1 cannot generate the light emission current Th1, and that
the dimming circuit LC2 cannot generate the light emission
current Th2. Therefore, the lighting device 30 according to
this embodiment can cause as well as stop the light emission
of the light emitting element group HS1 and the light
emitting element group HS2 at the same time.
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[0163] In addition, the lighting device 30a according to
this embodiment performs the light emission control and the
light emission stop control by the comparing circuit CNa
and the two transistors, i.e. the transistor P6 and the tran-
sistor P7 of the light emission control unit HCc, but this is
not a limitation. It is possible to perform the control by the
comparing circuit CNa and the transistor P6. In this case, it
is preferred to adopt a structure in which the drain terminal
D of the transistor P6, instead of the transistor P7, is
connected to the noninverting terminal of the comparator
Cp3 and is also connected to the noninverting terminal of the
comparator Cp4.

[0164] [Second Variation of Third Embodiment]

[0165] FIG. 11 is a diagram illustrating a lighting device
306 according to a second variation of the third embodiment
of the present invention. The lighting device 304 includes
the power supply circuit VS, the light emitting element
groups HS, the dimming circuit LC1, the dimming circuit
LC2, and a light emission control unit HCd. The lighting
device 305 according to this variation is substantially dif-
ferent from the lighting device 30 illustrated in FIG. 8 in that
the light emission control unit HCd is provided instead of the
light emission control unit HCc. Note that in the lighting
device 305 illustrated in FIG. 11, the same structure as in the
lighting device 30 illustrated in FIG. 8 is denoted by the
same numeral or symbol, and description thereof is appro-
priately omitted.

[0166] The comparator Cp3 of the dimming circuit LC1 is
connected to the power supply circuit VS and receives
supply of the drive voltage Vk output from the power supply
circuit VS so as to be driven. In other words, the comparison
result signal Ver3 is generated based on the drive voltage
Vk.

[0167] The comparator Cp4 of the dimming circuit LC2 is
connected to the power supply circuit VS and receives
supply of the drive voltage Vk output from the power supply
circuit VS so as to be driven. In other words, the comparison
result signal Vcrd is generated based on the drive voltage
Vk.

[0168] The light emission control unit HCd includes a
transistor N3, a transistor N4, and the comparing circuit
CNa.

[0169] The transistor N3 is an NMOS transistor, which has
the source terminal S as one terminal connected to the power
supply VSS and the drain terminal D as the other terminal
connected to the comparator Cp3. In this way, the compara-
tor Cp3 is connected to the power supply VSS via the
transistor N3. In addition, the transistor N3 has the gate
terminal G as a control terminal connected to the comparing
circuit CNa. The transistor N3 is on-off controlled by the
comparison result signal Vcr2, which is output from the
comparing circuit CNa and is input to the gate terminal G.
In this way, the light emission control and the light emission
stop control of the light emitting element group HS1 are
performed.

[0170] The transistor N3 is turned off when the low level
comparison result signal Ver2 is input to the gate terminal G
from the comparing circuit CNa. In this way, the connection
between the comparator Cp3 and the power supply VSS is
interrupted, the comparison result signal Ver3 output from
the comparator Cp3 is forcibly set to high level, and the gate
terminal G of the transistor P4 is supplied with a voltage
having substantially the same level as the drive voltage Vk.
In this way, the transistor P4 is forcibly turned off regardless
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of a result of the comparison between the reference voltage
Vref2 and the feedback voltage Vibl by the comparator
Cp3, and hence the supply of the light emission current Thl
to the light emitting element group HS1 is stopped. In other
words, the dimming circuit LC1 stops generation of the light
emission current [h1 based on the light emission stop control
by the light emission control unit HCd. In the way described
above, the light emission stop control of the light emitting
element group HS1 is performed.

[0171] In addition, the transistor N3 is turned on when the
high level comparison result signal Ver2 is input to the gate
terminal G from the comparing circuit CNa. In this way, the
comparator Cp3 and the power supply VSS are electrically
connected to each other, and the comparator Cp3 can output
the comparison result signal Vcr3 based on a result of the
comparison between the reference voltage Vref2 and the
feedback voltage Vib1. Therefore, the current value of the
light emission current Thl output from the transistor P4 to
the light emitting element group HS1 can be controlled by
the comparison result signal Ver3. In other words, the
dimming circuit LC1 generates the light emission current
Th1 based on the light emission control by the light emission
control unit HCd. As described above, the light emission
control of the light emitting element group HS1 is per-
formed.

[0172] The transistor N4 is an NMOS transistor, which has
the source terminal S as one terminal connected to the power
supply VSS, and the drain terminal D as the other terminal
connected to the comparator Cp4. In this way, the compara-
tor Cp4 is connected to the power supply VSS via the
transistor N4. In addition, the transistor N4 has the gate
terminal G as a control terminal connected to the comparing
circuit CNa. The transistor N4 is on-off controlled by the
comparison result signal Vcr2, which is output from the
comparing circuit CNa and is input to the gate terminal G,
and thus the light emission control and the light emission
stop control of the light emitting element group HS2 are
performed.

[0173] The transistor N4 is turned off when the low level
comparison result signal Ver2 is input to the gate terminal G
of the comparing circuit CNa. In this way, the connection
between the comparator Cp4 and the power supply VSS is
interrupted, the comparison result signal Vcrd output from
the comparator Cp4 is forcibly set to high level, and the gate
terminal G of the transistor P5 is supplied with a voltage
having substantially the same level as the drive voltage Vk.
In this way, the transistor P5 is forcibly turned off regardless
of a result of the comparison between the reference voltage
Vref3 and the feedback voltage Vibl by the comparator
Cp3, and hence the supply of the light emission current Th2
to the light emitting element group HS2 is stopped. In other
words, the dimming circuit LC2 stops generation of the light
emission current [h2 based on the light emission stop control
by the light emission control unit HCd. In the way described
above, the light emission stop control of the light emitting
element group HS2 is performed.

[0174] In addition, the transistor N4 is turned on when the
high level comparison result signal Ver2 is input to the gate
terminal G from the comparing circuit CNa. In this way, the
comparator Cp4 and the power supply VSS are electrically
connected to each other, and hence the comparator Cp4 can
output the comparison result signal Vcrd based on a result of
the comparison between the reference voltage Vref3 and the
feedback voltage Vib2. Therefore, the current value of the
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light emission current Th2 output from the transistor P5 to
the light emitting element group HS2 can be controlled by
the comparison result signal Verd. In other words, the
dimming circuit LC2 generates the light emission current
1h2 based on the light emission control by the light emission
control unit HCd. In the way described above, the light
emission control of the light emitting element group HS2 is
performed.

[0175] As described above, the light emission control unit
HCd detects a magnitude relationship between the drive
voltage Vk and the light emission reference voltage VH. If
the drive voltage Vk is higher than the light emission
reference voltage VH, the light emission control unit HCd
performs the light emission control to cause light emission
of the of the light emitting element groups HS by turning on
the transistor N3 to enable control of the output of the
transistor P4 by the comparison result signal Ver3 based on
the comparison between the reference voltage Vref2 and the
feedback voltage Vibl, and by turning on the transistor N4
to enable control of the output of the transistor P5 by the
comparison result signal Vcrd based on the comparison
between the reference voltage Vref3 and the feedback volt-
age Vib2, so that the light emission current Thl can be
supplied to the light emitting element group HS1 and that the
light emission current Th2 can be supplied to the light
emitting element group HS2. In other words, the light
emission control unit HCd performs the light emission
control so that the dimming circuit LC1 can generate the
light emission current Thl while the dimming circuit LC2
can generate the light emission current Th2. In addition, if the
drive voltage Vk is lower than the light emission reference
voltage VH, the light emission control unit HCd performs
the light emission stop control to stop light emission of the
light emitting element groups HS by turning off the transis-
tor N3 to disable control of the output of the transistor P4 of
the dimming circuit LC1 to be forcibly turned off by the
comparison result signal Vcr3 based on the comparison
between the reference voltage Vref2 and the feedback volt-
age Vibl, and by turning off the transistor N4 to disable
control of the output of the transistor P5 of the dimming
circuit LC2 to be forcibly turned off by the comparison result
signal Vcrd based on the comparison between the reference
voltage Vref3 and the feedback voltage Vib2, so that the
light emission current Thl cannot be supplied to the light
emitting element group HS1, and that the light emission
current [h2 cannot be supplied to the light emitting element
group HS2. In other words, the light emission control unit
HCd performs the light emission stop control so that the
dimming circuit LC1 cannot generate the light emission
current Thl, and that the dimming circuit LC2 cannot gen-
erate the light emission current Ih2. Therefore, the lighting
device 30 according to this embodiment can cause as well as
stop the light emission of the light emitting element group
HS1 and the light emitting element group HS2 at the same
time.

[0176] In addition, the lighting device 305 according to
this embodiment performs the light emission control and the
light emission stop control by the comparing circuit CNa
and the two transistors, i.e. the transistor N3 and the tran-
sistor N4 of the light emission control unit HCd, but this is
not a limitation. It is possible to perform the control by the
comparing circuit CNa and the transistor N3. In this case, it
is preferred to adopt a structure in which the drain terminal
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D of the transistor N3 is connected to the comparator Cp3
and is also connected to the comparator Cp4.

[0177] [Third Variation of Third Embodiment]

[0178] FIG. 12 is a diagram illustrating a lighting device
30c¢ according to a third variation of the third embodiment of
the present invention. The lighting device 30c¢ includes the
power supply circuit VS, the light emitting element groups
HS, the light emission control unit HCe, a dimming circuit
LC11, and a dimming circuit LC12. The lighting device 30c¢
according to this variation is substantially different from the
lighting device 30 illustrated in FIG. 8 in that the light
emission control unit HCe is provided instead of the light
emission control unit HCc, and that the dimming circuit
LC11 and the dimming circuit LC12 are provided instead of
the dimming circuit LC1 and the dimming circuit LC2. Note
that in the lighting device 30c illustrated in FIG. 12, the
same structure as in the lighting device 30 illustrated in FIG.
8 is denoted by the same numeral or symbol, and description
thereof is appropriately omitted.

[0179] The light emission control unit HCe detects a
magnitude relationship between the drive voltage Vk and the
light emission reference voltage VH, performs light emis-
sion control to cause light emission of the light emitting
element groups HS if the drive voltage Vk is higher than the
light emission reference voltage VH, and performs light
emission stop control to stop light emission of the light
emitting element groups HS if the drive voltage Vk is lower
than the light emission reference voltage VH. The light
emission control unit HCe includes the comparing circuit
CN.

[0180] The dimming circuit LC11 has one terminal con-
nected to the node Nd1, and thus is connected to the power
supply circuit VS. In addition, the dimming circuit LC11 has
the other terminal connected to the node Nhl. In other
words, the node Nhl is connected to the power supply
circuit VS via the dimming circuit LC11 and the node Nd1.
The dimming circuit LC11 adjusts the light emission current
Th1 flowing in the light emitting element group HS1 to have
a predetermined current value, and hence adjusts the light
emission luminance of the light emitting element group
HS1. The dimming circuit LC11 includes a transistor PD1 as
the first dimming switch, a current generator circuit VC1 as
a first current generator circuit, a comparing circuit CNL11
as the first dimming comparing circuit, and a driving circuit
KD1 as a first driving circuit.

[0181] The transistor PD1 is a PMOS transistor having the
source terminal S connected to the power supply circuit VS.
[0182] The current generator circuit VC1 includes an
inductor L1, a capacitor C1, and a rectifier diode D1. The
inductor L1 has one terminal connected to the drain terminal
D of the transistor PD1. The capacitor C1 has one terminal
connected to the other terminal of the inductor L1 and the
other terminal connected to the power supply VSS. The
rectifier diode D1 has the anode connected to the power
supply VSS and the cathode connected to a connection node
between the drain terminal D of the transistor PD1 and one
terminal of the inductor L1.

[0183] When the transistor PD1 is on, in the current
generator circuit VC1, the inductor L1 stores magnetic
energy based on the drive voltage Vk output from the
transistor PD1, and the capacitor C1 smooths the same so as
to generate and output the light emission voltage Vhl and
the light emission current Thl. In addition, when the tran-
sistor PD1 is off, in the current generator circuit VC1, the
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magnetic energy stored in the inductor L1 is supplied to the
capacitor C1 via the rectifier diode D1, the capacitor C1
smooths the magnetic energy so as to generate and output
the light emission voltage Vh1 and the light emission current
Ihl. In other words, the current generator circuit VC1 steps
down the drive voltage Vk obtained by turning on and off the
transistor PD1, so as to generate and output the light
emission voltage Vhl and the light emission current Ihl.

[0184] The comparing circuit CNL11 includes a reference
power supply Refd and a comparator Cp5.

[0185] The reference power supply Refd has one terminal
connected to the power supply VSS and generates a refer-
ence voltage Vref4 as the first dimming reference voltage.
The reference voltage Vrefd is e.g. 2 V.

[0186] The comparator Cp5 has the noninverting terminal
connected to a node Nd8 as a connection node between the
node Nhla and the resistor element Rh1 so as to receive a
feedback voltage Vb3 as the first dimming comparison
voltage that is a potential at the node Nd8, and the inverting
terminal connected to the reference power supply Ref4 so as
to receive the reference voltage Vrefd. The comparator Cp5
compares the feedback voltage Vb3 with the reference
voltage Vrefd, outputs the comparison result signal Vcr5 as
the first control signal so that the potential at the node Nd8
becomes the same level as the reference voltage Vrefd based
on a result of the comparison, and adjusts the light emission
current Th1 generated by the transistor PD1 and the current
generator circuit VC1. If the feedback voltage Vb3 is lower
than the reference voltage Vretd, for example, the compara-
tor Cp5 outputs the high level comparison result signal Ver5
s0 as to increase the potential at the node Nd8. In addition,
if the feedback voltage Vib3 is higher than the reference
voltage Vrefd, the comparator Cp5 outputs the low level
comparison result signal Ver5 so as to decrease the potential
at the node Nd8.

[0187] In the way described above, the comparing circuit
CNL11 detects the feedback voltage Vib3 based on the light
emission voltage Vhl, outputs the comparison result signal
Ver5 so that the light emission current Thl flowing in the
light emitting element group HS1 becomes a desired value,
and adjusts the output of the transistor PD1.

[0188] The driving circuit KD1 is connected to the gate
terminal G as a control terminal of the transistor PD1 and the
output terminal of the comparator Cp5 in the comparing
circuit CNL11, and supplies the drive signal Vsl as a first
drive signal to the transistor PD1 in accordance with the
comparison result signal Ver5 output from the comparator
Cp5, i.e. the comparing circuit CNL11. When receiving the
low level comparison result signal Vcr5, for example, the
driving circuit KD1 supplies the high level drive signal Vsl
at for example 5 V to the gate terminal G of the transistor
PD1. In this way, the transistor PD1 is turned off, and the
supply of a voltage based on the drive voltage Vk to the
inductor L1 is stopped. In addition, when receiving the high
level comparison result signal Ver5, for example, the driving
circuit KD1 supplies the low level drive signal Vs’ at 0 V for
example to the gate terminal G of the transistor PD1. In this
way, the transistor PD1 is turned on, and the voltage based
on the drive voltage VK is supplied to the inductor [.1. Note
that the driving circuit KD1 may have a structure for
performing a PWM control in which a PWM signal having
a predetermined duty ratio is supplied to the gate terminal G
of the transistor PD1.
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[0189] As described above, the dimming circuit LC11
adjusts the light emission current Thl output from the
transistor PD1 to have a predetermined current value by the
drive signal Vs1 based on the comparison result signal Ver5
output from the comparing circuit CNL11, and thus adjusts
the light emission luminance of the light emitting element
group HS1.

[0190] The dimming circuit LC12 has one terminal con-
nected to the node Nd1, and hence is connected to the power
supply circuit VS. In addition, the dimming circuit LC12 has
the other terminal connected to the node Nh2. In other
words, the node Nh2 is connected to the power supply
circuit VS via the dimming circuit LC12 and the node Nd1.
The dimming circuit LC12 adjusts the light emission current
Th2 flowing in the light emitting element group HS2 to have
a predetermined current value, and thus adjusts the light
emission luminance of the light emitting element group
HS2. The dimming circuit LC12 includes a transistor PD2 as
the second dimming switch, a current generator circuit VC2
as a second current generator circuit, a comparing circuit
CNL12 as the second dimming comparing circuit, and a
driving circuit KD2 as a second driving circuit.

[0191] The transistor PD2 is a PMOS transistor having the
source terminal S connected to the power supply circuit VS.
[0192] The current generator circuit VC2 includes an
inductor L2, a capacitor C2, and a rectifier diode D2. The
inductor L2 has one terminal connected to the drain terminal
D of the transistor PD2. The capacitor C2 has one terminal
connected to the other terminal of the inductor L2 and the
other terminal connected to the power supply VSS. The
rectifier diode D2 has the anode connected to the power
supply VSS and the cathode connected to a connection node
between the drain terminal D of the transistor PD2 and one
terminal of the inductor L2.

[0193] When the transistor PD2 is on, in the current
generator circuit VC2, the inductor [.2 stores magnetic
energy based on the drive voltage Vk output from the
transistor PD2, and the capacitor C2 smooths the same so as
to generate and output the light emission voltage Vh2 and
the light emission current Th2. In addition, when the tran-
sistor PD2 is off, in the current generator circuit VC2, the
magnetic energy stored in the inductor [.2 is supplied to the
capacitor C2 via the rectifier diode D2, and the capacitor C2
smooths the magnetic energy so as to generate and output
the light emission voltage Vh2 and the light emission current
Th2. In other words, the current generator circuit VC2 steps
down the drive voltage Vk obtained by turning on and off the
transistor PD2, so as to generate and output the light
emission voltage Vh2 and the light emission current Ih2.
[0194] The comparing circuit CNL12 includes a reference
power supply Ref5 and a comparator Cp6.

[0195] The reference power supply Ref5 has one terminal
connected to the power supply VSS so as to generate a
reference voltage Vref5 as the second dimming reference
voltage. The reference voltage Vref5 is e.g. 2 V.

[0196] The comparator Cp6 has the noninverting terminal
connected to a node Nd9 that is a connection node between
the node Nh2a and the resistor element Rh2 so as to receive
a feedback voltage Vib4 as the second dimming comparison
voltage that is a potential at the node Nd9, and the inverting
terminal connected to the reference power supply Ref5 so as
to receive the reference voltage Vref5. The comparator Cp6
compares the feedback voltage Vb4 with the reference
voltage Vref5, outputs a comparison result signal Ver6 as the
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second control signal so that the potential at the node Nd9
becomes the same level as the reference voltage Vref5 based
on a result of the comparison, and adjusts the light emission
current Th2 generated by the transistor PD2 and the current
generator circuit VC2. If the feedback voltage Vb4 is lower
than the reference voltage Vret5, for example, the compara-
tor Cp6 outputs the high level comparison result signal Vcr6
s0 as to increase a potential of the node Nd9. In addition, if
the feedback voltage Vb4 is higher than the reference
voltage Vref5, for example, the comparator Cp6 outputs the
low level comparison result signal Vcr6 so as to decrease the
potential of the node Nd9.

[0197] In the way described above, the comparing circuit
CNL12 detects the feedback voltage Vb4 based on the light
emission voltage Vh2 and outputs the comparison result
signal Ver6 to adjust the output of the transistor PD2, so that
the light emission current Th2 flowing in the light emitting
element group HS2 becomes a desired value.

[0198] The driving circuit KD2 is connected to the gate
terminal G as a control terminal of the transistor PD2 and the
output terminal of the comparator Cp6 in the comparing
circuit CNL12, so as to supply a drive signal Vs2 as a second
drive signal to the transistor PD2 in accordance with the
comparison result signal Ver6é output from the comparator
Cp6, i.e. the comparing circuit CNL12. When receiving the
low level comparison result signal Vcr6, for example, the
driving circuit KD2 supplies the high level drive signal Vs2
at for example 5 V to the gate terminal G of the transistor
PD2. In this way, the transistor PD2 is turned off, and the
supply of the voltage based on the drive voltage Vk to the
inductor 1.2 is stopped. In addition, when receiving the high
level comparison result signal Vcr6, for example, the driving
circuit KD2 supplies the low level drive signal Vs2 at for
example 0 V to the gate terminal G of the transistor PD2. In
this way, the transistor PD2 is turned on, and the voltage
based on the drive voltage Vk is supplied to the inductor 2.
Note that the driving circuit KD2 may have a structure for
performing the PWM control in which the PWM signal
having a predetermined duty ratio is supplied to the gate
terminal G of the transistor PD2.

[0199] As described above, the dimming circuit L.C12
adjusts the light emission current Th2 output from the
transistor PD2 to have a predetermined current value by the
drive signal Vs2 based on the comparison result signal Vcr6
output from the comparing circuit CNL.12, and thus adjusts
the light emission luminance of the light emitting element
group HS2.

[0200] If the drive voltage Vk is lower than the light
emission reference voltage VH so that the light emission
control unit HCe is required to perform the light emission
stop control, the driving circuit KD1 is supplied with the low
level comparison result signal Verl and outputs the high
level drive signal Vs’ regardless of the output of the com-
paring circuit CNL11, so as to forcibly turn off the transistor
PD1. In this way, the supply of the light emission current Th1
to the light emitting element group HS1 is stopped. In
addition, if the drive voltage Vk is higher than the light
emission reference voltage VH so that the light emission
control unit HCe is required to perform the light emission
control, the driving circuit KD1 is supplied with the high
level comparison result signal Verl and outputs the drive
signal Vsl corresponding to the output of the comparing
circuit CNL11 so that the transistor PD1 is on-off controlled.
In this way, the current value of the light emission current
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Ih1 flowing in the light emitting element group HS1 can be
controlled by the comparison result signal Ver5.

[0201] If the drive voltage Vk is lower than the light
emission reference voltage VH so that the light emission
control unit HCe is required to perform the light emission
stop control, the driving circuit KD2 is supplied with the low
level comparison result signal Verl and outputs the high
level drive signal Vs2 regardless of the output of the
comparing circuit CNL12 so as to forcibly turn off the
transistor PD2. In this way, the supply of the light emission
current Th2 to the light emitting element group HS2 is
stopped. In addition, if the drive voltage Vk is higher than
the light emission reference voltage VH so that the light
emission control unit HCe is required to perform the light
emission control, the driving circuit KD2 is supplied with
the high level comparison result signal Vcr2 and outputs the
drive signal Vs2 corresponding to the output of the com-
paring circuit CNL12 so that the transistor PD2 is on-off
controlled. In this way, the current value of the light emis-
sion current [h2 flowing in the light emitting element group
HS2 can be controlled by the comparison result signal Vcr6.

[0202] As described above, in the lighting device 30c¢
according to the third variation of the third embodiment of
the present invention, the light emission control unit HCe
detects a magnitude relationship between the drive voltage
Vk and the light emission reference voltage VH, performs
light emission control to cause light emission of the light
emitting element groups HS if the drive voltage Vk is higher
than the light emission reference voltage VH, and performs
light emission stop control to stop light emission of the light
emitting element groups HS if the drive voltage Vk is lower
than the light emission reference voltage VH. Therefore, it
is possible to prevent a variation in timing of causing as well
as stopping light emission of the light emitting element
group HS1 and the light emitting element group HS2.

[0203] Note that in the above description, an asynchro-
nous rectifier type step-down converter using the rectifier
diodes D1 and D2 is exemplified as the lighting device 30c,
but this is not a limitation. It is possible to use a synchronous
rectifier type step-down converter. In addition, without lim-
iting to step-down converter, a step-up converter may be
used, or a step-up and down converter may be used.

[0204] In addition, PMOS transistors are used as the
transistor PD1 and the transistor PD2 in the lighting device
30c, but it is possible to use NMOS transistors as them. In
this case, when receiving the low level comparison result
signal Ver5, the driving circuit KD1 should supply the low
level drive signal Vsl at for example 0 V to the gate terminal
G of the transistor PD1, and when receiving the high level
comparison result signal Vcr5, the driving circuit KD1
should supply the high level drive signal Vsl at for example
5V to the gate terminal G of the transistor PD1. In addition,
when receiving the low level comparison result signal Vcr6,
the driving circuit KD2 should supply the low level drive
signal Vs2 at for example 0 V to the gate terminal G of the
transistor PD2, and when receiving the high level compari-
son result signal Ver6, the driving circuit KD2 should supply
the high level drive signal Vs2 at for example 5 V to the gate
terminal G of the transistor PD2. Note that when an NMOS
transistor is used as the transistor PD1, the driving circuit
KD1 may step up the comparison result signal Vc5 to
generate the drive signal Vs1, and when an NMOS transistor
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is uses as the transistor PD2, the driving circuit KD2 may
step up the comparison result signal Vc6 to generate the
drive signal Vs2.

Fourth Embodiment

[0205] FIG. 13 is a diagram illustrating a lighting device
40 according to a fourth embodiment of the present inven-
tion. The lighting device 40 includes the power supply
circuit VS, light emitting element groups HSB, a semicon-
ductor chip IC1 as a first semiconductor chip, and a semi-
conductor chip IC1a as a second semiconductor chip. Note
that in the lighting device 40 illustrated in FIG. 13, the same
structure as in the lighting device 10 illustrated in FIG. 1 or
in the lighting device 10aq illustrated in FIG. 3 is denoted by
the same numeral or symbol, and description thereof is
appropriately omitted.

[0206] The light emitting element groups HSB include the
light emitting element groups HS, and a light emitting
element groups HSa. The light emitting element groups HS
include the light emitting element group HS1, and the light
emitting element group HS2 as a first light emitting element
group. The light emitting element groups HSa include a light
emitting element group HS11, and a light emitting element
group HS12 as a second light emitting element group.
[0207] Here, the “first light emission voltage” recited in
the claims corresponds to the light emission voltage Vh2, the
“first light emission reference voltage” corresponds to the
light emission reference voltage VH2, the “first light emis-
sion current” corresponds to the light emission current Th2,
and the “first light emitting element” corresponds to the light
emitting element HS2a.

[0208] The light emitting element group HS11 includes a
plurality of light emitting elements HS11la connected in
series to each other, and a resistor element Rh11. The light
emitting elements HS11a is a light emitting diode (LED) and
is a self light emitting element. The cathode of the light
emitting elements HS11a as one terminal of the light emit-
ting element group HS11 is connected to one terminal of the
resistor element Rh11. The other terminal of the resistor
element Rh11 is connected to the power supply VSS of for
example 0 V that is lower than the drive voltage Vk. Note
that the light emitting elements HS1a is not limited to a
LED, and a general organic electro luminescence (EL)
element as a self light emitting element such as a light
emitting polymer can be used.

[0209] The light emitting element group HS11 emits light
when a light emission voltage Vh11 equal to or higher than
a light emission reference voltage VH11 based on the drive
voltage Vk is applied to the anode of the light emitting
elements HS1a as the other terminal of itself, so that a light
emission current Th1l flows in each of the light emitting
elements HS11a. Note that the current value of the light
emission current Ih11 is determined based on a resistance
value of the resistor element Rh11. In addition, each of the
light emitting elements HS1a has an internal resistance, and
a forward voltage of one light emitting element HS11a is
supposed to be 2 V, for example.

[0210] Here, in this embodiment, the light emission ref-
erence voltage VHI11 for the light emitting element group
HS11 to emit light is 8 V, for example, because the light
emitting element group HS11 includes four light emitting
elements HS11a connected in series, each of which has a
forward voltage of 2 V. In other words, in order that the light
emitting element group HS11 emits light, the light emission
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voltage Vhll applied to the anode of the light emitting
elements HS114a on the other terminal must be 8 V or higher.
[0211] Here, “the anode of the light emitting elements
HS11a as the other terminal of the light emitting element
group HS11” is referred to as a node Nh11, and “the cathode
of the light emitting elements HS11q as the one terminal of
the light emitting element group HS11” is referred to as a
node Nhlla. In addition, “the light emission current Th11l
flowing in each of the light emitting elements HS11a™ is
referred to as “the light emission current [h11 flowing in the
light emitting element group HS11”.

[0212] The light emitting element group HS12 includes a
plurality of light emitting elements HS124 as a second light
emitting elements connected in series, and a resistor element
Rh12. The light emitting element HS12q is a light emitting
diode (LED) and is a self light emitting element. The
cathode of the light emitting elements HS12qa as one termi-
nal of the light emitting element group HS12 is connected to
one terminal of the resistor element Rh12. The other termi-
nal of the resistor element Rh12 is connected to the power
supply VSS. Note that the light emitting element HS12a is
not limited to an LED, and a general organic electro lumi-
nescence (EL) element as a self light emitting element such
as a light emitting polymer can be used.

[0213] The light emitting element group HS12 emits light
when the light emission voltage Vh12 as a second light
emission voltage based on the drive voltage Vk, which is
equal to or higher than a light emission reference voltage
VH12 as a second light emission reference voltage higher
than the light emission reference voltage VH11, is applied to
the anode of the light emitting elements HS12a as the other
terminal of itself, so that a light emission current Th12 as a
second light emission current flows in each of the light
emitting elements HS12a. Note that the current value of the
light emission current Th12 is determined based on the
resistance value of the resistor element Rh12. In addition,
each of the light emitting elements HS12¢ has an internal
resistance, and a forward voltage of one light emitting
element HS12a is supposed to be 2 V, for example.

[0214] Here, in this embodiment, the light emission ref-
erence voltage VH12 for the light emitting element group
HS12 to emit light is 10 V, for example, because the light
emitting element group HS12 includes five light emitting
elements HS12a connected in series, each of which has a
forward voltage of 2 V. In other words, in order that the light
emitting element group HS12 emits light, the light emission
voltage Vh12 applied to the anode of the light emitting
element HS124 on the other terminal must be 10 V or higher.
[0215] Here, “the anode of the light emitting element
HS12 as the other terminal of the light emitting element
group HS12” is referred to as a node Nh12, and “the cathode
of the light emitting element HS124a as the one terminal of
the light emitting element group HS12” is referred to as a
node Nh12a. In addition, “the light emission current Th12
flowing in each of the light emitting elements HS124” is
referred to as “the light emission current [h12 flowing in the
light emitting element group HS12”.

[0216] Here, in this embodiment, in order that the light
emitting element groups HSa emit light without an internal
variation, i.e. in order that the light emitting element group
HS11 and the light emitting element group HS12 emit light
at the same time, because the light emission reference
voltage VH12 at 10 V is higher than the light emission
reference voltage VHI11 at 8 V, a voltage higher than 10 V
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as the light emission reference voltage VH12 must be
applied to the light emitting element groups HSa as a light
emission voltage Vha. Here, the voltage for the light emit-
ting element groups HSa to emit light without an internal
variation is referred to as a light emission reference voltage
VHa. The light emitting element groups HSa emit light
when being applied with the light emission voltage Vha
equal to or higher than the light emission reference voltage
VHa based on the light emission reference voltage VH12.
Note that in this embodiment, the light emission reference
voltage VHa is 10 V that is the same as the light emission
reference voltage VH12.

[0217] Note that in this embodiment, the light emitting
element group HS12 is equipped with more number of light
emitting elements HS124 than the number of light emitting
elements HS11la disposed in the light emitting element
group HS11, as an example, but this is not a limitation. In
other words, the lighting device 40 according to the present
invention achieves outstanding effects in cases where the
light emission reference voltage VH11 necessary for the
light emitting element group HS11 to emit light is different
from the light emission reference voltage VH12 necessary
for the light emitting element group HS12 to emit light, and
a case where the light emitting element group HS11 and the
light emitting element group HS12 have the same number of
light emitting elements is not excluded. In addition, in the
same manner, each of the light emitting element group HS11
and the light emitting element group HS12 may have a
single LED.

[0218] Here, if the light emitting element groups HSa are
applied with the light emission voltage Vha, which is equal
to or higher than the light emission reference voltage VH11
and lower than or equal to the light emission reference
voltage VH12 without any control, the light emitting ele-
ment group HS11 emits light while the light emitting ele-
ment group HS12 does not emit light. In addition, after that,
when the light emission voltage Vha becomes equal to or
higher than the light emission reference voltage VH12 and
is applied to the light emitting element groups HSa, not only
the light emitting element group HS11 but also the light
emitting element group HS12 emits light. In other words, if
the light emitting element groups HSa are applied with the
light emission voltage Vh lower than the light emission
reference voltage VH12, light emission timing is varied
between the light emitting element group HS11 and the light
emitting element group HS12, and hence light emission of
the entire light emitting element groups HSa may be fluc-
tuated. In particular, when being used as an in-vehicle
exterior lamp, the fluctuation in light emission of the light
emitting element groups may cause an accident. The lighting
device 40 according to the present invention is aimed to
prevent occurrence of such a problem.

[0219] Here, in this embodiment, in order that the light
emitting element groups HSB emit light without an internal
variation, i.e. in order that the light emitting element groups
HS and the light emitting element groups HSa emit light at
the same time, because the light emission reference voltage
VH12 at 10 V is higher than the light emission reference
voltage VH2 at 8 V, a voltage higher than 10 V as the light
emission reference voltage VH12 must be applied to the
light emitting element groups HS as the light emission
voltage Vh and must be applied to the light emitting element
groups HSa as the light emission voltage Vha. Here, the
voltage for the light emitting element groups HSB to emit
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light without an internal variation is referred to as a light
emission reference voltage VHB. The light emitting element
groups HSB emit light when the light emitting element
groups HS are applied with the light emission voltage Vh
equal to or higher than the light emission reference voltage
VHB based on the light emission reference voltage VH12
and the light emitting element groups HSa are applied with
the light emission voltage Vha equal to or higher than the
light emission reference voltage VHB. Note that in this
embodiment, the light emission reference voltage VHB is 10
V that is the same as the light emission reference voltage
VHI12.

[0220] Note that in this embodiment, the light emitting
element group HS12 includes more number of light emitting
elements HS124 than the number of light emitting elements
HS2a disposed in the light emitting element group HS2, as
an example, but this is not a limitation. In other words, the
lighting device 40 according to the present invention
achieves outstanding effects in cases where the light emis-
sion reference voltage VH2 necessary for the light emitting
element group HS2 to emit light is different from the light
emission reference voltage VHI12 necessary for the light
emitting element group HS12 to emit light, and a case where
the light emitting element group HS2 and the light emitting
element group HS12 include the same number of light
emitting elements is not excluded. In addition, in the same
manner, each of the light emitting element group HS2 and
the light emitting element group HS12 may have a single
LED.

[0221] Here, if the light emitting element groups HS is
applied with the light emission voltage Vh that is equal to or
higher than the light emission reference voltage VH2 and is
lower than or equal to the light emission reference voltage
VH12, and the light emitting element groups HSa is applied
with the light emission voltage Vha that is equal to or higher
than the light emission reference voltage VH2 and is lower
than or equal to the light emission reference voltage VH12,
without any control, then the light emitting element group
HS2 emits light while the light emitting element group HS12
does not emit light. In addition, after that, when the light
emission voltage Vha becomes equal to or higher than the
light emission reference voltage VH12 and is applied to the
light emitting element groups HSa, not only the light emit-
ting element group HS2 but also the light emitting element
group HS12 emits light. In other words, if the light emitting
element groups HSa is applied with the light emission
voltage Vh lower than the light emission reference voltage
VH12, light emission timing is varied between the light
emitting element group HS2 and the light emitting element
group HS12, and hence light emission of the entire light
emitting element groups HSB may be fluctuated. In particu-
lar, when being used as an in-vehicle exterior lamp, the
fluctuation in light emission of the light emitting element
groups may cause an accident. The lighting device 40
according to the present invention is aimed to prevent
occurrence of such a problem.

[0222] The semiconductor chip IC1 has electrode pads for
external electric connection, which include an electrode pad
T1, an electrode pad T2, an electrode pad T3, an electrode
pad T4, and an electrode pad T5. In addition, the semicon-
ductor chip IC1 includes a light emission control unit HC1
as the first light emission control unit, the dimming circuit
LC1, and the dimming circuit LC2 as a first dimming
portion.
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[0223] The electrode pad T1 is connected to the power
supply circuit VS via wiring W1 as first power supply
wiring. In other words, the wiring W1 is connected to the
power supply circuit VS and the semiconductor chip IC1.
The electrode pad T2 is connected to the node Nh1 of the
light emitting element group HS1. The electrode pad T3 is
connected to the node Nh2 of the light emitting element
group HS2. The electrode pad T4 is connected to the power
supply VSS.

[0224] The light emission control unit HC1 includes the
comparing circuit CN as a first comparing circuit, the
transistor P1 as a first control switch, and a transistor P8 as
a third control switch.

[0225] The comparing circuit CN is connected to the
electrode pad T1, i.e., is connected to the power supply
circuit VS via the electrode pad T1. The comparing circuit
CN determines whether the drive voltage Vk is higher or
lower than a voltage based on the light emission reference
voltage VHa and outputs a result of the comparison as the
comparison result signal Verl.

[0226] The transistor P1 is a PMOS transistor, which has
the source terminal S connected to the electrode pad T1, i.e.
connected to the power supply circuit VS via the electrode
pad T1, the drain terminal D connected to one terminal of the
dimming circuit LC1 and one terminal of the dimming
circuit LC2, and the gate terminal G connected to the
electrode pad T5.

[0227] The transistor P8 is a PMOS transistor, which has
the source terminal S connected to the comparing circuit
CN, and the drain terminal D connected to the gate terminal
G of the transistor P1 and the electrode pad T5. In this way,
the comparing circuit CN and the gate terminal G of the
transistor P1 are connected to each other via the transistor
P8, and the electric connection between the comparing
circuit CN and the gate terminal G of the transistor P1 is
controlled by the transistor P8. In addition, the transistor P8
has the gate terminal G connected to the electrode pad T4,
i.e. connected to the power supply VSS via the electrode pad
T4. In this way, the transistor P8 is turned on when the drive
voltage Vk is increased, and the signal level of the com-
parison result signal Vcrl, which is output from the com-
paring circuit CN and is supplied to the source terminal S of
the transistor P8, is increased, so that the gate-source voltage
of the transistor P8 becomes equal to or higher than a
threshold voltage. Here, the connection node between the
drain terminal D of the transistor P8 and the gate terminal G
of the transistor P1 is referred to as a node Nd10.

[0228] The dimming circuit LC1 has one terminal con-
nected to the drain terminal D of the transistor P1 in the light
emission control unit HC. In addition, the dimming circuit
LC1 has the other terminal connected to the electrode pad
T2, i.e. connected to the node Nhl of the light emitting
element group HS1 via the electrode pad T2.

[0229] The dimming circuit LC2 has one terminal con-
nected to the drain terminal D of the transistor P1 in the light
emission control unit HC. In addition, the dimming circuit
LC2 has the other terminal connected to the electrode pad
T3, i.e. connected to the node Nh2 of the light emitting
element group HS2 via the electrode pad T3.

[0230] The semiconductor chip IC1a has the same struc-
ture as the semiconductor chip IC1. However, in the semi-
conductor chip IC1a of FIG. 13, for convenience of descrip-
tion, in order to discriminate from the semiconductor chip
IC1, the suffix “a” is added to the numeral or symbol of the
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structure in the semiconductor chip IC1. In addition, in the
semiconductor chip ICla, description of the structure
described in the semiconductor chip IC1 is appropriately
omitted. Note that the “comparing circuit CN” is referred to
as a “comparing circuit CNaa” here, in order to discriminate
from the “comparing circuit CNa” illustrated in FIG. 5 or the
like.

[0231] The semiconductor chip ICla has electrode pads
for external electric connection, which include an electrode
pad Tla, an electrode pad T2a, an electrode pad T3a, an
electrode pad T4a, and an electrode pad T5a. In addition, the
semiconductor chip ICla includes a light emission control
unit HCla as a second light emission control unit, a dim-
ming circuit L.Cla, and a dimming circuit LC2a as a second
dimming portion. The light emission control unit HCla
includes the comparing circuit CNaa as a second comparing
circuit, a transistor Pla as a second control switch, and a
transistor P8a.

[0232] The electrode pad Tla is connected to the power
supply circuit VS via wiring W2 as second power supply
wiring. In other words, the wiring W2 is connected to the
power supply circuit VS and the semiconductor chip ICla.
The electrode pad T2a is connected to the node Nh11 of the
light emitting element group HS11. The electrode pad T3a
is connected to the node Nh12 of the light emitting element
group HS12. Note that the wiring W2 has a wiring resistance
smaller than that of the wiring W1, for example.

[0233] The dimming circuit LCla has one terminal con-
nected to the drain terminal D of the transistor Pla of the
light emission control unit HC1a. In addition, the dimming
circuit LCla has the other terminal connected to the elec-
trode pad T2a, and thus is connected to the node Nh11 of the
light emitting element group HS11 via the electrode pad
T2a.

[0234] The dimming circuit L.C2qa has one terminal con-
nected to the drain terminal D of the transistor Pla in the
light emission control unit HC1a. In addition, the dimming
circuit LC2a has the other terminal connected to the elec-
trode pad T3a, and thus is connected to the node Nh12 of the
light emitting element group HS12 via the electrode pad
T3a.

[0235] The electrode pad T4a is connected to the power
supply circuit VS. In this way, the gate terminal G of the
transistor P8a is always connected to the power supply
circuit VS. Therefore, the transistor P8a is not turned on
even if the voltage level of the drive voltage Vk is increased,
and is always in off state.

[0236] The electrode pad T5a is connected to the electrode
pad T5 of the semiconductor chip IC1 via wiring W3 as first
connection wiring. In other words, the wiring W3 electri-
cally connects the node Nd10 and a node Nd10a. In this way,
the gate terminal G of the transistor P1 and the gate terminal
G of the transistor Pla are electrically connected.

[0237] As described above, as to the lighting device 40, in
the light emission control unit HC1, the gate terminal G of
the transistor P8 of the semiconductor chip IC1 is electri-
cally connected to the power supply VSS, and hence the
comparison result signal Verl is supplied from the compar-
ing circuit CN to the gate terminal G of the transistor P1. In
addition, in the light emission control unit HC1aq, the gate
terminal G of the transistor P8a of the semiconductor chip
IC1a is electrically connected to the power supply circuit
VS, and hence the supply of the comparison result signal
Verla from the comparing circuit CNaa to the gate terminal
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G of the transistor Pla is interrupted. In addition, the gate
terminal G of the transistor P1, which is connected to the
comparing circuit CN, is electrically connected to the gate
terminal G of the transistor Pla via the wiring W3. Further,
thus in the lighting device 40, the light emission control unit
HC1 of the semiconductor chip IC1 performs the light
emission control and the light emission stop control of the
light emitting element groups HS connected to the semicon-
ductor chip IC1, and the light emission control and the light
emission stop control of the light emitting element groups
HSa connected to the semiconductor chip ICla, i.e. per-
forms the light emission control and the light emission stop
control of the light emitting element groups HSB.

[0238] Therefore, even if there is a manufacturing varia-
tion between the comparing circuit CN of the semiconductor
chip IC1 and the comparing circuit CNaa of the semicon-
ductor chip ICla, the lighting device 40 can prevent a
variation in timing of causing as well as stopping light
emission of the light emitting element groups HS and the
light emitting element groups HSa.

[0239] In addition, as to the lighting device 40, in the case
where a wiring resistance of the wiring W1 for the semi-
conductor chip IC1 to receive power supply of the drive
voltage Vk and the drive current Ik from the power supply
circuit VS is larger than a wiring resistance of the wiring W2
for the semiconductor chip ICla to receive power supply of
the drive voltage Vk and the drive current Ik from the power
supply circuit VS, the light emission control unit HC1 of the
semiconductor chip IC1 performs the light emission control
and the light emission stop control of the light emitting
element groups HS connected to the semiconductor chip
IC1, and performs the light emission control and the light
emission stop control of the light emitting element groups
HSa connected to the semiconductor chip IC1a. Therefore,
even if a potential increase in the drive voltage Vk obtained
by the comparing circuit CN of the semiconductor chip IC1
is delayed from a potential increase in the drive voltage Vk
obtained by the comparing circuit CNaa of the semiconduc-
tor chip ICla based on a wiring resistance difference
between the wiring W1 and the wiring W2, it is possible to
prevent a light emission timing variation between the light
emitting element groups HS and the light emitting element
groups HSa.

[0240] [First Variation of Fourth Embodiment]

[0241] FIG. 14 is a diagram illustrating a lighting device
40a according to a first variation of the fourth embodiment
of the present invention. The lighting device 40a includes
the power supply circuit VS, the light emitting element
groups HSB, the semiconductor chip IC1, and the semicon-
ductor chip ICla. Note that in the lighting device 40a
illustrated in FIG. 14, the same structure as in the lighting
device 40 illustrated in FIG. 13 is denoted by the same
numeral or symbol, and description thereof is appropriately
omitted.

[0242] The lighting device 40q is substantially different
from the lighting device 40 in the connection destination of
the electrode pad T4 of the semiconductor chip IC1 and in
the connection destination of the electrode pad T4a of the
semiconductor chip ICla.

[0243] The electrode pad T4 is connected to the power
supply circuit VS. In this way, in the transistor P8, the gate
terminal G is always connected to the power supply circuit
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VS. Therefore, the transistor P8 is not turned on even if the
voltage level of the drive voltage Vk is increased, and is
always in off state.

[0244] In addition, the electrode pad T4a is connected to
the power supply VSS. In this way, in the transistor P8a, the
gate terminal G is connected to the power supply VSS.
Therefore, the transistor P8a is turned on when the drive
voltage Vk is increased so that the gate-source voltage of the
transistor P8 becomes equal to or higher than a threshold
voltage.

[0245] As described above, as to the lighting device 40a,
in the light emission control unit HC1, the gate terminal G
of the transistor P8 of the semiconductor chip IC1 is
electrically connected to the power supply circuit VS, and
hence supply of the comparison result signal Vcrl from the
comparing circuit CN to the gate terminal G of the transistor
P1 is interrupted. In addition, in the light emission control
unit HC1a, the gate terminal G of the transistor P8a of the
semiconductor chip ICla is electrically connected to the
power supply VSS, and hence the comparison result signal
Verla is supplied from the comparing circuit CNaa to the
gate terminal G of the transistor Pla. In addition, the gate
terminal G of the transistor Pla connected to the comparing
circuit CNaa is electrically connected to the gate terminal G
of the transistor P1 via the wiring W3. Further, thus in the
lighting device 40, the light emission control unit HC1a of
the semiconductor chip ICla performs the light emission
control and the light emission stop control of the light
emitting element groups HS connected to the semiconductor
chip IC1, and the light emission control and the light
emission stop control of the light emitting element groups
HSa connected to the semiconductor chip ICla, i.e. per-
forms the light emission control and the light emission stop
control of the light emitting element groups HSB.

[0246] Therefore, even if there is a manufacturing varia-
tion between the comparing circuit CN of the semiconductor
chip IC1 and the comparing circuit CNaa of the semicon-
ductor chip ICla, the lighting device 40a can prevent a
variation in timing of causing as well as stopping light
emission of the light emitting element groups HS and the
light emitting element groups HSa.

[0247] Note that the light emission control and the light
emission stop control in the lighting device including the
semiconductor chip IC1 and the semiconductor chip ICla
are performed by one of the light emission control unit HC1
of'the semiconductor chip IC1 and the light emission control
unit HCla of the semiconductor chip ICla as described
above.

[0248] [Second Variation of Fourth Embodiment]

[0249] FIG. 15 is a diagram illustrating a lighting device
405 according to a second variation of the fourth embodi-
ment of the present invention. The lighting device 405
includes the power supply circuit VS, the light emitting
element groups HSB, a semiconductor chip IC2 as the first
semiconductor chip, and a semiconductor chip 1C2a as the
second semiconductor chip. Note that in the lighting device
4056 illustrated in FIG. 15, the same structure as in the
lighting device 1054 illustrated in FIG. 4 or the lighting
device 40 illustrated in FIG. 13 is denoted by the same
numeral or symbol, and description thereof is appropriately
omitted.

[0250] The semiconductor chip IC2 has electrode pads for
external electric connection, which include the electrode pad
T1, the electrode pad T2, the electrode pad T3, the electrode
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pad T4, and the electrode pad T5. In addition, the semicon-
ductor chip IC2 includes a light emission control unit HC2
as the first light emission control unit, the dimming circuit
LC1, and the dimming circuit L.C2 as the first dimming
portion.

[0251] The electrode pad T1 is connected to the power
supply circuit VS via the wiring W1 as the first power supply
wiring. In other words, the wiring W1 is connected to the
power supply circuit VS and the semiconductor chip IC2.
The electrode pad T2 is connected to the node Nh1 of the
light emitting element group HS1. The electrode pad T3 is
connected to the node Nh2 of the light emitting element
group HS2. The electrode pad T4 is connected to the power
supply VSS.

[0252] The light emission control unit HC2 includes the
comparing circuit CN as the first comparing circuit, the
transistor P2, the transistor P3 as the first control switch, and
a transistor P9 as the third control switch.

[0253] The dimming circuit LC1 has one terminal con-
nected to the electrode pad T1, i.e. connected to the power
supply circuit VS via the electrode pad T1.

[0254] The dimming circuit LC2 has one terminal con-
nected to the electrode pad T1, i.e. connected to the power
supply circuit VS via the electrode pad T1.

[0255] The transistor P2 is a PMOS transistor, which has
the source terminal S connected to the other terminal of the
dimming circuit LC1, and the drain terminal D connected to
the electrode pad T2, i.e. connected to the node Nh1 of the
light emitting element group HS1 via the electrode pad T2.
[0256] The transistor P3 is a PMOS transistor, which has
the source terminal S connected to the other terminal of the
dimming circuit LC2, and the drain terminal D connected to
the electrode pad T3, i.e. connected to the node Nh2 of the
light emitting element group HS2 via the electrode pad T3.
[0257] The transistor P9 is a PMOS transistor, which has
the source terminal S connected to the comparing circuit
CN, and the drain terminal D connected to the gate terminal
G of the transistor P1 and the electrode pad T5. In this way,
the comparing circuit CN is connected to the gate terminals
G of the transistor P2 and the transistor P3 via the transistor
P9, and the electric connection between the comparing
circuit CN and the gate terminals G of the transistor P2 and
the transistor P3 is controlled by the transistor P9. In
addition, the transistor P9 has the gate terminal G connected
to the electrode pad T4, i.e. connected to the power supply
VSS via the electrode pad T4. In this way, the transistor P9
is turned on when the drive voltage Vk is increased so that
the signal level of the comparison result signal Vcrl, which
is output from the comparing circuit CN and is supplied to
the source terminal S of the transistor P9, is increased, and
hence the gate-source voltage of the transistor P9 becomes
equal to or higher than a threshold voltage. Here, the
connection node between the drain terminal D of the tran-
sistor P9 and the gate terminals G of the transistor P2 and the
transistor P3 is referred to as a node Nd11.

[0258] The semiconductor chip IC2a has the same struc-
ture as the semiconductor chip IC2. However, in the semi-
conductor chip IC2a of FIG. 15, for convenience of descrip-
tion, in order to discriminate from the semiconductor chip
1C2, the suffix “a” is added to the numeral or symbol of the
structure in the semiconductor chip IC2. In addition, in the
semiconductor chip IC2a, description of the structure
described in the semiconductor chip IC2 is appropriately
omitted. Note that the “comparing circuit CN” is referred to
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as a “comparing circuit CNaa” here, in order to discriminate
from the “comparing circuit CNa” illustrated in FIG. 5 or the
like.

[0259] The semiconductor chip IC2a has electrode pads
for external electric connection, which include the electrode
pad Tla, the electrode pad T2a, the electrode pad T3a, the
electrode pad T4a, and the electrode pad T5a. In addition,
the semiconductor chip IC2a includes a light emission
control unit HC2a as the second light emission control unit,
the dimming circuit L.Cla, and the dimming circuit LC2a as
the second dimming portion. The light emission control unit
HC2a includes the comparing circuit CNaa, a transistor P2a
as the second control switch, a transistor P3a as the second
control switch, and a transistor P9a.

[0260] The electrode pad Tla is connected to the power
supply circuit VS via the wiring W2 as the second power
supply wiring. In other words, the wiring W2 is connected
to the power supply circuit VS and the semiconductor chip
1C2a. The electrode pad T2a is connected to the node Nh11l
of the light emitting element group HS11. The electrode pad
T3a is connected to the node Nh12 of the light emitting
element group HS12. Note that the wiring W2 has a smaller
wiring resistance than the wiring W1, for example.

[0261] The dimming circuit LCla has one terminal con-
nected to the electrode pad Tla, i.e. connected to the power
supply circuit VS via the electrode pad Tla.

[0262] The dimming circuit L.C2a has one terminal con-
nected to the electrode pad Tla, i.e. connected to the power
supply circuit VS via the electrode pad Tla.

[0263] The transistor P2a is a PMOS transistor, which has
the source terminal S connected to the other terminal of the
dimming circuit [.Cla, and the drain terminal D connected
to the electrode pad T2a, i.e. connected to the node Nh11 of
the light emitting element group HS11 via the electrode pad
T2a.

[0264] The transistor P3a is a PMOS transistor, which has
the source terminal S connected to the other terminal of the
dimming circuit L.C2qa, and the drain terminal D connected
to the electrode pad T3a, i.e. connected to the node Nh12 of
the light emitting element group HS12 via the electrode pad
T3a.

[0265] The electrode pad T4a is connected to the power
supply circuit VS. In this way, in the transistor P94, the gate
terminal G is always connected to the power supply circuit
VS. Therefore, transistor P9a is not turned on even if the
voltage level of the drive voltage Vk is increased, and is
always in off state.

[0266] The electrode pad T5a is connected to the electrode
pad T5 of the semiconductor chip IC2 via the wiring W3. In
other words, the wiring W3 electrically connects the node
Nd11 and the node Nd1la. In this way, the gate terminals G
of the transistor P2 and the transistor P3 are electrically
connected to gate terminals G of the transistor P2 and the
transistor P3a.

[0267] As described above, in the lighting device 405, the
gate terminal G of the transistor P9 of the semiconductor
chip IC2 is electrically connected to the power supply VSS
in the light emission control unit HC2, and hence the
comparison result signal Verl is supplied from the compar-
ing circuit CN to the gate terminals G of the transistor P2 and
the transistor P3. In addition, the gate terminals G of the
transistor P2a and the transistor P3a of the semiconductor
chip IC2a are electrically connected to the power supply
circuit VS in the light emission control unit HC2a, and hence



US 2019/0116639 Al

the supply of the comparison result signal Verla from the
comparing circuit CNaa to the gate terminals G of the
transistor P2a and the transistor P3a is interrupted. In
addition, the gate terminals G of the transistor P2 and the
transistor P3, which are connected to the comparing circuit
CN, are electrically connected to the gate terminals G of the
transistor P2a and the transistor P3a via the wiring W3.
Further, in this way, in the lighting device 405, the light
emission control unit HC2 of the semiconductor chip 1C2
performs the light emission control and the light emission
stop control of the light emitting element groups HS con-
nected to the semiconductor chip IC2, and the light emission
control and the light emission stop control of the light
emitting element groups HSa connected to the semiconduc-
tor chip IC2aq, i.e. performs the light emission control and
the light emission stop control of the light emitting element
groups HSB.

[0268] Therefore, even if there is a manufacturing varia-
tion between the comparing circuit CN of the semiconductor
chip IC2 and the comparing circuit CNaa of the semicon-
ductor chip IC2a, the lighting device 405 can prevent a
variation in timing of causing as well as stopping light
emission of the light emitting element groups HS and the
light emitting element groups HSa.

[0269] In addition, as to the lighting device 404, in the
case where a wiring resistance of the wiring W1 for the
semiconductor chip IC2 to receive power supply of the drive
voltage Vk and the drive current Ik from the power supply
circuit VS is larger than a wiring resistance of the wiring W2
for the semiconductor chip 1C2a to receive power supply of
the drive voltage Vk and the drive current Ik from the power
supply circuit VS, the light emission control unit HC2 of the
semiconductor chip IC2 performs the light emission control
and the light emission stop control of the light emitting
element groups HS connected to the semiconductor chip
1C2, and performs the light emission control and the light
emission stop control of the light emitting element groups
HSa connected to the semiconductor chip IC2a. Therefore,
even if a potential increase in the drive voltage Vk obtained
by the comparing circuit CN of the semiconductor chip 1C2
is delayed from a potential increase in the drive voltage Vk
obtained by the comparing circuit CNaa of the semiconduc-
tor chip 1C2a, based on the wiring resistance difference
between the wiring W1 and the wiring W2, it is possible to
prevent a light emission timing variation between the light
emitting element groups HS and the light emitting element
groups HSa.

[0270] [Third Variation of Fourth Embodiment]

[0271] FIG. 16 is a diagram illustrating a lighting device
40c¢ according to a third variation of the fourth embodiment
of the present invention. The lighting device 40c¢ includes
the power supply circuit VS, the light emitting element
groups HSB, the semiconductor chip IC2, and the semicon-
ductor chip IC2a. Note that in the lighting device 40c¢
illustrated in FIG. 16, the same structure as in the lighting
device 405 illustrated in FIG. 15 is denoted by the same
numeral or symbol, and description thereof is appropriately
omitted.

[0272] The lighting device 40c¢ is substantially different
from the lighting device 405 in the connection destination of
the electrode pad T4 of the semiconductor chip IC2 and in
the connection destination of the electrode pad T4a of the
semiconductor chip IC2a.
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[0273] The electrode pad T4 is connected to the power
supply circuit VS. In this way, on the transistor P9, the gate
terminal G is always connected to the power supply circuit
VS. Therefore, transistor P9 is not turned on even if the
voltage level of the drive voltage Vk is increased, and is
always in off state.

[0274] In addition, the electrode pad T4a is connected to
the power supply VSS. In this way, in the transistor P9a, the
gate terminal G is connected to the power supply VSS.
Therefore, transistor P9a is turned on when the drive voltage
Vk is increased so that the gate-source voltage of the
transistor P9 becomes equal to or higher than a threshold
voltage.

[0275] As described above, in the lighting device 40aq, the
gate terminal G of the transistor P9 of the semiconductor
chip IC2 is electrically connected to the power supply circuit
VS in the light emission control unit HC2, and hence supply
of the comparison result signal Verl from the comparing
circuit CN to the gate terminals G of the transistor P2 and the
transistor P3 is interrupted. In addition, in the light emission
control unit HC2a, the gate terminal G of the transistor P9a
of the semiconductor chip IC2aq is electrically connected to
the power supply VSS, and hence supply of the comparison
result signal Verla from the comparing circuit CNaa to the
gate terminals G of the transistor P2a and the transistor P3a
is performed. In addition, the gate terminals G of the
transistor P2a and the transistor P3a connected to the
comparing circuit CNaa are electrically connected to the
gate terminals G of the transistor P2 and the transistor P3 via
the wiring W3. Further, in this way, in the lighting device
40c, the light emission control unit HC2a of the semicon-
ductor chip IC2a performs the light emission control and the
light emission stop control of the light emitting element
groups HS connected to the semiconductor chip IC2, and the
light emission control and the light emission stop control of
the light emitting element groups HSa connected to the
semiconductor chip IC2aq, i.e. performs the light emission
control and the light emission stop control of the light
emitting element groups HSB.

[0276] Therefore, even if there is a manufacturing varia-
tion between the comparing circuit CN of the semiconductor
chip IC2 and the comparing circuit CNaa of the semicon-
ductor chip IC2a, the lighting device 40c¢ can prevent a
variation in timing of causing as well as stopping light
emission of the light emitting element groups HS and the
light emitting element groups HSa.

[0277] Note that the light emission control and the light
emission stop control of the lighting device including the
semiconductor chip IC2 and the semiconductor chip IC2a
are performed by one of the light emission control unit HC2
of'the semiconductor chip IC2 and the light emission control
unit HC2a of the semiconductor chip 1C2a, as described
above.

[0278] [Fourth Variation of Fourth Embodiment]

[0279] FIG. 17 is a diagram illustrating a lighting device
40d according to a fourth variation of the fourth embodiment
of the present invention. The lighting device 404 includes
the power supply circuit VS, the light emitting element
groups HSB, a semiconductor chip IC3 as the first semi-
conductor chip, and a semiconductor chip IC3a as the
second semiconductor chip. Note that in the lighting device
40d illustrated in FIG. 17, the same structure as in the
lighting device 20 illustrated in FIG. 5, the lighting device
20q illustrated in FIG. 7, or the lighting device 40 illustrated
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in FIG. 13 is denoted by the same numeral or symbol, and
description thereof is appropriately omitted.

[0280] The semiconductor chip IC3 has electrode pads for
external electric connection, which include the electrode pad
T1, the electrode pad T2, the electrode pad T3, the electrode
pad T4, the electrode pad T5, the electrode pad T6, and the
electrode pad T7. In addition, the semiconductor chip IC3
includes a light emission control unit HC3 as the first light
emission control unit, the dimming circuit L.C1, and the
dimming circuit LC2 as the first dimming portion.

[0281] The light emission control unit HC3 includes the
comparing circuit CNa as the first comparing circuit, the
transistor N1, the transistor N2 as the first control switch,
and a transistor P10 as the third control switch.

[0282] The comparing circuit CNa is connected to the
electrode pad T1, i.e. is connected to the power supply
circuit VS via the electrode pad T1. The comparing circuit
CNa determines whether the drive voltage Vk is higher or
lower than the light emission reference voltage VHa or a
voltage based on the light emission reference voltage VHa,
and outputs a result of the comparison as the comparison
result signal Ver2.

[0283] The dimming circuit LC1 has one terminal con-
nected to the electrode pad T1, i.e. connected to the power
supply circuit VS via the electrode pad T1, and the other
terminal connected to the electrode pad T2.

[0284] The dimming circuit LC2 has one terminal con-
nected to the electrode pad T1, i.e. connected to the power
supply circuit VS via the electrode pad T1, and the other
terminal connected to the electrode pad T3.

[0285] The transistor N1 is an NMOS transistor, which has
the source terminal S connected to the power supply VSS,
and the drain terminal D connected to the electrode pad T6.
[0286] The transistor N2 is an NMOS transistor, which has
the source terminal S connected to the power supply VSS,
and the drain terminal D connected to the electrode pad T7.
[0287] The transistor P10 is a PMOS transistor, which has
the source terminal S connected to the comparing circuit
CNa, and the drain terminal D connected to the gate termi-
nals G of the transistor N1 and the transistor N2 and the
electrode pad T5. In this way, the comparing circuit CNa is
connected to the gate terminals G of the transistor N1 and
the transistor N2 via the transistor P10, and the electric
connection between the comparing circuit CNa and the gate
terminals G of the transistor N1 and the transistor N2 is
controlled by the transistor P10. In addition, the transistor
P10 has the gate terminal G connected to the electrode pad
T4, i.e. connected to the power supply VSS via the electrode
pad T4. In this way, the transistor P10 is turned on when the
drive voltage Vk is increased, and the signal level of the
comparison result signal Vcr2, which is output from the
comparing circuit CNa and is supplied to the source terminal
S of the transistor P10, is increased so that the gate-source
voltage of the transistor P10 becomes equal to or higher than
a threshold voltage. Here, the connection node between the
drain terminal D of the transistor P10 and the gate terminals
G of the transistor N1 and the transistor N2 is referred to as
a node Nd12.

[0288] The light emitting element groups HSB include the
light emitting element groups HS and the light emitting
element groups HSa. The light emitting element groups HS
include the light emitting element group HS1, and the light
emitting element group HS2 as the first light emitting
element group. The light emitting element groups HSa
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include the light emitting element group HS11, and the light
emitting element group HS12 as the second light emitting
element group.

[0289] The light emitting element group HS1 has the node
Nh1 connected to the electrode pad T2, i.e. connected to the
other terminal of the dimming circuit LC1 via the electrode
pad T2, and the node Nhla connected to the electrode pad
T6, i.e. connected to the drain terminal D of the transistor N1
via the electrode pad T6.

[0290] The light emitting element group HS2 has the node
Nh2 connected to the electrode pad T3, i.e. connected to the
other terminal of the dimming circuit LC2 via the electrode
pad T3, and the node NH2a connected to the electrode pad
T7, i.e. connected to the drain terminal D of the transistor N2
via the electrode pad T7.

[0291] The semiconductor chip IC3a has the same struc-
ture as the semiconductor chip IC3. However, in the semi-
conductor chip IC3a of FIG. 17, for convenience of descrip-
tion, in order to discriminate from the semiconductor chip
1C3, the suffix “a” is added to the numeral or symbol of the
structure in the semiconductor chip IC3. In addition, in the
semiconductor chip IC3a, description of the structure
described in the semiconductor chip IC3 is appropriately
omitted. Note that the “comparing circuit CNa” is referred
to as a “comparing circuit CNaaa” here, in order to dis-
criminate from the “comparing circuit CNaa” illustrated in
FIG. 13 or the like.

[0292] The semiconductor chip IC3a has electrode pads
for external electric connection, which include the electrode
pad Tla, the electrode pad T2a, the electrode pad T3a, the
electrode pad T4a, the electrode pad T5a, an electrode pad
Téa, and an electrode pad T7a. In addition, the semicon-
ductor chip IC3a includes a light emission control unit
HC3a as the second light emission control unit, the dimming
circuit L.Cla, and the dimming circuit L.C2a as the second
dimming portion. The light emission control unit HC3a
includes the comparing circuit CNaaa as the second com-
paring circuit, a transistor Nla, a transistor N2a as the
second control switch, and a transistor P10a.

[0293] The electrode pad Tla is connected to the power
supply circuit VS via the wiring W2 as the second power
supply wiring. In other words, the wiring W2 is connected
to the power supply circuit VS and the semiconductor chip
1C3a. The electrode pad T2a is connected to the node Nh11l
of the light emitting element group HS11. The electrode pad
T3a is connected to the node Nh12 of the light emitting
element group HS12. Note that the wiring W2 has a smaller
wiring resistance than the wiring W1, for example.

[0294] The light emitting element group HS11 has the
node Nh1l connected to the electrode pad T2a, i.e. con-
nected to the other terminal of the dimming circuit LCla via
the electrode pad T2a. The node Nhlla is connected to the
electrode pad T6a, i.e. is connected to the drain terminal D
of the transistor Nla via the electrode pad Té6a.

[0295] The light emitting element group HS12 has the
node Nh12 connected to the electrode pad T3a, i.e. con-
nected to the other terminal of the dimming circuit LC2a via
the electrode pad T3a. The node Nh12a is connected to the
electrode pad T7a, i.e. is connected to the drain terminal D
of the transistor N2a via the electrode pad T7a.

[0296] The electrode pad T4a is connected to the power
supply circuit VS. In this way, in the transistor P10a, the gate
terminal G is always connected to the power supply circuit
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VS. Therefore, the transistor P10a is not turned on even if
the voltage level of the drive voltage Vk is increased, and is
always in off state.

[0297] The electrode pad T5a is connected to the electrode
pad T5 of the semiconductor chip IC3 via the wiring W3. In
other words, the wiring W3 electrically connects the node
Nd12 and the node Nd12a. In this way, the gate terminals G
of the transistor N1 and the transistor N2 are electrically
connected to the gate terminals G of the transistor N1a and
the transistor N2a.

[0298] As described above, in the lighting device 40d, the
gate terminal G of the transistor P10 of the semiconductor
chip IC3 is electrically connected to the power supply VSS
in the light emission control unit HC3, and hence supply of
the comparison result signal Ver2 from the comparing
circuit CNa to the gate terminals G of the transistor N1 and
the transistor N2 is performed. In addition, in the light
emission control unit HC3a, the gate terminals G of the
transistor N1a and the transistor N2a of the semiconductor
chip IC3a are electrically connected to the power supply
circuit VS, and hence supply of the comparison result signal
Ver2a from the comparing circuit CNaaa to the gate termi-
nals G of the transistor Nla and the transistor N2a is
interrupted. In addition, the gate terminals G of the transistor
N1 and the transistor N2 connected to the comparing circuit
CNa are electrically connected to the gate terminals G of the
transistor Nla and the transistor N2a via the wiring W3.
Further, in this way, in the lighting device 40d, the light
emission control unit HC3 of the semiconductor chip IC3
performs the light emission control and the light emission
stop control of the light emitting element groups HS con-
nected to the semiconductor chip IC3, and the light emission
control and the light emission stop control of the light
emitting element groups HSa connected to the semiconduc-
tor chip IC3a, i.e. performs the light emission control and
the light emission stop control of the light emitting element
groups HSB.

[0299] Therefore, even if there is a manufacturing varia-
tion between the comparing circuit CNa of the semiconduc-
tor chip IC3 and the comparing circuit CNaaa of the semi-
conductor chip IC3a, the lighting device 40d can prevent a
variation in timing of causing as well as stopping light
emission of the light emitting element groups HS and the
light emitting element groups HSa.

[0300] In addition, in the lighting device 40d, in a case
where the wiring resistance of the wiring W1 for the
semiconductor chip IC3 to receive power supply of the drive
voltage Vk and the drive current Ik from the power supply
circuit VS is larger than the wiring resistance of the wiring
W2 for the semiconductor chip IC3a to receive power
supply of the drive voltage Vk and the drive current Ik from
the power supply circuit VS, the light emission control and
the light emission stop control of the light emitting element
groups HS connected to the semiconductor chip IC3, and the
light emission control and the light emission stop control of
the light emitting element groups HSa connected to the
semiconductor chip IC3a are performed by the light emis-
sion control unit HC3 of the semiconductor chip IC3.
Therefore, even if a potential increase in the drive voltage
Vk obtained by the comparing circuit CNa of the semicon-
ductor chip IC3 is delayed from a potential increase in the
drive voltage Vk obtained by the comparing circuit CNaaa
of the semiconductor chip IC3a, based on the wiring resis-
tance difference between the wiring W1 and the wiring W2,
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it is possible to prevent a light emission timing variation
between the light emitting element groups HS and the light
emitting element groups HSa.

[0301] [Fifth Variation of Fourth Embodiment]

[0302] FIG. 18 is a diagram illustrating a lighting device
40¢ according to a fifth variation of the fourth embodiment
of the present invention. The lighting device 40e includes
the power supply circuit VS, the light emitting element
groups HSB, the semiconductor chip IC3, and the semicon-
ductor chip IC3a. Note that in the lighting device 40e
illustrated in FIG. 18, the same structure as in the lighting
device 404 illustrated in FIG. 17 is denoted by the same
numeral or symbol, and description thereof is appropriately
omitted.

[0303] The lighting device 40e is substantially different
from the lighting device 404 in the connection destination of
the electrode pad T4 of the semiconductor chip IC3 and in
the connection destination of the electrode pad T4a of the
semiconductor chip IC3a.

[0304] The electrode pad T4 is connected to the power
supply circuit VS. In this way, in the transistor P10, the gate
terminal G is always connected to the power supply circuit
VS. Therefore, the transistor P10 is not turned on even if the
voltage level of the drive voltage Vk is increased, and is
always in off state.

[0305] In addition, the electrode pad T4a is connected to
the power supply VSS. In this way, in the transistor P10a,
the gate terminal G is connected to the power supply VSS.
Therefore, the transistor P10a is turned on when the drive
voltage Vk is increased so that the gate-source voltage of the
transistor P10 becomes equal to or higher than a threshold
voltage.

[0306] As described above, in the lighting device 40e, the
gate terminal G of the transistor P10 of the semiconductor
chip IC3 is electrically connected to the power supply circuit
VS in the light emission control unit HC3, and hence supply
of the comparison result signal Vcr2 from the comparing
circuit CNa to the gate terminals G of the transistor N1 and
the transistor N2 is interrupted. In addition, the gate terminal
G of the transistor P10a of the semiconductor chip 1C3a is
electrically connected to the power supply VSS in the light
emission control unit HC3a, and hence supply of the com-
parison result signal Vcr2a from the comparing circuit
CNaaa to the gate terminals G of the transistor N1a and the
transistor N2a is performed. In addition, the gate terminals
G of the transistor N1a and the transistor N2a connected to
the comparing circuit CNaaa are electrically connected to
the gate terminals G of the transistor N1 and the transistor
N2 via the wiring W3. Further, in this way, in the lighting
device 40e¢, the light emission control unit HC3a of the
semiconductor chip 1C3a performs the light emission con-
trol and the light emission stop control of the light emitting
element groups HS connected to the semiconductor chip
IC3, and the light emission control and the light emission
stop control of the light emitting element groups HSa
connected to the semiconductor chip IC3a, i.e. performs the
light emission control and the light emission stop control of
the light emitting element groups HSB.

[0307] Therefore, even if there is a manufacturing varia-
tion between the comparing circuit CNa of the semiconduc-
tor chip IC3 and the comparing circuit CNaaa of the semi-
conductor chip IC3a, the lighting device 40e can prevent a
variation in timing of causing as well as stopping light
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emission of the light emitting element groups HS and the
light emitting element groups HSa.

[0308] Note that as described above, the light emission
control and the light emission stop control of the lighting
device including the semiconductor chip IC3 and the semi-
conductor chip 1C3a are performed by one of the light
emission control unit HC3 of the semiconductor chip IC3
and the light emission control unit HC3a of the semicon-
ductor chip IC3a.

[0309] [Sixth Variation of Fourth Embodiment]

[0310] FIG. 19 is a diagram illustrating a lighting device
40f according to a sixth variation of the fourth embodiment
of'the present invention. The lighting device 40f includes the
power supply circuit VS, the light emitting element groups
HSB, a semiconductor chip IC4 as the first semiconductor
chip, and a semiconductor chip IC4a as the second semi-
conductor chip. Note that in the lighting device 40f illus-
trated in FIG. 19, the same structure as in the lighting device
30 illustrated in FIG. 8, the lighting device 30aq illustrated in
FIG. 10, or the lighting device 40 illustrated in FIG. 13 is
denoted by the same numeral or symbol, and description
thereof is appropriately omitted.

[0311] The semiconductor chip IC4 has electrode pads for
external electric connection, which include the electrode pad
T1, the electrode pad T2, the electrode pad T3, the electrode
pad T4, and the electrode pad T5. In addition, the semicon-
ductor chip IC4 includes a light emission control unit HC4
as the first light emission control unit, the dimming circuit
LC1, and the dimming circuit L.C2 as the first dimming
portion.

[0312] The light emission control unit HC4 includes the
comparing circuit CNa as the first comparing circuit, the
transistor P6, the transistor P7 as the first control switch, and
a transistor P11 as the third control switch.

[0313] The comparing circuit CNa is connected to the
electrode pad T1, i.e. is connected to the power supply
circuit VS via the electrode pad T1. The comparing circuit
CNa determines whether the drive voltage Vk is higher or
lower than a voltage based on the light emission reference
voltage VH, and outputs a result of the comparison as the
comparison result signal Ver2.

[0314] The dimming circuit LC1 has one terminal con-
nected to the electrode pad T1, i.e. connected to the power
supply circuit VS via the electrode pad T1, and the other
terminal connected to the electrode pad T2.

[0315] The dimming circuit LC2 has one terminal con-
nected to the electrode pad T1, i.e. connected to the power
supply circuit VS via the electrode pad T1, and the other
terminal connected to the electrode pad T3.

[0316] The transistor P6 is a PMOS transistor, which has
the source terminal S connected to the power supply circuit
VS, and the drain terminal D connected to the dimming
circuit LC1.

[0317] The transistor P7 is a PMOS transistor, which has
the source terminal S connected to the power supply circuit
VS, and the drain terminal D connected to the dimming
circuit LC2.

[0318] The transistor P11 is a PMOS transistor, which has
the source terminal S connected to the comparing circuit
CNa, and the drain terminal D connected to the gate termi-
nals G of the transistor P6 and the transistor P7 and the
electrode pad T5. In this way, the comparing circuit CNa is
connected to the gate terminals G of the transistor P6 and the
transistor P7 via the transistor P11. The electric connection
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between the comparing circuit CNa and the gate terminals G
of the transistor P6 and the transistor P7 is controlled by the
transistor P11. In addition, transistor P11 has the gate
terminal G connected to the electrode pad T4, i.e. connected
to the power supply VSS via the electrode pad T4. In this
way, the transistor P11 is turned on when the drive voltage
Vk is increased, and the signal level of the comparison result
signal Ver2, which is output from the comparing circuit CNa
and is supplied to the source terminal S of the transistor P11,
increases so that the gate-source voltage of the transistor P11
becomes equal to or higher than a threshold voltage. Here,
the connection node between the drain terminal D of the
transistor P11 and the gate terminals G of the transistor P6
and the transistor P7 is referred to as a node Nd13.

[0319] The semiconductor chip IC4a has the same struc-
ture as the semiconductor chip IC4. However, in the semi-
conductor chip IC4a of FIG. 19, for convenience of descrip-
tion, in order to discriminate from the semiconductor chip
1C4, the suffix “a” is added to the numeral or symbol of the
structure in the semiconductor chip 1C4. In addition, in the
semiconductor chip ICd4a, description of the structure
described in the semiconductor chip IC4 is appropriately
omitted. Note that the “comparing circuit CNa” is referred
to as the “comparing circuit CNaaa” here, in order to
discriminate from the “comparing circuit CNaa” illustrated
in FIG. 13 or the like.

[0320] The semiconductor chip IC4a has electrode pads
for external electric connection, which include the electrode
pad Tla, the electrode pad T2a, the electrode pad T3a, the
electrode pad T4a, and the electrode pad T5a. In addition,
the semiconductor chip IC4a includes a light emission
control unit HC4a as the second light emission control unit,
the dimming circuit L.Cla, and the dimming circuit LC2a as
the second dimming portion. The light emission control unit
HC4aq includes the comparing circuit CNaaa as the second
comparing circuit, a transistor P6a, a transistor P7a as the
second control switch, and a transistor P11a.

[0321] The dimming circuit LC11 has one terminal con-
nected to the electrode pad Tla, i.e. connected to the power
supply circuit VS via the electrode pad Tla, and the other
terminal connected to the electrode pad T2a.

[0322] The dimming circuit LC12 has one terminal con-
nected to the electrode pad Tla, i.e. connected to the power
supply circuit VS via the electrode pad Tla, and the other
terminal connected to the electrode pad T3a.

[0323] The electrode pad T4a is connected to the power
supply circuit VS. In this way, in the transistor P11a, the gate
terminal G is always connected to the power supply circuit
VS. Therefore, the transistor P11a is not turned on even if
the voltage level of the drive voltage Vk is increased, and is
always in off state.

[0324] The electrode pad T5a is connected to the electrode
pad T5 of the semiconductor chip IC4 via the wiring W3. In
other words, the wiring W3 electrically connects the node
Nd13 and the node Nd13a. In this way, the gate terminals G
of the transistor P6 and the transistor P7 are electrically
connected to the gate terminals G of the transistor P6a and
transistor P7a.

[0325] As described above, in the lighting device 40f, the
gate terminal G of the transistor P11 of the semiconductor
chip IC4 is electrically connected to the power supply VSS
in the light emission control unit HC4, and hence supply of
the comparison result signal Ver2 from the comparing
circuit CNa to the gate terminals G of the transistor P6é and
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the transistor P7 is performed. In addition, in the light
emission control unit HC4a, the gate terminals G of the
transistor P6éa and the transistor P7a are electrically con-
nected to the power supply circuit VS in the semiconductor
chip IC4a, and hence supply of the comparison result signal
Ver2a from the comparing circuit CNaaa to the gate termi-
nals G of the transistor P6a and transistor P7a is interrupted.
In addition, the gate terminals G of the transistor P6 and the
transistor P7 connected to the comparing circuit CNa are
electrically connected to the gate terminals G of the tran-
sistor P6a and transistor P7a via the wiring W3. Further, in
this way, in the lighting device 40f; the light emission control
unit HC4 of the semiconductor chip IC4 performs the light
emission control and the light emission stop control of the
light emitting element groups HS connected to the semicon-
ductor chip 1C4, and the light emission control and the light
emission stop control of the light emitting element groups
HSa connected to the semiconductor chip IC4a, i.e. per-
forms the light emission control and the light emission stop
control of the light emitting element groups HSB.

[0326] Therefore, even if there is a manufacturing varia-
tion between the comparing circuit CNa of the semiconduc-
tor chip IC4 and the comparing circuit CNaaa of the semi-
conductor chip IC4aq, the lighting device 40f can prevent a
variation in timing of causing as well as stopping light
emission of the light emitting element groups HS and the
light emitting element groups HSa.

[0327] In addition, in the lighting device 40f; in a case
where a wiring resistance of the wiring W1 for the semi-
conductor chip IC4 to receive power supply of the drive
voltage Vk and the drive current Ik from the power supply
circuit VS is larger than a wiring resistance of the wiring W2
for the semiconductor chip 1C4a to receive power supply of
the drive voltage Vk and the drive current Ik from the power
supply circuit VS, the light emission control and the light
emission stop control of the light emitting element groups
HS connected to the semiconductor chip IC4, and the light
emission control and the light emission stop control of the
light emitting element groups HSa connected to the semi-
conductor chip IC4a are performed by the light emission
control unit HC4 of the semiconductor chip IC4. Therefore,
even if a potential increase in the drive voltage Vk obtained
by the comparing circuit CNa of the semiconductor chip 1C4
is delayed from a potential increase in the drive voltage Vk
obtained by the comparing circuit CNaaa of the semicon-
ductor chip 1C4aq, based on the wiring resistance difference
between the wiring W1 and the wiring W2, it is possible to
prevent a light emission timing variation between the light
emitting element groups HS and the light emitting element
groups HSa.

[0328] [Seventh Variation of Fourth Embodiment]

[0329] FIG. 20 is a diagram illustrating a lighting device
40g according to a seventh variation of the fourth embodi-
ment of the present invention. The lighting device 40g
includes the power supply circuit VS, the light emitting
element groups HSB, the semiconductor chip IC4, and the
semiconductor chip IC4a. Note that in the lighting device
40g illustrated in FIG. 20, the same structure as in the
lighting device 40f illustrated in FIG. 19 is denoted by the
same numeral or symbol, and description thereof is appro-
priately omitted.

[0330] The lighting device 40g is substantially different
from the lighting device 40fin the connection destination of
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the electrode pad T4 of the semiconductor chip IC4 and in
the connection destination of the electrode pad T4a of the
semiconductor chip 1C4a.

[0331] The electrode pad T4 is connected to the power
supply circuit VS. In this way, in the transistor P11, the gate
terminal G is always connected to the power supply circuit
VS. Therefore, transistor P11 is not turned on even if the
voltage level of the drive voltage Vk is increased, and is
always in off state.

[0332] In addition, the electrode pad T4a is connected to
the power supply VSS. In this way, in the transistor P11a, the
gate terminal G is connected to the power supply VSS.
Therefore, the transistor P11a is turned on when the drive
voltage Vk is increased so that the gate-source voltage of the
transistor P11 becomes equal to or higher than a threshold
voltage.

[0333] As described above, in the lighting device 40g, the
gate terminal G of the transistor P11 of the semiconductor
chip IC4 is electrically connected to the power supply circuit
VS in the light emission control unit HC4, and hence supply
of the comparison result signal Vcr2 from the comparing
circuit CNa to the gate terminals G of the transistor P6é and
the transistor P7 is interrupted. In addition, in the light
emission control unit HC4a, the gate terminal G of the
transistor P11a of the semiconductor chip 1C4a is electri-
cally connected to the power supply VSS, and hence supply
of the comparison result signal Ver2a from the comparing
circuit CNaaa to the gate terminals G of the transistor P6a
and transistor P7a is performed. In addition, the gate termi-
nals G of the transistor P6a and transistor P7a connected to
the comparing circuit CNaaa are electrically connected to
the gate terminals G of'the transistor P6 and the transistor P7
via the wiring W3. Further, in this way, in the lighting device
40g, the light emission control unit HC4a of the semicon-
ductor chip IC4a performs the light emission control and the
light emission stop control of the light emitting element
groups HS connected to the semiconductor chip 1C4, and the
light emission control and the light emission stop control of
the light emitting element groups HSa connected to the
semiconductor chip IC4aq, i.e. performs the light emission
control and the light emission stop control of the light
emitting element groups HSB.

[0334] Therefore, even if there is a manufacturing varia-
tion between the comparing circuit CNa of the semiconduc-
tor chip IC4 and the comparing circuit CNaaa of the semi-
conductor chip IC4a, the lighting device 40g can prevent a
variation in timing of causing as well as stopping light
emission of the light emitting element groups HS and the
light emitting element groups HSa.

[0335] Note that as described above, in the lighting device
including the semiconductor chip IC4 and the semiconduc-
tor chip IC4a, the light emission control and the light
emission stop control are performed by one of the light
emission control unit HC4 of the semiconductor chip IC4
and the light emission control unit HC4a of the semicon-
ductor chip IC4a.

[0336] [Eighth Variation of Fourth Embodiment]

[0337] FIG. 21 is a diagram illustrating a lighting device
40/ according to an eighth variation of the fourth embodi-
ment of the present invention. The lighting device 40/
includes the power supply circuit VS, the light emitting
element groups HSB, a semiconductor chip IC5 as the first
semiconductor chip, and a semiconductor chip IC5a as the
second semiconductor chip. Note that in the lighting device
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40/ illustrated in FIG. 21, the same structure as in the
lighting device 3054 illustrated in FIG. 11 or the lighting
device 40 illustrated in FIG. 13 is denoted by the same
numeral or symbol, and description thereof is appropriately
omitted.

[0338] The semiconductor chip IC5 has electrode pads for
external electric connection, which include the electrode pad
T1, the electrode pad T2, the electrode pad T3, the electrode
pad T4, and the electrode pad T5. In addition, the semicon-
ductor chip IC5 includes a light emission control unit HCS
as the first light emission control unit, the dimming circuit
LC1, and the dimming circuit L.C2 as the first dimming
portion.

[0339] The light emission control unit HC5 includes the
comparing circuit CNa as the first comparing circuit, the
transistor N3, the transistor N4 as the first control switch,
and a transistor P12 as the third control switch.

[0340] The comparing circuit CNa is connected to the
electrode pad T1, i.e. is connected to the power supply
circuit VS via the electrode pad T1. The comparing circuit
CNa determines whether the drive voltage Vk is higher or
lower than the light emission reference voltage VH or a
voltage based on the light emission reference voltage VH,
and outputs a result of the comparison as the comparison
result signal Ver2.

[0341] The dimming circuit LC1 has one terminal con-
nected to the electrode pad T1, i.e. connected to the power
supply circuit VS via the electrode pad T1, and the other
terminal connected to the electrode pad T2.

[0342] The dimming circuit LC2 has one terminal con-
nected to the electrode pad T1, i.e. connected to the power
supply circuit VS via the electrode pad T1, and the other
terminal connected to the electrode pad T3.

[0343] The transistor N3 is an NMOS transistor, which has
the source terminal S connected to the power supply circuit
VS, and the drain terminal D connected to the dimming
circuit LC1.

[0344] The transistor N4 is an NMOS transistor, which has
the source terminal S connected to the power supply circuit
VS, and the drain terminal D connected to the dimming
circuit LC2.

[0345] The transistor P12 is a PMOS transistor, which has
the source terminal S connected to the comparing circuit
CNa, and the drain terminal D connected to the gate termi-
nals G of the transistor N3 and the transistor N4 and the
electrode pad T5. In this way, the comparing circuit CNa is
connected to the gate terminals G of the transistor N3 and
the transistor N4 via the transistor P12, and the electric
connection between the comparing circuit CNa and the gate
terminals G of the transistor N3 and the transistor N4 is
controlled by the transistor P12. In addition, the transistor
P12 has the gate terminal G connected to the electrode pad
T4, i.e. connected to the power supply VSS via the electrode
pad T4. In this way, the transistor P12 is turned on when the
drive voltage Vk is increased, and the signal level of the
comparison result signal Vcr2, which is output from the
comparing circuit CNa and is supplied to the source terminal
S of the transistor P12, is increased so that the gate-source
voltage of the transistor P12 becomes equal to or higher than
a threshold voltage. Here, the drain terminal D of the
transistor P12 and the connection node between the gate
terminals G of the transistor N3 and the transistor N4 is
referred to as a node Nd14.
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[0346] The semiconductor chip IC5a has the same struc-
ture as the semiconductor chip IC5. However, in the semi-
conductor chip IC5a of FIG. 21, for convenience of descrip-
tion, in order to discriminate from the semiconductor chip
IC5, the suffix “a” is added to the numeral or symbol of the
structure in the semiconductor chip IC5. In addition, in the
semiconductor chip IC5a, description of the structure
described in the semiconductor chip IC5 is appropriately
omitted. Note that the “comparing circuit CNa” is referred
to as the “comparing circuit CNaaa” here, in order to
discriminate from the “comparing circuit CNaa” illustrated
in FIG. 13 or the like.

[0347] The semiconductor chip IC5a has electrode pads
for external electric connection, which include the electrode
pad Tla, the electrode pad T2a, the electrode pad T3a, the
electrode pad T4a, and the electrode pad T5a. In addition,
the semiconductor chip IC5a includes a light emission
control unit HCSa as the second light emission control unit,
the dimming circuit L.Cla, and the dimming circuit LC2a as
the second dimming portion. The light emission control unit
HC5a includes a comparing circuit CNaaa as the second
comparing circuit, a transistor N3a, a transistor N4a as the
second control switch, and a transistor P12a.

[0348] The dimming circuit LC11 has one terminal con-
nected to the electrode pad Tla, i.e. connected to the power
supply circuit VS via the electrode pad Tla, and the other
terminal connected to the electrode pad T2a.

[0349] The dimming circuit LC12 has one terminal con-
nected to the electrode pad Tla, i.e. connected to the power
supply circuit VS via the electrode pad Tla, and the other
terminal connected to the electrode pad T3a.

[0350] The electrode pad T4a is connected to the power
supply circuit VS. In this way, in the transistor P12a, the gate
terminal G is always connected to the power supply circuit
VS. Therefore, the transistor P12a is not turned on even if
the voltage level of the drive voltage Vk is increased, and is
always in off state.

[0351] The electrode pad T5a is connected to the electrode
pad T5 of the semiconductor chip IC5 via the wiring W3. In
other words, the wiring W3 electrically connects the node
Nd14 and a node Nd14aq. In this way, the gate terminals G
of the transistor N3 and the transistor N4 are electrically
connected to the gate terminals G of the transistor N3a and
the transistor N4a.

[0352] As described above, in the lighting device 404, the
gate terminal G of the transistor P12 of the semiconductor
chip ICS5 is electrically connected to the power supply VSS
in the light emission control unit HC5, and hence supply of
the comparison result signal Ver2 from the comparing
circuit CNa to the gate terminals G of the transistor N3 and
the transistor N4 is performed. In addition, in the light
emission control unit HC5a, the gate terminals G of the
transistor N3a and the transistor N4a of the semiconductor
chip IC5a are electrically connected to the power supply
circuit VS, and hence supply of the comparison result signal
Ver2a from the comparing circuit CNaaa to the gate termi-
nals G of the transistor N3a and the transistor Nda is
interrupted. In addition, the gate terminals G of the transistor
N3 and the transistor N4 connected to the comparing circuit
CNa are electrically connected to the gate terminals G of the
transistor N3a and the transistor Nda via the wiring W3.
Further, in this way, in the lighting device 40%, the light
emission control unit HC5 of the semiconductor chip IC5
performs the light emission control and the light emission
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stop control of the light emitting element groups HS con-
nected to the semiconductor chip IC5 and the light emission
control and the light emission stop control of the light
emitting element groups HSa connected to the semiconduc-
tor chip IC5a, i.e. performs the light emission control and
the light emission stop control of the light emitting element
groups HSB.

[0353] Therefore, even if there is a manufacturing varia-
tion between the comparing circuit CNa of the semiconduc-
tor chip IC5 and the comparing circuit CNaaa of the semi-
conductor chip IC5a, the lighting device 40/ can prevent a
variation in timing of causing as well as stopping light
emission of the light emitting element groups HS and the
light emitting element groups HSa.

[0354] In addition, as to the lighting device 40/, in the
case where the wiring resistance of the wiring W1 for the
semiconductor chip IC5 to receive power supply of the drive
voltage Vk and the drive current Ik from the power supply
circuit VS is larger than the wiring resistance of the wiring
W2 for the semiconductor chip IC5a to receive power
supply of the drive voltage Vk and the drive current Ik from
the power supply circuit VS, the light emission control unit
HC5 of the semiconductor chip IC5 performs the light
emission control and the light emission stop control of the
light emitting element groups HS connected to the semicon-
ductor chip IC5, and performs the light emission control and
the light emission stop control of the light emitting element
groups HSa connected to the semiconductor chip IC5a.
Therefore, even if a potential increase in the drive voltage
Vk obtained by the comparing circuit CNa of the semicon-
ductor chip IC5 is delayed from a potential increase in the
drive voltage Vk obtained by the comparing circuit CNaaa
of the semiconductor chip IC5a, based on the wiring resis-
tance difference between the wiring W1 and the wiring W2,
it is possible to prevent a light emission timing variation
between the light emitting element groups HS and the light
emitting element groups HSa.

[0355] [Ninth Variation of Fourth Embodiment]

[0356] FIG. 22 is a diagram illustrating a lighting device
40/ according to a ninth variation of the fourth embodiment
of'the present invention. The lighting device 40i includes the
power supply circuit VS, the light emitting element groups
HSB, the semiconductor chip IC5, and the semiconductor
chip IC5a. Note that in the lighting device 40; illustrated in
FIG. 22, the same structure as in the lighting device 40/
illustrated in FIG. 21 is denoted by the same numeral or
symbol, and description thereof is appropriately omitted.

[0357] The lighting device 40i is substantially different
from the lighting device 40/ in the connection destination of
the electrode pad T4 of the semiconductor chip IC5 and in
the connection destination of the electrode pad T4a of the
semiconductor chip IC5a.

[0358] The electrode pad T4 is connected to the power
supply circuit VS. In this way, in the transistor P12, the gate
terminal G is always connected to the power supply circuit
VS. Therefore, the transistor P12 is not turned on even if the
voltage level of the drive voltage Vk is increased, and is
always in off state.

[0359] In addition, the electrode pad T4a is connected to
the power supply VSS. In this way, in the transistor P12a,
the gate terminal G is connected to the power supply VSS.
Therefore, the transistor P12a is turned on when the drive
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voltage Vk is increased so that the gate-source voltage of the
transistor P12 becomes equal to or higher than a threshold
voltage.

[0360] As described above, in the lighting device 407, the
gate terminal G of the transistor P12 of the semiconductor
chip ICS5 is electrically connected to the power supply circuit
VS in the light emission control unit HC5, and hence supply
of the comparison result signal Vcr2 from the comparing
circuit CNa to the gate terminals G of the transistor N3 and
the transistor N4 is interrupted. In addition, in the light
emission control unit HCSa, the gate terminal G of the
transistor P12a of the semiconductor chip IC5aq is electri-
cally connected to the power supply VSS, and hence supply
of the comparison result signal Ver2a from the comparing
circuit CNaaa to the gate terminals G of the transistor N3a
and the transistor Nda is performed. In addition, the gate
terminals G of the transistor N3a and the transistor Nda
connected to the comparing circuit CNaaa are electrically
connected to the gate terminals G of the transistor N3 and
the transistor N4 via the wiring W3. Further, in this way, in
the lighting device 401, the light emission control unit HC5a
of the semiconductor chip IC5a performs the light emission
control and the light emission stop control of the light
emitting element groups HS connected to the semiconductor
chip IC5, and the light emission control and the light
emission stop control of the light emitting element groups
HSa connected to the semiconductor chip 1C5a, i.e. per-
forms the light emission control and the light emission stop
control of the light emitting element groups HSB.

[0361] Therefore, even if there is a manufacturing varia-
tion between the comparing circuit CNa of the semiconduc-
tor chip IC5 and the comparing circuit CNaaa of the semi-
conductor chip IC5aq, the lighting device 407 can prevent a
variation in timing of causing as well as stopping light
emission of the light emitting element groups HS and the
light emitting element groups HSa.

[0362] Note that the light emission control and the light
emission stop control of the lighting device including the
semiconductor chip IC5 and the semiconductor chip IC5a
are performed by either one of the light emission control unit
HCS5 of the semiconductor chip IC5 and the light emission
control unit HCS5a of the semiconductor chip IC5a, as
described above.

[0363] [Tenth Variation of Fourth Embodiment]

[0364] FIG. 23 is a diagram illustrating a lighting device
407 according to a tenth variation of the fourth embodiment
of'the present invention. The lighting device 40; includes the
power supply circuit VS, the light emitting element groups
HSB, a semiconductor chip IC6 as the first semiconductor
chip, and a semiconductor chip ICé6a as the second semi-
conductor chip. Note that in the lighting device 405 illus-
trated in FIG. 23, the same structure as in the lighting device
30c¢ illustrated in FIG. 12, or the lighting device 40 illus-
trated in FIG. 13 is denoted by the same numeral or symbol,
and description thereof is appropriately omitted.

[0365] The semiconductor chip IC6 has electrode pads for
external electric connection, which include the electrode pad
T1, the electrode pad T2, the electrode pad T3, the electrode
pad T4, the electrode pad T5, the electrode pad T6, and the
electrode pad T7. In addition, the semiconductor chip IC4
includes the light emission control unit HC4 as the first light
emission control unit, the dimming circuit L.C11, and the
dimming circuit LC12 as the first dimming portion.
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[0366] A light emission control unit HC6 includes the
comparing circuit CN as the first comparing circuit, and a
transistor P13 as the third control switch.

[0367] The comparing circuit CN is connected to the
electrode pad T1, i.e. is connected to the power supply
circuit VS via the electrode pad T1. The comparing circuit
CN determines whether the drive voltage Vk is higher or
lower than the light emission reference voltage VH or a
voltage based on the light emission reference voltage VH,
and outputs a result of the comparison as the comparison
result signal Verl.

[0368] The dimming circuit LC11 has one terminal con-
nected to the electrode pad T1, i.e. connected to the power
supply circuit VS via the electrode pad T1, and the other
terminal connected to the electrode pad T2, i.e. connected to
one terminal of the light emitting element group HS1 via the
electrode pad T2, and connected to the electrode pad T6, i.e.
connected to the node Nd8 of the light emitting element
group HS1 via the electrode pad T6. Note that the dimming
circuit LC11 includes the driving circuit KD1 illustrated in
FIG. 12.

[0369] The dimming circuit LC12 has one terminal con-
nected to the electrode pad T1, i.e. connected to the power
supply circuit VS via the electrode pad T1, and the other
terminal connected to the electrode pad T3, i.e. connected to
the one terminal of the light emitting element group HS2 via
the electrode pad T3, and connected to the electrode pad T7,
i.e. connected to the node Nd9 of the light emitting element
group HS2 via the electrode pad T7. Note that the dimming
circuit LC12 includes the driving circuit KD2 illustrated in
FIG. 12.

[0370] The transistor P13 is a PMOS transistor, which has
the source terminal S connected to the comparing circuit
CN, and the drain terminal D connected to the driving circuit
KD1 of the dimming circuit LC11 and the driving circuit
KD2 of the dimming circuit 12. In this way, the comparing
circuit CN is connected to the driving circuit KD1 via the
transistor P13, while the comparing circuit CN is connected
to the driving circuit KD2 via the transistor P13. The electric
connection between the comparing circuit CN and the
driving circuit KD1, and the electric connection between the
comparing circuit CN and the driving circuit KD2 are
controlled by the transistor P13. In addition, the transistor
P13 has the gate terminal G connected to the electrode pad
T4, i.e. connected to the power supply VSS via the electrode
pad T4. In this way, the transistor P13 is turned on when the
drive voltage Vk is increased, and the signal level of the
comparison result signal Verl, which is output from the
comparing circuit CN and is supplied to the source terminal
S of the transistor P13, is increased so that the gate-source
voltage of the transistor P13 becomes equal to or higher than
a threshold voltage. Here, the connection node among the
drain terminal D of the transistor P13, the driving circuit
KD1, and the driving circuit KD2 is referred to as a node
Nd15.

[0371] The semiconductor chip IC6a has the same struc-
ture as the semiconductor chip IC6. However, in the semi-
conductor chip IC6a of FIG. 23, for convenience of descrip-
tion, in order to discriminate from the semiconductor chip
1C6, the suffix “a” is added to the numeral or symbol of the
structure in the semiconductor chip 1C6. In addition, in the
semiconductor chip IC6a, description of the structure
described in the semiconductor chip IC6 is appropriately
omitted. Note that the “comparing circuit CN” is referred to

Apr. 18,2019

as the “comparing circuit CNaa” here, in order to discrimi-
nate from the “comparing circuit CNa” illustrated in FIG. 13
or the like.

[0372] The semiconductor chip IC6a has electrode pads
for external electric connection, which include the electrode
pad Tla, the electrode pad T2a, the electrode pad T3a, the
electrode pad T4a, the electrode pad T5a, the electrode pad
Téa, and the electrode pad T7a. In addition, the semicon-
ductor chip IC6a includes a light emission control unit
HC6a as the second light emission control unit, a dimming
circuit LC11q, and a dimming circuit LC12a as the second
dimming portion. The light emission control unit HC6a
includes the comparing circuit CNaa as the second compar-
ing circuit, and a transistor P13a.

[0373] The dimming circuit L.C11a has one terminal con-
nected to the electrode pad Tla, i.e. connected to the power
supply circuit VS via the electrode pad Tla, and the other
terminal connected to the electrode pad T2a, i.e. connected
to the one terminal of the light emitting element group HS11
via the electrode pad T2a, and connected to the electrode pad
Téa, i.e. connected to a node Nd8a of the light emitting
element group HS11 via the electrode pad Téa.

[0374] The dimming circuit .LC124 has one terminal con-
nected to the electrode pad Tla, i.e. connected to the power
supply circuit VS via the electrode pad Tla, and the other
terminal connected to the electrode pad T3a, i.e. connected
to the one terminal of the light emitting element group HS12
via the electrode pad T3a, and connected to the electrode pad
T7a, i.e. connected to a node Nd9a of the light emitting
element group HS12 via the electrode pad T7a.

[0375] The electrode pad T4a is connected to the power
supply circuit VS. In this way, in the transistor P13a, the gate
terminal G is always connected to the power supply circuit
VS. Therefore, the transistor P13a is not turned on even if
the voltage level of the drive voltage Vk is increased, and is
always in off state.

[0376] The electrode pad T5a is connected to the electrode
pad T5 of the semiconductor chip IC6 via the wiring W3. In
other words, the wiring W3 electrically connects the node
Nd15 and the node Nd15a. In this way, the driving circuit
KD1 and the driving circuit KD2 are electrically connected
to a driving circuit KD1a and a driving circuit KD2a.
[0377] As described above, in the lighting device 40y, the
gate terminal G of the transistor P13 of the semiconductor
chip IC6 is electrically connected to the power supply VSS
in the light emission control unit HC6, and hence supply of
the comparison result signal Verl from the comparing
circuit CN to the driving circuit KD1 and the driving circuit
KD2 is performed. In addition, the gate terminal G of the
transistor P13a of the semiconductor chip 1Céa is electri-
cally connected to the power supply circuit VS in the light
emission control unit HC6a, and hence supply of the com-
parison result signal Vcrla from the comparing circuit CNaa
to the driving circuit KD1 and the driving circuit KD2 is
interrupted. In addition, the driving circuit KD1 and the
driving circuit KD2 connected to the comparing circuit CN
are electrically connected to the driving circuit KD1a and
the driving circuit KD2a via the wiring W3. Further, in this
way, in the lighting device 40y, the light emission control
unit HC6 of the semiconductor chip IC6é performs the light
emission control and the light emission stop control of the
light emitting element groups HS connected to the semicon-
ductor chip IC6, and the light emission control and the light
emission stop control of the light emitting element groups
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HSa connected to the semiconductor chip IC6a, i.e. per-
forms the light emission control and the light emission stop
control of the light emitting element groups HSB.

[0378] Therefore, even if there is a manufacturing varia-
tion between the comparing circuit CN of the semiconductor
chip IC6 and the comparing circuit CNaa of the semicon-
ductor chip IC6a, the lighting device 40; can prevent a
variation in timing of causing as well as stopping light
emission of the light emitting element groups HS and the
light emitting element groups HSa.

[0379] In addition, in the lighting device 40j, in the case
where the wiring resistance of the wiring W1 for the
semiconductor chip IC6 to receive power supply of the drive
voltage Vk and the drive current Ik from the power supply
circuit VS is larger than the wiring resistance of the wiring
W2 for the semiconductor chip IC6a to receive power
supply of the drive voltage Vk and the drive current Ik from
the power supply circuit VS, the light emission control and
the light emission stop control of the light emitting element
groups HS connected to the semiconductor chip 1C6, and the
light emission control and the light emission stop control of
the light emitting element groups HSa connected to the
semiconductor chip IC6a are performed by the light emis-
sion control unit HC6 of the semiconductor chip IC6.
Therefore, even if a potential increase in the drive voltage
Vk obtained by the comparing circuit CNa of the semicon-
ductor chip IC6 is delayed from a potential increase in the
drive voltage Vk obtained by the comparing circuit CNaaa
of the semiconductor chip IC6a, based on the wiring resis-
tance difference between the wiring W1 and the wiring W2,
it is possible to prevent a light emission timing variation
between the light emitting element groups HS and the light
emitting element groups HSa.

[0380] [Eleventh Variation of Fourth Embodiment]
[0381] FIG. 24 is a diagram illustrating a lighting device
40% according to an eleventh variation of the fourth embodi-
ment of the present invention. The lighting device 40k
includes the power supply circuit VS, the light emitting
element groups HSB, the semiconductor chip 1C6, and the
semiconductor chip IC6a. Note that in the lighting device
40k illustrated in FIG. 24, the same structure as in the
lighting device 40 illustrated in FIG. 23 is denoted by the
same numeral or symbol, and description thereof is appro-
priately omitted.

[0382] The lighting device 40k is substantially different
from the lighting device 40; in the connection destination of
the electrode pad T4 of the semiconductor chip IC6 and in
the connection destination of the electrode pad T4a of the
semiconductor chip IC6a.

[0383] The electrode pad T4 is connected to the power
supply circuit VS. In this way, in the transistor P13, the gate
terminal G is always connected to the power supply circuit
VS. Therefore, the transistor P13 is not turned on even if the
voltage level of the drive voltage Vk is increased, and is
always in off state.

[0384] In addition, the electrode pad T4a is connected to
the power supply VSS. In this way, in the transistor P13a,
the gate terminal G is connected to the power supply VSS.
Therefore, the transistor P13a is turned on when the drive
voltage Vk is increased so that the gate-source voltage of the
transistor P13 becomes equal to or higher than a threshold
voltage.

[0385] As described above, in the lighting device 404, the
gate terminal G of the transistor P13 of the semiconductor
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chip IC6 is electrically connected to the power supply circuit
VS in the light emission control unit HC6, and hence supply
of the comparison result signal Verl from the comparing
circuit CN to the driving circuit KD1 and the driving circuit
KD2 is interrupted. In addition, in the light emission control
unit HC6a, the gate terminal G of the transistor P13a of the
semiconductor chip 1C6a is electrically connected to the
power supply VSS, and hence supply of the comparison
result signal Verla from the comparing circuit CNaa to the
gate terminals G of the driving circuit KD1a and the driving
circuit KD2a is performed. In addition, the driving circuit
KD1a and the driving circuit KD2a connected to the com-
paring circuit CNaa are electrically connected to the driving
circuit KD1 and the driving circuit KD2 via the wiring W3.
Further, in this way, in the lighting device 404, the light
emission control unit HC6a of the semiconductor chip I1C6a
performs the light emission control and the light emission
stop control of the light emitting element groups HS con-
nected to the semiconductor chip IC6, and the light emission
control and the light emission stop control of the light
emitting element groups HSa connected to the semiconduc-
tor chip IC6aq, i.e. performs the light emission control and
the light emission stop control of the light emitting element
groups HSB.

[0386] Therefore, even if there is a manufacturing varia-
tion between the comparing circuit CN of the semiconductor
chip IC6 and the comparing circuit CNaa of the semicon-
ductor chip ICéa, the lighting device 40k can prevent a
variation in timing of causing as well as stopping light
emission of the light emitting element groups HS and the
light emitting element groups HSa.

Fifth Embodiment

[0387] FIG. 25 is a diagram illustrating a lighting device
50 according to a fifth embodiment of the present invention.
The lighting device 50 includes the power supply circuit VS,
the light emitting element groups HSB, a semiconductor
chip IC7 as the first semiconductor chip, and a semiconduc-
tor chip IC7a as the second semiconductor chip. Note that in
the lighting device 50 illustrated in FIG. 25, the same
structure as in the lighting device 10 illustrated in FIG. 1, the
lighting device 10a illustrated in FIG. 3, or the lighting
device 40 illustrated in FIG. 13 is denoted by the same
numeral or symbol, and description thereof is appropriately
omitted.

[0388] The light emitting element groups HSB include the
light emitting element groups HS and the light emitting
element groups HSa. The light emitting element groups HS
include the light emitting element group HS1, and the light
emitting element group HS2 as the first light emitting
element group. The light emitting element groups HSa
include the light emitting element group HS11 and the light
emitting element group HS12 as the second light emitting
element group.

[0389] The semiconductor chip IC7 has electrode pads for
external electric connection, which include the electrode pad
T1, the electrode pad T2, the electrode pad T3, the electrode
pad T8, and the electrode pad T9. In addition, the semicon-
ductor chip IC7 includes a light emission control unit HC7
as the first light emission control unit, the dimming circuit
LC1, and the dimming circuit LC2 as the first dimming
portion.

[0390] The electrode pad T1 is connected to the power
supply circuit VS via the wiring W1 as the first power supply
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wiring. In other words, the wiring W1 is connected to the
power supply circuit VS and the semiconductor chip IC7.
The electrode pad T2 is connected to the node Nh1 of the
light emitting element group HS1. The electrode pad T3 is
connected to the node Nh2 of the light emitting element
group HS2.

[0391] The light emission control unit HC7 includes the
comparing circuit CN as the first comparing circuit, the
detecting portion K1 as the first detecting portion, and the
transistor P1 as the first control switch.

[0392] The comparing circuit CN is connected to the
electrode pad T1, i.e. is connected to the power supply
circuit VS via the electrode pad T1. The comparing circuit
CN determines whether the drive voltage Vk is higher or
lower than the light emission reference voltage VHa or a
voltage based on the light emission reference voltage VHa,
and outputs a result of the comparison as the comparison
result signal Verl. Note that the output terminal of the
comparing circuit CN is connected to the electrode pad T8.
[0393] The detecting portion K1 is an OR circuit having a
first input terminal and a second input terminal, for example.
The first input terminal of the detecting portion K1 is
connected to the output terminal of the comparing circuit
CN and is supplied with the comparison result signal Verl.
In addition, the first input terminal of the detecting portion
K1 is connected to the electrode pad T8, and the second
input terminal is connected to the electrode pad T9. The
detecting portion K1 outputs an output signal Kol, which is
the logical sum of the signal input to the first input terminal
and the signal input to the second input terminal. Here, the
connection node between the first input terminal of the
detecting portion K1 and the comparing circuit CN is
referred to as a node Nd16. Note that the detecting portion
K1 is not limited to the OR circuit but may be any other logic
circuit, as long as it outputs the output signal Ko1 as a result,
which is the logical sum of the signal input to the first input
terminal and the signal input to the second input terminal.
[0394] The transistor P1 is a PMOS transistor, which has
the source terminal S connected to the electrode pad T1, i.e.
connected to the power supply circuit VS via the electrode
pad T1, and the gate terminal G connected to the output
terminal of the detecting portion K1. The transistor P1 is
on-off controlled by the output signal Kol supplied from the
detecting portion K1.

[0395] The dimming circuit LC1 has one terminal con-
nected to the drain terminal D of the transistor P1 of the light
emission control unit HC7. In addition, the dimming circuit
LC1 has the other terminal connected to the electrode pad
T2, i.e. connected to the node Nhl of the light emitting
element group HS1 via the electrode pad T2.

[0396] The dimming circuit LC2 has one terminal con-
nected to the drain terminal D of the transistor P1 of the light
emission control unit HC7. In addition, the dimming circuit
LC2 has the other terminal connected to the electrode pad
T3, i.e. connected to the node Nh2 of the light emitting
element group HS2 via the electrode pad T3.

[0397] The semiconductor chip IC7a has the same struc-
ture as the semiconductor chip IC7. However, in the semi-
conductor chip IC7a of FIG. 25, for convenience of descrip-
tion, in order to discriminate from the semiconductor chip
1C7, the suffix “a” is added to the numeral or symbol of the
structure in the semiconductor chip IC7. In addition, in the
semiconductor chip IC7a, description of the structure
described in the semiconductor chip IC7 is appropriately
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omitted. Note that the “comparing circuit CN” is referred to
as a “comparing circuit CNaa” here, in order to discriminate
from the “comparing circuit CNa” illustrated in FIG. 5 or the
like.

[0398] The semiconductor chip IC7a has electrode pads
for external electric connection, which include the electrode
pad Tla, the electrode pad T2a, the electrode pad T3a, the
electrode pad T8a, and the electrode pad T9a. In addition,
the semiconductor chip IC7a includes a light emission
control unit HC7a as the second light emission control unit,
the dimming circuit L.Cla, and the dimming circuit LC2a as
the second dimming portion.

[0399] The electrode pad Tla is connected to the power
supply circuit VS via the wiring W2 as the second power
supply wiring. In other words, the wiring W2 is connected
to the power supply circuit VS and the semiconductor chip
1C7a. The electrode pad T2a is connected to the node Nh11l
of the light emitting element group HS11. The electrode pad
T3a is connected to the node Nh12 of the light emitting
element group HS12. Note that the wiring resistance of the
wiring W2 may be different from the wiring resistance of the
wiring W1.

[0400] The light emission control unit HC7a includes the
comparing circuit CNa as the second comparing circuit, a
detecting portion Kla as the second detecting portion, and
the transistor Pla as the second control switch.

[0401] The dimming circuit LCla has one terminal con-
nected to the drain terminal D of the transistor Pla of the
light emission control unit HC7a. In addition, the dimming
circuit LCla has the other terminal connected to the elec-
trode pad T2a, i.e. connected to the node Nh11 of the light
emitting element group HS11 via the electrode pad T2a.
[0402] The dimming circuit LC2a has one terminal con-
nected to the drain terminal D of the transistor Pla of the
light emission control unit HC7a. In addition, the dimming
circuit LC2a has the other terminal connected to the elec-
trode pad T3a, i.e. connected to the node Nh12 of the light
emitting element group HS12 via the electrode pad T3a.
[0403] The electrode pad T8a is connected to the electrode
pad T9 of the semiconductor chip IC7 via the wiring W4 as
the second connection wiring. In other words, the wiring W4
electrically connects a node Nd16a and the second input
terminal of the detecting portion K1.

[0404] The electrode pad T9a is connected to the electrode
pad T8 of the semiconductor chip IC7 via the wiring W5 as
the third connection wiring. In other words, the wiring W5
electrically connects the node Nd16 and the second input
terminal of the detecting portion Kla.

[0405] Here, in the detecting portion K1 of the semicon-
ductor chip IC7, the first input terminal is supplied with the
comparison result signal Verl output from the comparing
circuit CN, the second input terminal is supplied with the
comparison result signal Verla output from the comparing
circuit CNaa of the semiconductor chip IC74, and the logical
sum of these signals is supplied to the gate terminal G of the
transistor P1 as the output signal Kol as the first output
signal, and thus the transistor P1 is on-off controlled. In
other words, the light emission control and the light emis-
sion stop control of the light emitting element groups HS are
performed by the light emission control unit HC7 and the
light emission control unit HC74a of the semiconductor chip
1IC7a.

[0406] In addition, in the detecting portion Kla of the
semiconductor chip IC7aq, the first input terminal is supplied
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with the comparison result signal Verl output from the
comparing circuit CN of the semiconductor chip IC7, the
second input terminal is supplied with the comparison result
signal Vcrla output from the comparing circuit CNaa, and
the logical sum of these signals is supplied to the gate
terminal G of the transistor Pla as the output signal Kola as
the second output signal, and thus the transistor Pla is on-off
controlled. In other words, the light emission control and the
light emission stop control of the light emitting element
groups HSa is performed by the light emission control unit
HC7a and the light emission control unit HC7 of the
semiconductor chip IC7.

[0407] Here, the on/off state of the transistor P1 is deter-
mined by the signal level of the output signal Kol of the
detecting portion K1 and the signal level of the output signal
Kola of the detecting portion Kla. Further, the signal level
of the output signal Kol of the detecting portion K1 and the
signal level of the output signal Kola of the detecting
portion Kla are determined by the level of the comparison
result signal Verl output from the comparing circuit CN and
the level of the comparison result signal Verla output from
the comparing circuit CNaa.

[0408] If each of the comparing circuit CN and the com-
paring circuit CNaa determines that the drive voltage Vk is
lower than the light emission reference voltage VHa or a
voltage based on the light emission reference voltage VHa,
the comparison result signal Vcrl and the comparison result
signal Verla become high level. Therefore, high level
signals are input to the first input terminal and the second
input terminal of each of the detecting portion K1 and the
detecting portion Kla, and the output signal Kol and the
output signal Kola become high level. In this case, the gate
terminals G of the transistor P1 and the transistor Pla are
supplied with the high level signal, and hence the transistor
P1 and the transistor Pla are both turned off.

[0409] If the comparing circuit CN determines that the
drive voltage Vk is lower than the light emission reference
voltage VHa or a voltage based on the light emission
reference voltage VHa, while the comparing circuit CNaa
determines that the drive voltage Vk is higher than the light
emission reference voltage VHa or a voltage based on the
light emission reference voltage VHa, the comparison result
signal Verl becomes high level, while the comparison result
signal Verla becomes low level. In this case, the second
input terminal of the detecting portion K1 and the first input
terminal of the detecting portion Kla are supplied with the
low level signal, while the first input terminal of the detect-
ing portion K1 and the second input terminal of the detecting
portion Kla are supplied with the high level signal. There-
fore, the output signal Kol and the output signal Kola
become high level. In this case, the gate terminals G of the
transistor P1 and the transistor Pla are supplied with the
high level signal, and hence the transistor P1 and the
transistor Pla are both turned off.

[0410] If each of the comparing circuit CN and the com-
paring circuit CNaa determines that the drive voltage Vk is
higher than the light emission reference voltage VHa or a
voltage based on the light emission reference voltage VHa,
the comparison result signal Vcrl and the comparison result
signal Verla become low level. Therefore, the first input
terminal and the second input terminal of each of the
detecting portion K1 and the detecting portion Kla are
supplied with the low level signal, and hence the output
signal Kol and the output signal Kola become low level. In
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this case, the gate terminals G of the transistor P1 and the
transistor Pla are supplied with the low level signal, and
hence the transistor P1 and the transistor P1a are both turned
on.

[0411] As described above, in the lighting device 50, the
light emission control and the light emission stop control of
the light emitting element groups HSB are performed by the
light emission control unit HC7 of the semiconductor chip
IC7 and the light emission control unit HC7a of the semi-
conductor chip IC7a. Therefore, even if there is a manufac-
turing variation between the comparing circuit CN of the
semiconductor chip IC7 and the comparing circuit CNaa of
the semiconductor chip IC7a, the lighting device 50 can
prevent a variation in timing of causing as well as stopping
light emission of the light emitting element groups HS and
the light emitting element groups HSa.

[0412] In addition, in the lighting device 50, the light
emission control and the light emission stop control of the
light emitting element groups HSB are performed by the
light emission control unit HC7 of the semiconductor chip
IC7 and the light emission control unit HC7a of the semi-
conductor chip 1C7a. Therefore, even if the wiring resis-
tance of the wiring W2 for the semiconductor chip IC7q to
receive power supply of the drive voltage Vk and the drive
current Ik from the power supply circuit VS is different from
the wiring resistance of the wiring W1 for the semiconductor
chip IC7 to receive power supply of the drive voltage Vk and
the drive current Ik from the power supply circuit VS, the
lighting device 50 can prevent a variation in timing of
causing as well as stopping light emission of the light
emitting element groups HS and the light emitting element
groups HSa.

[0413] [First Variation of Fifth Embodiment]

[0414] FIG. 26 is a diagram illustrating a lighting device
50a according to a first variation of the fifth embodiment of
the present invention. The lighting device 50a includes the
power supply circuit VS, the light emitting element groups
HSB, a semiconductor chip IC8 as the first semiconductor
chip, and a semiconductor chip IC8a as the second semi-
conductor chip. Note that in the lighting device 50« illus-
trated in FIG. 26, the same structure as in the lighting device
105 illustrated in FIG. 4 or the lighting device 405 illustrated
in FIG. 15 is denoted by the same numeral or symbol, and
description thereof is appropriately omitted.

[0415] The light emitting element groups HSB include the
light emitting element groups HS and the light emitting
element groups HSa. The light emitting element groups HS
include the light emitting element group HS1, and the light
emitting element group HS2 as the first light emitting
element group. The light emitting element groups HSa
include the light emitting element group HS11, and the light
emitting element group HS12 as the second light emitting
element group.

[0416] The semiconductor chip IC8 has electrode pads for
external electric connection, which include the electrode pad
T1, the electrode pad T2, the electrode pad T3, the electrode
pad T8, and the electrode pad T9. In addition, the semicon-
ductor chip IC8 includes the light emission control unit HC7
as the first light emission control unit, the dimming circuit
LC1, and the dimming circuit LC2 as the first dimming
portion.

[0417] The electrode pad T1 is connected to the power
supply circuit VS via the wiring W1 as the first power supply
wiring. In other words, the wiring W1 is connected to the
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power supply circuit VS and the semiconductor chip IC8.
The electrode pad T2 is connected to the node Nh1 of the
light emitting element group HS1. The electrode pad T3 is
connected to the node Nh2 of the light emitting element
group HS2.

[0418] A light emission control unit HC8 includes the
comparing circuit CN as the first comparing circuit, the
detecting portion K1 as the first detecting portion, the
transistor P2, and the transistor P3 as the first control switch.
[0419] The dimming circuit LC1 has one terminal con-
nected to the electrode pad T1, i.e. connected to the power
supply circuit VS via the electrode pad T1.

[0420] The dimming circuit LC2 has one terminal con-
nected to the electrode pad T1, i.e. connected to the power
supply circuit VS via the electrode pad T1.

[0421] The transistor P2 is a PMOS transistor, which has
the source terminal S connected to the other terminal of the
dimming circuit LC1 and the drain terminal D connected to
the electrode pad T2, i.e. connected to the node Nh1 of the
light emitting element group HS1 via the electrode pad T2.
In addition, the transistor P2 has the gate terminal G
connected to the output terminal of the detecting portion K1.
The transistor P2 is on-off controlled by the output signal
Kol supplied from the detecting portion K1.

[0422] The transistor P3 is a PMOS transistor, which has
the source terminal S connected to the other terminal of the
dimming circuit LC2 and the drain terminal D connected to
the electrode pad T3, i.e. connected to the node Nh2 of the
light emitting element group HS2 via the electrode pad T3.
In addition, the transistor P3 has the gate terminal G
connected to the output terminal of the detecting portion K1.
The transistor P3 is on-off controlled by the output signal
Kol supplied from the detecting portion K1.

[0423] The semiconductor chip IC8a has the same struc-
ture as the semiconductor chip IC8. However, in the semi-
conductor chip IC8a of FIG. 26, for convenience of descrip-
tion, in order to discriminate from the semiconductor chip
1C8, the suffix “a” is added to the numeral or symbol of the
structure in the semiconductor chip IC8. In addition, in the
semiconductor chip IC8a, description of the structure
described in the semiconductor chip IC8 is appropriately
omitted. Note that the “comparing circuit CN” is referred to
as a “comparing circuit CNaa” here, in order to discriminate
from the “comparing circuit CNa” illustrated in FIG. 5 or the
like.

[0424] The semiconductor chip IC8a has electrode pads
for external electric connection, which include the electrode
pad Tla, the electrode pad T2a, the electrode pad T3a, the
electrode pad T8a, and the electrode pad T9a. In addition,
the semiconductor chip IC8a includes a light emission
control unit HC8a as the second light emission control unit,
the dimming circuit L.Cla, and the dimming circuit LC2aq as
the second dimming portion. The light emission control unit
HC8a includes the comparing circuit CNaa as the second
comparing circuit, the detecting portion Kla as the second
detecting portion, the transistor P2qa, and the transistor P3a
as the second control switch.

[0425] The electrode pad Tla is connected to the power
supply circuit VS via the wiring W2 as the second power
supply wiring. In other words, the wiring W2 is connected
to the power supply circuit VS and the semiconductor chip
1C8a. The electrode pad T2a is connected to the node Nh11
of the light emitting element group HS11. The electrode pad
T3a is connected to the node Nh12 of the light emitting
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element group HS12. Note that the wiring resistance of the
wiring W2 may be different from the wiring resistance of the
wiring W1.

[0426] The dimming circuit LCla has one terminal con-
nected to the electrode pad Tla, i.e. connected to the power
supply circuit VS via the electrode pad Tla.

[0427] The dimming circuit L.C2a has one terminal con-
nected to the electrode pad Tla, i.e. connected to the power
supply circuit VS via the electrode pad Tla.

[0428] The electrode pad T8a is connected to the electrode
pad T9 of the semiconductor chip IC8 via the wiring W4 as
the second connection wiring. In other words, the wiring W4
electrically connects the node Nd16a and the second input
terminal of the detecting portion K1.

[0429] The electrode pad T9a is connected to the electrode
pad T8 of the semiconductor chip IC8 via the wiring W5 as
the third connection wiring. In other words, the wiring W5
electrically connects the node Nd16 and the second input
terminal of the detecting portion Kla.

[0430] Here, in the detecting portion K1 of the semicon-
ductor chip IC8, the first input terminal is supplied with the
comparison result signal Verl output from the comparing
circuit CN, the second input terminal is supplied with the
comparison result signal Verla output from the comparing
circuit CNaa of the semiconductor chip IC8a, and the logical
sum of these signals is supplied to the gate terminals G of the
transistor P2 and the transistor P3 as the output signal Kol
as the first output signal so that the transistor P2 and the
transistor P3 are on-off controlled. In other words, the light
emission control and the light emission stop control of the
light emitting element groups HS are performed by the light
emission control unit HC8 and the light emission control
unit HC8a of the semiconductor chip IC8a.

[0431] In addition, in the detecting portion Kla of the
semiconductor chip IC8a, the first input terminal is supplied
with the comparison result signal Verl output from the
comparing circuit CN of the semiconductor chip IC8, the
second input terminal is supplied with the comparison result
signal Vcrla output from the comparing circuit CNaa, and
the logical sum of these signals is supplied to the gate
terminals G of the transistor P2a and the transistor P3a as the
output signal Kola as the second output signal so that the
transistor P2a and the transistor P3q are on-off controlled. In
other words, the light emission control and the light emis-
sion stop control of the light emitting element groups HSa
are performed by the light emission control unit HC8a and
the light emission control unit HC8 of the semiconductor
chip IC8.

[0432] Here, the on/off states of the transistor P2 and the
transistor P3 are determined by the signal level of the output
signal Kol of the detecting portion K1 and the signal level
of the output signal Kola of the detecting portion Kla.
Further, the signal level of the output signal Kol of the
detecting portion K1 and the signal level of the output signal
Kola of the detecting portion Kla are determined by the
level of the comparison result signal Verl output from the
comparing circuit CN and the level of the comparison result
signal Vcerla output from the comparing circuit CNaa.
[0433] If each of the comparing circuit CN and the com-
paring circuit CNaa determines that the drive voltage Vk is
lower than the light emission reference voltage VHa or a
voltage based on the light emission reference voltage VHa,
the comparison result signal Verl and the comparison result
signal Vcrla become high level. Therefore, the first input
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terminal and the second input terminal of each of the
detecting portion K1 and the detecting portion Kla are
supplied with the high level signal, and hence the output
signal Kol and the output signal Kola become high level.
In this case, the transistor P2, the transistor P3, the gate
terminals G of the transistor P2a and the transistor P3a are
supplied with the high level signal, and hence the transistor
P2, the transistor P3, the transistor P2a, and the transistor
P3a are all turned off.

[0434] If the comparing circuit CN determines that the
drive voltage Vk is lower than the light emission reference
voltage VHa or a voltage based on the light emission
reference voltage VHa, while the comparing circuit CNaa
determines that the drive voltage Vk is higher than the light
emission reference voltage VHa or a voltage based on the
light emission reference voltage VHa, the comparison result
signal Verl becomes high level, while the comparison result
signal Verla becomes low level. In this case, the second
input terminal of the detecting portion K1 and the first input
terminal of the detecting portion Kla are supplied with the
low level signal, and the first input terminal of the detecting
portion K1 and the second input terminal of the detecting
portion Kla are supplied with the high level signal. There-
fore, the output signal Kol and the output signal Kola
become high level. In this case, the transistor P2, the
transistor P3, the gate terminals G of the transistor P2a and
the transistor P3a are supplied with the high level signal, and
hence the transistor P2, the transistor P3, the transistor P2a
and the transistor P3a are all turned off.

[0435] If each of the comparing circuit CN and the com-
paring circuit CNaa determines that the drive voltage Vk is
higher than the light emission reference voltage VHa or a
voltage based on the light emission reference voltage VHa,
the comparison result signal Vcrl and the comparison result
signal Verla become low level. Therefore, the first input
terminal and the second input terminal of each of the
detecting portion K1 and the detecting portion Kla are
supplied with the low level signal, and hence the output
signal Kol and the output signal Kola become low level. In
this case, the transistor P2, the transistor P3, the gate
terminals G of the transistor P2a and the transistor P3a are
supplied with the low level signal, and hence the transistor
P2, the transistor P3, the transistor P2a, and the transistor
P3a are all turned on.

[0436] As described above, in the lighting device 50a, the
light emission control and the light emission stop control of
the light emitting element groups HSB are performed by the
light emission control unit HC8 of the semiconductor chip
IC8 and the light emission control unit HC8a of the semi-
conductor chip IC8a. Therefore, even if there is a manufac-
turing variation between the comparing circuit CN of the
semiconductor chip IC8 and the comparing circuit CNaa of
the semiconductor chip IC8a, the lighting device 50a can
prevent a variation in timing of causing as well as stopping
light emission of the light emitting element groups HS and
the light emitting element groups HSa.

[0437] In addition, in the lighting device 50aq, the light
emission control and the light emission stop control of the
light emitting element groups HSB are performed by the
light emission control unit HC8 of the semiconductor chip
IC8 and the light emission control unit HC8a of the semi-
conductor chip IC8a. Therefore, even if the wiring resis-
tance of the wiring W2 for the semiconductor chip IC8a to
receive power supply of the drive voltage Vk and the drive
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current Ik from the power supply circuit VS is different from
the wiring resistance of the wiring W1 for the semiconductor
chip IC8 to receive power supply of the drive voltage Vk and
the drive current Ik from the power supply circuit VS, the
lighting device 50a can prevent a variation in timing of
causing as well as stopping light emission of the light
emitting element groups HS and the light emitting element
groups HSa.

[0438] [Second Variation of Fifth Embodiment]

[0439] FIG. 27 is a diagram illustrating a lighting device
504 according to a second variation of the fifth embodiment
of the present invention. The lighting device 504 includes
the power supply circuit VS, the light emitting element
groups HSB, a semiconductor chip IC9 as the first semi-
conductor chip, and a semiconductor chip IC9a as the
second semiconductor chip. Note that in the lighting device
5056 illustrated in FIG. 27, the same structure as in the
lighting device 20aq illustrated in FIG. 7, or the lighting
device 50 illustrated in FIG. 25 is denoted by the same
numeral or symbol, and description thereof is appropriately
omitted.

[0440] The light emitting element groups HSB include the
light emitting element groups HS and the light emitting
element groups HSa. The light emitting element groups HS
include the light emitting element group HS1, and the light
emitting element group HS2 as the first light emitting
element group. The light emitting element groups HSa
include the light emitting element group HS11, and the light
emitting element group HS12 as the second light emitting
element group.

[0441] The semiconductor chip IC9 has electrode pads for
external electric connection, which include the electrode pad
T1, the electrode pad T2, the electrode pad T3, the electrode
pad T6, the electrode pad T7, the electrode pad T8, and the
electrode pad T9. In addition, the semiconductor chip IC9
includes a light emission control unit HC9 as the first light
emission control unit, the dimming circuit L.C1, and the
dimming circuit LC2 as the first dimming portion.

[0442] The electrode pad T1 is connected to the power
supply circuit VS via the wiring W1 as the first power supply
wiring. In other words, the wiring W1 is connected to the
power supply circuit VS and the semiconductor chip 1C9.
The electrode pad T2 is connected to the node Nh1 of the
light emitting element group HS1. The electrode pad T3 is
connected to the node Nh2 of the light emitting element
group HS2. The electrode pad T6 is connected to one
terminal of the node Nhla of the light emitting element
group HS1. The electrode pad T7 is connected to the node
Nh2a of the light emitting element group HS2.

[0443] The light emission control unit HC9 includes the
comparing circuit CNa as the first comparing circuit, a
detecting portion K2 as the first detecting portion, the
transistor N1, and the transistor N2 as the first control
switch.

[0444] The comparing circuit CNa is connected to the
electrode pad T1, i.e. connected to the power supply circuit
VS via the electrode pad T1. The comparing circuit CNa
determines whether the drive voltage Vk is higher or lower
than the light emission reference voltage VHa or a voltage
based on the light emission reference voltage VHa, and
outputs a result of the comparison as the comparison result
signal Vcr2. Note that the output terminal of the comparing
circuit CNa is connected to the electrode pad T8.
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[0445] The detecting portion K2 is an AND circuit having
a first input terminal and a second input terminal, for
example. The first input terminal of the detecting portion K2
is connected to the output terminal of the comparing circuit
CNa and is supplied with the comparison result signal Ver2.
In addition, the first input terminal of the detecting portion
K2 is connected to the electrode pad T8, and the second
input terminal is connected to the electrode pad T9. The
detecting portion K2 outputs an output signal Ko2, which is
the logical product of the signal input to the first input
terminal and the signal input to the second input terminal.
Here, the connection node between the first input terminal of
the detecting portion K2 and the comparing circuit CNa is
referred to as a node Nd17. Note that the detecting portion
K2 is not limited to the AND circuit but may be any other
logic circuit, as long as it outputs the output signal Ko2 as
a result, which is the logical product of the signal input to the
first input terminal and the signal input to the second input
terminal.

[0446] The transistor N1 is an NMOS transistor, which has
the source terminal S connected to the power supply VSS,
the drain terminal D connected to the electrode pad T6, i.e.
connected to the one terminal of the light emitting element
group HS1 via the electrode pad T6, and the gate terminal G
connected to the output terminal of the detecting portion K1.
The transistor N1 is on-off controlled by the output signal
Ko2 supplied from the detecting portion K2.

[0447] The dimming circuit LC1 has one terminal con-
nected to the electrode pad T1, i.e. connected to the power
supply circuit VS via the electrode pad T1. In addition, the
dimming circuit LC1 has the other terminal connected to the
electrode pad T2, i.e. connected to the node Nh1 of the light
emitting element group HS1 via the electrode pad T2.
[0448] The dimming circuit LC2 has one terminal con-
nected to the electrode pad T1, i.e. connected to the power
supply circuit VS via the electrode pad T1. In addition, the
dimming circuit LC2 has the other terminal connected to the
electrode pad T3, i.e. connected to the node Nh2 of the light
emitting element group HS2 via the electrode pad T3.
[0449] The semiconductor chip IC9a has the same struc-
ture as the semiconductor chip IC9. However, in the semi-
conductor chip IC9a of FIG. 27, for convenience of descrip-
tion, in order to discriminate from the semiconductor chip
1C9, the suffix “a” is added to the numeral or symbol of the
structure in the semiconductor chip IC9. In addition, in the
semiconductor chip IC9a, description of the structure
described in the semiconductor chip IC9 is appropriately
omitted. Note that the “comparing circuit CNa” is referred
to as the “comparing circuit CNaaa” here, in order to
discriminate from the “comparing circuit CNaa” illustrated
in FIG. 25 or the like.

[0450] The semiconductor chip IC9a has electrode pads
for external electric connection, which include the electrode
pad Tla, the electrode pad T2a, the electrode pad T3a, the
electrode pad T6aq, the electrode pad T7a, the electrode pad
T8a, and the electrode pad T9qa. In addition, the semicon-
ductor chip 1C9a includes a light emission control unit
HC9aq as the second light emission control unit, the dimming
circuit LCla, and the dimming circuit L.C2qa as the second
dimming portion. The light emission control unit HC9a
includes the comparing circuit CNaaa as the second com-
paring circuit, a detecting portion K2a as the second detect-
ing portion, the transistor N1a, and the transistor N2a as the
second control switch.
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[0451] The electrode pad Tla is connected to the power
supply circuit VS via the wiring W2 as the second power
supply wiring. In other words, the wiring W2 is connected
to the power supply circuit VS and the semiconductor chip
1C9a. The electrode pad T2a is connected to the node Nh11l
of the light emitting element group HS11. The electrode pad
T3a is connected to the node Nh12 of the light emitting
element group HS12. The electrode pad T6a is connected to
the one terminal of the light emitting element group HS11.
The electrode pad T7a is connected to the one terminal of the
light emitting element group HS12. Note that the wiring
resistance of the wiring W2 may be different from the wiring
resistance of the wiring W1.

[0452] The light emission control unit HC9a includes the
comparing circuit CNaaa as the second comparing circuit,
the detecting portion K2a as the second detecting portion,
the transistor Nla, and the transistor N2a as the second
control switch.

[0453] The dimming circuit LC11 has one terminal con-
nected to the electrode pad Tla, i.e. connected to the power
supply circuit VS via the electrode pad T1a. In addition, the
dimming circuit LC11 has the other terminal connected to
the electrode pad T2a, i.e. connected to the node Nh11 of the
light emitting element group HS11 via the electrode pad
T2a.

[0454] The dimming circuit LC12 has one terminal con-
nected to the electrode pad Tla, i.e. connected to the power
supply circuit VS via the electrode pad T1a. In addition, the
dimming circuit LC12 has the other terminal connected to
the electrode pad T3aq, i.e. connected to the node Nh12 ofthe
light emitting element group HS12 via the electrode pad
T3a.

[0455] The electrode pad T8a is connected to the electrode
pad T9 of the semiconductor chip IC9 via the wiring W4 as
the second connection wiring. In other words, the wiring W4
electrically connects the node Nd17a and the second input
terminal of the detecting portion K2.

[0456] The electrode pad T9a is connected to the electrode
pad T8 of the semiconductor chip IC9 via the wiring W5 as
the third connection wiring. In other words, the wiring W5
electrically connects the node Nd17 and the second input
terminal of the detecting portion K2a.

[0457] Here, in the detecting portion K2 of the semicon-
ductor chip IC9, the first input terminal is supplied with the
comparison result signal Ver2 output from the comparing
circuit CNa, the second input terminal is supplied with
comparison result signal Vcr2a output from the comparing
circuit CNaaa of the semiconductor chip 1C9a, and the
logical sum of these signals is supplied to the gate terminals
G of the transistor N1 and the transistor N2 as the output
signal Ko2 as the first output signal so that the transistor N1
and the transistor N2 are on-off controlled. In other words,
the light emission control and the light emission stop control
of' the light emitting element groups HS are performed by the
light emission control unit HC9 and the light emission
control unit HC9a of the semiconductor chip IC9a.

[0458] In addition, in the detecting portion K2a of the
semiconductor chip 1C9aq, the first input terminal is supplied
with the comparison result signal Ver2 output from the
comparing circuit CNa of the semiconductor chip IC9, the
second input terminal is supplied with the comparison result
signal Vcr2a output from the comparing circuit CNaaa, and
the logical sum of these signals is supplied to the gate
terminals G of the transistor N1a and the transistor N2a as
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an output signal Ko2a as the second output signal so that the
transistor N1a and the transistor N2a are on-off controlled.
In other words, the light emission control and the light
emission stop control of the light emitting element groups
HSa are performed by the light emission control unit HC9a
and the light emission control unit HC9 of the semiconduc-
tor chip I1C9.

[0459] Here, the on/off states of the transistor N1 and the
transistor N2 are determined by the signal level of the output
signal Ko2 of the detecting portion K2 and the signal level
of the output signal Ko2a of the detecting portion K2a.
Further, the signal level of the output signal Ko2 of the
detecting portion K2 and the signal level of the output signal
Ko2a of the detecting portion K2a are determined by the
level of the comparison result signal Ver2 output from the
comparing circuit CNa and the level of the comparison
result signal Vcr2a output from the comparing circuit
CNaaa.

[0460] If each of the comparing circuit CNa and the
comparing circuit CNaaa determines that the drive voltage
Vk is lower than the light emission reference voltage VHa
or a voltage based on the light emission reference voltage
VHa, the comparison result signal Vcr2 and the comparison
result signal Vcr2a become low level. Therefore, the first
input terminal and the second input terminal of each of the
detecting portion K2 and the detecting portion K2a are
supplied with the low level signal, and hence the output
signal Ko2 and the output signal Ko2a become low level. In
this case, the gate terminals G of the transistor N1, the
transistor N2, the transistor N1a, and the transistor N2a are
supplied with the low level signal, the transistor N1, the
transistor N2, the transistor N1a, and the transistor N2a are
all turned off.

[0461] If the comparing circuit CNa determines that the
drive voltage Vk is lower than the light emission reference
voltage VHa or a voltage based on the light emission
reference voltage VHa, while the comparing circuit CNaaa
determines that the drive voltage Vk is higher than the light
emission reference voltage VHa or a voltage based on the
light emission reference voltage VHa, the comparison result
signal Vcr2 becomes low level, while the comparison result
signal Vcr2a becomes high level. In this case, the second
input terminal of the detecting portion K2 and the first input
terminal of the detecting portion K2a are both supplied with
the high level signal, while the first input terminal of the
detecting portion K2 and the second input terminal of the
detecting portion K2a are both supplied with the low level
signal. Therefore, the output signal Ko2 and the output
signal Ko2a become low level. In this case, the gate termi-
nals G of the transistor N1, the transistor N2, the transistor
Nla, and the transistor N2a are supplied with the high level
signal, and hence the transistor N1, the transistor N2, the
transistor Nla, and the transistor N2a are all turned off.
[0462] If each of the comparing circuit CNa and the
comparing circuit CNaaa determines that the drive voltage
Vk is higher than the light emission reference voltage VHa
or a voltage based on the light emission reference voltage
VHa, the comparison result signal Vcr2 and the comparison
result signal Vcr2a become high level. Therefore, the first
input terminal and the second input terminal of each of the
detecting portion K2 and the detecting portion K2a are
supplied with the high level signal, and hence the output
signal Ko2 and the output signal Ko2a become high level.
In this case, the gate terminals G of the transistor N1, the
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transistor N2, the transistor N1a, and the transistor N2a are
supplied with the low level signal, and hence the transistor
N1, the transistor N2, the transistor N1a, and the transistor
N2a are all turned on.

[0463] As described above, in the lighting device 505, the
light emission control and the light emission stop control of
the light emitting element groups HSB are performed by the
light emission control unit HC9 of the semiconductor chip
IC9 and the light emission control unit HC9a of the semi-
conductor chip IC9a. Therefore, even if there is a manufac-
turing variation between the comparing circuit CNa of the
semiconductor chip IC9 and the comparing circuit CNaaa of
the semiconductor chip IC9a, the lighting device 505 can
prevent a variation in timing of causing as well as stopping
light emission of the light emitting element groups HS and
the light emitting element groups HSa.

[0464] In addition, in the lighting device 504, the light
emission control and the light emission stop control of the
light emitting element groups HSB are performed by the
light emission control unit HC9 of the semiconductor chip
IC9 and the light emission control unit HC9a of the semi-
conductor chip 1C9a. Therefore, even if the wiring resis-
tance of the wiring W2 for the semiconductor chip 1C9a to
receive power supply of the drive voltage Vk and the drive
current Ik from the power supply circuit VS is different from
the wiring resistance of the wiring W1 for the semiconductor
chip IC9 to receive power supply of the drive voltage Vk and
the drive current Ik from the power supply circuit VS, the
lighting device 505 can prevent a variation in timing of
causing as well as stopping light emission of the light
emitting element groups HS and the light emitting element
groups HSa.

[0465] [Third Variation of Fifth Embodiment]

[0466] FIG. 28 is a diagram illustrating a lighting device
50c¢ according to a third variation of the fifth embodiment of
the present invention. The lighting device 50c¢ includes the
power supply circuit VS, the light emitting element groups
HSB, a semiconductor chip IC10 as the first semiconductor
chip, and a semiconductor chip IC10a as the second semi-
conductor chip. Note that in the lighting device 50c¢ illus-
trated in FIG. 28, the same structure as in the lighting device
30 illustrated in FIG. 8, the lighting device 30aq illustrated in
FIG. 10, the lighting device 50q illustrated in FIG. 25, or the
lighting device 50c illustrated in FIG. 27 is denoted by the
same numeral or symbol, and description thereof is appro-
priately omitted.

[0467] The light emitting element groups HSB include the
light emitting element groups HS and the light emitting
element groups HSa. The light emitting element groups HS
include the light emitting element group HS1, and the light
emitting element group HS2 as the first light emitting
element group. The light emitting element groups HSa
include the light emitting element group HS11 and the light
emitting element group HS12 as the second light emitting
element group.

[0468] The semiconductor chip IC10 has electrode pads
for external electric connection, which include the electrode
pad T1, the electrode pad T2, the electrode pad T3, the
electrode pad T8, and the electrode pad T9. In addition, the
semiconductor chip IC10 includes a light emission control
unit HC10 as the first light emission control unit, the
dimming circuit LC1, and the dimming circuit LC2 as the
first dimming portion. The light emission control unit HC10
includes the comparing circuit CNa as the first comparing
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circuit, the detecting portion K2 as the first detecting por-
tion, the transistor P6, and the transistor P7 as the first
control switch.

[0469] The electrode pad T1 is connected to the power
supply circuit VS via the wiring W1 as the first power supply
wiring. In other words, the wiring W1 is connected to the
power supply circuit VS and the semiconductor chip 1C10.
The electrode pad T2 is connected to the node Nh1 of the
light emitting element group HS1. The electrode pad T3 is
connected to the node Nh2 of the light emitting element
group HS2.

[0470] The transistor P6 is a PMOS transistor, which has
the source terminal S connected to the electrode pad T1, i.e.
connected to the power supply circuit VS via the electrode
pad T1, the drain terminal D connected to one terminal of the
dimming circuit L.C1, and the gate terminal G connected to
the output terminal of the detecting portion K2. The tran-
sistor P6 is on-off controlled by the output signal Ko2
supplied from the detecting portion K2.

[0471] The transistor P7 is a PMOS transistor, which has
the source terminal S connected to the electrode pad T1, i.e.
connected to the power supply circuit VS via the electrode
pad T1, the drain terminal D connected to one terminal of the
dimming circuit LC2, and the gate terminal G connected to
the output terminal of the detecting portion K2. The tran-
sistor P7 is on-off controlled by the output signal Ko2
supplied from the detecting portion K2.

[0472] The dimming circuit LC1 has the other terminal
connected to the electrode pad T2, i.e. connected to the node
Nh1 of the light emitting element group HS1 via the
electrode pad T2.

[0473] The dimming circuit LC2 has the other terminal
connected to the electrode pad T3, i.e. connected to the node
Nh2 of the light emitting element group HS2 via the
electrode pad T3.

[0474] The semiconductor chip IC10q has the same struc-
ture as the semiconductor chip IC10. However, in the
semiconductor chip IC10a of FIG. 28, for convenience of
description, in order to discriminate from the semiconductor
chip IC10, the suffix “a” is added to the numeral or symbol
of the structure in the semiconductor chip IC10. In addition,
in the semiconductor chip IC10q, the structure described in
the semiconductor chip IC10 is appropriately omitted. Note
that the “comparing circuit CNa” is referred to as the
“comparing circuit CNaaa” here, in order to discriminate
from the “comparing circuit CNaa” illustrated in FIG. 25 or
the like.

[0475] The semiconductor chip IC10a has electrode pads
for external electric connection, which include the electrode
pad Tla, the electrode pad T2a, the electrode pad T3a, the
electrode pad T8a, and the electrode pad T9a. In addition,
the semiconductor chip IC10a includes a light emission
control unit HC10a as the second light emission control unit,
the dimming circuit L.Cla, and the dimming circuit LC2aq as
the second dimming portion. The light emission control unit
HC10q includes the comparing circuit CNaaa as the second
comparing circuit, the detecting portion K2a as the second
detecting portion, the transistor N1a, and the transistor N2a
as the second control switch.

[0476] The electrode pad Tla is connected to the power
supply circuit VS via the wiring W2 as the second power
supply wiring. In other words, the wiring W2 is connected
to the power supply circuit VS and the semiconductor chip
1C10q. The electrode pad T2a is connected to the node Nh11
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of the light emitting element group HS11. The electrode pad
T3a is connected to the node Nh12 of the light emitting
element group HS12. Note that the wiring resistance of the
wiring W2 may be different from the wiring resistance of the
wiring W1.

[0477] The light emission control unit HC10a includes the
comparing circuit CNaaa as the second comparing circuit,
the detecting portion K2a as the second detecting portion,
the transistor P6a, and the transistor P7a as the second
control switch.

[0478] The dimming circuit LC11 has the other terminal
connected to the electrode pad T2a, i.e. connected to the
node Nh11 of the light emitting element group HS11 via the
electrode pad T2a.

[0479] The dimming circuit LC12 has the other terminal
connected to the electrode pad T3a, i.e. connected to the
node Nh12 of the light emitting element group HS12 via the
electrode pad T3a.

[0480] The electrode pad T8a is connected to the electrode
pad T9 of the semiconductor chip IC10 via the wiring W4
as the second connection wiring. In other words, the wiring
W4 electrically connects the node Nd174 and the second
input terminal of the detecting portion K2.

[0481] The electrode pad T9a is connected to the electrode
pad T8 of the semiconductor chip IC10 via the wiring W5
as the third connection wiring. In other words, the wiring
W5 electrically connects the node Nd17 and the second
input terminal of the detecting portion K2a.

[0482] Here, in the detecting portion K2 of the semicon-
ductor chip IC10, the first input terminal is supplied with the
comparison result signal Ver2 output from the comparing
circuit CNa, the second input terminal is supplied with the
comparison result signal Vcr2a output from the comparing
circuit CNaaa of the semiconductor chip 1C10q, and the
logical sum of these signals is supplied to the gate terminals
G of the transistor P6 and the transistor P7 as the output
signal Ko2 as the first output signal so that the transistor P6
and the transistor P7 are on-off controlled. In other words,
the light emission control and the light emission stop control
of' the light emitting element groups HS are performed by the
light emission control unit HC10 and the light emission
control unit HC10qa of the semiconductor chip 1C10aq.
[0483] In addition, in the detecting portion K2a of the
semiconductor chip IC10q, the first input terminal is sup-
plied with the comparison result signal Ver2 output from the
comparing circuit CNa of the semiconductor chip IC10, the
second input terminal is supplied with the comparison result
signal Vcr2a output from the comparing circuit CNaaa, and
the logical sum of these signals is supplied to the gate
terminals G of the transistor N1a and the transistor N2a as
the output signal Ko2a as the second output signal, so that
the transistor P6a and the transistor P7a are on-off con-
trolled. In other words, the light emission control and the
light emission stop control of the light emitting element
groups HSa are performed by the light emission control unit
HC10a and the light emission control unit HC10 of the
semiconductor chip IC10.

[0484] Here, the on/off states of the transistor P6 and the
transistor P7 are determined by the signal level of the output
signal Ko2 of the detecting portion K2 and the signal level
of the output signal Ko2a of the detecting portion K2a.
Further, the signal level of the output signal Ko2 of the
detecting portion K2 and the signal level of the output signal
Ko2a of the detecting portion K2a are determined by the
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level of the comparison result signal Ver2 output from the
comparing circuit CNa and the level of the comparison
result signal Vcr2a output from the comparing circuit
CNaaa.

[0485] If each of the comparing circuit CNa and the
comparing circuit CNaaa determines that the drive voltage
Vk is lower than the light emission reference voltage VHa
or a voltage based on the light emission reference voltage
VHa, the comparison result signal Vcr2 and the comparison
result signal Vcr2a become low level. Therefore, the first
input terminal and the second input terminal of each of the
detecting portion K2 and the detecting portion K2a are
supplied with the low level signal, and hence the output
signal Ko2 and the output signal Ko2a become low level. In
this case, the gate terminals G of the transistor P6, the
transistor P7, the transistor P6a, and the transistor P7a are
supplied with the low level signal, and hence the transistor
P6, the transistor P7, the transistor P6a, and the transistor
P7a are all turned on.

[0486] If the comparing circuit CNa determines that the
drive voltage Vk is lower than the light emission reference
voltage VHa or a voltage based on the light emission
reference voltage VHa, while the comparing circuit CNaaa
determines that the drive voltage Vk is higher than the light
emission reference voltage VHa or a voltage based on the
light emission reference voltage VHa, the comparison result
signal Vcr2 becomes low level, while the comparison result
signal Vcr2a becomes high level. In this case, the second
input terminal of the detecting portion K2 and the first input
terminal of the detecting portion K2a are both supplied with
the high level signal, while the first input terminal of the
detecting portion K2 and the second input terminal of the
detecting portion K2a are both supplied with the low level
signal. Therefore, the output signal Ko2 and the output
signal Ko2a become low level. In this case, the gate termi-
nals G of the transistor P6, the transistor P7, the transistor
P6a, and the transistor P7a are supplied with the high level
signal, and hence the transistor P6, the transistor P7, the
transistor P6a, and the transistor P7a are all turned on.
[0487] If each of the comparing circuit CNa and the
comparing circuit CNaaa determines that the drive voltage
Vk is higher than the light emission reference voltage VHa
or a voltage based on the light emission reference voltage
VHa, the comparison result signal Vcr2 and the comparison
result signal Vcr2a become high level. Therefore, the first
input terminal and the second input terminal of each of the
detecting portion K2 and the detecting portion K2a are
supplied with the high level signal so that the output signal
Ko2 and the output signal Ko2a become high level. In this
case, the gate terminals G of the transistor P6, the transistor
P7, the transistor P6a, and the transistor P7a are supplied
with the low level signal, and hence the transistor P6, the
transistor P7, the transistor P6a, and the transistor P7a are all
turned off.

[0488] As described above, in the lighting device 50c, the
light emission control and the light emission stop control of
the light emitting element groups HSB are performed by the
light emission control unit HC10 of the semiconductor chip
IC10 and the light emission control unit HC10a of the
semiconductor chip IC10a. Therefore, even if there is a
manufacturing variation between the comparing circuit CNa
of the semiconductor chip IC10 and the comparing circuit
CNaaa of semiconductor chip IC10a, the lighting device 50¢
can prevent a variation in timing of causing as well as
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stopping light emission of the light emitting element groups
HS and the light emitting element groups HSa.

[0489] In addition, in the lighting device 50¢, the light
emission control and the light emission stop control of the
light emitting element groups HSB are performed by the
light emission control unit HC10 of the semiconductor chip
IC10 and the light emission control unit HC10a of the
semiconductor chip IC10a. Therefore, even if the wiring
resistance of the wiring W2 for the semiconductor chip
1C10aq to receive power supply of the drive voltage Vk and
the drive current Ik from the power supply circuit VS is
different from the wiring resistance of the wiring W1 for the
semiconductor chip IC10 to receive power supply of the
drive voltage Vk and the drive current Ik from the power
supply circuit VS, the lighting device 50¢ can prevent a
variation in timing of causing as well as stopping light
emission of the light emitting element groups HS and the
light emitting element groups HSa.

[0490] [Fourth Variation of Fifth Embodiment]

[0491] FIG. 29 is a diagram illustrating a lighting device
504 according to a fourth variation of the fifth embodiment
of the present invention. The lighting device 504 includes
the power supply circuit VS, the light emitting element
groups HSB, a semiconductor chip IC11 as the first semi-
conductor chip, and a semiconductor chip IC1l1la as the
second semiconductor chip. Note that in the lighting device
50d illustrated in FIG. 29, the same structure as in the
lighting device 3054 illustrated in FIG. 11 or the lighting
device 504 illustrated in FIG. 28 is denoted by the same
numeral or symbol, and description thereof is appropriately
omitted.

[0492] The light emitting element groups HSB include the
light emitting element groups HS and the light emitting
element groups HSa. The light emitting element groups HS
include the light emitting element group HS1, and the light
emitting element group HS2 as the first light emitting
element group. The light emitting element groups HSa
include the light emitting element group HS11 and the light
emitting element group HS12 as the second light emitting
element group.

[0493] The semiconductor chip IC11 has electrode pads
for external electric connection, which include the electrode
pad T1, the electrode pad T2, the electrode pad T3, the
electrode pad T8, and the electrode pad T9. In addition, the
semiconductor chip IC11 includes the light emission control
unit HC11 as the first light emission control unit, the
dimming circuit LC1, and the dimming circuit LC2 as the
first dimming portion. The light emission control unit HC11
includes the comparing circuit CNa as the first comparing
circuit, the detecting portion K2 as the first detecting por-
tion, the transistor N3, and the transistor N4 as the first
control switch.

[0494] The electrode pad T1 is connected to the power
supply circuit VS via the wiring W1 as the first power supply
wiring. In other words, the wiring W1 is connected to the
power supply circuit VS and the semiconductor chip IC11.
The electrode pad T2 is connected to the node Nh1 of the
light emitting element group HS1. The electrode pad T3 is
connected to the node Nh2 of the light emitting element
group HS2.

[0495] The transistor N3 is an NMOS transistor, which has
the source terminal S connected to the dimming circuit LC1,
the drain terminal D connected to the power supply VSS,
and the gate terminal G connected to the output terminal of
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the detecting portion K2. The transistor N3 is on-off con-
trolled by the output signal Ko2 supplied from the detecting
portion K2.

[0496] The transistor N4 is an NMOS transistor, which has
the source terminal S connected to the dimming circuit LC2,
the drain terminal D connected to the power supply VSS,
and the gate terminal G connected to the output terminal of
the detecting portion K2. The transistor N4 is on-off con-
trolled by the output signal Ko2 supplied from the detecting
portion K2.

[0497] The dimming circuit LC1 has one terminal con-
nected to the electrode pad T1, i.e. connected to the power
supply circuit VS via the electrode pad T1, and the other
terminal connected to the electrode pad T2, i.e. connected to
the node Nh1 of the light emitting element group HS1 via
the electrode pad T2.

[0498] The dimming circuit LC2 has one terminal con-
nected to the electrode pad T1, i.e. connected to the power
supply circuit VS via the electrode pad T1, the other terminal
connected to the electrode pad T3, i.e. connected to the node
Nh2 of the light emitting element group HS2 via the
electrode pad T3.

[0499] The semiconductor chip IC11a has the same struc-
ture as the semiconductor chip IC11. However, in the
semiconductor chip IC11a of FIG. 29, for convenience of
description, in order to discriminate from the semiconductor
chip IC11, the suffix “a” is added to the numeral or symbol
of the structure in the semiconductor chip IC11. In addition,
in the semiconductor chip IC11aq, the structure described in
the semiconductor chip IC11 is appropriately omitted. Note
that the “comparing circuit CNa” is referred to as a “com-
paring circuit CNaaa” here, in order to discriminate from the
“comparing circuit CNaa” illustrated in FIG. 25 or the like.
[0500] The semiconductor chip IC11a has electrode pads
for external electric connection, which include the electrode
pad Tla, the electrode pad T2a, the electrode pad T3a, the
electrode pad T8a, and the electrode pad T9a. In addition,
the semiconductor chip IC11la includes a light emission
control unit HC11a as the second light emission control unit,
the dimming circuit L.Cla, and the dimming circuit LC2aq as
the second dimming portion. The light emission control unit
HCl11a includes the comparing circuit CNaaa as the second
comparing circuit, the detecting portion K2a as the second
detecting portion, the transistor N3a, and the transistor Nda
as the second control switch.

[0501] The electrode pad Tla is connected to the power
supply circuit VS via the wiring W2 as the second power
supply wiring. In other words, the wiring W2 is connected
to the power supply circuit VS and the semiconductor chip
IC11a. The electrode pad T2a is connected to the node Nh11
of the light emitting element group HS11. The electrode pad
T3a is connected to the node Nh12 of the light emitting
element group HS12. Note that the wiring resistance of the
wiring W2 may be different from the wiring resistance of the
wiring W1.

[0502] The dimming circuit LC11 has one terminal con-
nected to the electrode pad T1a, i.e. connected to the power
supply circuit VS via the electrode pad Tla, and the other
terminal connected to the electrode pad T2a, i.e. connected
to the node Nh11 of the light emitting element group HS11
via the electrode pad T2a.

[0503] The dimming circuit LC12 has one terminal con-
nected to the electrode pad T1a, i.e. connected to the power
supply circuit VS via the electrode pad Tla, and the other
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terminal connected to the electrode pad T3a, i.e. connected
to the node Nh12 of the light emitting element group HS12
via the electrode pad T3a.

[0504] The electrode pad T8a is connected to the electrode
pad T9 of the semiconductor chip IC11 via the wiring W4 as
the second connection wiring. In other words, the wiring W4
electrically connects the node Nd17a and the second input
terminal of the detecting portion K2.

[0505] The electrode pad T9a is connected to the electrode
pad T8 of the semiconductor chip IC11 via the wiring W5 as
the third connection wiring. In other words, the wiring W5
electrically connects the node Nd17 and the second input
terminal of the detecting portion K2a.

[0506] Here, in the detecting portion K2 of the semicon-
ductor chip IC11, the first input terminal is supplied with the
comparison result signal Ver2 output from the comparing
circuit CNa, the second input terminal is supplied with the
comparison result signal Vcr2a output from the comparing
circuit CNaaa of the semiconductor chip IC11qa, and the
logical sum of these signals is supplied to the gate terminals
G of the transistor N3 and the transistor N4 as the output
signal Ko2 as the first output signal so that the transistor N3
and the transistor N4 are on-off controlled. In other words,
the light emission control and the light emission stop control
of' the light emitting element groups HS are performed by the
light emission control unit HC11 and the light emission
control unit HC11a of the semiconductor chip IC11a.
[0507] In addition, in the detecting portion K2a of the
semiconductor chip IC11aq, the first input terminal is sup-
plied with the comparison result signal Ver2 output from the
comparing circuit CNa of the semiconductor chip IC11, the
second input terminal is supplied with the comparison result
signal Vcr2a output from the comparing circuit CNaaa, and
the logical sum of these signals is supplied to the gate
terminals G of the transistor N1a and the transistor N2a as
the output signal Ko2a as the second output signal so that the
transistor N3a and the transistor N4a are on-off controlled.
In other words, the light emission control and the light
emission stop control of the light emitting element groups
HSa are performed by the light emission control unit HC11a
and the light emission control unit HC11 of the semicon-
ductor chip IC11.

[0508] Here, the on/off states of the transistor N3 and the
transistor N4 are determined by the signal level of the output
signal Ko2 of the detecting portion K2 and the signal level
of the output signal Ko2a of the detecting portion K2a.
Further, the signal level of the output signal Ko2 of the
detecting portion K2 and the signal level of the output signal
Ko2a of the detecting portion K2a are determined by the
level of the comparison result signal Ver2 output from the
comparing circuit CNa and the level of the comparison
result signal Vcr2a output from the comparing circuit
CNaaa.

[0509] If each of the comparing circuit CNa and the
comparing circuit CNaaa determines that the drive voltage
Vk is lower than the light emission reference voltage VHa
or a voltage based on the light emission reference voltage
VHa, the comparison result signal Vcr2 and the comparison
result signal Vcr2a become low level. Therefore, the first
input terminal and the second input terminal of each of the
detecting portion K2 and the detecting portion K2a are
supplied with the low level signal, and hence the output
signal Ko2 and the output signal Ko2a become low level. In
this case, the gate terminals G of the transistor N3, the
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transistor N4, the transistor N3a, and the transistor Nda are
supplied with the low level signal, and hence the transistor
N3, the transistor N4, the transistor N3a, and the transistor
N4a are all turned off.

[0510] If the comparing circuit CNa determines that the
drive voltage Vk is lower than the light emission reference
voltage VHa or a voltage based on the light emission
reference voltage VHa, while the comparing circuit CNaaa
determines that the drive voltage Vk is higher than the light
emission reference voltage VHa or a voltage based on the
light emission reference voltage VHa, the comparison result
signal Vcr2 becomes low level, while the comparison result
signal Vcr2a becomes high level. In this case, the second
input terminal of the detecting portion K2 and the first input
terminal of the detecting portion K2a are both supplied with
the high level signal, while the first input terminal of the
detecting portion K2 and the second input terminal of the
detecting portion K2a are both supplied with the low level
signal. Therefore, the output signal Ko2 and the output
signal Ko2a become low level. In this case, the gate termi-
nals G of the transistor N3, the transistor N4, the transistor
N3a, and the transistor Nda are supplied with the high level
signal, and hence the transistor N3, the transistor N4, the
transistor N3a, and the transistor Nda are all turned off.
[0511] If each of the comparing circuit CNa and the
comparing circuit CNaaa determines that the drive voltage
Vk is higher than the light emission reference voltage VHa
or a voltage based on the light emission reference voltage
VHa, the comparison result signal Vcr2 and the comparison
result signal Vcr2a become high level. Therefore, the first
input terminal and the second input terminal of each of the
detecting portion K2 and the detecting portion K2a are
supplied with the high level signal so that the output signal
Ko2 and the output signal Ko2a become high level. In this
case, the gate terminals G of the transistor N3, the transistor
N4, the transistor N3a, and the transistor Nda are supplied
with the low level signal, and hence the transistor N3, the
transistor N4, the transistor N3a, and the transistor Nda are
all turned on.

[0512] As described above, in the lighting device 504, the
light emission control and the light emission stop control of
the light emitting element groups HSB are performed by the
light emission control unit HC11 of the semiconductor chip
IC11 and the light emission control unit HC1la of the
semiconductor chip IC11a. Therefore, even if there is a
manufacturing variation between the comparing circuit CNa
of the semiconductor chip IC11 and the comparing circuit
CNaaa of the semiconductor chip IC11a, the lighting device
504 can prevent a variation in timing of causing as well as
stopping light emission of the light emitting element groups
HS and the light emitting element groups HSa.

[0513] In addition, in the lighting device 50d, the light
emission control and the light emission stop control of the
light emitting element groups HSB are performed by the
light emission control unit HC11 of the semiconductor chip
IC11 and the light emission control unit HC1la of the
semiconductor chip IC11a. Therefore, even if the wiring
resistance of the wiring W2 for the semiconductor chip
IC11a to receive power supply of the drive voltage Vk and
the drive current Ik from the power supply circuit VS is
different from the wiring resistance of the wiring W1 for the
semiconductor chip IC10 to receive power supply of the
drive voltage Vk and the drive current Ik from the power
supply circuit VS, the lighting device 504 can prevent a
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variation in timing of causing as well as stopping light
emission of the light emitting element groups HS and the
light emitting element groups HSa.

[0514] [Fifth Variation of Fifth Embodiment]

[0515] FIG. 30 is a diagram illustrating a lighting device
50e¢ according to a fifth variation of the fifth embodiment of
the present invention. The lighting device 50e¢ includes the
power supply circuit VS, the light emitting element groups
HSB, a semiconductor chip IC12 as the first semiconductor
chip, and a semiconductor chip IC12a as the second semi-
conductor chip. Note that in the lighting device 50e illus-
trated in FIG. 30, the same structure as in the lighting device
30c illustrated in FIG. 12 or the lighting device 50 illustrated
in FIG. 25 is denoted by the same numeral or symbol, and
description thereof is appropriately omitted.

[0516] The light emitting element groups HSB include the
light emitting element groups HS and the light emitting
element groups HSa. The light emitting element groups HS
include the light emitting element group HS1, and the light
emitting element group HS2 as the first light emitting
element group. The light emitting element groups HSa
include the light emitting element group HS11, and the light
emitting element group HS12 as the second light emitting
element group.

[0517] The semiconductor chip IC12 has electrode pads
for external electric connection, which include the electrode
pad T1, the electrode pad T2, the electrode pad T3, the
electrode pad T6, the electrode pad T7, the electrode pad T8,
and the electrode pad T9. In addition, the semiconductor
chip IC12 includes the light emission control unit HC12 as
the first light emission control unit, the dimming circuit
LC11, and the dimming circuit LC12 as the first dimming
portion.

[0518] The electrode pad T1 is connected to the power
supply circuit VS via the wiring W1 as the first power supply
wiring. In other words, the wiring W1 is connected to the
power supply circuit VS and the semiconductor chip IC12.
The electrode pad T2 is connected to the node Nh1 of the
light emitting element group HS1. The electrode pad T3 is
connected to the node Nh2 of the light emitting element
group HS2. The electrode pad T6 is connected to the one
terminal of the light emitting element group HS1. The
electrode pad T7 is connected to the one terminal of the light
emitting element group HS2.

[0519] The dimming circuit LC11 has one terminal con-
nected to the electrode pad T1, i.e. connected to the power
supply circuit VS via the electrode pad T1. In addition, the
dimming circuit LC11 has the other terminal connected to
the electrode pad T2, i.e. connected to the node Nh1 of the
light emitting element group HS1 via the electrode pad T2,
and the other terminal connected to the electrode pad T6, i.e.
connected to the node Nd8 of the light emitting element
group HS1 via the electrode pad T6. Note that the dimming
circuit LC11 includes a transistor N5 and the driving circuit
KD1 illustrated in FIG. 12.

[0520] The dimming circuit LC12 has one terminal con-
nected to the electrode pad T1, i.e. connected to the power
supply circuit VS via the electrode pad T1. In addition, the
dimming circuit LC12 has the other terminal connected to
the electrode pad T3, i.e. connected to the node Nh2 of the
light emitting element group HS2 via the electrode pad T3,
and the other terminal connected to the electrode pad 17, i.e.
connected to the node Nd9 of the light emitting element
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group HS2 via the electrode pad T7. Note that the dimming
circuit LC12 includes a transistor N6 and the driving circuit
KD2 illustrated in FIG. 12.

[0521] The light emission control unit HC12 includes the
comparing circuit CN as the first comparing circuit, and the
detecting portion K1. The output terminal of the detecting
portion K1 is connected to the driving circuit KD1 of the
dimming circuit LC11 and the driving circuit KD2 of the
dimming circuit 12. In other words, the output terminal of
the comparing circuit CN is connected to the driving circuit
KD1 of the dimming circuit LC11 and the driving circuit
KD2 of the dimming circuit 12 via the output terminal of the
detecting portion K1. The output signal Kol of the detecting
portion K1 is supplied to the driving circuit KD1 and the
driving circuit KD2.

[0522] The semiconductor chip IC12a has the same struc-
ture as the semiconductor chip IC12. However, in the
semiconductor chip IC12a of FIG. 30, for convenience of
description, in order to discriminate from the semiconductor
chip IC12, the suffix “a” is added to the numeral or symbol
of the structure in the semiconductor chip IC12. In addition,
in the semiconductor chip IC12a, the structure described in
the semiconductor chip IC12 is appropriately omitted. Note
that the “comparing circuit CN” is referred to as a “com-
paring circuit CNaa” here, in order to discriminate from the
“comparing circuit CNa” illustrated in FIG. 5 or the like.
[0523] The semiconductor chip IC12a has electrode pads
for external electric connection, which include the electrode
pad Tla, the electrode pad T2a, the electrode pad T3a, the
electrode pad T6aq, the electrode pad T7a, the electrode pad
T8a, and the electrode pad T9qa. In addition, the semicon-
ductor chip IC12a includes a light emission control unit
HC12a as the second light emission control unit, the dim-
ming circuit LC11a, and the dimming circuit L.C12q as the
second dimming portion.

[0524] The electrode pad Tla is connected to the power
supply circuit VS via the wiring W2 as the second power
supply wiring. In other words, the wiring W2 is connected
to the power supply circuit VS and the semiconductor chip
1C12a. The electrode pad T2a is connected to the node Nh11
of the light emitting element group HS11. The electrode pad
T3a is connected to the node Nh12 of the light emitting
element group HS12. Note that the wiring resistance of the
wiring W2 may be different from the wiring resistance of the
wiring W1.

[0525] The dimming circuit LC11a has one terminal con-
nected to the electrode pad T1a, i.e. connected to the power
supply circuit VS via the electrode pad T1a. In addition, the
dimming circuit LC11a has the other terminal connected to
the electrode pad T2a, i.e. connected to the node Nh11 of the
light emitting element group HS11 via the electrode pad
T2a, and the other terminal connected to the electrode pad
Téa, i.e. connected to the node Nd8a of the light emitting
element group HS11 via the electrode pad T6a. Note that the
dimming circuit LC11a includes the driving circuit KDl1a
and the transistor N5a.

[0526] The dimming circuit .LC124 has one terminal con-
nected to the electrode pad T1a, i.e. connected to the power
supply circuit VS via the electrode pad T1a. In addition, the
dimming circuit L.C124 has the other terminal connected to
the electrode pad T3aq, i.e. connected to the node Nh12 of the
light emitting element group HS12 via the electrode pad
T3a, and the other terminal connected to the electrode pad
T7a, i.e. connected to the node Nd9a of the light emitting
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element group HS12 via the electrode pad T7a. Note that the
dimming circuit .LC124a includes the driving circuit KD2a
and a transistor Néa.

[0527] The light emission control unit HC12a includes the
comparing circuit CNaa as the second comparing circuit,
and the detecting portion Kla as the second detecting
portion. The output terminal of the detecting portion Kla is
connected to the driving circuit KD1a of the dimming circuit
LC11a and the driving circuit KD2a of the dimming circuit
12a. In other words, the output terminal of the comparing
circuit CNaa is connected to the driving circuit KD1a of the
dimming circuit LC11a and the driving circuit KD2a of the
dimming circuit 12a via the output terminal of the detecting
portion K1a. The output signal Kola of the detecting portion
K1a is supplied to the driving circuit KD1a and the driving
circuit KD2a.

[0528] The electrode pad T8a is connected to the electrode
pad T9 of the semiconductor chip IC12 via the wiring W4
as the second connection wiring. In other words, the wiring
W4 electrically connects the node Nd16a and the second
input terminal of the detecting portion K1.

[0529] The electrode pad T9a is connected to the electrode
pad T8 of the semiconductor chip IC12 via the wiring W5
as the third connection wiring. In other words, the wiring
W5 electrically connects the node Nd16 and the second
input terminal of the detecting portion Kla.

[0530] Here, in the detecting portion K1 of the semicon-
ductor chip IC12, the first input terminal is supplied with the
comparison result signal Verl output from the comparing
circuit CN, the second input terminal is supplied with the
comparison result signal Verla output from the comparing
circuit CNaa of the semiconductor chip IC12a, and the
logical sum of these signals is supplied to the driving circuit
KD1 and the driving circuit KD2 as the output signal Kol
as the first output signal, so that outputs of the driving circuit
KD1 and the driving circuit KD2 are controlled. In other
words, the light emission control and the light emission stop
control of the light emitting element groups HS are per-
formed by the light emission control unit HC12 and the light
emission control unit HC12a of the semiconductor chip
1C12a.

[0531] In addition, in the detecting portion Kla of the
semiconductor chip IC12a, the first input terminal is sup-
plied with the comparison result signal Verl output from the
comparing circuit CN of the semiconductor chip IC12, the
second input terminal is supplied with the comparison result
signal Vcrla output from the comparing circuit CNaa, and
the logical sum of these signals is supplied to the driving
circuit KD1a and the driving circuit KD2a as the output
signal Kola as the second output signal, so that outputs of
the driving circuit KD1a and the driving circuit KD2a are
controlled. In other words, the light emission control and the
light emission stop control of the light emitting element
groups HSa are performed by the light emission control unit
HC12a and the light emission control unit HC12 of the
semiconductor chip IC12.

[0532] Here, the outputs of the driving circuit KD1 and the
driving circuit KD2 are determined by the signal level of the
output signal Kol of the detecting portion K1 and the signal
level of the output signal Kola of the detecting portion K1a.
Further, the signal level of the output signal Kol of the
detecting portion K1 and the signal level of the output signal
Kola of the detecting portion Kla are determined by the
level of the comparison result signal Verl output from the
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comparing circuit CN and the level of the comparison result
signal Vcrla output from the comparing circuit CNaa.

[0533] If each of the comparing circuit CN and the com-
paring circuit CNaa determines that the drive voltage Vk is
lower than the light emission reference voltage VHa or a
voltage based on the light emission reference voltage VHa,
the comparison result signal Vcrl and the comparison result
signal Vcerla become high level. Therefore, the first input
terminal and the second input terminal of each of the
detecting portion K1 and the detecting portion Kla are both
supplied with the high level signal, and the output signal
Kol and the output signal Kola become high level. In this
case, the driving circuit KD1, the driving circuit KD2, the
driving circuit KD1a, and the driving circuit KD2a are
supplied with the high level signal, and hence the transistor
N5, the transistor N6, the transistor N5a, and the transistor
N6a are all turned off.

[0534] If the comparing circuit CN determines that the
drive voltage Vk is lower than the light emission reference
voltage VHa or a voltage based on the light emission
reference voltage VHa, while the comparing circuit CNaa
determines that the drive voltage Vk is higher than the light
emission reference voltage VHa or a voltage based on the
light emission reference voltage VHa, the comparison result
signal Verl becomes high level, while the comparison result
signal Verla becomes low level. In this case, the second
input terminal of the detecting portion K1 and the first input
terminal of the detecting portion K1a are both supplied with
the low level signal, while the first input terminal of the
detecting portion K1 and the second input terminal of the
detecting portion Kla are both supplied with the high level
signal. Therefore, the output signal Kol and the output
signal Kola become high level. In this case, the driving
circuit KD1, the driving circuit KD2, the driving circuit
KD1a, and the driving circuit KD2a are supplied with the
high level signal, and hence the transistor N5, the transistor
N6, the transistor N5a, and the transistor N6a are all turned
off.

[0535] If each of the comparing circuit CN and the com-
paring circuit CNaa determines that the drive voltage Vk is
higher than the light emission reference voltage VHa or a
voltage based on the light emission reference voltage VHa,
the comparison result signal Vcrl and the comparison result
signal Verla become low level. Therefore, the first input
terminal and the second input terminal of each of the
detecting portion K1 and the detecting portion Kla are
supplied with the low level signal, and hence the output
signal Kol and the output signal Kola become low level. In
this case, the driving circuit KD1, the driving circuit KD2,
the driving circuit KD1a, and the driving circuit KD2a are
supplied with the low level signal, and hence the transistor
N5, the transistor N6, the transistor N5a, and the transistor
N6a are all turned on.

[0536] As described above, in the lighting device 50e, the
light emission control and the light emission stop control of
the light emitting element groups HSB are performed by the
light emission control unit HC12 of the semiconductor chip
IC12 and the light emission control unit HC12a of the
semiconductor chip IC12a. Therefore, even if there is a
manufacturing variation between the comparing circuit CN
of the semiconductor chip IC12 and the comparing circuit
CNaa of the semiconductor chip IC12a, the lighting device
50¢ can prevent a variation in timing of causing as well as
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stopping light emission of the light emitting element groups
HS and the light emitting element groups HSa.

[0537] In addition, in the lighting device 50e, the light
emission control and the light emission stop control of the
light emitting element groups HSB are performed by the
light emission control unit HC12 of the semiconductor chip
IC12 and the light emission control unit HC12a of the
semiconductor chip IC12a. Therefore, even if the wiring
resistance of the wiring W2 for the semiconductor chip
1C12a to receive power supply of the drive voltage Vk and
the drive current Ik from the power supply circuit VS is
different from the wiring resistance of the wiring W1 for the
semiconductor chip IC7 to receive power supply of the drive
voltage Vk and the drive current Ik from the power supply
circuit VS, the lighting device 50e can prevent a variation in
timing of causing as well as stopping light emission of the
light emitting element groups HS and the light emitting
element groups HSa.

INDUSTRIAL APPLICABILITY

[0538] The lighting device according to the present inven-
tion can prevent a light emission timing variation among the
light emitting elements of the light emitting element groups,
and thus has very high industrial applicability.

LIST OF REFERENCE SIGNS

[0539] VS power supply circuit

[0540] HC, HCa, HCb, HC¢, HCd, HCe, HC1, HC2,
HC3, HC4, HC5, HC6, HC7, HC8, HC9, HC10, HC11,
HC12, HCla, HC2a, HC3a, HC4a, HC5a, HC6a,
HC7a, HC8a, HC9a, HC10a, HC11a, HC12a light
emission control unit

[0541] CN, CNa, CNL1, CNL2, CNLla, CNL2a,
CNaa, CNaaa comparing circuit

[0542] LC1, LC2, LCla, LC24, LC11, LC12, LC11a,
LC12a dimming circuit

[0543] Vk drive voltage

[0544] Ik drive current

[0545] Vhl, Vh2 light emission voltage

[0546] Ih1, Ih2 light emission current

[0547] HS, HS1, HS2, HSa, HS11, HS12, HSB light

emitting element group

[0548] HS1a, HS2a light emitting element

[0549] Vc comparison voltage

[0550] Vrefl, Vref2, Vref3 reference voltage

[0551] Refl, Ref2, Ref3, Refd, Ref5 reference power
supply

[0552] Verl, Ver2, Ver3, Verd, VerS, Ver6é comparison

result voltage

[0553] Cpl, Cp2, Cp3, Cp4, CpS, Cpb comparator

[0554] Rhi1, Rh2, Rh3, Rh4, R1,R2, R3, R4, Rhla, Rh2
resistor element N1, N2, N3, N4, N5, N6, P1, P2, P3,
P4, P5, P6, P7, P8, P9, P10, P11, P12, P13, Nla, N2a,
N3a, Nda, N5a, N6a, Pla, P2a, P3a, P4a, P5a, P6a,
P7a, P8a, P9a, P10a, P11a, P12a, P13a transistor

[0555] IC1, IC2, IC3, IC4, IC5, 1C6, 1C7, 1C8, 1C9,
1C10,1C11, IC12, IC1aq, IC2a, 1C3a, IC4a, IC5a, IC6a,
1C7a, 1C8a, 1C9a, 1C10a, IC11a, IC12a semiconductor
chip

[0556] T1, T2, T3, T4, 15, Te6, T7, T8, T9, Tla, T2a,
T3a, Tda, T5a, Téa, T7a, T8a, T9a electrode pad
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What is claimed is:

1. A device comprising:

a comparing circuit configured to output a comparison
result signal turning on and off a switch by comparing

a comparison voltage based on a drive voltage with a

predetermined reference voltage; and

a dimmer configured to adjust a light emission current
flowing in a light emitting element group and config-
ured to be enabled to generate and disabled from
generating the light emission current as a result of the
switch being turned on and off.

2. The device according to claim 1, wherein

the dimmer is

enabled to generate the light emission current when the
drive voltage is higher than the reference voltage and

disabled from generating the light emission current
when the drive voltage is lower than the reference
voltage.

3. The device according to claim 1, wherein
the dimmer includes:

a first dimmer configured to adjust a first light emission
current flowing in a first light emitting element
group; and

a second dimmer configured to adjust a second light
emission current flowing in a second light emitting
element group.

4. The device according to claim 1, wherein

the dimmer comprises a plurality of dimmers and the
comparing circuit comprises a plurality of comparing
circuits such that the plurality of dimmers and the
plurality of comparing circuits are provided in a plu-
rality of pairs, and

the plurality of comparing circuits have a function such
that only one of the plurality of comparing circuits is
selectively operated as a controller that controls all of
the plurality of dimmers.

5. The device according to claim 1, wherein

the dimmer includes:

a dimming comparing circuit configured to output a
dimming control signal such that a dimming com-
parison voltage based on a light emission voltage
based on the drive voltage is equal to a predeter-
mined dimming reference voltage; and

a dimming switch connected between a power supply
circuit and the light emitting element group, an
output level of the dimming switch being controlled
in accordance with the dimming control signal.
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6. The device according to claim 5, wherein
the dimmer further includes:

a current generator circuit configured to generate, and
then output to the light emitting element group, the
light emission voltage and the light emission current
by accumulating and smoothing a voltage based on
the drive voltage obtained when the dimming switch
is on; and

a driving circuit configured to control the output level
of the dimming switch in accordance with the dim-
ming control signal.

7. The device according to claim 6, wherein

the driving circuit is enabled to control and disabled from
controlling the dimming switch according to the com-
parison result signal.

8. The device according to claim 5, wherein

the dimming switch is a PMOS transistor

of which a source is connected to the power supply
circuit and

of which a drain is connected to the light emitting
element group.

9. The device according to claim 8, wherein

one end of the switch is connected to the source of the
dimming switch, and

another end of the switch is connected to a gate of the
dimming switch.

10. The device according to claim 5, wherein

one end of the switch is connected to the power supply
circuit, and

another end of the switch is connected to a dimming
reference voltage input terminal of the dimming com-
paring circuit.

11. The device according to claim 5, wherein

the switch is connected between a lower power terminal
of the dimming comparing circuit and a ground termi-
nal.

12. The device according to claim 1, wherein

the light emitting element group includes a plurality of
light emitting elements connected in series with each
other which emit light as a result of the light emission
current flowing therein when a light emission voltage
based on the drive voltage and equal to or higher than
the light emission reference voltage is applied to the
light emitting element group.

13. The device according to claim 1, further comprising:

a power supply circuit configured to supply the drive
voltage.

14. The device according to claim 1, further comprising:

a switch configured to be turned on and off in accordance
with the comparison signal.
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