wo 2012/090509 A2 || I[N OO 0 RO AR

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

5 July 2012 (05.07.2012)

WIPOIPCT

(10) International Publication Number

WO 2012/090509 A2

(51
eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

International Patent Classification: Not classified

International Application Number:
PCT/JP2011/007369

International Filing Date:
29 December 2011 (29.12.2011)

Filing Language: English
Publication Language: English
Priority Data:

2010-294507 29 December 2010 (29.12.2010) JP

Applicants (for all designated States except US): CIT-
IZEN ELECTRONICS CO., LTD. [JP/JP]; 1-23-1,
Kamikurechi, Fujiyoshida-shi, Yamanashi, 4030001 (JP).
CITIZEN HOLDINGS CO., LTD. [JP/JP]; 6-1-12,
Tanashi-cho, Nishitokyo-shi, Tokyo, 1888511 (JP).

Inventors; and

Inventors/Applicants (for US only): YANO, Takakazu
[JP/JP]; ¢/o CITIZEN ELECTRONICS CO., LTD., 1-23-1,
Kamikurechi, Fujiyoshida-shi, Yamanashi, 4030001 (JP).

(74

(8D

YOSHIMURA, Akio [JP/IP]; ¢/o CITIZEN ELECTRON-
ICS CO., LTD., 1-23-1, Kamikurechi, Fujiyoshida-shi,
Yamanashi, 4030001 (JP). IMAI, Sadato [JP/IP]; ¢c/o CIT-
IZEN ELECTRONICS CO., LTD., 1-23-1, Kamikurechi,
Fujiyoshida-shi, Yamanashi, 4030001 (JP). MIYASHITA,
Shinichi [JP/JP]; c/o CITIZEN ELECTRONICS CO.,
LTD., 1-23-1, Kamikurechi, Fujiyoshida-shi, Yamanashi,
4030001 (JP).

Agent: ASAKAWA, Tetsu; 1168-1, Shimizuarai, Showa-
cho, Nakakoma-gun, Yamanashi, 4093867 (JP).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

[Continued on next page]

(54) Title: LIGHT-EMITTING DEVICE

[Fig. 2]

(57) Abstract: A light-emitting device (10) includes a plurality of light-emit-
ting areas (10a, 10b and 10c), and each of the light-emitting areas (10a, 10b
and 10c) includes a first light-emitting block (3) and a second light-emitting
block (4). Each respective first light-emitting blocks (3) include a plurality of
first light-emitting elements (A1, A2, or A3), which are connected in series,
and each respective second light-emitting blocks (4) include a plurality of
second light-emitting elements (B1, B2, or B3), which are connected in
series. The number of first light-emitting elements in each respective first
light-emitting blocks (3) is the same with one another of the first light-emit-
ting blocks (3), and the number of second light-emitting elements in each re-
spective second light-emitting blocks (4) is the same with one another of the
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Description

Title of Invention: LIGHT-EMITTING DEVICE
Technical Field

The present invention relates to a light-emitting device, more specifically, to a light-
emitting device using semiconductor light-emitting elements which are driven by the
voltage that is rectified from an alternating-current (AC) voltage.

Background Art

In recent years, light-emitting diode elements (referred to as LED elements) have
widely been used for a backlight of a color display, illumination or the like, because
the LED elements are semi-conductor light-emitting elements and have a long service
life and excellent driving characteristic, and further have a high light-emitting ef-
ficiency and bright light-emitting color.

In particular, recently, there are widely adopted light-emitting devices including LED
elements that are electrically connected in series and driven by the voltage rectified
from the AC voltage. The number of LED elements connected in series are switched,
depending on a voltage level or current level of the voltage that is rectified from the
AC voltage of an AC power source.

As a method for utilization of an illumination device, if a plurality of LED elements
is connected in series, because a combination of LED elements has flexibility and a
degree of freedom in shape, it is proposed to use the combination for an advertisement
or decoration by deforming the combination (for reference, see PTL 1).

A conventional light-emitting device as disclosed in PTL 1 is described hereinafter
with reference to Fig. 10.

The conventional light-emitting device includes a plurality of light-emitting blocks
C1 to C7. Each of the light-emitting blocks includes two to four LED elements which
are connected in series. The light-emitting blocks C1 to C7 are arranged in any shape
to display a character and so on.

However, an object of the conventional light-emitting device is to display a character
and so on by properly arranging a plurality of light-emitting blocks, a drive condition,

light-emitting intensity and so on of the light-emitting blocks are not at all disclosed.
Citation List
Patent Literature
[PTL 1] Japanese Patent Application Publication No.2005-183721
Summary of Invention
Technical Problem

As the conventional light-emitting device does not disclose a light-emitting device



WO 2012/090509 PCT/JP2011/007369

[0010]

[0011]

[0012]

including a plurality of light-emitting areas that can emit uniform light from each re-
spective light-emitting areas of the light-emitting device, even if light-emitting
elements included in the light-emitting device are driven by the voltage rectified from
an AC voltage that continuously changes from low value to high value and from high
value to low value like a continuous wave.

Solution to Problem

Accordingly, the invention provides a light-emitting device including a plurality of
light-emitting areas each with a first light-emitting block and a second light-emitting
block. The first light-emitting block of each respective light-emitting areas include first
light-emitting elements to be lit at a first voltage value, and the second light-emitting
blocks of the light-emitting areas include the second light-emitting elements to be lit at
a second voltage value that is set higher than the first voltage, while the first light-
emitting elements are kept lit at voltages on and above the first voltage value. For,
example, a light-emitting device includes a plurality of light-emitting areas each
including a first light-emitting block and a second light-emitting block, and the
plurality of first light-emitting blocks each include a plurality of first light-emitting
elements, and the plurality of second light-emitting blocks each include a plurality of
second light-emitting elements.

The light-emitting device further includes a control circuit that includes at least one
switch switching a voltage supply to the first light-emitting elements in the plurality of
light-emitting areas or to the second light-emitting elements in the plurality of light-
emitting areas as well as the first light-emitting elements in the plurality of light-
emitting areas. If the control circuit includes two switches, a first switch is configured
to switch a voltage supply to the first light-emitting elements in the first light-emitting
blocks of the plurality of light-emitting areas and a second switch is configured to
switch the voltage supply to the second light-emitting elements in the second light-
emitting blocks of the plurality of light-emitting areas as well as the first light-emitting
elements in the first light-emitting blocks of the plurality of light-emitting areas.

The control circuit is configured to detect value of voltage rectified from an AC
voltage of the AC power source and to switch the first switch to apply the voltage to
the first light-emitting elements in the first light-emitting blocks when the voltage
being supplied from the AC power source reaches a first voltage value, and the control
circuit is configured to switch the second switch to apply the voltage to the second
light-emitting elements of the second light-emitting blocks as well as the first light-
emitting elements in the first light-emitting blocks when the voltage being supplied
from the AC power source reaches a second voltage value that is set higher than the

first voltage value.
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In the plurality of light-emitting areas, as the number of the first light-emitting
elements in each of the first light-emitting blocks is the same with one another of the
first light-emitting blocks and the number of the second light-emitting elements in each
of the second light-emitting blocks is the same with one another of the second light-
emitting blocks, the light-emitting device that emits uniform light from each respective
light-emitting areas in accordance with changes of voltage can be achieved.
Advantageous Effects Invention

Though the first light-emitting elements and the second light-emitting elements are
driven by the voltage rectified from an AC voltage that continuously changes from low
value to high value and from high value to low value like a continuous wave, as each
respective light-emitting areas include the first light-emitting block and the second
light-emitting block, the light-emitting areas can emit uniform light in accordance with
the value of voltage that changes continuously. Also, the light-emitting device with
simple electrical connection can be proposed.

Brief Description of Drawings

[fig.1]Fig. 1 is a perspective view showing a light-emitting device according to a first
embodiment of the present invention.

[fig.2]Fig. 2 is an arrangement view of a light-emitting block in each of light-emitting
areas of the light-emitting device as shown in Fig. 1.

[fig.3-A]Fig. 3-A is a sectional view taken along line A-A of the light-emitting device
as shown in Fig. 1.

[fig.3-B]Fig. 3-B is a schematic view showing a modified example of an arrangement
of the light-emitting areas.

[fig.4]Fig. 4 is a system block view showing a control circuit of the light-emitting
device as shown in Fig. 1.

[fig.5-AJFig. 5-A is a wave shape view showing a relationship a current and a light-
emitting time of the light-emitting areas in the light-emitting device as shown in Fig. 1.
[fig.5-B]Fig. 5-B is a wave shape view showing a relationship a light flux and a light-
emitting time of the light-emitting areas in the light-emitting device as shown in Fig. 1.
[fig.6]Fig. 6 is a perspective view of a light-emitting device according to a second em-
bodiment of the present invention.

[fig.7]Fig. 7 is an arrangement view of a light-emitting block in each of light-emitting
areas of the light-emitting device as shown in Fig. 6.

[fig.8]Fig. 8 is a system block view showing a control circuit of a light-emitting device
according to a third embodiment of the present invention.

[fig.9]Fig. 9 is another system block view showing a control circuit of a light-emitting

device according to a fourth embodiment of the present invention.
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[fig.10]Fig. 10 is a plan view showing a conventional light-emitting device.
Description of Embodiments

Preferred embodiments of the present invention will be explained hereinafter in detail
with reference to the accompanying drawings. Here, we call a semiconductor light-
emitting element including a light-emitting diode element as light-emitting element.
First Embodiment

Figs. 1 to 5 illustrate a light-emitting device 10 according to a first embodiment of
the present invention.

The light-emitting device 10 includes a first light-emitting area 10a that includes a
first light-emitting block 3 and a second light-emitting block 4. The first light-emitting
block 3 includes first light-emitting elements A1 that are electrically connected to one
another of the first light-emitting elements Al in the first light-emitting block 3 in
series. The second light-emitting elements B1 in the second light-emitting block 4 are
electrically connected to one another of the second light-emitting elements B1 in the
second light-emitting block 4 in series.

The light-emitting device 10 also includes a control circuit 60 including a first switch
16a that switches a voltage supply rectified from an alternative current (AC) power
source 12 to the first light-emitting elements A1, and the control circuit 60 includes a
second switch 16b that switches the voltage supply rectified from the AC power source
to the second light-emitting elements B1 as well as the first light-emitting elements Al.

Accordingly, the control circuit 60 includes a voltage level detecting circuit 15 that
can be connected to the power source terminals 13a and 13b of a rectifier 13 and a
switching circuit 16, and the control circuit 60 is configured to detect voltage value
rectified from an AC voltage of the AC power source and to switch the first switch 16a
to apply the voltage to the first light-emitting elements A1, A2, and A3 when the
voltage being supplied from the AC power source 11 reaches a first voltage value LV1
and configured to switch the second switch 16b to apply the voltage to the second
light-emitting elements B1 as well as the first light-emitting elements A1 when the
voltage being supplied from the AC power source 12 reaches a second voltage value
HV1 that is set higher than the first voltage value LV1. As AC power voltage changes
its AC voltage value like a repeated wave, a rectifier 13 is used to rectify the AC
voltage and to apply the voltage that is rectified by the rectifier 13 to light-emitting
elements. With the first voltage value LV1 and the second voltage value HV1 set, a
plurality of light-emitting areas can emit light equally with one another of the light-
emitting areas.

For more details, as AC power voltage and current rating differ by country, the first

voltage value LV1 and the second voltage value HV1 should be set in consideration of
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the AC power voltage of a targeted country where the light-emitting device 10 will be
used, a necessary number of light-emitting areas 10a, 10b, 10c, and more, the number
of the first light-emitting elements A1, and the number of the second light-emitting
elements B1. For example, in many of European countries, AC power voltage is
around 220V. Also, a light-emitting element generally requires around 3V to emit
light. In this case, if a light-emitting device 10 includes five light-emitting areas, the
total number of the first light-emitting elements could be 30 and the total number of
the second light-emitting elements could be 20 that are divided into the five light-
emitting areas each with six first-light-emitting elements and four second-
light-emitting elements. In this case, the first voltage value LV1 is set to be 90V
(3V*6*5), and the second voltage value HV1 is set to be 150V (3V*6*5+3V*4*5),

In other words, when the voltage being supplied from the AC power source reaches
the first voltage value LV1 (in this case, the first voltage value is 90V), the first light-
emitting elements Al in the first light-emitting blocks of the five light-emitting areas
start to emit light, and when the voltage value being supplied from the AC power
source reaches the second voltage value HV1 (in this case, the second voltage value is
150V), the second light-emitting elements in the second light-emitting blocks of the
five light-emitting areas start to emit light. The first light-emitting elements are lit
while the voltage being supplied from the AC power source is at and above 90V, and
the second light-emitting elements B1 are lit while the voltage being supplied from the
AC power source is at and above 150V. As mentioned above, though the first voltage
value LV1 and the second voltage value HV1 change in accordance with a targeted
country's AC power voltage, the number of light-emitting areas, and the total number
of the first light-emitting elements and the total number of the second light-emitting
elements, they can be set in consideration of above mentioned conditions.

Getting back to the explanation of first embodiment as shown in Figs. 1 to 5, there
are three light-emitting areas; a first light-emitting area 10a, a second light-emitting
area 10b, and a third light-emitting area 10c. In this embodiment, a first light-emitting
block 3 and a second light-emitting block 4 in each respective first light-emitting area
10a, second light-emitting area 10b and third light-emitting area 10c are arranged side
by side. The first light-emitting area 10a further includes a first circuit substrate 30a at
that the first light-emitting elements and the second light-emitting elements of the first
light-emitting area 10a are mounted. Also, the second light-emitting area 10b includes
a second circuit substrate 30b, and the first light-emitting elements A2 of the second
light-emitting area are disposed at the second circuit substrate 30b and the second
light-emitting elements B2 of the second light-emitting area are disposed at the second
circuit substrate 30b. The third light-emitting area 10c includes a third circuit substrate

30c, and the first light-emitting elements A3 of the third light-emitting area are
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disposed at the third circuit substrate 30c and the second light-emitting elements B3 of
the third light-emitting area 10c are disposed at the third circuit substrate 30c.

The number of the first light-emitting elements and the number of the second light-
emitting elements are different from one another of the first light-emitting elements
and the second light-emitting elements of each respective first, second, third light-
emitting areas. Also, the number of the first light-emitting elements in each of the first
light-emitting area, the second light-emitting area, and the third light-emitting area is
the same with one another of the first light-emitting area, the second light-emitting
area, and the third light-emitting area, and the number of the second light-emitting
elements in each of the first light-emitting area, the second light-emitting area, and the
third light-emitting area is the same with one another of the first light-emitting area,
the second light-emitting area, and the third light-emitting area.

The first light-emitting block 3 in each respective first light-emitting area 10a, second
light-emitting area 10b and third light-emitting area 10c includes first light-emitting
elements Al, A2, and A3, and the second light-emitting block 4 in each respective first
light-emitting area 10a, second light-emitting area 10b and third light-emitting area 10c
includes second light-emitting elements B1, B2, and B3.

As shown in Figs. 2 and 4, the first light-emitting elements A1 of the first light-
emitting area 10a are electrically connected in series to the first light-emitting elements
A2 of the second light-emitting area 10b, the first light-emitting elements A2 of the
second light emitting area 10b are electrically connected in series to the first light-
emitting elements A3 of the third light-emitting area 10c, the first light-emitting
elements A3 of the third light-emitting area 10c are electrically connected in series to
the second light-emitting elements B3 of the third light-emitting area 10c, the second
light-emitting elements B3 of the third light-emitting area 10c are electrically
connected in series to the second light-emitting elements B2 of the second light-
emitting area 10b, and the second light-emitting elements B2 of the second light-
emitting area 10b are electrically connected in series to the second light-emitting
elements B1 of the first light-emitting area.

In this electrical connection, only the first light-emitting elements can be lit while the
voltage is low, and the second light-emitting elements as well as the first light-emitting
elements can be lit through the control circuit including the switch that switches the
voltage to the second light-emitting elements as well as the first light-emitting
elements when the voltage being supplied from the AC power source reaches the
second voltage value with a simple connection.

The light-emitting device 10 may further include a rectifier 13 that can be electrically
connected to the AC power source 12 to rectify an AC voltage of the AC power source

12 and supply the voltage that is rectified to the first light-emitting elements and the
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second light-emitting elements through the control circuit.

In the first embodiment as shown in Fig. 1, the light-emitting device 10 can be used
as a street light 100 as an example. The street light 100 includes a casing 102 that
includes a first surface, a second surface, and a third surface, and the first light-
emitting area 10a is disposed at the first surface of the casing 102, the second light-
emitting area 10b is disposed at the second surface of the casing 102, and the third
light-emitting area 10c is disposed at the third surface of the casing 102. The casing
102 may include a polyhedral shape with polyhedral surfaces. The casing 102 includes
a space 102a inside the casing 102, a first end portion 102b at that the light-emitting
areas 10a, 10b, and 10c are disposed, and a second end portion 102c. The first end
portion 102b and the second end portion 102¢ are laterally opposite to each other. The
casing 102 may further include a support 101 that supports the second end portion
102c of the casing 102. The casing 102 may have an inverted trapezoidal shape.

In the first embodiment (see Figs. 1 and 3A), there are the first light-emitting area
10a, the second light-emitting area 10b and the third light-emitting area 10c are
arranged at respective surfaces in the space 102a of the casing 12. The first light-
emitting area 10a, the second light-emitting area 10b, and the third light-emitting area
10c may be arranged at, at least some of polyhedral surfaces of the casing 102 to emit
light outside the casing 102 in different directions.

A first surface and the second surface of the casing 102 may be disposed with a first
angle between the first surface and the second surface, and the second surface and the
third surface of the casing 102 may be disposed with a second angle between the
second surface and the third surface. The first angle and the second angle may be the
same with each other or may be different from each other in accordance with the shape
of the casing 102. Of course as the casing 102 has a polyhedral shape, a fourth surface
or more surfaces may be provided for additional light-emitting areas 10a, 10b, and 10c.

As shown in Fig. 3A, the first light-emitting area 10a and the third light-emitting area
10c are attached to inner walls of right and left surfaces at the first end portion 102b of
the casing 102, and the second light-emitting area 10b is attached to a front surface po-
sitioned between the inner walls of the right and left surfaces at the first end portion
102b of the casing 102. These first to third light-emitting areas 10a to 10c are
configured to emit light in respective directions outside the casing 102. Accordingly, a
street or a space can be illuminated widely. In addition, in the first embodiment, it is
also possible to achieve a light-emitting device that also emits light downward with a
fourth light-emitting area on a bottom surface positioned between the inner walls of the
right and left surfaces in the first end portion 102b of the casing 102, for example.

Fig. 3A and 3B illustrates a modified example of the first light-emitting area 10a

including a first circuit substrate 30a, the second light-emitting area 10b including a
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second circuit substrate 30b and the third light-emitting area 10c including a third
circuit substrate 30c. In the modified example, the first circuit substrate 30a, the second
circuit substrate 30b and the third circuit substrate 30c are arranged on a metal plate 50
including three surfaces with a predetermined angle between respective adjacent
surfaces of the three surfaces of the metal plate 50. The metal plate 50 can be arranged
on a wall of a building and/or in such a casing 102 of a light-emitting device. In this
way, the plurality of light-emitting areas 10a, 10b and 10c can be applied to various
light-emitting devices and systems.

Meanwhile, the first light-emitting area 10a may include the first light-emitting block
3 and the second emitting block 4 arranged side by side, the second light-emitting area
10b may include the first light-emitting block 3 and the second emitting block 4
arranged side by side, and the third light-emitting area 10c may include the first light-
emitting block 3 and the second emitting block 4 arranged side by side.

The first circuit substrate 30a may be provided on a first metal plate, the second
circuit substrate 30b may be provided on a second metal plate and the third circuit
substrate 30c may be provided on a third metal plate, separately. The first light-
emitting elements Al and the second light-emitting elements B1 of the first light-
emitting area are mounted at the first circuit substrate 30a and thermally connected to
the first metal plate, the first light-emitting elements A2 and the second light-emitting
elements B2 of the second light-emitting area are mounted at the second circuit
substrate 30b and thermally connected to the second metal plate, and the first light-
emitting elements A3 and the second light-emitting elements B3 of the third light-
emitting area are mounted at the third circuit substrate 30c and thermally connected to
the third metal plate.

The first light-emitting block 3 and the second light-emitting block 4 are electrically
connected to a first electrode 2a and a third electrode 2¢ which are provided on the
circuit substrate 30a and a second electrode 2b which is provided on the circuit
substrate 30c. The constitution is mentioned below.

Next, a control circuit and a drive method of a voltage level-switching system of the
light-emitting device 10 are described with respect to Fig. 4.

Fig. 4 illustrates an example of electrical connection, showing a system block view of
a control circuit including a first switch 16a and a second switch 16b. In Fig. 4, the first
light-emitting block 3 and the second light-emitting block 4 are electrically connected
in series to the first electrode 2a, the second electrode 2b, and the third electrode 2c.

The first light-emitting elements Al, A2, A3 of the first light-emitting blocks 3 are
electrically connected in series to the first electrode 2a and the second electrode 2b.
The second light-emitting elements B1, B2, B3 of the second light-emitting blocks 4

are electrically connected in series to the second electrode 2b and the third electrode
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from the AC power source to the first light-emitting elements Al, A2, A3 and the
second switch 16b, and the second switch 16b that switches the voltage supply from
the AC power source 12 to the second light-emitting elements B1, B2, B3 as well as
the first light-emitting elements A1, A2, A3. The control circuit 60 is configured to
detect value of voltage rectified from an AC voltage of the AC power source 12 and to
switch the first switch 16a to apply the voltage to the first light-emitting elements Al,
A2, A3 when the voltage being supplied from the AC power source 12 reaches the first
voltage value LV 1, and the control circuit 60 is configured to switch the second switch
16b to apply the voltage to the second light-emitting elements B1, B2, B3 as well as
the first light-emitting elements A1, A2, A3 when the voltage being supplied from the
AC power source 12 reaches the second voltage value HV1 that is set higher than the
first voltage value LV1.

The voltage is flowed from the first electrode 2a, through the first light-emitting
elements Al, A2, A3 in the first light-emitting blocks 3 to the second electrode 2b
during the voltage supply from the AC power source 12 remaining below the second
voltage value HV1, and the control circuit 60 that controls to apply the voltage is
flowed from the first electrode 2a, through the first light-emitting elements Al, A2, A3
in the first light-emitting blocks 3 to the second electrode 2b, and further through the
second light-emitting elements B1, B2, B3 in the second light-emitting blocks 4 to the
third electrode 2c.

Though an AC (alternating-current) power source 12 is shown in the system blocks
of Figures 4, 8, and 9, the AC power source 12 is not included in this light-emitting
device 10. The AC power source 12 is basically located outside the light-emitting
device 10, for example, in a building or a facility, and the light-emitting device 10 uses
the voltage that is rectified from the AC voltage of the AC power source 12 to drive
light-emitting elements. Accordingly, the light-emitting device 10 includes a rectifier
13 to rectify an AC voltage and supply a voltage that is rectified from the AC voltage
to the first light-emitting elements and the second light-emitting elements through the
control circuit 60. The rectifier 13 can perform full-wave rectification for a pulse wave
signal (hereinafter referred to as AC voltage) to supply a rectified voltage or a DC
voltage. In the first embodiment, as an example of the AC power source 12, with an
AC power source of AC 120V and 60Hz is explained.

In addition, the light-emitting device 10 includes a control circuit 60 that includes a
voltage level detecting circuit or voltage level detector circuit 15 connected to the
power source terminals 13a and 13b of the rectifier 13 and detects a value of AC

voltage level (high voltage HV, low voltage LV). The control circuit 60 also includes a
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switching circuit 16 that includes a first switch 16a and a second switch 16b. The first
switch 16a switches a voltage supply to the first light-emitting elements and the second
switch 16b switches the voltage supply to the second light-emitting elements as well as
the first light-emitting elements. The first switch 16a and the second switch 16b are
configured to be switched by a detection signal of the voltage level detecting circuit 15
and is configured to switchably connect the second electrode 2b and the third electrode
2c to the power source terminal 13b of the rectifier 13. The power source terminal 13a
of the rectifier 13 is connected through a current-limiting element 17 (for example, a
resistive element) to the first electrode 2a.

Consequently, when the power source terminal 13b of the rectifier 13 is connected to
the second electrode 2b, the first light-emitting block 3 is lighted, and in this state,
when the power source terminal 13b of the rectifier 13 is connected to the third
electrode 2b, the second light-emitting block 4 is lighted.

In the structure, while the voltage level detecting circuit 15 detects a low voltage
level LV, the switching circuit 16 is maintained in a state where the first switch 16a is
ON and the second switch 16b is OFF. On the other hand, while the voltage level
detecting circuit 15 detects a high voltage level HV including a peak of the AC voltage
supply, the switching circuit 16 is switched to a state where the first switch 16a is OFF
and the second switch 16b is ON.

Consequently, while the voltage level detecting circuit 15 detects the low voltage
level LV, a connection from the power source terminal 13a of the rectifier 13 through
the current-limiting element 17 to the first electrode 2a of the light-emitting device 10
is established. A current flowing in the first light-emitting block 3 flows from the
second electrode 2b to the power source terminal 13b of the rectifier 13 through the
first switch 16a of the switching circuit 16, which is in a state of ON. That is to say,
while the voltage level detecting circuit 15 detects the low voltage level LV, the first
light-emitting block 3 is connected between the power source terminals 13a and 13b of
the rectifier 13, thereby the first light-emitting elements A1, A2 and A3 constituting
the first light-emitting block 3 are lighted. At this time, each of the three light-emitting
areas 10a, 10b and 10c has the same light-emitting intensity, that is, brightness,
because each of the first light-emitting elements A1, A2 and A3 has the same number
of light-emitting elements, as mentioned above.

At a time that the AC voltage from the AC power source 12 is increased and the high
voltage level HV including a peak of AC voltage supply is detected by the voltage
level detecting circuit 15, when the switching circuit 16 is switched to a state where the
first switch 16a is OFF and the second switch 16b is ON, the power source terminal
13a of the rectifier 13 is connected through the current-limiting element 17 to the first

electrode 2a of the light-emitting device 10 and a current flowing in first light-emitting
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elements in the first light-emitting blocks 3 flows from the second electrode 2b into the
second light-emitting elements in the second light-emitting blocks 4, and then flows
from the third electrode 2c into the power source terminal 13b of the rectifier 13
through the second switch 16b that is in a state of ON.

That is to say, while the voltage level detecting circuit 15 detects a high voltage level
HV, the first light-emitting block 3 and the second light-emitting block 4 are connected
in series between the power source terminals 13a and 13b of the rectifier 13. Con-
sequently, the first light-emitting elements A1, A2, and A3 in the first light-emitting
blocks 3 and the second light-emitting elements B1, B2, and B3 in the second light-
emitting blocks 4 are lighted. In this way, while the voltage level detecting circuit 15
detects the first voltage value that is the low voltage level LV1, the first light-emitting
elements Al, A2 and A3 constituting the first light-emitting blocks 3 are lighted, and
while the voltage level detecting circuit 15 detects the second voltage value that is high
voltage level HV1 including a peak of the AC voltage supply, the second light-emitting
elements B1, B2 and B3 constituting the second light-emitting blocks 4 are lighted, in
addition to the first light-emitting elements Al, A2, and A3 in the first light-emitting
blocks 3.

Here, because the number of the light-emitting elements constituting the first light-
emitting elements Al, A2 and A3 and the number of the light-emitting elements con-
stituting the second light-emitting elements B1, B2 and B3 are the same, light emitted
from the first light-emitting elements Al, A2 and A3 and light emitted from the second
light-emitting elements B1, B2 and B3 have the same brightness.

Next, a drive method of the light-emitting device 10 is explained in detail further
with reference to wave shape views as shown in Figs. 5A and 5B.

A light-emitting time of the first light-emitting block 3 depends on the number of the
light-emitting elements 1 serially arranged in the first light-emitting block 3, and a
light-emitting time of the second light-emitting block 4 depends on the number of the
light-emitting elements serially arranged in the second light-emitting block 4. In the
light-emitting device 10 in the first embodiment, the number of each of the first light-
emitting elements Al, A2 and A3 in the first light-emitting block 3 is thirty (30), and
the number of each of the second light-emitting elements B1, B2 and B3 in the second
light-emitting block 4 is twenty (20).

An operation of the light-emitting device is described based on the aforementioned
structure with reference to Figs. SA and 5B as follows.

Fig. 5A illustrates a drive current of each of the first light-emitting block 3 and the
second light-emitting block 4, which are driven by the voltage rectified from an AC
voltage. In Fig. 5A, a vertical axis shows a current and a horizontal axis shows a time.

A wave shape shown by solid line shows a light-emitting period T in each of the first
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to third light-emitting areas 10a, 10b and 10c, and a wave shape shown by dotted line
shows the voltage in each of the first to third light-emitting areas 10a, 10b and 10c.
Further details are described with reference to Fig. 5B. The voltage wave shape repeats
mountain-like pulse wave shape because the rectified voltage from the AC voltage is
used, and until the detection level of the voltage level detecting circuit 15 as shown by
the vertical axis reaches LV, a current flows only the first light-emitting block 3. Con-
sequently, only the first light-emitting block 3 is lighted at the first voltage value.

When the detection level is switched from LV1 to HV 1, a current flows in the series
connection between the first light-emitting block 3 and the second light-emitting block
4, thereby the first light-emitting block 3 and the second light-emitting block 4 are
lighted. Here, a period in which the first light-emitting block 3 and the second light-
emitting block 4 are lighted by a current flowing therein is the light-emitting period T.
Because a current does not flow in the first light-emitting block 3 while the voltage is
lower than a threshold voltage of the first light-emitting block 3, this period is a non-
light-emitting period T, in which the light emission is not performed.

Fig. 5B illustrates a light-emitting wave shape KH of the each of the light-emitting
areas 10a, 10b and 10c. Of the light-emitting period shown in Fig. 5A, in a period Ta at
which a detection level by the voltage level detecting circuit 15 shown in Fig. 4is L'V,
only the first light-emitting elements Al, A2 and A3 constituting the first light-
emitting block 3 are lighted, and in a period Tab at which a detection level by the
voltage level detecting circuit 15 is HV, the first light-emitting elements A1, A2 and
A3 constituting the first light-emitting block 3 and the second light-emitting elements
B1, B2 and B3 constituting the second light-emitting block 4 are lighted together. In
this case, the light-emitting wave shape KH of each of the first to third light-emitting
areas 10a, 10b and 10c has approximately the same shape as a wave shape of the drive
current.

As mentioned above, in the switching drive system in case of the plurality of light-
emitting elements connected in series, the light-emitting condition with respect to the
plurality of light-emitting areas represents the constantly same light-emitting state and
the same drive current flowing in each light-emitting element, regardless of the
switching conditions due to the AC voltage of the AC power supply. Therefore, it is
possible to provide a light-emitting device including a plurality of light-emitting areas
with a simple electrical connection. Accordingly, the light-emitting device can have
the light-emitting areas with uniform intensity of light and operating life maintained,
even if the light-emitting elements in the light-emitting device will be driven by the
voltage rectified from an AC voltage.

Second embodiment

A light-emitting device according to a second embodiment of the present invention is
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described with reference to Figs. 6 and 7.

As shown in Fig. 6, the light-emitting device 20 includes a support 201, and a casing
202 provided on an upper end of the support 201 and including a first end portion 202b
and a second end portion 202c¢ vertically opposite to each other, and peripheral
surfaces between the first end portion 202b and the second end portion 202¢. The light-
emitting areas 20a, 20b, 20c and 20d are disposed at, at least some of the peripheral
surfaces of the casing 202. The support supports the casing at the second end portion
202c. The support may include a plurality of pillars 203.

Fig. 6 illustrates an example in which the light-emitting device 20 according to the
present invention is applied to an illumination device 200 set in a building or outside.
The illumination device 200 has a squire shape and includes four surfaces at a cir-
cumference of the device. First light-emitting area 20a, second light-emitting area 20b,
third light-emitting area 20c and fourth light-emitting area 20d are arranged on the four
surfaces of the illumination device, respectively.

Fig. 7 illustrates a light-emitting block 23 and a second light-emitting block 24 in the
light-emitting device 20. The light-emitting device 20 in the second embodiment has
the same basic structure as the light-emitting device 10 in the first embodiment. Ac-
cordingly, only a difference of the light-emitting device in the second embodiment
from the light-emitting device according to the first embodiment is explained.

That is to say, the light-emitting device 20 in the second embodiment differs from the
light-emitting device 10 in the first embodiment in that the light-emitting device 20
includes four light-emitting areas 20a, 20b, 20c and 20d, as shown in Figs. 6 and 7.
Consequently, in the light-emitting device 20 according to the second embodiment, the
first light-emitting block 23 includes four first light-emitting elements Al, A2, A3 and
A4, and the second light-emitting block 4 includes four second light-emitting elements
B1, B2, B3 and B4.

Here, it is important that each of the first light-emitting elements Al, A2, A3 and A4
constituting the first light-emitting block 23 has the same number of light-emitting
elements 1, and each of the second light-emitting elements B1, B2, B3 and B4 con-
stituting the second light-emitting block 24 has the same number of light-emitting
elements 1.

Accordingly, each of the first and second light-emitting elements Al and B1
arranged in the first light-emitting area 20a, the first and second light-emitting
elements A2 and B2 arranged in the second light-emitting area 20b, the first and
second light-emitting elements A3 and B3 arranged in the third light-emitting area 20c,
and the first and second light-emitting elements A4 and B4 arranged in the fourth first
light-emitting area 20d is formed by the same number of light-emitting elements 1.

In other words, each of the first light-emitting elements A1, A2, A3, A4 and the
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second light-emitting elements B1, B2, B3 and B4 in the light-emitting areas 20a, 20b,
20c and 20d is configured by the same number and the same arrangement of the light-
emitting elements 1.

Consequently, if the light-emitting device 20 according to the second embodiment is
driven by the same drive circuit as that in the first embodiment, as shown in Fig. 4, a
light-emitting wave shape KH of each of the light-emitting areas 20a, 20b, 20c and 20d
has approximately the same shape as a wave shape of a drive current, similarly to the
wave shape views shown in Figs. 5A and 5B.

Accordingly, similarly to the light-emitting areas 10a, 10b and 10c in the first em-
bodiment, in the switching drive system by the AC power supply in case of the
plurality of light-emitting elements connected in series, the light-emitting condition
with respect to the plurality of light-emitting areas indicates the constantly same light-
emitting state and the same drive current flowing in each light-emitting element, re-
gardless of the switching conditions of the AC power supply. Therefore, it is possible
to provide a light-emitting device in which there is no difference in the drive condition,
thereby the same illumination effect and the same operating life are maintained.

Third embodiment

Next, a light-emitting device according to a third embodiment of the present
invention is explained with reference to Fig. 8.

The light-emitting device in the third embodiment has a structure adapted to drive the
aforementioned light-emitting device 10 by a voltage level-switching system. Fig. 8 il-
lustrates a system of a drive circuit of the light-emitting device 10. Because a control
circuit 70 as shown in Fig. 8 is basically the same as the control circuit 60 shown in
Fig. 4, in the light-emitting device in the third embodiment, identical reference
numbers are attached to similar parts to that in the light-emitting device 10 in the first
embodiment, as a result, a duplicated description thereof is omitted.

The control circuit as shown in Fig. 8 differs from the control circuit as shown in Fig.
4 in the following points. In the control circuit 60 of the voltage level-switching
system, as shown in Fig. 4, the switching circuit 16 to perform the switching
connection of the first light-emitting block 3 and the second light-emitting block 4 is
controlled based on the voltage level detection of the voltage level detecting circuit 15,
but in the control circuit 70 of the current level-switching system as shown in Fig. §,
the control circuit 70 is controlled based on the current level detection of a current
level detecting circuit 15a. In other words, the current level detecting circuit 15a
controls a current based on the detection signal of the current level LA, HA to perform
light-emitting operation of the light-emitting device 10.

Fourth embodiment
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Furthermore, the light-emitting device 10 with more light-emitting areas can be
provided with a simple electrical connection. As shown in Fig. 9, there are six light-
emitting areas 10a-10f each with a first light-emitting block 3 and a second light-
emitting block 4. As a light-emitting device, the light-emitting device includes the
plurality of light-emitting areas 10a-10f each including a first light-emitting block 3
and a second light-emitting block 4. The plurality of first light-emitting blocks 3 each
include a plurality of first light-emitting elements Al, A2, A3, A4, AS or A6, and the
plurality of second light-emitting blocks 4 each include a plurality of second light-
emitting elements B1, B2, B3, B4, BS or B6.

The light-emitting device further includes a control circuit 80 that including a switch
16c that switches a voltage to the first light-emitting elements A1-A6 and to the second
light-emitting elements B1-B6. The voltage rectified from the AC power source 12 by
a rectifier 13 is applied to the first light-emitting elements A1-A6 that are configured to
start light at a first voltage value LV 1, and the control circuit 80 is configured to switch
the switch 16¢ to apply the voltage to the second light-emitting elements B1-B6 as well
as the first light-emitting elements A1-A6 when the voltage reaches a second voltage
value HV1 that is set higher than the first voltage value LV1.

Accordingly, the control circuit 80 includes a voltage level detecting circuit 15 that
can be connected to the power source terminals 13a and 13 b of the rectifier 13 and a
switching circuit 16 including the single switch 16c. The first light-emitting elements
in the first light-emitting block of each respective first light-emitting areas are elec-
trically connected to one another of the first light-emitting elements in the first light-
emitting block 3 in series, and the second light-emitting elements in the second light-
emitting block 4 of each respective first light-emitting areas electrically connected to
one another of the second light-emitting elements in the second light-emitting block 4
in series.

Even if the number of the light-emitting areas increases, the simple electrical
connection can be applied to the light-emitting device with more light-emitting areas.
In other words, the first light-emitting elements (A1 or A4) of the first light-emitting
area (10a or 10d) are electrically connected in series to the first light-emitting elements
(A2 or AS) of the second light-emitting area (10b or 10e), the first light-emitting
elements (A2 or AS) of the second light emitting area (10b or 10e) are electrically
connected in series to the first light-emitting elements (A3 or A6) of the third light-
emitting area (10c or 10f), the first light-emitting elements (A3 or A6) of the third
light-emitting area (10c or 10f) are electrically connected in series to the second light-
emitting elements (B3 or B6) of the third light-emitting area (10c or 10f), the second
light-emitting elements (B3 or B6) of the third light-emitting (10c or 10f) area (10c or

10f) are electrically connected in series to the second light-emitting elements (B2 or
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B5) of the second light-emitting area (10b or 10e), and the second light-emitting
elements (B2 or BS) of the second light-emitting area (10b or 10e) are electrically
connected in series to the second light-emitting elements (B1 or B4)of the first light-

emitting area (10a or 10d).
Same reference numbers shown in Fig. 9 mean the same elements as those mentioned

in other embodiments, and redundant explanation is omitted.

In the plurality of light-emitting areas 10a-10f the number of the first light-emitting
elements A1-A6 in each of the first light-emitting blocks 3 is the same with one
another of the first light-emitting blocks 3 and the number of the second light-emitting
elements B1-B6 in each of the second light-emitting blocks 4 is the same with one
another of the second light-emitting blocks 4. Accordingly, the light-emitting areas
10a-10f can emit a same or similar intensity of light with one another even when the
voltage from the AC power source changes from a low voltage to a high voltage or
from a high voltage to a low voltage.

As mentioned above, according to the present invention, even when only the first
light-emitting elements of the first light-emitting block are lighted by the AC drive,
and even when the first light-emitting elements of the first light-emitting block and the
second light-emitting elements of the second light-emitting block are together lighted
by the AC drive, illumination light of each light-emitting area has constantly the same
brightness, and each light-emitting element in each light-emitting area has the same
service life.

Although the some embodiments of the present invention have been described, it
should be understood that the present invention is not limited to these embodiments,
various modifications and changes can be made to the embodiments.

Industrial Applicability

In the embodiments as mentioned above, although the present invention is applied to
the light-emitting device using the light-emitting diode elements as the light-emitting
elements, the present invention may be applied to a light-emitting device using light-
emitting elements other than the light-emitting diode elements.
CROSS-REFERENCE TO RELATED APPLICATION

This application is based on and claims the priority benefit of Japanese Patent Ap-
plication No0.2010-294507, filed on December 29, 2010, the disclosure of which is in-
corporated herein by reference in its entirety.

Reference Signs List

I light-emitting element

2a first electrode

2b second electrode
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2c third electrode

3, 23 first light-emitting block

4, 24 second light-emitting block

10, 20 light-emitting device

10a, 10d, 20a first light-emitting area
10b, 10e, 20b second light-emitting area
10c, 10f, 20c third light-emitting area
20d forth light-emitting area

11 power source

12 AC power source

13 rectifier

13a, 13b power source terminals

15 voltage level detector circuit

16 switching circuit

16a first switch

16b second switch

16c single switch

17 current-limiting element

30a first circuit substrate

30b second circuit substrate

30c third circuit substrate

50 metallic place

60, 70, 80 control circuit

100 street light

101, 201 support

102, 202 casing

102a space

102b, 202b first end portion

102c¢, 202¢ second end portion

200 illumination device

203 pillars

Al, A2, A3, A4, AS, A6 first light-emitting elements
B1, B2, B3, B4, B5, B6 second light-emitting elements
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Claims
A light-emitting device comprising:
a first light-emitting area including a first light-emitting block and a
second light-emitting block; and
the first light-emitting block including first light-emitting elements;
the second light-emitting block including second light-emitting
elements; and
the first light-emitting elements in the first light-emitting block elec-
trically connected to one another of the first light-emitting elements in
the first light-emitting block in series;
the second light-emitting elements in the second light-emitting block
electrically connected to one another of the second light-emitting
elements in the second light-emitting block in series;
a control circuit that including a first switch that switches a voltage
supply to the first light-emitting elements and a second switch that
switches the voltage to the second light-emitting elements as well as the
first light-emitting elements;
the control circuit that is configured to switch the first switch to apply
the voltage to the first light-emitting elements when the voltage being
supplied from the AC power source reaches a first voltage value, and
the control circuit that is configured to detect value of voltage rectified
from an AC voltage of the AC power source and to switch the second
switch to apply the voltage to the second light-emitting elements as
well as the first light-emitting elements when the voltage being
supplied from the AC power source reaches a second voltage value that
is set higher than the first voltage value. .
The light-emitting device of claim 1;
the first light-emitting area further including a first circuit substrate at
that the first-light-emitting elements and the second light-emitting
elements are mounted.
The light-emitting device of claim 1 further comprising:
a second light-emitting area that includes a second circuit substrate, a
first light-emitting block including first light-emitting elements
disposed on the second circuit substrate of the second light-emitting
area and the second light-emitting block including second light-
emitting elements disposed on the second circuit substrate of the

second light-emitting area; and
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a third light-emitting area that includes a third circuit substrate, a first
light-emitting block including first light-emitting elements disposed on
the third circuit substrate of the third light-emitting area and a second
light-emitting block including second light-emitting elements disposed
on the third circuit substrate of the third light-emitting area.

The light-emitting device of claim 3:

wherein the first light-emitting elements of the first light-emitting area
are electrically connected in series to the first light-emitting elements of
the second light-emitting area, the first light-emitting elements of the
second light emitting area are electrically connected in series to the first
light-emitting elements of the third light-emitting area, the first light-
emitting elements of the third light-emitting area are electrically
connected in series to the second light-emitting elements of the third
light-emitting area, the second light-emitting elements of the third
light-emitting area are electrically connected in series to the second
light-emitting elements of the second light-emitting area, and the
second light-emitting elements of the second light-emitting area are
electrically connected in series to the second light-emitting elements of
the first light-emitting area.

The light-emitting device of claim 4 further comprising;

a casing including a first surface, a second surface, and a third surface;
the first light-emitting area disposed at the first surface of the casing;
the second light-emitting area disposed at the second surface of the
casing; and

the third light-emitting area disposed at the third surface of the casing.
The light-emitting device of claim 2,

wherein the circuit substrate includes a metal plate and the first light-
emitting elements and the second light-emitting elements of the first
light-emitting area are thermally connected to the metal plate.

The light-emitting device of claim 1;

the number of the first light-emitting elements and the number of the
second light-emitting elements are different from one another of the
first light-emitting elements and the second light-emitting elements of
each respective first, second, third light-emitting areas.

The light-emitting device of claim 5;

the number of the first light-emitting elements in each of the first light-
emitting area, the second light-emitting area, and the third light-

emitting area is the same with one another of the first light-emitting
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area, the second light-emitting area, and the third light-emitting area;
and

the number of the second light-emitting elements in each of the first
light-emitting area, the second light-emitting area, and the third light-
emitting area is the same with one another of the first light-emitting
area, the second light-emitting area, and the third light-emitting area.
The light-emitting device of claim 1 further comprising:

a rectifier that can be electrically connected to the AC power source to
rectify the AC voltage of the AC power source and supply the voltage
that is rectified to the first light-emitting elements and the second light-
emitting elements through the control circuit.

A light-emitting device comprising:

a plurality of light-emitting areas each including a first light-emitting
block and a second light-emitting block;

the plurality of first light-emitting blocks each including a plurality of
first light-emitting elements;

the plurality of second light-emitting blocks each including a plurality
of second light-emitting elements;

a control circuit including a first switch that switches a voltage supply
to the first light-emitting elements in the first light-emitting blocks of
the plurality of light-emitting areas and a second switch that switches
the voltage supply to the second light-emitting elements in the second
light-emitting blocks of the plurality of light-emitting areas as well as
the first light-emitting elements in the first light-emitting blocks of the
plurality of light-emitting areas;

the control circuit that is configured to detect value of voltage rectified
from an AC voltage of the AC power source and to switch the first
switch to apply the voltage to the first light-emitting elements in the
first light-emitting blocks when the voltage being supplied from the AC
power source reaches a first voltage value and the control circuit that is
configured to switch the second switch to apply voltage to the second
light-emitting elements of the second light-emitting blocks as well as
the first light-emitting elements in the first light-emitting blocks when
the voltage being supplied from the AC power source reaches a second
voltage value that is set higher than the first voltage value;

wherein in the plurality of light-emitting areas the number of the first
light-emitting elements in each of the first light-emitting blocks is the

same with one another of the first light-emitting blocks and the number
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of the second light-emitting elements in each of the second light-
emitting blocks is the same with one another of the second light-
emitting blocks.

The light-emitting device of claim 10:

wherein the first light-emitting elements of the first light-emitting
blocks are electrically connected in series to a first electrode and a
second electrode; and

wherein the second light-emitting elements of the second light-emitting
blocks are electrically connected in series to the second electrode and a
third electrode.

The light-emitting device of claim 11 further comprising:

a casing including a polyhedral shape with polyhedral surfaces; and
wherein the light-emitting areas are arranged at, at least some of
polyhedral surfaces of the casing.

The light-emitting device of claim 12 further comprising:

a support; and

the casing including a first end portion and a second end portion
laterally opposite to each other;

the light-emitting areas disposed at the first end portion of the casing;
and

the support supporting the casing at the second end portion of the
casing.

The light-emitting device of claim 12 further comprising:

a support; and

the casing including a first end portion and a second end portion
vertically opposite to each other, and peripheral surfaces between the
first end portion and the second end portion;

the light-emitting areas disposed at, at least some of the peripheral
surfaces of the casing; and

the support supporting the casing at the second end portion.

The light-emitting device of claim 14:

the support including a plurality of pillars.

The light-emitting device of claim 1:

wherein the first light-emitting elements and the second light-emitting
elements are light-emitting diode elements.

The light-emitting device of claim 5,

the first surface and the second surface disposed with a first angle

between the first surface and the second surface; and
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the second surface and the third surface disposed with a second angle
between the second surface and the third surface.

The light-emitting device of claim 10,

the plurality of light-emitting areas being disposed with an angle
between one another of the plurality of light-emitting areas.

A light-emitting device comprising:

a plurality of light-emitting areas each including a first light-emitting
block and a second light-emitting block;

the plurality of first light-emitting blocks each including a plurality of
first light-emitting elements;

the plurality of second light-emitting blocks each including a plurality
of second light-emitting elements;

the first light-emitting elements in the first light-emitting block of each
respective first light-emitting areas electrically connected to one
another of the first light-emitting elements in the first light-emitting
block in series;

the second light-emitting elements in the second light-emitting block of
each respective first light-emitting areas electrically connected to one
another of the second light-emitting elements in the second light-
emitting block in series;

a control circuit that including a switch that switches a voltage supply
to the first light-emitting elements and to the second light-emitting
elements;

the voltage being rectified from the AC power source and applied to the
first light-emitting elements that are configured to start to light at a first
voltage value, and

the control circuit that is configured to detect value of voltage rectified
from the AC power source and to switch the switch to apply the voltage
to the second light-emitting elements as well as the first light-emitting
elements when the voltage being supplied from the AC power source
reaches a second voltage value that is set higher than the first voltage

value.
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[Fig. 1]
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[Fig. 2]
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[Fig. 3-A]
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[Fig. 4]
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[Fig. 6]
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[Fig. 8]
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[Fig. 10]
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