
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

68
5 

78
6

A
2

TEPZZ 685786A T
(11) EP 2 685 786 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
15.01.2014 Bulletin 2014/03

(21) Application number: 13173318.0

(22) Date of filing: 24.06.2013

(51) Int Cl.:
H05B 33/08 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(30) Priority: 13.07.2012 JP 2012157686

(71) Applicant: Panasonic Corporation
Kadoma-shi
Osaka 571-8501 (JP)

(72) Inventors:  
• Nishi, Sayaka

Chuo-ku, Osaka 540-6207 (JP)
• Saito, Takashi

Chuo-ku, Osaka 540-6207 (JP)
• Noguchi, Hiroki

Chuo-ku, Osaka 540-6207 (JP)

• Toda, Naohiro
Chuo-ku, Osaka 540-6207 (JP)

• Tsukitani, Ayako
Chuo-ku, Osaka 540-6207 (JP)

• Yamazoe, Kensuke
Chuo-ku, Osaka 540-6207 (JP)

• Mori, Toshihide
Chuo-ku, Osaka 540-6207 (JP)

• Hamano, Hiroshi
Chuo-ku, Osaka 540-6207 (JP)

• Wada, Kouichi
Chuo-ku, Osaka 540-6207 (JP)

• Karasawa, Yoshinori
Chuo-ku, Osaka 540-6207 (JP)

(74) Representative: Appelt, Christian W.
Boehmert & Boehmert 
Pettenkoferstrasse 20-22
80336 München (DE)

(54) Lighting device

(57) A lighting device is provided with an illumination
unit (10) including two or less LED light sources (21,22).
The illumination unit (10) uses the two or less LED light
sources (21,22) to emit light of a short wavelength band
and light of a long wavelength band. An output varying

unit (38) functions to vary an output of at least the long
wavelength band light. When the output varying unit (38)
receives a varying signal, the output varying unit (38)
functions to decrease the output of at least the long wave-
length band light.
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Description

[0001] The present invention relates to a lighting de-
vice.
[0002] Japanese Utility Model No. 3159820 describes
an example of a lighting device including a main power
supply and a backup power supply. When the supply of
power from the main power supply to a light source is
interrupted, the light source is supplied with power from
the backup power supply.
[0003] The lighting device of Japanese Utility Model
No. 3159820 further includes a main light source and a
backup light source. The backup light source is formed
by an LED. When an abnormality occurs, the low power
consumption backup (LED) light source is used so that
the backup power supply, which is a rechargeable battery
(battery cell), may be used for a relatively long time.
[0004] There is a demand for a lighting device that im-
proves visibility under a mesopic vision environment.
Japanese Laid-Open Patent Publication No. 2005-11812
discloses a lighting device that uses three LED light
sources having different wavelengths and executes
spectral control to generate light in accordance with a
mesopic vision environment. Further, the lighting device
of Japanese Laid-Open Patent Publication No.
2005-11812 uses LED light sources, and thus, consumes
less power than fluorescent lamps and incandescent light
bulbs.
[0005] Such a lighting device uses three types of LED
light sources having different wavelengths to improve vis-
ibility under a mesopic vision environment. The LED light
sources increase the number of components.
[0006] One aspect of the present invention is a lighting
device provided with an illumination unit including two or
less LED light sources. The illumination unit uses the two
or less LED light sources to emit light of a short wave-
length band and light of a long wavelength band. An out-
put varying unit functions to vary an output of at least the
long wavelength band light. When the output varying unit
receives a varying signal, the output varying unit func-
tions to decrease the output of at least the long wave-
length band light.
[0007] Other aspects and advantages of the present
invention will become apparent from the following de-
scription, taken in conjunction with the accompanying
drawings, illustrating by way of example the principles of
the invention.
[0008] The invention, together with objects and advan-
tages thereof, may best be understood by reference to
the following description of the presently preferred em-
bodiments together with the accompanying drawings in
which:

Fig. 1 is a schematic diagram showing one embod-
iment of a lighting device;
Fig. 2 is a block diagram illustrating the electrical
configuration of the lighting device shown in Fig. 1;
Figs. 3A and 3B are waveform charts illustrating op-

eration examples of the lighting device shown in Fig.
1;
Fig. 4 is a schematic diagram showing a lighting de-
vice of a further example;
Fig. 5 is a schematic diagram showing a lighting de-
vice of a further example;
Fig. 6 is a schematic diagram showing a lighting de-
vice of a further example;
Fig. 7 is a schematic diagram showing a lighting de-
vice of a further example;
Fig. 8 is a block diagram illustrating the electrical
configuration of a lighting device of a further exam-
ple;
Fig. 9 is a chart of the spectrum from a short wave-
length light source in a lighting device of a further
example;
Fig. 10 is a chart of the spectrum from a long wave-
length light source unit in a lighting device of a further
example;
Fig. 11 is a chart of the spectrum of synthesized light
from short and long wavelength light source units in
a lighting device of a further example; and
Fig. 12 is a chart of the spectrum from a short wave-
length light source unit in a lighting device of a further
example.

[0009] A lighting device 10 according to one embodi-
ment of the present invention will now be described with
reference to the drawings.
[0010] As shown in Fig. 1, the lighting device 10 of the
present embodiment includes an illumination unit 11 and
an activation circuit 12. The illumination unit 11 externally
emits light, and the activation circuit 12 controls the ac-
tivation of the illumination unit 11.
[0011] The illumination unit 11 includes two LED light
sources 21 and 22 and a fluorescent body 23. The LED
light sources 21 and 22 emit different types of blue light.
The fluorescent body 23 covers a light emitting surface
of the LED light source 22. Further, the fluorescent body
23 emits yellow light when excited upon absorption of
light from the LED light source 22. In the illumination unit
11, the LED light source 21 emits a short wavelength
light, and the fluorescent body 23 and the LED light
source 22 emit a long wavelength light.
[0012] As shown in Fig. 2, the activation circuit 12 of
the lighting device 10 includes a main activation circuit
unit 31, a backup activation circuit unit 32, a switch circuit
unit 33, an activation detection unit 34, a charge unit 35,
a power unit 36, a switch 37, an output varying unit 38,
and a time control unit 39. The main activation circuit unit
31 is electrically connected to an AC power supply D.
The switch circuit unit 33 electrically connects the main
activation circuit unit 31 to the two LED light sources 21
and 22 of the illumination unit 11. Thus, the two LED light
sources 21 and 22 are supplied with power from the AC
power supply D through the main activation circuit unit
31 and the switch circuit unit 33. This allows for activation
of the two LED light sources 21 and 22. In the present
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embodiment, the main activation circuit unit 31 and the
AC power supply D form a main power supply unit.
[0013] The backup activation circuit unit 32 is electri-
cally connected to the charge unit 35. The output varying
unit 38 and the switch circuit unit 33 connect the backup
activation circuit unit 32 to the LED light source 21 of the
illumination unit 11. The charge unit 35 is electrically con-
nected to the power unit 36. The switch 37, which may
be turned on and off, electrically connects the power unit
36 to the AC power supply D. When the switch 37 is
turned on, the charge unit 35 accumulates power sup-
plied from the AC power supply D through the power unit
36. The LED light source 22 is supplied with power from
the charge unit 35 through the backup activation circuit
unit 32. This allows for activation of the LED light source
22. In the present embodiment, the backup activation
circuit unit 32 and the charge unit 35 form a backup power
supply unit.
[0014] The activation detection unit 34 detects whether
or not power is supplied from the AC power supply D to
the main activation circuit unit 31. When the activation
detection unit 34 determines that the LED light source
21 is not activated (deactivated) the activation detection
unit 34 provides the output varying unit 38 with a varying
signal. Upon receipt of the varying signal, the output var-
ying unit 38 controls the switch circuit unit 33 to switch
to a power line extending through the backup activation
circuit unit 32. More specifically, upon receipt of the var-
ying signal, the output varying unit 38 functions to supply
the power from the backup activation circuit unit 32 to
the LED light source 21 through the output varying unit
38 and the switch circuit unit 33.
[0015] Examples of the operation of the lighting device
10 under normal and abnormal situations will now be
described.
[0016] Under a normal situation, power is supplied
from the AC power supply D to the main activation circuit
unit 31. The main activation circuit unit 31 controls the
activation of the two LED light sources 21 and 22. For
example, when an activation operation is performed with
an operation switch (not shown), the LED light sources
21 and 22 are activated, and the illumination unit 11 emits
white light (refer to Fig. 3A). When the switch 37 is ON,
power from the AC power supply D is accumulated in the
charge unit 35 through the power unit 36.
[0017] When the supply of power from the AC power
supply D is interrupted (abnormal situation) by a wire
breakage or the like, the activation detection unit 34 pro-
vides the output varying unit 38 with a varying signal.
Upon receipt of the varying signal, the output varying unit
38 controls the switch circuit unit 33 to switch to the power
line extending through the backup activation circuit unit
32. Thus, the backup activation circuit unit 32 is supplied
with power from the charge unit 35 instead of the AC
power supply D. Then, for example, when an activation
operation is performed with an operation switch (not
shown), the LED light source 21 is activated, and the
illumination unit 11 emits blue light (refer to Fig. 3B). In

this case, the LED light source 22 covered by the yellow
fluorescent body 23 is deactivated. This decreases the
long wavelength band light output from the LED light
source 22 to zero.
[0018] The human retina has photoreceptor cells in-
cluding rods, which function under a mesopic vision sit-
uation or a scotopic vision situation. Thus, the activation
of the LED light source 21 that emits short wavelength
band light (e.g., blue light) improves visibility.
[0019] The lighting device 10 of the present embodi-
ment has the advantages described below.
(1) The lighting device 10 includes the illumination unit
11, which includes the two LED light sources 21 and 22,
and emit short wavelength band light and long wave-
length band light, and the output varying unit 38, which
is capable of varying the long wavelength band light out-
put from the illumination unit 11. The output varying unit
38 decreases the output of the LED light source 22 to
zero. The LED light source 22 is covered by the fluores-
cent body 23 that emits the long wavelength band light
of the illumination unit 11. Further, the output varying unit
38 activates only the LED light source 21 that emits short
wavelength band light. Rods function under a mesopic
vision situation or a scotopic vision situation. Thus, the
activation of the LED light source 21 that emits short
wavelength band light (e.g., blue light) improves visibility.
The use of  the two LED light sources 21 and 22 as a
light source reduces power consumption of the lighting
device 10. Further, the number of the LED light sources
21 and 22 is reduced in comparison with the prior art.
This, in turn, reduces the number of components of the
lighting device 10.
(2) In the lighting device 10, when the power supplied to
the illumination unit 11 is switched from the power from
the main power supply unit to the power from the backup
power supply unit, the activation detection unit 34 pro-
vides the output varying unit 38 with a varying signal.
Upon receipt of the varying signal, the output varying unit
38 controls the switch circuit unit 33 to decrease the out-
put of long wavelength band light. In this manner, chang-
ing the power supply source allows for the output varying
unit 38 to decrease the output of long wavelength band
light.
[0020] It should be apparent to those skilled in the art
that the present invention may be embodied in many oth-
er specific forms without departing from the spirit or scope
of the invention. Particularly, it should be understood that
the present invention may be embodied in the following
forms.
[0021] Although not particularly mentioned above, in
the above embodiment, the output varying unit 38 may
be configured to gradually decrease the long wavelength
band light. This allows for gradual shifting to only the
short wavelength band light, and allows for reduction in
the time used chromatic adaptation. Thus, a person
would not feel discomfort with such a configuration.
[0022] Although not particularly mentioned above, in
the above embodiment, white light may be emitted until
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a predetermined time elapses from when the output var-
ying unit 38 is provided with a varying signal by combining
short wavelength band light and long wavelength band
light, and the output of the long wavelength band light
may be decreased after the predetermined time elapses.
More specifically, as shown in Fig. 2, the activation circuit
12 includes the time control unit 39 electrically connected
to the output varying unit 38. The time control unit 39
measures the elapsed time from when the output varying
unit 38 receives the varying signal. The output varying
unit 38 controls the switching of the switch circuit unit 33
after the predetermined time elapses based on the meas-
ured elapsed time.
[0023] In the above embodiment, the illumination unit
11 includes the two LED light sources 21 and 22 of sub-
stantially the same color (same wavelength band), and
the LED light source 22 is covered by the fluorescent
body 23 to emit white light. Instead, for example, referring
to Fig. 4, an LED light source 41 that emits blue light and
an LED light source 42 that emits light in the long wave-
length band such as orange color may be used to emit
white light by combining long wavelength band light, such
as the blue light and the orange light.
[0024] In the above embodiment, the two LED light
sources 21 and 22 are activated during a normal opera-
tion. Instead, referring to Fig. 5, the illumination unit 11
may include an LED light source 43 that emits white light
and an LED light source 44 that emits blue light. During
a normal operation, only the LED light source 43 may be
activated to emit white light. During a backup operation,
only the LED light source 44 may be activated to emit
blue light.
[0025] In the above embodiment, during a normal op-
eration and a backup operation, at least one of the LED
light sources 21 and 22 is activated. However, there is
no such limitation.
[0026] For example, referring to Fig. 6, the illumination
unit 11 may include an LED light source 45 that emits
blue light and a fluorescent body 46 that emits blue light
and a fluorescent body 46 that emits yellow (orange) light
when excited by the light of the LED light source 45. Fur-
ther, the illumination unit 11 includes an output varying
unit 47 that decreases the output of long wavelength band
light by cutting or moving the fluorescent body 46 during
a backup operation. In this configuration, under a backup
operation, the light (blue light) may be emitted from only
the LED light source 45. Further, the number of LED light
sources 45 may be reduced.
[0027] For example, referring to Fig. 7, the illumination
unit 11 may include an LED light source 51 that emits
white light, a liquid crystal filter 52 arranged opposing an
emission surface of the LED light source 51, and a liquid
crystal control unit 53 that controls the liquid crystal filter
52. This allows the liquid crystal control unit 53 to control
the liquid crystal filter 52 and emit light having a short
wavelength during a backup situation.
[0028] Although not particularly mentioned above, in
the above embodiment, for example, referring to Fig. 8,

the illumination unit 11 may include a light flux measure-
ment unit 56 that measures the light flux of the two LED
light sources 21 and 22. When the light flux of the two
LED light sources 21 and 22 measured by the light flux
measurement unit 56 becomes less than or equal to a
predetermined value, the output varying unit 38 decreas-
es the output of the long wavelength band light. Fig. 8
does not show the backup activation circuit unit 32 and
the charge unit 35 that are used during a backup opera-
tion.
[0029] In the above embodiment, the LED light source
22 emits long wavelength band light, and the fluorescent
body 23 and the LED light source 21 emit short wave-
length band light. Instead, for example, the illumination
unit 11 may include a short wavelength light source unit
and a long wavelength light source unit that emits, to the
short wavelength light source, short wavelength band
light having a relatively small output (spectral intensity)
and long wavelength band light having a relatively large
output. One such example will now be described.
[0030] The short wavelength light source unit includes,
for example, an LED light source and a fluorescent body
excited by the light of the LED light source. Referring to
Fig. 9, the short wavelength light source unit includes,
for example, a first peak wavelength P1 in the proximity
of approximately 450 nm and a second peak wavelength
P2 in the proximity of approximately 550 nm. When the
light output at the first peak wavelength P1 is represented
by 1, the short wavelength LED light source is configured
so that the light output at the second peak wavelength
P2 is approximately 0.3. Further, the short wavelength
light source unit is configured so that the correlated color
temperature is 10000 K, the average color rendering in-
dex Ra is 73, and the S/P ratio is 2.28. The S/P ratio is
the ratio of scotopic vision brightness Ls, which is calcu-
lated by integrating the spectral luminous efficiency V’
(λ) under scotopic vision and the spectral characteristics
of a lamp, and the photopic vision brightness Lp, which
is calculated by the spectral luminous efficiency V (λ)
under photopic vision and the spectral characteristics of
a lamp.
[0031] The long wavelength light source unit includes,
for example, an LED light source and a fluorescent body
excited by the light of the LED light source. The long
wavelength light source unit emits light of a short wave-
length band having a relatively small light output and light
of a long wavelength band having a relatively large light
output to the short wavelength light source unit. For ex-
ample, the long wavelength light source unit emits light
including spectrum A, shown by the solid line in Fig. 10,
and spectrum B, shown by the broken line in Fig. 10. The
spectrum A of the  long wavelength light source unit has
a first peak wavelength P1 in the proximity of approxi-
mately 455 nm, a second peak wavelength P2 in the prox-
imity of approximately 490 nm, and a third peak wave-
length P3 in the proximity of approximately 600 nm. When
the light output at the first peak wavelength P1 is repre-
sented by 1, the long wavelength light source unit that
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emits the spectrum A is configured so that the light output
at the second peak wavelength P2 is approximately 0.9
and the light output at the third peak wavelength P3 is
approximately 0.53. Further, the long wavelength light
source unit that emits the spectrum A is configured so
that the correlated color temperature is 6800 K, the av-
erage color rendering index Ra is 85, and the S/P ratio
is 2.79.
[0032] In Fig. 11, spectrum X shown by the solid line
indicates the spectrum of synthesized light when activat-
ing the short wavelength light source unit and the long
wavelength light source emitting the spectrum A. In this
case, the synthesized light has a correlated color tem-
perature of 8000 K, an average color rendering index Ra
of 95, and an S/P ratio of 2.62.
[0033] Further, the long wavelength light source unit
that emits the spectrum B, shown by the broken line in
Fig. 10, has a first peak wavelength P1 in the proximity
of approximately 440 nm and a second peak wavelength
P2 in the proximity of approximately 550 nm. When the
light output at the first peak wavelength P1 is represented
by 1, the long wavelength light source unit that emits the
spectrum B is configured so that the light output at the
second peak wavelength P2 is approximately 0.43. Fur-
ther, the long wavelength light source unit that emits the
spectrum B is configured so that the correlated color tem-
perature is 7100 K, the average color rendering index Ra
is 70, and the S/P ratio is 2.04.
[0034] In Fig. 11, spectrum Y shown by the broken line
indicates the spectrum of synthesized light when activat-
ing the short wavelength light source unit and the long
wavelength light source emitting the spectrum B. In this
case, the synthesized light has a correlated color tem-
perature of 8100 K, an average color rendering index Ra
of 71, and an S/P ratio of 2.14.
[0035] In the lighting device configured in this manner,
as shown in Fig. 2, the activation detection unit 34 detects
whether or not the main activation circuit unit 31 is sup-
plied with power from the AC power supply D. When the
main activation circuit unit 31 is supplied with power dur-
ing a normal operation, the main activation circuit unit 31
controls the activation of the short and long wavelength
light source units in the illumination unit 11. For example,
when an activation operation is performed with an oper-
ation switch (not shown), the short and long wavelength
light source units are activated so that the illumination
unit 11 emits white light (refer to Fig. 11).
[0036] When the supply of power from the AC power
supply D is interrupted due to a wire breakage or the like,
the activation detection unit 34 provides the output var-
ying unit 38 with a varying signal. Upon receipt of the
varying signal, the output varying unit 38 controls the
switch circuit unit 33 to switch to the power line extending
through the backup activation circuit unit 32. This sup-
plies the backup activation circuit unit 32 with power from
the charge unit 35 instead of the AC power supply D.
Then, for example, when an activation operation is per-
formed with an operation switch (not shown), only the

short wavelength light source unit is activated, and the
illumination unit 11 emits light having a correlated color
temperature of 10000 K (refer to Fig. 9).
[0037] Light having a correlated color temperature of
10000 K is in a correlated color temperature range (2500
K to 10000 K) used as an LED module for emitting white
light as specified in JIS  C8155:2010 "General Lighting
LED Module, Capacity Requirements". Thus, white light
may be emitted during a backup operation. Further, when
the long wavelength light source unit is deactivated, only
the short wavelength light source unit having a relatively
high color temperature is activated. As a result, the S/P
ratio during the backup operation is higher than that dur-
ing a normal operation. Further, the light from the short
wavelength light source unit, as a single body, has an
average color rendering index Ra of 70 or greater. Thus,
sufficiently high color rendering may be maintained.
[0038] The short wavelength light source unit and the
long wavelength light source unit of the above modified
examples are activated with the same light flux during
normal operation. However, the light flux ratio may be
varied. Further, in the above modified examples, the long
wavelength light source unit is activated. Instead, the
long wavelength light source unit may be dimmed. In this
manner, the long wavelength light source unit may be
activated or dimmed so that in the light output of the light
emitted from the illumination unit 11, the light output of
the long wavelength band is greater than the light output
of the short wavelength band. The short wavelength light
source unit does not have to have the characteristics
shown in Fig. 9 and may have the characteristics shown
by the solid line or broken line in Fig. 12.
[0039] In the above embodiment, when receiving the
varying signal, the output varying unit 38 supplies power
from the backup activation circuit unit 32 to the LED light
source 21 through the output varying unit 38 and the
switch circuit unit 33. Instead, when receiving the varying
signal, the output varying unit 38 may supply power from
the backup activation circuit unit 32 through only the
switch circuit unit 33. In this case, the activation detection
unit 34 may provide the varying signal to the switch circuit
unit 33 so that the switch circuit unit 33 switches to a
power line extending through the backup activation circuit
unit 32.
[0040] The present examples and embodiments are to
be considered as illustrative and not restrictive, and the
invention is not to be limited to the details given herein,
but may be modified within the scope and equivalence
of the appended claims.

Claims

1. A lighting device (10) comprising:

an illumination unit (11) including two or less
LED light sources (21,22), wherein the illumina-
tion unit (11) uses the two or less LED light
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sources (21,22) to emit light of a short wave-
length band and light of a long wavelength band;
and
an output varying unit (38) that functions to vary
an output of at least the long wavelength band
light,
wherein when the output varying unit (38) re-
ceives a varying signal, the output varying unit
(38) functions to decrease the output of at least
the long wavelength band light.

2. The lighting device (10) according to claim 1, wherein
the output varying unit (38) gradually decreases the
output of at least the long wavelength band light.

3. The lighting device (10) according to claim 1 or 2,
further comprising:

a main power supply unit (31) that supplies pow-
er to the illumination unit (11); and
a backup power supply unit (35) that supplies
power to the illumination unit (11) during a back-
up situation in which the supply of power from
the main power supply unit (31) is interrupted,
wherein the output varying unit (38) receives the
varying signal indicating that the power supplied
to the illumination unit (11) has been switched
from the power supplied by the main power sup-
ply unit (31) to the power supplied by the backup
power supply unit (35), and the output varying
unit (38) functions to decrease the output of at
least the long wavelength band light when re-
ceiving the varying signal.

4. The lighting device (10) according to claim 3, wherein
the illumination unit (11) emits white light by emitting
the short wavelength band light and the long wave-
length band light; and
the output varying unit (38) combines the short wave-
length band light and the long wavelength band light
to emit the white light until a predetermined time
elapses from when receiving the varying signal, and
the output varying unit (38) decreases the output of
at least the long wavelength band light after the pre-
determined time elapses.

5. The lighting device (10) according to any one of
claims 1-4, further comprising a light flux measure-
ment unit (56) measures light flux of the two or less
LED light sources (21,22), wherein the output vary-
ing unit (38) decreases the output of at least the long
wavelength band light when the light flux measured
by the light flux measurement unit (56) becomes less
than or equal to a predetermined value.

6. The lighting device (10) according to any one of
claims 1-5, further comprising:

a main power supply unit (31) that supplies pow-
er to the illumination unit (11); and
a detection unit that provides the output varying
unit (38) with the varying signal when detecting
that the supply of power from the main power
supply unit (31) has been interrupted.

7. The lighting device (10) according to claim 6, further
comprising a backup power supply unit that supplies
power to the illumination unit (11) during a backup
situation in which the supply of power from the main
power supply unit (31) is interrupted,
wherein when the output varying unit (38) receives
the varying signal, the output varying  unit (38)
switches the power supplied to the illumination unit
(11) from the power supplied by the main power sup-
ply unit (31) to the power supplied by the backup
power supply unit (35).
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