
1 DESCRIPTION           ILLUMINATING LIGHT COMMUNICATION DEVICE TECHNICAL
FIELD     [0001] The present invention relates generally to illuminating
light commu5 nication devices. BACKGROUND ART [0002] In the past, there
have been proposed a lighting apparatus, which comprises a light emitting
diode (LED) as a light source, and transmits a signal by modulating
intensity of an illuminating light. Because such an 10 illuminating light
communication device transmits the signal by modulating the illuminating
light itself, a special device such as an infrared-ray communication device
is not required. Then, because the light emitting diode is used as the
light source for illuminating, electric power saving can be implemented.
Therefore, it has been studied that the illuminating light 15 communication
device is used for the ubiquitous information system in underground malls.
[0003] Fig. 44 is a circuit diagram of the conventional illuminating light
communication device. Then, a constant current circuit 52, three light
emitting diodes 53, and a switching element Q1 are connected in series 20
between both ends of a DC power supply 51. The switching element Q1 is
switched on/off in accordance with high/low of an optical communication
signal Si, and thereby a load current Ii flowing to the light emitting
diodes 53 is modulated while keeping a constant current property (see Figs
45A and 45B). 



25 [0004] In this circuit, the constant current circuit 52 is located to
make the  2 light emitting diode 53, having a small operating resistance,
turn on stably, and then circuit loss of the constant current circuit 52
increases. For example, when the constant current circuit 52 comprises a
constant current diode, assuming that the load current Ii is 500 [mA], the
estimated circuit 5 loss becomes about 2.3 [W]. Therefore, even as the
light emitting diode needs little electricity, the benefit of the light
emitting diode is diminished. [0005] Thus, as shown in Fig. 46A, a DC-DC
converter is located in substitution for the constant current circuit 52,
and then it is conceivable that the DC-DC converter is controlled by PWM
(pulse-width modulation) 10 and thereby the circuit loss decreases. In this
circuit, a current sensing resistor R3, three light emitting diodes 53, an
inductor Li, and a switching element Q1 are connected in series between
both ends of a DC power supply Si. Then, on/off operation of the switching
element Q1 is controlled by a control circuit 54. Then, a smoothing
capacitor C3 and a rectifier diode D2 15 are connected between both ends of
a series circuit comprising the three light emitting diodes 53 and the
inductor Li, and constitute the DC-DC converter, together with the inductor
Li and the switching element Ql. A feedback signal is inputted from a
constant current feedback circuit 55 into the control circuit 54, and
thereby an output current of the DC-DC converter is 20 controlled to be
kept generally constant. In addition, the optical communication signal Si
is inputted into the control circuit 54, and the switching element Q1 is
switched on/off with a high frequency during a period of a high value of
the optical communication signal Si and thereby the load current Ii is
modulated (see Figs. 47A-47C). 25 [0006] Now, Fig. 46B shows a specific
example of the constant current  3 feedback circuit 55, and then an error
amplifier Al is configured to compare a voltage drop of a resistor R3, to
which the load current Ii flows, to a reference voltage El, and amplifies
to output its partial difference into the control circuit 54. A series
circuit comprises a resistor R4 and a capacitor 5 C2, which are connected
between an inverting input terminal and an output terminal of the error
amplifier Al, and constitutes a phase compensation circuit to secure
stability of the above-mentioned feedback system. For such a phase
compensation circuit, a compensation circuit including an integral element
is generally used to adjust a gain and a phase in a loop transfer 10
function, and has been known as PI (Proportional-Integral) control or PID
(Proportional-Integral-Derivative) control of a classic information theory
For example, Fig. 460 shows a circuit diagram of a mean current detecting
circuit disclosed in Japanese Patent Application Laid-Open No. 2006-120910.
An integral circuit 56 (comprising a resistor R5 and a capacitor 03) is 



15 connected between both ends of a current sensing resistor R3, and is
configured to use the above-mentioned PI control as a means for averaging
output. [00071 In the illuminating light communication device shown in the
above- mentioned Fig. 46A, the load current Ii is modulated by operating
the DC- 20 DC converter intermittently in accordance with the optical
communication signal Si, and then the following two conditions are needed
to reproduce the optical communication signal Si faithfully as a current
waveform. One of the conditions is that an operating frequency of the DC-DC
converter is higher than a frequency of the optical communication signal
(condition 1), 25 and the other is that the load current Ii is not smoothed
(condition 2).  4 [0008] For satisfying the condition 1, for example, if a
communication speed is 9.6 [kbps], it is necessary that the operating
frequency of the DC-DC converter is equal to or more than 100 [kHz] (that
is, about 10 times of the communication speed), preferably equal to or more
than 1 [MHz] (that is, 5 about equal to or more than 100 times of that).
However, if the operating frequency of the DC-DC converter is relatively
high, loss of the switching element Q1 in the DC-DC converter increases,
and thus there is a problem that measures of noise-reduction are needed.
[0009] Then, in the case of the condition 2, when a smoothing capacitor is
10 connected in parallel to the light emitting diode 53, the load current
Ii is not intermitted even if the switching element Q1 in the DC-DC
converter is intermitted. Therefore, it becomes difficult to modulate the
load current Ii in accordance with the optical communication signal. On the
other hand, if the load current Ii is not smoothed, a ripple current occurs
in the load 15 current Ii. The ripple current depends on the operating
frequency component of the DC-DC converter. Thus, there is a problem that
measures of noise from electric wiring are needed. It is desirable to
increase the operating frequency of the DC-DC converter to inhibit the
ripple of the operating frequency component while keeping a capacity of the
smoothing 20 capacitor as small as possible so as not to smooth the load
current Ii. However, when the operating frequency increases, there is a
problem that loss of the switching element Q1 also increases. [0010] Then,
in the past, there have been also proposed an illuminating 



light communication device, having a circuit configuration shown in Fig.
48, 25 and using a DC-DC converter to which a constant current feedback
circuit is  5 added. In this circuit, a DC-DC converter 62 is operated by
an input from a DC power supply 61, and its output is converted to a DC
voltage having a desired voltage value by a rectifier circuit 63 and a
smoothing capacitor C4. Three light emitting diodes 64 and a current
sensing resistor R4 are 5 connected in series between both ends of the
smoothing capacitor C4. When the load current Ii flows, the voltage drop
occurred in the resistor R4 is compared to the reference voltage El by an
error amplifier A2. Then, its partial difference is amplified and is fed
back to an output controller 65 in the DC-DC converter 62 by the error
amplifier A2, and then the load current 10 Ii is controlled so as to be a
constant current. In addition, a series circuit, comprising a resistor R5
and a capacitor C5, is connected between an inverting input terminal and an
output terminal of the error amplifier A2, and the series circuit
constitutes a phase compensation circuit, and adjusts a phase of a feedback
signal while increasing the gain in a low frequency 15 domain and
inhibiting the gain in a high frequency domain. [0011] Fig. 49A is Bode
diagram showing an output property of this circuit, and then the gain (L1
in Fig. 49A) linearly decreases with increasing of the frequency. Then, the
phase angle (L2 in Fig. 49A) maintains around 90 degrees to the frequency
of about 10 [kHz] and phase margin is secured. 20 Thus, stability of the
feedback system is good. [0012] In the circuit shown in Fig. 48, a
reference voltage El or E2 is connected to a non-inverting input terminal
of the error amplifier A2 through an electric switch SW1, and the electric
switch SW1 is switched in accordance with the optical communication signal
Sl, and thereby the load 



25 current Ii can be modulated. That is, one reference voltage El is set so
that  6 the load current Ii becomes a current value for normal
illumination, and the other reference voltage E2 is set so that the load
current Ii becomes a current value smaller than the current value for
normal illumination. Then, the switch SW1 is switched in accordance with
the optical communication 5 signal Si, and thereby the load current is
modulated. Here, when the load current in the reference voltage El is 500
[mA] and the load current in the reference voltage E2 is 100 [mA] and the
switch SW1 is switched in accordance with the optical communication signal
of 10 [kHz], Fig. 49B shows a simulation result of the load current Ii. In
this simulation result, 10 the load current Ii is averaged into a value
(about 300 [mA]) intermediate between the current value (500 [mA]) in the
reference voltage El and the current value (100 [mA]) in the reference
voltage E2, and thus the load current Ii is not modulated in accordance
with the optical communication signal. 15 [0013] As can be expected from
Bode diagram in Fig. 49A, when the optical communication signal has a
frequency of about 10 [kHz], the frequency domain is a domain where the
gain of the error amplifier A2 can not be expected and output control can
not follow. Therefore, when the load currents in the reference voltages El,
E2 are averaged, only the averaged 20 load current can be provided. Here,
if the phase compensation circuit is removed from the circuit shown in Fig.
48, the gain of the error amplifier A2 can be secured even in a high
frequency domain, and it can be expected that 



the load current is modulated in accordance with the optical communication
signal. However, the feedback system becomes unstable and thereby 25
abnormality oscillation may occur. Therefore, there is a problem that it is
7  difficult to modulate the load current Ii by changing a circuit constant
of the phase compensation circuit added to the error amplifier A2.
DISCLOSURE OF THE INVENTION 5 [0014] It is an object of the present
invention to provide an illuminating light communication device, of which a
circuit added for communication can be simplified, which can faithfully
modulate an outputted light in accordance with an optical communication
signal having a high frequency. [0015] An illuminating light communication
device of the present invention 10 comprises a constant current source, a
smoothing circuit, a load circuit, a load change element, and a switch
element. The smoothing circuit and the load circuit comprising a light
emitting diode are connected to an output of the constant current source.
The load change element is configured to partially change load
characteristic of the load circuit when being added to 15 the load circuit.
The switch element is configured to determine whether or not the load
change element is added to the load circuit in accordance with a binary
optical communication signal.    [0016] According to the invention, a
circuit added for communication can be simplified, and an outputted light
can be faithfully modulated in accordance 20 with an optical communication
signal having a high frequency.  [0017] In the illuminating light
communication device, it's preferred that the load change element is a
resister which is connected in series to the light emitting diode, and the
switch element is connected in parallel to the resister. 25 [0018] In the
illuminating light communication device, it's preferred that 



8 the load change element comprises a constant voltage circuit section,
which includes at least a constant voltage element connected in series to
the light emitting diode, and the switch element is connected in parallel
to the constant voltage circuit section. 5 [0019] In the illuminating light
communication device, it's preferred that the load circuit comprises a
plurality of load circuits, and the plurality of load circuits are
connected in parallel between outputs of the constant current source, and
at least one of the plurality of load circuits is provided with the load
change element and the switch element. 10 [0020] In the illuminating light
communication device, it's preferred that each of the plurality of load
circuits comprises the switch element and the light emitting diode having a
different emission color with respect to each load circuit. [0021] In the
illuminating light communication device, it's preferred that 15 the load
circuit comprises the light emitting diode comprising a plurality of light
emitting diodes which are connected in series, and the switch element is
connected in parallel to a part of the plurality of light emitting diodes.
[0022] In the illuminating light communication device, it's preferred that
the load circuit comprises a plurality of load circuits, and the plurality
of load 20 circuits are connected in parallel between outputs of the
constant current source, and each of the plurality of load circuits
comprises the light emitting diode comprising a plurality of light emitting
diodes which are connected in series, and the light emitting diode has a
different emission color with respect to each load circuit, and the switch
element in each of the plurality of 25 load circuits is connected in
parallel to a part of the plurality of light  9 emitting diodes.  [0023] In
the illuminating light communication device, it's preferred that the load
circuit comprises a plurality of load circuits, and the plurality of load
circuits are connected in parallel between outputs of the constant current 



5 source, and the switch element is connected in series to one or more load
circuits, at least except for one load circuit, of the plurality of load
circuits, and the load charge element is the one or more load circuits to
which the switch element is connected in series.   [0024] It's preferred
that the illuminating light communication device 10 further comprises a
duty regulation unit to change an on/off duty ratio of the optical
communication signal.  [0025] In the illuminating light communication
device, it's preferred that the constant current source comprises a
constant current feedback system, which comprises a converter, a current
sensing unit, a difference amplifying 15 unit, and a controller. The
converter generates a DC output. The current sensing unit generates a
voltage drop depending on a load current flowing to the load circuit. The
difference amplifying unit amplifies a difference between the voltage drop
generated in the current sensing unit and a predetermined reference
voltage. The controller controls an output of the 20 converter so that an
average value of the load current becomes generally constant in accordance
with an output of the difference amplifying unit. [0026] In the
illuminating light communication device, it's preferred that the constant
current feedback system is provided with a phase compensation circuit
including an integral element, and adjusting a phase of the output of 25
the difference amplifying unit.  10  [0027] It's preferred that the
illuminating light communication device further comprises a communication
unit. A signal generation circuit for generating the optical communication
signal, the load change element, and the switch element are housed inside a
case of the communication unit, and 5 then the communication unit is
connected to the load circuit through a mechanism element for connection.
[0028] It's preferred that the illuminating light communication device
further comprises an insulation, which electrically insulates the switch
element from the signal generation circuit, for generating the optical 10
communication signal.  [0029] In the illuminating light communication
device, it's preferred that the optical communication signal comprises
several different kinds of optical communication signals, and is divided
into a plurality of signal groups by difference in signals, and the
insulation comprises a plurality of insulations, 



15 and the switch element is located in each of the plurality of signal
groups, and each of the plurality of insulations is located to electrically
insulate the signal generation circuit from the switch element. [0030] It's
preferred that the illuminating light communication device further
comprises a carrier wave generation unit, a modulation unit, an 20
insulating transformer, and a demodulation unit. The carrier wave
generation unit generates a carrier wave, which is set so as to have a
higher frequency than the optical communication signal, and thereby the
carrier wave can be separated from the optical communication signal. The
modulation unit modulates the optical communication signal with the 25
carrier wave. The insulating transformer is connected between the  11
modulation unit and the switch element. The demodulation unit outputs a
signal, obtained by removing the carrier wave from an output of the
insulating transformer, into the switch element.     [0031] In the
illuminating light communication device, it's preferred that 5 the light
emitting diode is an organic light emitting diode. BRIEF DESCRIPTION OF THE
DRAWINGS 



[0032] Preferred embodiments of the invention will now be described in
further details Other features and advantages of the present invention 10
will become better understood with regard to the following detailed
description and accompanying drawings where:        Fig. 1A is a circuit
diagram for an illuminating light communication device of an Embodiment 1;
Fig. 1B is a circuit diagram modeled for simulation of the illumi15 nating
light communication device of the Embodiment 1; Fig. 2A is a wave form
chart showing a simulation result; Fig. 2B is a wave form chart showing a
simulation result;        Fig. 3A is a circuit diagram for an illuminating
light communication device of an Embodiment 2; 20Fig. 3B is a circuit
diagram modeled for simulation of the illumi- nating light communication
device of the Embodiment 2;        Fig. 4A is a circuit diagram showing a
feature of an illuminating light communication device of an Embodiment 3;
Fig. 4B is a circuit diagram showing a feature of the illuminating 25 light
communication device of the Embodiment 3;  12        Fig. 40 is a circuit
diagram showing a feature of the illuminating light communication device of
the Embodiment 3; 



Fig. 4D is a circuit diagram showing a feature of the illuminating light
communication device of the Embodiment 3; 5Fig. 4E is a circuit diagram
showing a feature of the illuminating light communication device of the
Embodiment 3;        Fig. 5A is a circuit diagram for an illuminating light
communication device of an Embodiment 4;            Fig. 5B is a circuit
diagram showing a feature of the illuminating 10 light communication device
of the Embodiment 4;        Fig. 50 is a circuit diagram showing a feature
of the illuminating light communication device of the Embodiment 4;
Fig. 6 is a circuit diagram for an illuminating light communication device
of an Embodiment 5; 15Fig. 7A is a circuit diagram for an illuminating
light communication device of an Embodiment 6;        Fig. 7B is a circuit
diagram modeled for simulation of the illuminating light communication
device of the Embodiment 6;             Fig. 70 is a wave form chart
showing a simulation result of the 20 illuminating light communication
device of the Embodiment 6;        Fig. 8A is a circuit diagram showing
other configuration of the Embodiment 6;        Fig. 8B is a circuit
diagram showing other configuration of the Embodiment 6; 25Fig. 9 is a
circuit diagram for an illuminating light communication 



13 device of an Embodiment 7;        Fig. 10 is a circuit diagram for an
illuminating light communication device of an Embodiment 8;            Fig.
11A is a circuit diagram modeled for simulation of the illumi5 nating light
communication device of the Embodiment 8;        Fig. 11B is a wave form
chart showing a simulation result of the illuminating light communication
device of the Embodiment 8;        Fig. 12A is a circuit diagram showing
other configuration of the Embodiment 8; 10Fig. 12B is a circuit diagram
showing other configuration of the Embodiment 8;        Fig. 13A is a wave
form chart of a load current flowing to an illuminating light communication
device of an Embodiment 9;             Fig. 13B is a wave form chart of a
load current flowing to an 15 illuminating light communication device of an
Embodiment 9;        Fig. 13C is a wave form chart of a load current
flowing to an illuminating light communication device of an Embodiment 9;
Fig. 14 is a circuit diagram modeled for simulation of the illuminating
light communication device of the Embodiment 9; 20Fig. 15A is a wave form
chart showing a simulation result of the 



illuminating light communication device of the Embodiment 9;        Fig.
15B is a wave form chart showing a simulation result of the illuminating
light communication device of the Embodiment 9;             Fig. 15C is a
wave form chart showing a simulation result of the 25 illuminating light
communication device of the Embodiment 9;  14        Fig. 16A is a circuit
diagram for an illuminating light communication device of an Embodiment 10;
Fig. 16B is a circuit diagram for the illuminating light communication
device of the Embodiment 10; 5Fig. 160 is a circuit diagram for the
illuminating light communi- cation device of the Embodiment 10;        Fig.
16D is a circuit diagram for the illuminating light communication device of
the Embodiment 10;             Fig. 17 is a circuit diagram showing other
configuration of the 10 Embodiment 10;        Fig. 18 is a circuit diagram
for an illuminating light communication device of an Embodiment 11;
Fig. 19A is a circuit diagram showing other configuration of the Embodiment
11; 15Fig. 19B is a circuit diagram showing a specific configuration of a 



communication unit of the Embodiment 11;        Fig. 190 is a circuit
diagram showing a specific configuration of the communication unit of the
Embodiment 11;              Fig. 20A is a circuit diagram for an
illuminating light communication 20 device of an Embodiment 12;        Fig.
20B is a circuit diagram for an illuminating light communication device of
an Embodiment 12;        Fig. 21 is a circuit diagram for an illuminating
light communication device of an Embodiment 13; 25Fig. 22A is a wave form
chart of each part of the Embodiment 13;  15 Fig. 22B is a wave form chart
of each part of the Embodiment 13; Fig. 22C is a wave form chart of each
part of the Embodiment 13; Fig. 22D is a wave form chart of each part of
the Embodiment 13; Fig. 22E is a wave form chart of each part of the
Embodiment 13; 5Fig. 23A is a circuit diagram for an illuminating light
communication device of an Embodiment 14;        Fig. 23B is a circuit
diagram modeled for simulation of the illuminating light communication
device of the Embodiment 14;           Fig. 24A is a wave form chart
showing a simulation result of a load 10 current of the illuminating light
communication device of the Embodiment 14;        Fig. 24B is a wave form
chart showing a simulation result of a load current of the illuminating
light communication device of the Embodiment 14; 



15Fig. 25A is a wave form chart showing a simulation result of a load
current of the illuminating light communication device of the Embodiment
14;           Fig. 25B is a wave form chart showing a simulation result of
a load current of the illuminating light communication device of the
Embodiment 2014;        Fig. 250 is a wave form chart showing a simulation
result of a load current of the illuminating light communication device of
the Embodiment 14;  16 14;        Fig. 26B is a wave form chart showing a
simulation result of a load current of the illuminating light communication
device of the Embodiment 14; 5Fig. 26C is a wave form chart showing a
simulation result of a load current of the illuminating light communication
device of the Embodiment 14;           Fig. 26D is a wave form chart
showing a simulation result of a load current of the illuminating light
communication device of the Embodiment 1014;        Fig. 26E is a wave form
chart showing a simulation result of a load current of the illuminating
light communication device of the Embodiment 



14;              Fig. 27 is a circuit diagram for an illuminating light
communication 15 device of an Embodiment 15;        Fig. 28A is a wave form
chart showing a simulation result of a load current of the illuminating
light communication device of the Embodiment 15;              Fig. 28B is a
wave form chart showing a simulation result of a load 20 current of the
illuminating light communication device of the Embodiment 15;        Fig.
28C is a wave form chart showing a simulation result of a load current of
the illuminating light communication device of the Embodiment 15; 25Fig. 29
is a circuit diagram showing other circuit configuration of the  17
illuminating light communication device of the Embodiment 15;        Fig.
30A is a wave form chart showing a simulation result of a load current of
other circuit configuration of the illuminating light communication device
of the Embodiment 15; 5Fig. 30B is a wave form chart showing a simulation
result of a load current of other circuit configuration of the illuminating
light communication device of the Embodiment 15; 



Fig. 30C is a wave form chart showing a simulation result of a load current
of other circuit configuration of the illuminating light communi10 cation
device of the Embodiment 15;        Fig. 31 is a circuit diagram for an
illuminating light communication device of an Embodiment 16;           Fig.
32A is a wave form chart showing a simulation result of a load current of
the illuminating light communication device of the Embodiment 1516;
Fig 32B is a wave form chart showing a simulation result of a load current
of the illuminating light communication device of the Embodiment 16;
Fig. 33A is a circuit diagram for an illuminating light communication 20
device of an Embodiment 17;        Fig. 33B is an illustration of a
specific example of a current-limiting element of the Embodiment 17;
Fig. 33C is an illustration of a specific example of a current-limiting
element of the Embodiment 17; 25Fig. 33D is an illustration of a specific
example of a current-limiting  18 element of the Embodiment 17;        Fig.
34A is a circuit example of a load circuit of the illuminating light
communication device of the Embodiment 17;            Fig. 34B is a circuit
example of a load circuit of the illuminating light 5 communication device
of the Embodiment 17;        Fig. 34C is a circuit example of a load
circuit of the illuminating light communication device of the Embodiment
17; 



Fig. 35A is a circuit diagram for an illuminating light communication
device of an Embodiment 18; 10Fig. 35B is a circuit diagram for the
illuminating light communi- cation device of the Embodiment 18;        Fig.
36A is a circuit diagram for an illuminating light communication device of
an Embodiment 19;             Fig. 36B is a circuit diagram modeled for
simulation of the illumi15 nating light communication device of the
Embodiment 19;        Fig. 37A is a wave form chart showing a simulation
result of a load current of the illuminating light communication device of
the Embodiment 19;           Fig. 37B is a wave form chart showing a
simulation result of a load 20 current of the illuminating light
communication device of the Embodiment 19;        Fig. 37C is a wave form
chart showing a simulation result of a load current of the illuminating
light communication device of the Embodiment 19; 25Fig. 38 is a circuit
diagram showing other circuit configuration of the  19 illuminating light
communication device of the Embodiment 19;        Fig. 39A is a wave form
chart showing a simulation result of a load current of the illuminating
light communication device of the Embodiment 19; 5Fig. 39B is a wave form
chart showing a simulation result of a load 



current of the illuminating light communication device of the Embodiment
19;           Fig. 39C is a wave form chart showing a simulation result of
a load current of the illuminating light communication device of the
Embodiment 1019; Fig. 40 is a circuit diagram for a comparative example of
the illuminating light communication device of the Embodiment 19; Fig. 41A
is a wave form chart showing a simulation result of a load      current of
the illuminating light communication device of the Embodiment 1519;
Fig. 41B is a wave form chart showing a simulation result of a load current
of the illuminating light communication device of the Embodiment 19;
Fig. 42 is a circuit diagram for an illuminating light communication 20
device of an Embodiment 20;        Fig. 43A is a circuit diagram for an
illuminating light communication device of an Embodiment 21;        Fig.
43B is a circuit diagram for the illuminating light communication device of
the Embodiment 21; 25Fig. 43C is a circuit diagram for the illuminating
light communi-  



20 cation device of the Embodiment 21;        Fig. 43D is a circuit diagram
for the illuminating light communication device of the Embodiment 21;
Fig. 44 is a circuit diagram for a conventional illuminating light 5
communication device;        Fig. 45A is a wave form chart for describing
an operation of the conventional illuminating light communication device;
Fig. 45B is a wave form chart for describing an operation of the
conventional illuminating light communication device; 10Fig. 46A is a
circuit diagram for another conventional illuminating light communication
device;        Fig. 46B is a circuit diagram for another conventional
illuminating light communication device;             Fig. 46C is a circuit
diagram for another conventional illuminating 15 light communication
device;        Fig. 47A is a wave form chart for describing an operation of
the another conventional illuminating light communication device;
Fig. 47B is a wave form chart for describing an operation of the another
conventional illuminating light communication device; 20Fig. 47C is a wave
form chart for describing an operation of the another conventional
illuminating light communication device; 



Fig. 48 is a circuit diagram for yet another conventional illuminating
light communication device;             Fig. 49A is Bode diagram for the
yet another conventional illumina25 ting light communication device; and
21        Fig. 49B is a wave form chart showing a load current of the yet
another conventional illuminating light communication device. BEST MODE FOR
CARRYING OUT THE INVENTION 5 [0033] Hereinafter, embodiments of the present
invention is explained with reference to figures. [0034] (Embodiment 1) An
illuminating light communication device of Embodiment 1 is 10 explained
with reference to Figs. 1A and 1B. Fig. 1A is a circuit diagram for an
illuminating light communication device 10. The illuminating light
communication device 10 comprises a constant current source 11, a smoothing
capacitor 011 (a smoothing circuit), a load circuit 12, a load change
element 13, a signal generation circuit 14, and a switch element Q2. 15
[0035] The smoothing capacitor C11 is connected between outputs of the
constant current source 11, and smoothes a power outputted from the
constant current source 11. [0036] The load circuit 12 comprises a
plurality of light emitting diodes LD1, which are connected in series
between the outputs of the constant current 



20 source 11, and receives the power outputted from the constant current
source 11. [0037] The load change element 13 is configured to partially
change load characteristic of the load circuit 12, when being added to the
load circuit 12. Then, for example, the load change element 13 comprises a
resister, which is 25 connected in parallel to a part of the plurality of
light emitting diodes LD1.  22  [0038] The signal generation circuit 14 is
configured to generate a binary optical communication signal. In addition,
the signal generation circuit 14 may generate the binary optical
communication signal in accordance with a transmitting signal, which is
transmitted from an external device. 5 [0039] The switch element Q2
comprises a switching device (for example, MOSFET) connected in series to
the resistor of the load change element 13. The switch element Q2 is
switched on/off by receiving the binary optical communication signal, and
thereby determines whether or not the load change element 13 is added to
the load circuit 12. 10 [0040] Fig. 1B is a circuit diagram modeled for
simulation with respect to a circuit shown in Fig. 1A, and then the same
code is referred to circuit components of Fig. 1B corresponding to circuit
components of Fig. 1A. In addition, a light emitting diode LD1 is
equivalently replaced with a series circuit, which comprises a Zener diode
ZD11 having a constant on-voltage 15 and an on-resistance Ml. Then, a
resistor R12 is used as the load change element 13, and is connected in
parallel to the on-resistance R11 when the switch element Q2 is switched
on. That is, a series circuit comprising the resistor 112 and the switch
element Q2 is connected between both ends of the on-resistance R11. Then,
the signal generation circuit 14 is equiva- 20 lently replaced with an
oscillator 14a generating a rectangular wave signal of 10 [kHz]
corresponding to an optical communication signal Si. [0041] Each of Figs.
2A and 2B shows a simulation result of a load current Ii by use of a
circuit shown in Fig. 1B. Fig. 2A shows a simulation result of the load
current Ii in a state where the optical communication signal Si is 25
stopped, and an average value of the load current Ii is about 500 [mA].
Fig.  23 



2B shows a wave form chart for the load current Ii flowing to the light
emitting diode LD1. This wave form chart shows the load current Ii
modulated by alternately switching a connection-state where the rectangular
wave signal of 10 [kHz] is outputted from the oscillator 14a and the
resistor 5 R12 is connected in parallel to the on-resistance 111 through
the switch element Q2, and a non-connection-state where the resistor R12 is
not connected to the on-resistance R11. Here, the load current Ii is about
600 [mA] when the switch element Q2 is switched on, and is about 400 [mA]
when the switch element Q2 is switched off. Then a modulation wave form, 10
which is faithful to the optical communication signal Si, can be provided,
and its average current is kept to about 500 [mA], which is equal to the
value of the load current Ii in the state where the optical communication
signal Si is stopped. [0042] Then, an optical output is outputted from the
illuminating light 15 communication device 10 and is received by a receiver
20 having a photo IC. Then, the receiver 20 detects a difference between an
optical output not superimposed on the optical communication signal and an
optical output superimposed on the optical communication signal, and
thereby the receiver 20 receives the optical communication signal. The
receiver 20 can detect 20 even a minute modulation light by applying such a
method. [0043] As explained above, the illuminating light communication
device 10 of the present embodiment comprises the constant current source
11, the smoothing circuit (comprising the smoothing capacitor C11), the
load circuit 12, the load change element 13, and switch element Q2. The
smoothing 25 circuit and the load circuit 12 including the light emitting
diode LD1 are  24 connected to the output of the constant current source
11. The load change element 13 partially changes load characteristic of the
load circuit 12 when being added to the load circuit 12. The switch element
Q2 determines whether or not the load change element 13 is added to the
load circuit 12 in 



5 accordance with the binary optical communication signal.  [0044] Thereby,
the load characteristic of the load circuit 12 is changed in accordance
with the optical communication signal, and then the load current flowing to
the light emitting diode LD1 is modulated faithfully with respect to the
wave form of the optical communication signal. 10 [0045] By the way, in the
simulation circuit in Fig. 2B, a change caused by the load change element
13 is added to the on-resistance 1111 constituting an equivalent circuit of
the light emitting diode LD1. However, even if the change is added to a
voltage value of the Zener diode ZD1, the load current Ii can be modulated
as well as the case that the change is added to the on- 15 resistance R11.
[0046] (Embodiment 2) An illuminating light communication device of
Embodiment 2 is explained with reference to Figs. 3A and 3B. Fig. 3A is a
circuit diagram for 20 an illuminating light communication device 10, and
then the same code is referred to circuit components of Fig. 3A
corresponding to circuit components of Fig. 1A, which was explained in the
Embodiment 1, and the explanation is omitted. In the present embodiment, a
plurality of light emitting diodes LD1 and a resistor R12 are connected
between both ends of a smoothing 25 capacitor C11, and a switch element Q2
is connected between both ends of 



25 the resistor R12. Here, the load change element 13 comprises the
resistor R12 connected in series to the plurality of light emitting diodes
LD1. Then, the switch element Q2 is switched on/off in accordance with the
optical communication signal, and thereby the load change element 13
achieves the 5 same effect as when load characteristic of the diodes LD1 is
changed. [0047] Fig. 3B is a circuit diagram modeled for simulation with
respect to a circuit shown in Fig. 3A, and then the same code is referred
to circuit components of Fig. 3B corresponding to circuit components of
Fig. 3A. Also, in this simulation circuit, the light emitting diode LD1 is
equivalently 10 replaced with a series circuit, which comprises a Zener
diode ZD11 having a constant on-voltage and an on-resistance R11. In
addition, a signal generation circuit 14 is equivalently replaced with an
oscillator 14a which generates a rectangular wave signal of 10 [kHz]
corresponding to an optical communication signal Si. 15 [0048] A simulation
result of the load current Ii, obtained by using the circuit of Fig. 3B,
becomes congruent with the simulation result of Figs. 2A and 2B, and the
load current Ii is about 500 [mA] in a state where the optical
communication signal Si is stopped. Then, when the 10 [kHz] rectangular
wave signal is inputted to the switch element Q2 as the optical commu- 20
nication signal Si, the switch element Q2 is switched on/off and thereby
the resistor 12 is short-circuited or opened between its both ends and then
the current Ii flowing to the light emitting diode LD1 is modulated.
Therefore, 



the load current Ii becomes about 600 [mA] when the switch element Q2 is
switched on, and becomes about 400 [mA] when the switch element Q2 is 25
switched off. Then, a modulation wave form, which is faithful to a change
of  26  the optical communication signal Si, can be provided, and its
average current becomes about 500 [mA], which is equal to the value of the
load current Ii in the state where the optical communication signal Si is
stopped. [0049] As explained above, in the illuminating light communication
device 5 10 of the present embodiment, the light emitting diode LD1 and the
resistor 12 of the load change element 13 are connected to the constant
current source 11, and the switch element Q2 determines whether or not the
resistor 1112 is added to the load circuit 12. That is, the load change
element 13 comprises the resistor 12 connected in series to the light
emitting diode LD1, 10 and the switch element Q2 is connected in parallel
to the resistor 12.  [0050] Thereby, the switch element Q2 determines
whether or not the resistor R12 is added to the load circuit 12, and thus
the load characteristic of the light emitting diode LD1 can be changed in
accordance with the optical communication signal, and the load current can
be modulated faithfully with 15 respect to the wave form of the optical
communication signal. [0051] (Embodiment 3)        An illuminating light
communication device of Embodiment 3 is explained with reference to Figs.
4A to 4E. An illuminating light commu- 20 nication device 10 of the present
embodiment is different in only a configuration of the load change element
13 from the illuminating light communication device 10 which was explained
in the Embodiment 1 or the Embodiment 2. Then, only the load change element
13 and the switch element Q2 are shown in Figs. 4A to 4E, and other parts
are omitted. 



25 [0052] In the circuit of Fig. 4A, a diode D21 is used as the load change
27 element 13, and the diode D21 is connected in series to the light
emitting diode LD1. Then, a switch element Q2 is connected in parallel to
the diode D21. When the switch element Q2 is switched on, short-circuiting
is generated between both ends of the diode D21 through the switch element
5 Q2 and then the diode D21 becomes not to be connected to the light
emitting diode LD1. On the other hand, when the switch element Q2 is
switched off, the diode D21 becomes to be connected to the light emitting
diode LD1. Then, the switch element Q2 is switched on/off in accordance
with the optical communication signal Si, and thereby the load change
element 13 achieves 10 the same effect as when load characteristic of the
load circuit 12 comprising the light emitting diode LD1 is changed.
Therefore, as explained in the Embodiments 1 and 2, the load current
flowing to the light emitting diode LD1 can be modulated faithfully with
respect to the wave form of the optical communication signal. 15 [0053]
Then, in the circuit of Fig. 4B, a Zener diode ZD2 is used as the load
change element 13, and the Zener diode ZD2 is connected in series to the
light emitting diode LD1. Then, a switch element Q2 is connected in
parallel to the Zener diode ZD2. Also, in the present circuit, the switch
element Q2 is switched on/off in accordance with the optical communication
20 signal Si, and thereby the load change element 13 achieves the same
effect as when load characteristic of the load circuit 12 comprising the
light emitting diode LD1 is changed. Furthermore, in the present circuit, a
modulated width of the load current Ii flowing to the light emitting diode
LD1 can be easily adjusted by selection of a Zener voltage of the Zener
diode 25 ZD2.  28  [0054] Then, in the circuit of Fig. 4C, a thermistor
resistance Rhl is used as the load change element 13, and the thermistor
resistance Rhl is connected in series to the light emitting diode LD1.
Then, a switch element Q2 is connected in parallel to the thermistor
resistance Rhl. Also, in the present 5 circuit, the switch element Q2 is
switched on/off in accordance with the optical communication signal Si, and
thereby the load change element 13 achieves the same effect as when load
characteristic of the load circuit 12 comprising the light emitting diode
LD1 is changed. Furthermore, in the present circuit, temperature
characteristic can be given a modulated level of 10 the load current Ii
flowing to the light emitting diode LD1 and temperature correction can be
added to the modulated level. 



[0055] Then, in the circuit of Fig. 4D, a parallel circuit comprising a
resistor R13 and a diode D22 is used as the load change element 13, and the
parallel circuit is connected in series to the light emitting diode LD1.
Then, a switch 15 element Q2 is connected in parallel to the parallel
circuit. Also, in the present circuit, the switch element Q2 is switched
on/off in accordance with the optical communication signal Si, and thereby
the load change element 13 achieves the same effect as when load
characteristic of the load circuit 12 comprising the light emitting diode
LD1 is changed. Then, because the 20 parallel circuit comprising the
resistor R13 and the diode D22 is connected in series to the light emitting
diode LD1, a modulated width of the load current Ii flowing to the light
emitting diode LD1 can be adjusted, for example, by adjustment of a
resistance value of the resistor R13.      [0056] Then, in the circuit of
Fig. 4E, a series circuit comprising a resistor 25 R13 and a diode D22 is
used as the load change element 13, and the series  29  circuit is
connected in series to the light emitting diode LD1. Then, a switch element
Q2 is connected between both ends of the series circuit. Also, in the
present circuit, the switch element Q2 is switched on/off in accordance
with the optical communication signal Si, and thereby the load change
element 5 13 achieves the same effect as when load characteristic of the
load circuit 12 comprising the light emitting diode LD1 is changed. Then,
because the series circuit comprising the resistor R13 and the diode D22 is
connected in series to the light emitting diode LD1, a modulated width of
the load current Ii flowing to the light emitting diode LD1 can be
adjusted, for example, by 10 adjustment of a resistance value of the
resistor 113.  [0057] As explained above, in the present embodiment, the
load change element 13 comprises a constant voltage circuit section
comprising a constant voltage element (for example, the diodes D21, D22,
the Zener diode ZD2) connected in series to the light emitting diode LD1,
or an impedance 15 circuit comprising a resistive element (for example, the
resistor R12, the thermistor resistance Rh].) connected in series to the
light emitting diode LD1. Then, the switch element Q2 is connected in
parallel the above-mentioned constant voltage circuit section. [0058]
Thereby, when the switch element Q2 is switched on/off in accordance 



20 with the optical communication signal, load characteristic of the load
circuit 12 comprising the light emitting diode LD1 is partially changed.
Therefore, the current flowing to the load current 12 can be modulated
faithfully with respect to the wave form of the optical communication
signal. Then, in the present embodiment, various circuit elements or their
combinational circuit 25 are used as the load change element 13, and
thereby modulation charact-  30 eristic of the load current Ii flowing to
the diode LD1 can be adjusted. [00591 (Embodiment 4) An illuminating light
communication device of Embodiment 4 is 5 explained with reference to Figs.
5A to 5C. An illuminating light communication device 10 of the present
embodiment is different in a configuration of the load circuit 12 from the
illuminating light communication device 10 which was explained in the
Embodiments 1 to 3. As shown in Fig. 5A, the illuminating light
communication device 10 of the present embodiment 10 comprises a series
circuit 4a comprising a plurality of light emitting diodes LD1 connected in
series and a series circuit 4b comprising a plurality of light emitting
diodes LD2 connected in series. Here, the load circuit 12 comprises the two
series circuits 4a, 4b, which are connected between both ends of the
smoothing capacitor C11 through the load change element 13. 15 In the
present circuit, a switch element Q2 is connected in parallel to the load
change element 13. Then, the switch element Q2 is switched on/off in
accordance with the optical communication signal, and thereby currents
flowing to the light emitting diodes LD1, LD2 can be modulated, as well as
the Embodiments 1 to 3. 



20 [00601 In addition, in the circuit of Fig. 5A, the two series circuits
4a, 4b comprises the plurality of light emitting diodes connected in
series, respect- ively, and are connected in parallel between both ends of
the smoothing capacitor C11, but each of the two series circuits 4a, 4b may
comprise one light emitting diode and the number of light emitting diodes
is no object. 25 Then, the two series circuits 4a, 4b are connected in
parallel, but the number  31 of series circuits is not limited to two and
can be set optionally. [0061] Then, in the circuit of Fig. 5A, both of the
series circuits 4a, 4b are connected to the load change element 13, but the
circuit is not limited to such a configuration. For example, as shown in
Fig. 5B, the series circuit 4a may 5 be connected between both ends of the
smoothing capacitor C11 without the load change element 13, and only the
series circuit 4b may be connected between the both ends through the load
change element 13. The switch element Q2 is connected in parallel to the
load change element 13, and then the switch element Q2 is switched on/off
in accordance with the optical 10 communication signal Si and thereby the
current flowing to the light emitting diodes LD2 is modulated. Then, the
number of light emitting diodes through the load change element 13 and the
number of light emitting diodes without the load change element 13 may be
set appropriately in response to a condition, such as a modulated level
given the load current. 



15 [0062] Then, in Fig. 5C, a ladder-structured circuit is connected
between both ends of the smoothing capacitor Cll. That is, the circuit
comprises four circuit blocks connected in series, and each of the four
circuit blocks comprises a series circuit comprising two light emitting
diodes LD1 and a series circuit comprising two light emitting diodes LD2.
These two series 20 circuits are connected in parallel. Then, the load
change element 13 is connected in series to the light emitting diodes LD2
of the circuit block located in a low side, and the switch element Q2 is
connected between both ends of the load change element 13. Here, the switch
element Q2 determines whether or not the load change element 13 (for
example, a 25 resistor) is added to the load circuit 12, by being switched
on/off in  32 accordance with the optical communication signal Si.
Therefore, currents flowing to the light emitting diodes LD1, LD2 can be
modulated.  [0063] As explained above, also, in the illuminating light
communication device 10 of the present embodiment, the switch element Q2
determines 5 whether or not the load change element 13 is added to the load
circuit 12, by being switched on/off in accordance with the optical
communication signal. Therefore, load characteristic of the load circuit 12
is partially changed in accordance with the optical communication signal,
as well as the Embodiments 1 to 3, and thereby the load current flowing to
the light 10 emitting diode can be modulated faithfully with respect to the
wave form of the optical communication signal. Then, because a modulated
level of the load current can be adjusted by changing a configuration of
the light emitting diode, being a load in the present device, the
configuration of the light emitting diode may be selected in response to a
desired modulated 15level. [0064] Then, in each of the circuits of Figs 5B
and 5C, a plurality of series circuits (load circuits) comprising the light
emitting diodes are connected in parallel between outputs of the constant
current source 11, and the load change element 13 and the switch element Q2
are located in at least one of 20 the plurality of load circuits.  [0065]
Thus, because the load change element 13 and the switch element Q2 are
located in at least one of the plurality of load circuits, total load
characteristic can be modulated by changing load characteristic of the load
circuit in which the load change element 13 and the switch element Q2 are
25 located. 



33 [00661 (Embodiment 5)        An illuminating light communication device
of Embodiment 5 is explained with reference to Fig. 6. An illuminating
light communication 5 device 10 of the present embodiment is different in a
configuration of the load circuit from the illuminating light communication
device 10 which was explained in the Embodiments 1 to 4. In addition, the
same code is referred to circuit components corresponding to circuit
components explained in the Embodiments 1 to 4, and the explanation is
omitted. 10 [0067] As shown in Fig. 6, the illuminating light communication
device 10 comprises a constant current source 11, and a smoothing capacitor
C11 connected between both ends of the constant current source 11. A series
circuit comprises a plurality of light emitting diodes LD1 and a load
change element 13a. Also, a series circuit comprises a plurality of light
emitting 15 diodes LD2 and a load change element 13b, and a series circuit
comprises a plurality of light emitting diodes LD3 and a load change
element 13c. Then, these three series circuits are connected in parallel
between both ends of the smoothing capacitor Cll. Here, a series circuit 4a
comprising the plurality of light emitting diodes LD1 constitutes a load
circuit. Also, series circuits 20 4b, 4c comprising the plurality of light
emitting diodes LD2, LD3 constitute load circuits, respectively. Then,
switch elements Q2a, Q2b, Q2c are connected in parallel to the load change
elements 13a, 13b, 13c, respectively. The switch elements Q2a, Q2b, Q2c are
switched on/off in accordance with optical communication signals Si, 52, S3
inputted from 25 signal generation circuits 14A, 14B, 14C, respectively.
34  [0068] Here, when the light emitting diodes LD1 are red light emitting
diodes and the light emitting diodes LD2 are green light emitting diodes
and the light emitting diodes LD3 are blue light emitting diodes, the
switch elements Q2a, Q2b, Q2c are switched on/off in accordance with
individual 5 optical communication signals Si, S2, S3, respectively.
Thereby, outputs of the light emitting diodes having various emission
colors are modulated. Then, if a receiver 20 can identify color
temperatures of light outputted from the illuminating light communication
device 10, three kinds of signals can be received without interference.
Thus, amount of transmittable information 



10 with the optical communication increases threefold in comparison with
one-colored light emitting diode. [0069] As explained above, in the
illuminating light communication device 10 of the present invention, a
plurality of load circuits (series circuits 4a, 4b, 4c) are connected in
parallel between outputs of the constant current source 15 11. The
plurality of load circuits (series circuit 4a, 4b, 4c) comprises the light
emitting diodes LD1, LD2, LD3, respectively. Then, the light emitting
diodes LD1, LD2, LD3 have different emission colors with respect to each
load circuit, and the switch elements Q2a, Q2b, Q2c are located with
respect to each load circuit. 20 [0070] Thereby, the switch elements Q2a,
Q2b, Q2c determine whether or not the load change elements 13a, 13b, 13c
are added to the load circuits, respectively. Thus, load characteristic can
be modulated with respect to each light emitting diode having a different
emission color, and outputs of the light emitting diodes having various
emission colors can be modulated in 25 accordance with optical
communication signals, respectively.  35  [0071] Then, if the receiver 20
can identify color temperatures of light outputted from the illuminating
light communication device 10, three kinds of signals can be received
without interference. Thus, amount of transmittable information with
optical communication increases in comparison 5 with one-colored light
emitting diode. [0072] (Embodiment 6)        An illuminating light
communication device of Embodiment 6 is explained with reference to Figs.
7A to 7C and Figs. 8A and 8B. An 10 illuminating light communication device
10 of the present embodiment is different in a configuration of the load
circuit from the illuminating light communication device 10 which was
explained in the Embodiments 1 to 5. In addition, the same code is referred
to circuit components corresponding to circuit components explained in the
Embodiments 1 to 5, and the explana- 15 tion is omitted. 



[0073] As shown in Fig. 7A, the illuminating light communication device 10
comprises a constant current source 11, and a smoothing capacitor C11
connected between both ends of the constant current source 11. A series
circuit 4 comprises a plurality of light emitting diodes LD I to LDS (that
is, 20 for example, eight diodes in present embodiment), and is connected
between both ends of the smoothing capacitor C11, and then a switch element
Q2 is connected in parallel to the light emitting diode LD8. Here, a load
circuit in present embodiment is the series circuit 4 which is connected in
parallel to the smoothing capacitor C11 and comprises the light emitting
diodes LD1 to 25 LDS. Then, the light emitting diode LDS, being a part of
the load circuit 4,  36 is a load change element 13 and is connected in
parallel to the switch element Q2. [0074] Fig. 7B shows a circuit diagram
modeled for simulation with respect 



to a circuit shown in Fig. 7A, and then the same code is referred to
circuit 5 components of Fig. 7B corresponding to circuit components of Fig.
7A. In this simulation circuit, the light emitting diodes LD1 to LD8 are
equivalently replaced with simulation devices which are previously modeled
after characteristic of the light emitting diode. [0075] Fig. 70 shows
simulation results of a load current Ii by use of a 10 circuit shown in
Fig. 7B. In addition, the load current Ii is set to be about DC 500 [mA] in
a state where the optical communication signal Si is stopped. [0076] When a
rectangular wave signal of 10 [kHz] is inputted to the switch element Q2 as
the optical communication signal Si, the switch element Q2 is 15 switched
on/off and thereby determines whether or not the light emitting diode LD8
is added to the load circuit 12, and then a wave form of the load current
Ii is modulated. When the switch element Q2 is switched on, the load
current Ii becomes about 700 [mA], and then when the switch element Q2 is
switched off, the load current Ii becomes about 300 [mA]. Thus, the 20 load
current is modulated faithfully with respect to the wave form of the
optical communication signal Si, and then its average current is generally
equal to an average current (about 500 [mA]) in a state where the load
current is not modulated.      [0077] By the way, in the present
embodiment, the series circuit comprising 25 the light emitting diodes LD1
to LD8 is connected between both ends of the  37  smoothing capacitor C11,
but the circuit is not limited to the above-mentioned configuration and may
be a configuration shown in Fig. 8A. In this circuit, a series circuit 4a
comprises a plurality of light emitting diodes LD1, and a series circuit 4b
comprises a plurality of light emitting diodes 5 LD2. Then, the series
circuits 4a, 4b are connected in parallel between both ends of the
smoothing capacitor Cll. A switch element Q2 is connected in parallel to a
light emitting diode LD2 (for example, one diode in Fig. 8A) constituting a
part of the series circuit 4b. In this case, the load change element 13 is
the light emitting diode LD2, connected in parallel to the 10 switch
element Q2. In addition, in the circuit of Fig. 8A, the two series circuits
are connected in parallel between both ends of the smoothing capacitor C11,
but the number of the series circuits is not limited to two and can be set
optionally. [0078] Then, as shown in Fig. 8B, a ladder-structured circuit
may be 



15 connected between both ends of the smoothing capacitor Cll. That is, the
circuit comprises four circuit blocks connected in series, and each of the
four circuit blocks comprises a series circuit comprising two light
emitting diodes LD1 and a series circuit comprising two light emitting
diodes LD1. These two series circuits are connected in parallel. Then, in
this circuit, the 20 switch element Q2 is connected in parallel to a part
of the light emitting diodes LD1 (for example, one light emitting diode LD1
which belongs to a sequence of the right side). The switch element Q2 is
switched on/off in accordance with the optical communication signal Si, and
thereby load char acteristic of the load circuit is modulated and then the
load current is 25 modulated.  38 [0079] As explained above, in the
illuminating light communication device 10 of the present embodiment, the
load circuit comprises the plurality of light emitting diodes connected in
series, and the switch element Q2 is connected in parallel to a part of the
plurality of light emitting diodes. 5 [00801 Thereby, the light emitting
diode itself, connected in parallel to the switch element Q2, is the load
change element 13, and the load current flowing to the light emitting diode
can be modulated faithfully with respect to the wave form of the optical
communication signal, without addition of a new member for the load change
element 13. 10[00811 (Embodiment 7) An illuminating light communication
device of Embodiment 7 is explained with reference to Fig. 9. In the
circuit of Fig. 6 explained in the Embodiment 5, each of the plurality of
series circuits comprises the plurality 15 of light emitting diodes and the
load change element, and then the series circuits are connected in parallel
between both ends of the smoothing 



capacitor C11, and the switch element is connected in parallel to the load
change element in each of the series circuits. On the other hand, in the
present embodiment, as shown in Fig. 9, series circuits 4a, 4b, 4c comprise
a 20 plurality of light emitting diodes LD1, LD2, LD3, respectively. Then,
these series circuits 4a, 4b, 4c are connected in parallel between both
ends of the smoothing capacitor Cll. That is, a plurality of load circuits
(series circuits 4a, 4b, 4c) are connected in parallel between both ends of
the smoothing capacitor Cll. Then, red light emitting diodes are used as
the light 25 emitting diodes LD1, and green light emitting diodes are used
as the light  39 emitting diodes LD2, and blue light emitting diodes are
used as the light emitting diodes LD3. That is, light emitting diodes have
different emission colors with respect to each load circuit, and such light
emitting diodes are used. 5 [0082] A switch element Q2a is connected in
parallel to a part (for example, one light emitting diode LD1) of the
plurality of light emitting diodes LD1 constituting the series circuit 4a,
and is switched on/off in accordance with the optical communication signal
Si. When the switch element Q2a is switched on, short-circuiting is
generated between both ends of the light 10 emitting diode LD1 connected in
parallel to the switch element Q2a. Thus, load characteristic of the load
circuit (series circuit 4a) is partially changed in response to on/off
operation of the switch element Q2a. 



[0083] Also, a switch element Q2b is connected in parallel to a part (for
example, one light emitting diode LD2) of the plurality of light emitting
15 diodes LD2 constituting the series circuits 4b, and is switched on/off
in accordance with the optical communication signal S2. When the switch
element Q2b is switched on, short-circuiting is generated between both ends
of the light emitting diode LD2 connected in parallel to the switch element
Q2b. Thus, load characteristic of the load circuit (series circuit 4b) is
20 partially changed in response to on/off operation of the switch element
Q2b. [0084] Also, a switch element Q2c is connected in parallel to a part
(for example, one light emitting diode LD3) of the plurality of light
emitting diodes LD3 constituting the series circuits 4c, and is switched
on/off in accordance with the optical communication signal 53. When the
switch 25 element Q2c is switched on, short-circuiting is generated between
both ends  40 of the light emitting diode LD3 connected in parallel to the
switch element Q2c. Thus, load characteristic of the load circuit (series
circuit 4c) is partially changed in response to on/off operation of the
switch element Q2c. [0085] As explained above, in the present embodiment,
each of the plurality 5 of load circuits comprises the plurality of light
emitting diodes connected in series, and the switch element is connected in
parallel to the part of the plurality of light emitting diodes of each load
circuit. That is, the load change element is the light emitting diode
connected in parallel to the switch element. 10 [0086] Thereby, when the
switch element is switched on/off in accordance with the optical
communication signal, load characteristic of the load circuit is partially
modulated. Therefore, the load current is modulated in accordance with the
optical communication signal, and optical communication can be provided
without addition of a new member for the load change element. 15 [0087]
Then, in the present embodiment, the plurality of load circuits (series
circuit 4a, 4b, 4c) are connected in parallel between outputs of the
constant current source 11, and each of the load circuits comprises the
plurality of light emitting diodes connected in series. Then, emission
colors of the light emitting diodes are different from with respect to each
load circuit, and the 20 switch element is connected in parallel to the
part of the plurality of light emitting diodes in each of load circuits.
[0088] Thereby, when the switch element in each of load circuits is
switched on/off, load characteristic in each of load circuits is modulated.
Therefore, 



outputs of the light emitting diodes having various emission colors can be
25 modulated. Then, if a receiver 20 can identify color temperatures of
light  41 outputted from the illuminating light communication device 10,
three kinds of signals can be received without interference. Thus, amount
of transmittable information with optical communication can increase
threefold in comparison with one-colored light emitting diode. 5[00891
(Embodiment 8) An illuminating light communication device of Embodiment 8
is explained with reference to Figs. 10, 11A, 11B, 12A, and 12B. In the
circuit of Figs. 8A and 8B explained in the Embodiment 6, the series
circuit 4a 10 comprises the plurality of light emitting diodes LD1, and the
series circuit 4b comprises the plurality of light emitting diodes LD2, and
these series circuits 4a, 4b are connected between both ends of the
smoothing capacitor Cll. Then, the switch element Q2 is connected in
parallel to the part (one light 



emitting diode LD2) of the plurality of light emitting diodes LD2 of the
series 15 circuit 4b. In contrast, in the present embodiment, as shown in
Fig. 10, a series circuit 4a comprises a plurality of light emitting diodes
LD1, and is connected between both ends of a smoothing capacitor Cll. Also,
a series circuit 4b comprises a plurality of light emitting diodes LD2, and
is connected between both ends of the smoothing capacitor C11 through a 20
switch element Q2, which is switched on/off in accordance with an optical
communication signal Si. When the switch element Q2 is switched on in
accordance with the optical communication signal, the series circuits 4a,
4b become connected in parallel between both ends of the smoothing
capacitor Cll. On the other hand, when the switch element Q2 is switched
off in 25 accordance with the optical communication signal, only the series
circuit 4a  42 



becomes connected between both ends of the smoothing capacitor Cll. In
addition, it is necessary to evade an unloaded condition that all loads
(light emitting diodes LD1, LD2) are separated from the constant current
source 11 at the same time, in order to restrain the overvoltage. Then, in
order to do 5 this, it is necessary to leave a load (a light emitting
diode) to which the current is supplied by the constant current source 11,
even if the light emitting diodes LD2 are separated from the constant
current source 11 by operation of the switch element Q2. In the present
embodiment, because the plurality of light emitting diodes LD1 are
connected to the constant 10 current source 11 without the switch element
Q2, the load current is always supplied to the plurality of light emitting
diodes LD1. Thereby, the unloaded condition is not generated and the
overvoltage can be restrained. [0090] Fig. 11A shows a circuit diagram
modeled for simulation with respect to the circuit shown in Fig. 10, and
then the same code is referred to circuit 15 components of Fig. 11A
corresponding to circuit components of Fig. 10. In this simulation circuit,
the light emitting diodes LD1, LD2 are equivalently replaced with
simulation devices which are previously modeled after characteristic of the
light emitting diode. [0091] Fig. 11B shows simulation results of a load
current Ii by use of the 20 circuit shown in Fig. 11A. In addition, the
load current Ii (a resultant current of currents flowing to the series
circuits 4a and 4b) is set to be about DC 1 [Al in a state where the
optical communication signal Si is stopped. A rectangular wave signal of 10
[kHz] is inputted to the switch element Q2 as the optical communication
signal Si, and the series circuit 4b comprising the 25 light emitting
diodes LD2 is intermitted by on/off operation of the switch  43 element Q2,
and thereby a wave form of the load current Ii becomes a rectangular wave
form of about 1.3 [A] when the switch element Q2 is switched on, and
becomes a rectangular wave form of about 0.7 [A] when the switch element Q2
is switched off. Therefore, the load current Ii is 



5 modulated faithfully with respect to the wave form of the optical
communication signal Si. Then, an average current of the load current Ii is
kept to about 1 [Al, which is equal to a current value of the load current
Ii in the state where the optical communication signal Si is stopped.
[00921 As explained above, in the present embodiment, each of the plurality
10 of load circuits comprises the plurality of light emitting diodes, and
the plurality of load circuits are connected in parallel between outputs of
the constant current source 11, and the switch element is connected in
series to one or more load circuits, at least except for one load circuit,
of the plurality of load circuits. 15 [0093] Thereby, the load change
element is the load circuit, connected to the switch element, and then the
load current of the light emitting diode can be modulated faithfully with
respect to the wave form of the optical communication signal, without
addition of a new member for the load change element. Then, the switch
element is not located in at least one load circuit 20 of the plurality of
load circuits, and thus even if all switch elements are switched off at the
same time, the unloaded condition is not generated. [00941 By the way, in
the above-mentioned series circuits 4a and 4b, as shown in Fig. 12A, a
ladder-structured circuit may be formed by connecting connection points in
the plurality of light emitting diodes LD1 and 25 connection points in the
plurality of light emitting diodes LD2 to each other  44 every one. In the
circuit, a part of the plurality of light emitting diodes LD2 is
intermitted by on/off operation of the switch element Q2 in accordance with
the optical communication signal Si, and the unloaded condition is not
generated. 5 [0095]. Then, in a circuit of Fig. 12B, a series circuit
comprises a plurality of light emitting diodes LD1 and a switch element
Q2a, and a series circuit comprises a plurality of light emitting diodes
LD2 and a switch element Q2b, and a series circuit comprise a plurality of
light emitting diodes LD3 and a switch element Q2c, and then these three
series circuits are connected in 10 parallel between a smoothing capacitor
Cll. Individual optical communication signals Si, S2, 53 are inputted to
the switch elements Q2a, Q2b, Q2c, respectively, and then the switch
elements Q2a, Q2b, Q2c are switched on/off in accordance with these signals
51, S2, 53, respectively. Here, red light emitting diodes are used as the
light emitting diodes LD1, and green 15 light emitting diodes are used as
the light emitting diodes LD2, and blue light emitting diodes are used as
the light emitting diodes LD3. Then, currents flowing to these diodes LD1,
LD2, LD3 are modulated with the optical communication signals Si, S2, S3,
respectively. Then, if a receiver 20 can identify color temperatures of
light outputted from the illuminating 20 light communication device 10,
three kinds of signals can be received without interference. Therefore,
amount of transmittable information with optical communication can increase
threefold in comparison with one-colored light emitting diode. In addition,
when all switch elements Q2a, Q2b, Q2c are switched off at the same time,
the unloaded condition is generated. Thus 



25 the optical communication signals Si, S2, S3 are set so that the switch
45 elements Q2a, Q2b, Q2c are switched off at the same time. [0096]
(Embodiment 9) An illuminating light communication device of Embodiment 9
is 5 explained with reference to Figs. 13A to 13C and 14 In addition, in
present embodiment, a circuit configuration of the illuminating light
communication device 10 is equal to that of Fig. 1A explained in the
Embodiment 1, and thus the drawing and explanation are omitted. [0097] The
signal generation circuit 14 of the Embodiment 1 generates the 10 optical
communication signal Si with a constant duty cycle. In contrast, a signal
generation circuit 14 of the present embodiment comprises a duty regulation
unit 14b. The duty regulation unit 14b changes a duty cycle of the optical
communication signal Si, comprising a rectangular wave signal with a
constant duty cycle, inputted from outside, while keeping a frequency 15 of
the optical communication signal Si constant, to generate a signal 511. The
switch element Q2 is switched on/off in accordance with the signal 511
inputted from the signal generation circuit 14, and then determines whether
or not the load change element 13 is added to the load circuit 12.
Therefore, a wave form of the load current Ii flowing to the load current
12 is 20 modulated in accordance with the signal 511 generated based on the
optical communication signal Si. [0098] Figs. 13A to 13C are wave form
charts of the load current Ii and the signal 511 outputted from the signal
generation circuit 14. Fig. 13A is a 



wave form chart in a case where the duty cycle of the signal 511 is about
50%, 25 and Fig. 13B is a wave form chart in a case where the duty cycle of
the signal  46 Sll is about 75%, and Fig. 13C is a wave form chart in a
case where the duty cycle of the signal 511 is about 25%. If the load
current Ii has a wave form as shown in Fig. 13A in the case where the duty
cycle is 50%, a peak value of the wave form of the load current Ii is
inhibited and a bottom value thereof 5 decreases and a modulation width
thereof increases as shown in Fig. 13B in the case where the duty cycle is
extended to 75%. Then, the peak value and the bottom value increase and the
modulation width decreases, as shown in Fig. 13C in the case where the duty
cycle is narrowed to 25%. [0099] Then, Fig. 14 shows a circuit diagram
modeled for simulation with 10 respect to the circuit of the present
embodiment, and the circuit of Fig. 7A explained the Embodiment 6 is used
as the load circuit 12. That is, the load circuit 12 comprises the light
emitting diodes LD1 to LD8 which are connected in series between both ends
of the smoothing capacitor C11, and then the switch element Q2 is connected
in parallel to the light emitting 15 diode LD8. That is, the load change
element 13 is the light emitting diode LDS connected in parallel to the
switch element Q2. In this simulation circuit, the light emitting diodes
LD1 to LD8 are equivalently replaced with simulation devices which are
previously modeled after characteristic of the light emitting diode. 20
[0100] Figs. 15A to 15C show simulation results of a load current Ii by use
of the circuit shown in Fig. 14. [0101] Fig. 15A is wave form charts of the
load current Ii flowing to the load circuit 4, when the signal generation
circuit 14 outputs the signal 511, having a frequency of 10 [kHz], of which
the duty cycle is 50%. The peak 25 value of the load current Ii is about
700 [mA] and the bottom value is about 



47  300 [mA] and the modulation width is about 400 [mA] and the average
value is about 500 [mA]. [0102] Fig. 15B is wave form charts of the load
current Ii flowing to the load circuit 4, when the signal generation
circuit 14 outputs the signal S11, 5 having a frequency of 10 [kHz], of
which the duty cycle is 75%. The peak value of the load current Ii is about
630 [mA] and the bottom value is about 120 [mA] and the modulation width is
about 510 [mA] and the average value is about 500 [mA]. [0103] Fig. 150 is
wave form charts of the load current Ii flowing to the load 10 circuit 4,
when the signal generation circuit 14 outputs the signal S11, having a
frequency of 10 [kHz], of which the duty cycle is 25%. The peak value of
the load current Ii is about 710 [mA] and the bottom value is about 430
[mA] and the modulation width is about 280 [mA] and the average value is
about 500 [mA]. 15 [0104] From these results, it is found that when the
signal generation circuit 14 changes the duty cycle of the optical
communication signal Si while keeping the frequency of the optical
communication signal Si constant, to generate a signal 511 and the load
current Ii is modulated in accordance with the signal S11, the modulation
width can be adjusted by a value of the 20 duty cycle. [0105] As explained
above, the illuminating light communication device 10 of the present
embodiment comprises the duty regulation unit 14b to change an on/off duty
ratio of the optical communication signal.      [0106] Thereby, a duty
ratio of a signal is changed by the duty regulation 25 unit 14b, and the
switch element is switched on/off in accordance with the  48  changed
signal, and thus load characteristic of the load circuit can be modulated.
Furthermore, the modulation width of the load current flowing to the load
circuit can be adjusted to a desired value by changing the duty cycle. 



5[0107] (Embodiment 10)        An illuminating light communication device
of Embodiment 10 is explained with reference to Figs. 16A to 16D. In the
illuminating light communication device 10 of the Embodiments 1 to 9
explained above, a 10 power source for the light emitting diode is the
constant current source 11. Then, in the present embodiment, a circuit
configuration of the constant current source 11 is explained specifically.
[0108] Fig. 16A shows a circuit diagram for an illuminating light
communication device 10. In the present embodiment, the constant current
source 15 11 comprises a DC-DC converter 2 (a converter) connected to a DC
power supply 1, a feedback circuit 15 comprising a current sensing resistor
5 (a current sensing unit) and an error amplifier Al (a difference
amplifying unit), and output controller 7 (a controller). [0109] The
current sensing resistor 5 generates a voltage drop depending on 20 a load
current flowing to the load circuit 4. The error amplifier Al amplifies a
difference between a reference voltage El and the voltage drop generated in
the current sensing resistor 5. Then, an output of the error amplifier Al
is transmitted to the output controller 7. The output controller 7 controls
an output of the DC-DC converter 2 so that the voltage drop generated in
the 25 current sensing resistor 5 becomes equal to the reference voltage El
(that is,  



49 so that the output of the error amplifier Al becomes small). [0110] In
this circuit, a smoothing capacitor C11 is connected to outputs of the
DC-DC converter 2. A load circuit 4 comprises a series circuit of a
plurality of light emitting diodes LD1, and is connected between both ends
of 5 the smoothing capacitor Cll. Here, a switch element Q2 is switched
on/off in accordance with an optical communication signal Si, and thereby
determines whether or not a load change element 13 is added to the load
circuit 12. Thus, load characteristic of the load circuit 4 is partially
changed. 10 [0111] In addition, various kinds of methods can be applied to
the DC-DC converter 2, and in a circuit shown in Fig. 16B, the DC-DC
converter 2 is a flyback converter comprising a switching device Ql, an
output transformer Ti, and a diode D20.   [0112] Then, in a circuit shown
in Fig. 16C, the DC-DC converter 2 is a back 15 converter comprising a
switching device Ql, a choke coil L21, and a diode D21. [0113] Then, in a
circuit shown in Fig. 16D, the DC-DC converter 2 is an inverse back
converter comprising a switching device Ql, a choke coil L22, and a diode
D22. That is, a smoothing capacitor C11 is connected in parallel 20 to a
load circuit 4 comprising a series circuit of a plurality of light emitting
diodes LD1, and then the current sensing resistor 5 is located in a source
side of the switching device Q1 and detects a load current flowing to the
light emitting diodes LD1. The error amplifier Al amplifies a difference
between the reference voltage El and the voltage drop, which is generated
in the 



25 current sensing resistor 5 by a source current of the switching device
Ql.  50 Then, the feedback circuit 15 and the output controller 7 control
to keep the current flowing to the light emitting diodes LD1 constant.
[0114] In each of the circuits shown in Figs. 16A to 16D, a constant
current is outputted from a constant current source 11, and a switch
element Q2 is 5 switched on/off in accordance with an optical communication
signal Si, and thereby determines whether or not a load change element 13
is added to the load circuit 4. Thus, load characteristic of each load
circuit 4 is modulated partially, and the load current is modulated in
accordance with the optical communication signal, and the load current can
be modulated faithfully with 10 respect to a wave form of the optical
communication signal Si.  [0115] By the way, in each of specific circuits
(see Figs. 16A to 16D) of the constant current source 11 explained in the
present embodiment, it is preferred that a phase compensation element is
added to the constant current feedback system, and thereby the constant
current source 11 15 becomes more suitable for practical use. Fig. 17 shows
a circuit diagram that the phase compensation element is added to the
circuit of Fig. 16A. This constant current source 11 comprises a phase
compensation circuit 6b, and then the phase compensation circuit 6b
includes an integral element comprising a resistor R21 and a capacitor C21
which are connected between 20 an inverting input terminal and an output
terminal of the error amplifier Al. The phase compensation circuit 6b
secures stability of a loop transfer function in the feedback system, while
increasing the gain in a low frequency domain and inhibiting the gain in a
high frequency domain.      [0116] In addition, the modulation method,
explained in each of the above 25 embodiments, for optical communication by
modulation of load characteristic  51 does not depend on responsivity of
the constant current feedback system, and then the constant current
feedback circuit comprises the error amplifier Al and has a function to
control to keep the average value of the load current generally constant
upon modulation and non-modulation. Here, it is 



5 expected that the responsivity to obtain a modulated wave form modulated
faithfully with respect to the optical communication signal Si is
determined by an electric wiring inductance between the light emitting
diodes LD1 and the smoothing capacitor C11 connected in parallel to the
light emitting diodes LD1. Therefore, high-speed communication can be also
expected by 10 wiring in consideration of the electric wiring inductance.
In addition, as a specific configuration of the DC-DC converter 2, various
circuits in Figs. 16B to 16D can be applied. [0117] As explained above, in
the present embodiment, the constant current source 11 comprises a constant
current feedback system The constant 15 current feedback system comprises a
converter (the DC-DC converter 2) generating a DC output, a current sensing
unit (the current sensing resistor 5) generating a voltage drop depending
on a load current flowing to the load circuit, a difference amplifying unit
(the error amplifier Al) amplifying a difference between a predetermined
reference voltage and the voltage drop 20 generated in the current sensing
unit, and a controller (the output controller 7) controlling an output of
the converter so that an average value of the load current becomes
generally constant in accordance with an output of the difference
amplifying unit.      [0118] Thereby, the controller feeds back the load
current to control the 25 output of the converter. Therefore, the circuit
can have a function to control  52 to keep the average value of the load
current generally constant upon modulation and non-modulation. [0119]
Furthermore, in the present embodiment, the phase compensation circuit 6b
is located in the constant current feedback system, and includes 5 the
integral element, and adjusts a phase of the output of the difference
amplifying unit (the error amplifier Al). [0120] As described above,
because in the present embodiment the constant current source 11 comprises
a phase compensation circuit 6b, the phase compensation circuit 6b can
secure stability of a loop transfer function in the 



10 feedback system, while increasing the gain in a low frequency domain and
inhibiting the gain in a high frequency domain. [0121] (Embodiment 11) An
illuminating light communication device of Embodiment 11 is 15 explained
with reference to Figs. 18. In each of the above embodiments, the constant
current source 11, the smoothing capacitor C11, and the load circuit 4
(comprising the light emitting diodes LD1) connected between both ends of
the smoothing capacitor C11 are typically basic circuits used in a lighting
apparatus, of which a load is a light emitting diode. Therefore, a block
for 20 illuminating light communication comprises the load change element
13, which is added to the load circuit and partially changes load
characteristic of the load circuit, and the switch element Q2, which
determines whether or not the load change element 13 is added to the load
circuit through on /off operation in accordance with the optical
communication signal Sl, and then 



25 if such a block can be installed in an existing general light apparatus,
an  53 optical communication function can be easily added to the existing
general light apparatus, and spread of the optical communication function
can be expected. [0122] Fig. 18 is a circuit diagram for an illuminating
light communication 5 device 10 of the present embodiment, and the
illuminating light communication device 10 comprises an existing light
apparatus 100 and a communication unit 30 which can be connected to the
light apparatus 100 later. [0123] The light apparatus 100 comprises a
constant current source 11, a smoothing capacitor C11 connected between
outputs of the constant current 10 source 11, and a load circuit 4
connected between both ends of the smoothing capacitor Cll. The load
circuit 4 comprises a plurality of light emitting diodes LD1 connected in
series. [0124] The communication unit 30 comprises a signal generation
circuit 14 generating an optical communication signal Si, a load change
element 13 15 partially changing load characteristic of the load circuit 4
of the light apparatus 100 through addition to the load circuit 4, and a
switch element Q2 switched on/off in accordance with the optical
communication signal Si and thereby determining whether or not the load
change element 13 is added to the load circuit 4. Then, the communication
unit 30 comprises a connector 20 CN2 detachably connected to a connector
CN1 located in the light apparatus 100. Then, when the connector CN2 is
connected to the connector CN1, the load change element 13 is electrically
connected to the load circuit 4. [0125] Then, the connector CN2 of the
communication unit 30 is connected to the connector CN1 of the existing
light apparatus 100, and thereby the 25 optical communication function can
be easily added to the existing light  



54 apparatus 100 without the optical communication function later.  [0126]
In addition, as shown in Fig. 19A, it is preferred that the communication
unit 30 of the present embodiment comprises an insulation 16 which
electrically insulates the switch element Q2 from the signal generation 5
circuit 14 generating the signal communication signal Si. [0127] Figs. 19B
and 19C show specific examples of the insulation 16, and in a circuit of
Fig. 19B the insulation 16 comprises a photocoupler PC 11, and in a circuit
of Fig. 19C the insulation 16 comprises an isolation transformer T21. In
the circuits of Figs. 19B and 19C, the switch element Q2 is driven by the
10 photocoupler PC11 or the isolation transformer T21 in the insulation 16
through a buffer IC4. [0128] As explained above, the illuminating light
communication device 10 of the present embodiment comprises the
communication unit 30 Then, the signal generation circuit 14, the load
change element 13 and switch element 15 Q2 are required to achieve the
optical communication function, and these are housed within a case 30a of
the communication unit 30. Then, the communication unit 30 is configured to
be connected to the load circuit 4 through a mechanical component (that is,
the connectors CN1, CN2) for connection. [0129] Thereby, the communication
unit 30 can be connected to the existing 20 light apparatus 100 later, and
the optical communication function can be easily added to the existing
light apparatus 100.  [0130] In addition, the communication unit 30
comprises the insulation 16 electrically insulating the switch element Q2
from the signal generation circuit 14. 25 [01311 Thereby, even when the
communication unit 30 is connected to the  55 



light apparatus 100 through the connectors CN1 and CN2, the signal
generation circuit 14 is electrically insulated from the light apparatus
100. Thus, the signal generation circuit 14 can be connected to an external
control system to convert a signal inputted from the external control
system to the 5 optical communication signal Si, and such a connection
operation becomes easily. [0132] (Embodiment 12) An illuminating light
communication device of Embodiment 12 is 10 explained with reference to
Figs. 20A, 20B. The communication unit 30 explained in the Embodiment 11 is
connected to one light apparatus 100 to add the optical communication
function. In contrast, in the present embodiment, the communication unit
can be connected to a plurality of light apparatuses and thereby can add
the optical communication function to the 15 plurality of light
apparatuses. [0133] Fig. 20A is a circuit diagram for an illuminating light
communication device 10 of the present embodiment, and the device 10
comprises three existing light apparatuses 100A, 100B, 100C, and a
communication unit 30 connected to the three light apparatuses 100A, 100B,
100C. 20 [0134] The light apparatuses 100A, 100B, 100C have the same
configuration, and each of the light apparatuses 100A, 100B, 100C comprises
a constant current source 11, a smoothing capacitor C11 connected between
both ends of the constant current source 11, and a load circuit 4
comprising a plurality of light emitting diodes LD1 connected in series
between both ends of the 25 smoothing capacitor C11.  56  [0135] The
communication unit 30 receives the optical communication signal Si from the
signal generation circuit 14, and changes load characteristic of the
plurality of light apparatuses to achieve optical communication Then, the
communication unit 30 comprises a plurality of load change 5 elements and a
plurality of switch elements, and is configured as a multichannel
communication unit. The communication unit 30 comprises, for example, three
systems. That is, as the three systems, the communication unit 30 comprises
load change elements 13a, 13b, 13c, switch elements Q2a, Q2b, Q2c,
insulations 16a, 16b, 16c, connectors CN2a, CN2b, CN2c, and a 



10 signal generation circuit 14, and these are housed within the same case
30a and thereby are unitized. The load change elements 13a, 13b, 13c are
added to the load circuits 4 in the light apparatuses, respectively, and
thereby load characteristic of the load circuit 4 is partially changed. The
connectors CN2a, CN2b, CN2c are detachably connected to the connectors 15
CN1 of the light apparatuses, respectively, and thereby the load change
elements 13a, 13b, 13c are electrically connected to the load circuits 4 of
the light apparatuses, respectively. The signal generation circuit 14
generates a binary optical communication signal Si. The switch elements
Q2a, Q2b, Q2c are switched on/off in accordance with the optical
communication signal 20 Si outputted from the signal generation circuit 14,
and determines whether or not the load change elements 13a, 13b, 13c are
added to the load circuits 4 of the light apparatuses, respectively. The
insulations 16a, 16b, 16c electrically insulate the signal generation
circuit 14 from the switch element Q2a, Q2b, Q2c, respectively, and have a
configuration, such as the circuits in Figs. 25 19B and 19C.  57  [0136] As
explained above, the illuminating light communication device 10 of the
present embodiment comprises the communication unit 30. Then, the signal
generation circuit, load change element and the switch element are required
to achieve the optical communication function, and are housed 5 within the
same case 30a of the communication unit 30. The communication unit 30 is
connected to the load circuit 4 of the light apparatus through a mechanical
component (that is, the three connectors CN1 and the connectors CN2a to
CN2c) for connection.    [0137] Thereby, the communication unit 30 can be
connected to the existing 10 light apparatus 100 later, and the optical
communication function can be easily added to the existing light apparatus
100. [0138] In addition, the illuminating light communication device 10 of
the present embodiment comprises a plurality of systems having the
plurality of load change elements and the plurality of switch elements so
as to be able to 15 output the optical communication signal Si outputted
from the signal generation circuit 14 to the plurality of light
apparatuses. Thus, in the illuminating light communication device 10,
optical outputs of the plurality of light apparatuses can be modulated by
only one communication unit 30. [0139] Then, the switch elements Q2a, Q2b,
Q2c in the plurality of systems 20 are connected to the signal generation
circuit 14 through the insulations 16a, 16b, 16c, respectively. Thus, the
plurality of light apparatuses connected to the communication unit 30 are
electrically insulated mutually, and mutual interference among the light
apparatuses can be inhibited.      [0140] In addition, in the circuit of
Fig. 20A, the communication unit 30 25 outputs the optical communication
signal Si, outputted from the signal 



58  generation circuit 14, to the plurality of light apparatuses, but as
shown in Fig. 20B, the signal generation circuit 14 may generate several
different kinds (for example, three kinds) of optical communication signals
Si, S2, 53, and the communication unit 30 may output these signals Si, S2,
S3 to the 5 light apparatuses 100A, 100B, 100C, respectively. In the
circuit of Fig. 20B, the signals Si, S2, 83 is inputted to the switch
elements Q2a, Q2b, Q2c, through the insulations 16a, 116b, 16c,
respectively. [0141] In this way, the signal generation circuit 14
generates several different kinds of optical communication signals (in the
present embodiment, 10 three kinds of signals Si, S2, 83). These optical
communication signals are divided into a plurality of signal groups by
difference in signals. Then, the switch element is located in each of the
plurality of signal groups. That is, the switch elements Q2a, Q2b, Q2c are
located so as to correspond to the signals Si, 52, 53, respectively.
Furthermore, each of the plurality of 15 insulations (16a, 16b, 16c) is
located to electrically insulate the signal generation circuit 14 from the
switch element. [0142] In this way, the several different kinds of optical
communication signals can be outputted to different light apparatuses,
respectively. Thus, multichannel optical communication can be achieved by
one communication 20 unit 30. [0143] (Embodiment 13)        An illuminating
light communication device of Embodiment 13 is explained with reference to
Fig. 21 and Figs. 22A to 22E 25 [0144] Fig. 21 is a circuit diagram for an
illuminating light communication  



59 device 10 of the present embodiment. The communication unit 30 of the
present embodiment is that a carrier wave generation unit 32, a modulation
unit 33, an insulating transformer Ti, a control power unit 34, and
demodulation unit 35 are added to the communication unit 30 explained in
the 5 Embodiment 11. [0145] The carrier wave generation unit 32 comprises
an IC for timer 31, resistors R11, R12, and a capacitor C10, and
constitutes an astable multi-vibrator, and oscillates with a frequency (for
example, 1 [MHz]) being higher enough than a frequency of the optical
communication signal Si. Further, 10 for example, LMC555 of National
Semiconductor Corp. is used as the IC for timer 31.  [0146] An output
signal of the IC for timer 31 is inputted to the modulation unit 33, and
then is inputted to one input terminal of an AND gate IC1. In contrast, the
optical communication signal Si is inputted to the other input 15 terminal
of the AND gate IC1. Then, a logical sum of the optical communication
signal Si and the output signal from the IC for timer 31 is inputted to a
buffer IC2. Then, a primary winding of the insulating transformer Ti is
excited through a coupling capacitor Cll. [0147] The optical communication
signal 51 is modulated with, for example, 20 a carrier wave of 1 [MHz], and
thereby a high frequency voltage is evoked in a secondary winding of the
insulating transformer Ti, and is rectified and smoothed by the control
power unit 34, which comprises a voltage double rectifier circuit having
diodes D11, D12 and capacitors C12, C13. The power of a buffer IC3 for
driving a gate of the switch element Q2 is generated 25 by an output
voltage of the voltage double rectifier circuit.  60  [01481 Then, the
voltage evoked in the secondary winding of the insulating transformer Ti is
inputted to the demodulation unit 35. In this demodulation unit 35, the
voltage evoked in the secondary winding of the insulating transformer Ti is
divided in resistors R13 and R14, and then a 5 carrier wave component is
removed in a capacitor C14 and thereby the optical communication signal Si
is reproduced. The demodulation unit 35 supplies the reproduced optical
communication signal Si to an input of the buffer IC3, and thereby the gate
of the switch element Q2, being a MOSFET, is driven. 



10 [0149] Figs. 22A to 22E are wave form charts for explanation of the
above-mentioned circuit operation in various parts. Fig. 22A is a wave form
charts of the optical communication signal Si (for example, 10 [kHz])
outputted from the signal generation circuit 14. Fig. 22B is a wave form
charts of the carrier wave signal (for example, 1 [MHz]). Fig. 22C is a
wave form charts 15 of the output of the AND gate IC1 (the modulation unit
33), and the carrier wave signal is modulated with the optical
communication signal Si. Fig. 22D is a wave form chart of the output of the
control power unit 34, and a DC power is rectified and smoothed in the
voltage double rectifier circuit and is supplied to the buffer IC3. Fig.
22E is a wave form chart (a signal wave 20 form demodulated in the
demodulation unit 35) of the output of the buffer IC3, and the signal is
inputted to the gate terminal of the switch element Q2 comprising the
MOSFET. [0150] In the illuminating light communication device 10 of the
present embodiment, the communication unit 30 comprises the carrier wave
genera- 25 tion unit 32, the modulation unit 33, the insulating transformer
Ti, and the  61  demodulation unit 34. The carrier wave generation unit 32
generates the carrier wave, which is set in the frequency being higher
enough than the frequency of the optical communication signal Si, so as to
be able to separate from the optical communication signal Si. The
modulation unit 33 5 modulates the optical communication signal Si with the
carrier wave. The insulating transformer Ti is connected between the
modulation unit 33 and the switch element Q2. The demodulation unit 35
obtains a signal by removing the carrier wave from the output of the
insulating transformer Ti, and outputs the obtained signal to the switch
element Q2. 10 [0151] In this way, because the communication unit 30
comprises the carrier wave generation unit 32, the modulation unit 33, the
control power unit 34 and the demodulation unit 35, a compact transformer
can be used as the insulating transformer Ti constituting the insulation 16
located between the signal generation circuit 14 and the switch element Q2.
Then, it is easy to 15 secure an electric power for driving the switch
element Q2, and thereby it is not necessary to secure a control power from
the light apparatus. Thus, highly independent communication unit 30 can be
achieved. In addition, the optical communication function can be easily
added to the existing light apparatus 100 later, by integrating components,
such as the load change 20 element 13 and switch element Q2, as the
communication unit 30. Then, it is needless to say that a configuration of
the communication unit of the present embodiment can be applied to the
multichannel communication unit explained in the Embodiment 12. [0152] 



25 (Embodiment 14)  62        An illuminating light communication device of
Embodiment 14 is explained with reference to Figs. 23A, 23B, Figs. 24A,
24B, Figs. 25A to 25C, Figs. 26A to 26E, and Fig. 27. Fig. 23A is a circuit
diagram for an illuminating light communication device 10, and this device
10 comprises a DC-DC 5 converter 2 (a converter) connected to a DC power
supply 1, a rectifier circuit 3, and a smoothing capacitor Cl (a smoothing
circuit). Then, the DC-DC converter 2 causes a switch element Q1 to switch
a DC voltage from the DC power supply 1 on/off. Then, an output from the
DC-DC converter 2 is rectified in the rectifier circuit 3 including a diode
and is smoothed in the 10 smoothing capacitor Cl, and thereby is converted
to a DC voltage having a predetermined voltage value. A plurality of light
emitting diodes LD1 to LD8 (for example, eight diodes) and a current
sensing resistor 5 (a current sensing unit) are connected in series between
outputs of the DC-DC converter 2, that is, between both ends of the
smoothing capacitor Cl. A 15 voltage drop of the current sensing resistor 5
is inputted to an inverting input terminal of an error amplifier Al (a
difference amplifying unit). The error amplifier Al compares the voltage
drop of the current sensing resistor 5 with a reference voltage El inputted
to a non-inverting input terminal, and amplifies its difference signal, and
then outputs the amplified signal to an 20 output controller 7 (a
controller). The output controller 7 controls on/off operation of the
switch element Q1 in accordance with a feedback signal inputted from the
error amplifier Al, and thereby a load current Ii is controlled. In
addition, a phase compensation circuit 6a is connected between the output
terminal and the inverting input terminal of the error 25 amplifier Al, and
comprises a resistor R1 and a capacitor C2, which are an  63 integral
element. Then, the error amplifier Al, the resistor R1, and the capacitor
C2 constitutes a constant current feedback circuit 6.  [0153] Then, in the
present circuit, a switch element Q2 (a switching device) is connected in
parallel to a part of the plurality of light emitting diodes LD1 5 to LD8
connected in series, that is, to one light emitting diode LD8. The switch
element Q2 is switched on/off in accordance with an optical communication
signal Si inputted from outside. 



[0154] Then, Fig. 23B shows a simulation circuit for inspecting a circuit
operation. In this circuit, a step-down chopper circuit is used as the
DC-DC 10 converter 2. Then, the switch element Q2 is connected to the light
emitting diode LD8 and, is switched on/off with a signal source 8, which
outputs an oscillation signal of 10 [kHz] corresponding to the optical
communication signal. [0155] Figs. 24A, 24B are wave form charts showing
simulation result of the 15 load current Ii obtained by using the
above-mentioned simulation circuit. Fig. 24A shows the load current Ii in a
state where the signal source 8 is stopped, and the load current Ii is set
to about DC 500 EmAi. Fig. 24B shows the load current Ii in a state where
the signal source 8 outputs a rectangular wave signal of 10 [kHz] and a
current flowing to the diode LD8 is 20 intermitted. Then, the load current
Ii is about 700 [mA] when the switch element Q2 is switched on, and is
about 300 [mA] when the switch element Q2 is switched off, and its average
current is about 500 [mA]. In addition, a current flowing to the diode LD8
is 0 [mA] when the switch element Q2 is switched on. On the other hand, a
rectangular wave current of about 300 25 [mA] flows to the diode LD8 when
the switch element Q2 is switched off.  64 [0156] As explained above, the
switch element Q2 is connected in parallel to a part of the plurality of
light emitting diodes LD1 to LD8 connected in series, and then the switch
element Q2 is switched on/off in accordance with the optical communication
signal, and thereby a current flowing to the part of 5 diodes is
intermitted. Therefore, the load current flowing to the diodes LD1 to LD8
is modulated in accordance with the optical communication signal, and then
illuminating lights outputted from the diodes LD1 to LD8 are modulated in
accordance with the optical communication signal. Then, an optical output
from the device 10 is received as an optical communication 10 signal by a
receiver 20 having a photo IC. The receiver 20 adopts a method for
receiving the optical communication signal by detecting a difference
between an optical output not superimposed on the optical communication
signal and an optical output superimposed on the optical communication
signal, and thereby the receiver 20 can detect even a minute modulation 15
light. The DC-DC converter 2 controls so that the average value of the load
current Ii becomes generally constant, and thereby the power loss can be
decreased. Here, the load change element is the light emitting diode LD8
connected in parallel to the switch element Q2. [01571 By the way, in the
above-mentioned simulation circuit, one of the 20 eight diodes is connected
in parallel to the switch element Q2. In contrast, 



Figs. 25A shows the load current Ii in a state where two of the eight
diodes are connected in parallel to the switch element Q2 and the switch
element Q2 is intermittently switched on/off with the signal source 8. From
the simulation result of Fig. 25A, it is found that when the number of
diodes 25 intermitted with the switch element Q2 increases (from one diode
to two  65  diodes), a peak value of the load current Ii increases and a
bottom value thereof decreases and thus the optical output can be modulated
more greatly. Also, in this case, it is found that the average current can
be set to the same value (about 500 [naA]) as the average current upon
non-modulation. In 5 addition, although the switch element Q2 is switched
on/off with a high frequency of about 10 [kHz] and thereby the optical
output of the light emitting diode is modulated, human eyes can not
recognize light modulation of the high frequency of about 10 [kHz].
Therefore, the light modulation does not bring a feeling of strangeness. 10
[0158] Then, in the above-mentioned simulation circuit, a duty cycle of the
switch element Q2 is set to be 50%. In contrast, Figs. 25B, 25C show
simulation results in a state where the duty cycle is set to be 75%. Then,
Fig. 25B shows the load current Ii in a state where one light emitting
diode is intermitted with the switch element Q2, and Fig. 25C shows the
load 15 current II in a state where two light emitting diodes are
intermitted with the switch element Q2. From these simulation results, it
is found that if the duty cycle of the switch element Q2 is set be more
than 50%, the circuit can lengthen a lights-out period of one or more than
light emitting diodes connected in parallel to the switch element Q2. Thus,
the circuit can inhibit 20 the peak value of the rectangular wave of the
load current Ii, and the average current can be set to the same value as
the average current upon non-modulation, and a capacity of a peak current
rating of the light emitting diode and receiving sensitivity can be
adjusted by changing the duty cycle of the switch element Q2. 25 [0159]
Then, in the above-mentioned simulation circuit, the eight light  



66 emitting diodes are used. In contrast, Figs. 26A to 26E show simulation
results in a state where twelve light emitting diodes are connected in
series and the switch element Q2 is connected in parallel to 1-4 diodes of
the twelve diodes. Fig. 26A shows the load current Ii when the signal
source 8 is 5 stopped (that is, when the switch element Q2 is switched
off), and the load current Ii is set to be about DC 500 [mA]. Fig. 26B
shows the load current Ii when one light emitting diode is intermitted, and
Fig. 26C shows the load current Ii when two light emitting diodes are
intermitted, and Fig. 26D shows the load current Ii when three light
emitting diodes are intermitted, 10 and Fig. 26E shows the load current Ii
when four light emitting diodes are intermitted. In addition, in every
case, the duty cycle of the switch element Q2 is set to be 50%. From these
simulation results, it is found that the more the number of diodes,
intermitted with the switch element Q2, increases, the more the degree of
modulation increases, but the average current of the load 15 current Ii is
kept constant. [0160] As explained above, in .the present embodiment, the
switch element Q2 is connected in parallel to a part of the plurality of
light emitting diodes connected in series, and then the switch element Q2
is switched on/off in accordance with the signal communication signal. When
the switch 20 element Q2 is switched on, short-circuiting is generated
between both ends of the part of the light emitting diodes connected in
parallel to the switch element Q2. In that time, on-voltage of the diodes
connected in series decreases depending on the number of short-circuited
diodes, and then a difference AV is generated between output voltages of
the DC-DC converter 2 



25 (that is, voltages of both ends of the smoothing capacitor Cl).
Therefore,  67 the load current Ii flowing to the remaining light emitting
diodes is increased by a value, which is determined by the operation
resistance and the above-mentioned difference AV. Because this increase is
not caused by the feedback system (the constant current feedback circuit 6)
through the 5 error amplifier Al, the load current Ii increases instantly
and then good following capability can be provided to the optical
communication signal. Then, the more the number of the short-circuited
light emitting diodes increases, the greater the increase of the load
current becomes. On the other hand, although the load current Ii decreases
compared with a state 10 where the load current Ii is not modulated with
the optical communication signal when the switch element Q2 is switched
off, this current value is controlled so that the average current becomes
to be equal to the load current before modulation by averaging control in
the constant current feedback circuit 6. 15 [0161] In this illuminating
light communication device, the part of the plurality of light emitting
diodes LD1 to LDS, connected in series, used for illuminating is
intermittently short-circuited in accordance with the optical communication
signal, and thereby the load current Ii can be faithfully modulated with
respect to the optical communication signal. Then, loss of 20 circuit
efficiency does not occur, and then, even if the load current Ii is
modulated with the optical communication signal, the average value of the
load current Ii does not change. Thus, there is not a possibility that
quality of illuminating is detracted from.      [0162] As explained above,
in the present embodiment, the circuit added for 25 optical communication
has a simple configuration, but the optical output can  68 be faithfully
modulated in accordance with the optical communication signal having a high
frequency, and further the illuminating light communication device having
low power loss can be provided. [0163] 5 (Embodiment 15) 



An illuminating light communication device of Embodiment 15 is explained
with reference to Fig. 27, Figs. 28A to 28C, Fig. 29, and Figs. 30A to 30C.
Fig. 27 shows a simulation circuit for inspecting a circuit operation of
the present embodiment. In this circuit, a series circuit 4a comprises 10
eight light emitting diodes LD11 to LD18, and a series circuit 4b comprises
eight light emitting diodes LD21 to LD 28, and the two series circuit 4a,
4b are connected in parallel between outputs of a DC-DC converter 2 through
a current sensing resistor 5. Then, a switch element Q2 is connected in
parallel to a part (for example, the light emitting diode LD28) of the
light 15 emitting diodes LD21 to LD28 of the series circuit 4b, and is
switched on/off in accordance with the optical communication signal. Here,
in the simulation circuit of Fig. 27, a signal source 8 outputs an
oscillation signal of 10 [kHz] corresponding to the optical communication
signal, and the switch element Q2 is switched on/off with the signal source
8. In addition, the 20 circuit configuration of the present embodiment is
equal to that of the Embodiment 14, except for the load circuit comprising
the light emitting diodes LD11 to LD18, and LD 21 to LD 28. Thus, the same
code is referred to circuit components corresponding to circuit components
of the Embodiment 14, and the explanation is omitted. 25 [0164] Figs. 28A
to 28C are wave form charts showing simulation results of  69 load currents
Ii, 12, which flows to the series circuits 4a, 4b, respectively, and a
resultant current 13 ( = I1 + 12) obtained by using the above-mentioned
simulation circuit. Fig. 28A shows the currents Ii, 12, 13 in a state where
the signal source 8 is stopped, and then each of the load currents Ii, 12
is set 5 to be about DC 500 [mA], and the resultant current 13 is set to be
about DC 1 [A].  [0165] Then, Fig. 28B shows the load currents Ii, 12 and
the resultant current 13 when the signal source 8 outputs a rectangular
wave signal of 10 [kHz] (duty cycle is 50%) and one light emitting diode
LD28 is intermitted. 10 Here, the light emitting diodes of the series
circuit 4a are not intermitted with the switch element Q2, and then the
load current Ii flowing to the series circuit 4a is generally a direct
current and is not modulated. In contrast, the light emitting diode LD28 of
the series circuit 4b is intermitted with the switch element Q2, and then
the load current 12 flowing to the 15 series circuit 4b is modulated with
reference to an average current (about 500 [mA]). Then, the resultant
current 13, which is a sum of the load currents Ii and 12, is modulated
with reference to an average value (1 [A]). [0166] In addition, in the
above-mentioned simulation circuit, one light emitting diode LD28 is
switched on/off with the switch element Q2. In 20 contrast, Fig. 28C is a
wave form chart showing simulation result of the currents IL 12, 13 when
two light emitting diodes are intermitted with the switch element Q2. From
this result, it is found that the modulated width can be increased with
increasing the number of the light emitting diodes intermitted with the
switch element Q2. In regard to this, when the switch 25 element Q2 is
switched on, short-circuiting is generated between both ends 



70 of the part of the plurality of light emitting diodes, connected in
parallel to the switch element Q2. In this time, an on-voltage of the
plurality of light emitting diodes connected in series decreases depending
on the number of the short-circuited light emitting diodes, and then a
difference AV is 5 generated between output voltages of the DC-DC converter
2 (that is, voltages of both ends of the smoothing capacitor Cl).
Therefore, the load current Ii flowing to the remaining light emitting
diodes is increased by a value, which is determined by the operation
resistance and the above-mentioned voltage difference AV. Because this
increase is not caused by the 10 feedback system through the error
amplifier Al, the load current Ii increases instantly and then good
following capability can be provided to the optical communication signal.
Then, the more the number of the short-circuited light emitting diodes
increases, the greater the increase of the load current becomes. On the
other hand, although the load current Ii 15 decreases compared with a state
where the load current Ii is not modulated with the optical communication
signal when the switch element Q2 is switched off, this current value is
controlled so that the average current becomes to be equal to the load
current before modulation by averaging control in the constant current
feedback circuit 6. 20 [0167] By the way, in the above-mentioned circuit,
the two series circuits comprising the plurality of light emitting diodes
are connected in parallel, but the number of the series circuits is not
limited two and the number of the 



series circuits may be equal to or more than three. In a circuit shown in
Fig. 29, series circuits 4a, 4b, 4c are connected in parallel between
outputs of a 25 DC-DC converter 2 through a current sensing resistor 5. The
series circuit  71 4a comprises eight light emitting diodes LD11 to LD18
connected in series, and the series circuit 4b comprises eight light
emitting diodes LD21 to LD28 connected in series, and series circuit 4c
comprises eight light emitting diodes LD31 to LD38 connected in series.
Then, a switch element Q2 is 5 connected in parallel to a part (for
example, the light emitting diode LD38) of the plurality of light emitting
diodes LD31 to LD38, and is switched on/off in accordance with the optical
communication signal. [0168] Figs. 30A to 30C are wave form charts showing
simulation results of load currents Ii, 12, 13, which flows to the series
circuits 4a, 4b, 4c, respec- 10 tively, and a resultant current 14 ( = Ii +
12 + 13) obtained by using the above-mentioned simulation circuit. Fig. 30A
shows the currents Ii to 14 when the signal source 8 is stopped, and each
of the load currents Ii to 13 is set to be about DC 500 [mA], and the
resultant current 14 is set to be about DC 1.5 [Al. 15 [0169] Then, Fig.
30B shows the load currents Ii to 13 and the resultant current 14, when the
signal source 8 outputs a rectangular wave signal of 10 [kHz] (duty cycle
is 50%) and one light emitting diode LD38 is intermitted. Here, the light
emitting diodes of the series circuits 4a, 4b are not intermi- tted with
the switch element Q2, and then the load currents Ii, 12 flowing to 



20 the series circuits 4a, 4b, respectively, are generally direct currents
and are not modulated. On the other hand, the light emitting diode LD38 of
the series circuit 4c is intermitted with the switch element Q2, and then
the load current 13 flowing to the series circuit 4c is modulated with
reference to an average current (about 500 [mA]). Then, the resultant
current 14, which is 25 a sum of the load currents Ii to 13, is modulated
with reference to an average  72 value (1.5 [Al).  [0170] In addition, in
the above-mentioned simulation circuit, one light emitting diode LD38 is
switched on/off with the switch element Q2. In contrast, Fig. 30C is a wave
form chart showing simulation result of the 5 currents Ii to 14 when two
light emitting diodes LD37, LD38 are intermitted with the switch element
Q2. From this result, it is found that the modulated width can be increased
with increasing the number of the light emitting diodes intermitted with
the switch element Q2, as is the case with the Embodiment 14. 10[0171]
(Embodiment 16)        An illuminating light communication device of
Embodiment 16 is explained with reference to Fig. 31, and Figs. 32A, 32B.
Fig. 31 shows a simulation circuit for inspecting a circuit operation of
the present embodi- 



15 ment. In this circuit, four circuit blocks B1 to B4 are connected in
series between outputs of a DC-DC converter 2 through a current sensing
resistor 5, and each of the four circuit blocks B1 to B4 comprises a
plurality of series circuits 4 (for example, four series circuits), which
are connected in parallel, and each of the series circuits 4 comprises two
light emitting diodes LD1, 20 LD2 connected in series. Then, in the present
circuit, a switch element Q2 is connected in parallel to a part (that is,
the diode LD2) of the two light emitting diodes LD1, LD2 of one of the four
series circuits 4 in the circuit block B4. The switch element Q2 is
switched on/off in accordance with the optical communication signal, but in
the simulation circuit of Fig. 31, a 25 signal source 8 outputs an
oscillation signal of 10 [kHz] corresponding to the  73 optical
communication signal, and the switch element is switched on/off with the
signal source 8. In addition, the circuit configuration of the present
embodiment is equal to that of the Embodiment 14, except for the load
circuit comprising the circuit blocks B1 to B4. Thus, the same code is
referred to 5 circuit components corresponding to circuit components of the
Embodiment 14, and the explanation is omitted. [0172] Figs. 32A, 32B are
wave form charts showing simulation results of currents Ii to 14, which
flows to the load circuit, obtained by using the above-mentioned simulation
circuit. Here, the current 12 flows to the light 10 emitting diode LD2
connected in parallel to the switch element Q2. The current Ii flows to the
light emitting diode LD1, which is connected in series to the diode LD2
connected in parallel to the switch element Q2. The current 13 flows to the
other series circuit 4 in the circuit block B4, which comprises the series
circuit 4 including the diode LD2 connected in parallel 15 to the switch
element Q2. The current 14 is a resultant current of all currents flowing
to the load circuit.  [0173] Fig. 32A shows the currents Ii to 14 when the
signal source 8 is stopped, that is, when the switch element Q2 is switched
off. Each of the load currents Ii to 13 are set to be about DC 500 [mA].
The load circuit, 20 flowing to each of four series circuits 4 in each of
the circuit blocks B1 to B4, is set to be about DC 500 [mA], and thus the
resultant current 14 becomes about DC 2 [A]. [0174] Fig. 32B shows the load
currents Ii to 13 and the resultant current 14 when the signal source 8
outputs a rectangular wave signal of 10 [kHz] (duty 



25 cycle is 50%) and the switch element Q2 is switched on/off and thereby
the  74 above-mentioned light emitting diode LD2 is intermitted. Here, the
current 12 flowing to the intermitted diode LD2 becomes about 500 [mA] when
the switch element Q2 is switched off, and becomes 0 [Al when the switch
element Q2 is switched on. On the other hand, the current Ii, flowing to 5
the diode LD1 connected in series to this diode LD2, becomes about 500 [mA]
when the switch element Q2 is switched off, and increases by amount of
change which is determined by decrease of the on-voltage when the switch
element Q2 is switched on. The current 13, flowing to the other series
circuit 4 in the circuit block B4, slightly decreases with increase in the
10 current Ii when the switch element Q2 is switched on, but the resultant
current 14 is modulated with reference to a current value (about 2 [A])
upon non-modulation. [0175] In the present circuit, like each
above-mentioned embodiment, the on-voltage of the load circuit decreases in
accordance with on operation of the 15 switch element Q2. Thereby, the load
current increases instantly. Because this increase is not caused by a
feedback system through the error amplifier Al, the load current Ii
increases instantly and then good following capability can be provided to
the optical communication signal. On the other hand, although the load
current Ii decreases compared with a state where the load 20 current Il is
not modulated with the optical communication signal when the 



switch element Q2 is switched off, this current value is controlled so that
the average current becomes to be equal to the load current before
modulation by averaging control in the constant current feedback circuit 6.
Therefore, the circuit added for optical communication has a simple
configuration, but the 25 optical output can be faithfully modulated in
accordance with the optical  75 communication signal having a high
frequency, and further the illuminating light communication device having
low power loss can be provided.  [0176] In addition, in the present
circuit, only one of 32 light emitting diodes is intermitted in accordance
with the optical communication signal, and 5 thereby the resultant current
14 has a low modulation degree. In contrast, if the number of the
intermittently short-circuited light emitting diodes is increased, the
resultant current 14 can obtain a high modulation degree. Needed modulation
degree depends on sensitivity of a receiver, and if the receiver adopts a
receiving system to detect a difference of illuminating light 10 intensity,
an optical modulation signal can be received even if the modulation degree
is faint. [0177] (Embodiment 17) An illuminating light communication device
of Embodiment 17 is 



15 explained with reference to Figs. 33A to 33D and Figs. 34A to 34C. Fig.
33A is a circuit diagram of the present embodiment. In the illuminating
light communication device 10, a series circuit 4 and a current-limiting
element 9 (a load change element) are connected in series between outputs
of a DC-DC converter 2 (that is, between both ends of a smoothing capacitor
C1) through 20 a current sensing resistor 5. The series circuit 4 comprises
a plurality of light emitting diodes LD1 to LD4 (for example, four diodes)
connected in series. Then, a switch element Q2 is connected between both
ends of the current-limiting element 9 and is switched on/off in accordance
with the optical communication signal. In addition, the circuit
configuration of the 25 present embodiment is equal to that of Fig. 23A
explained in the Embodi-  76 ment 14, except for the load circuit
comprising the light emitting diodes LD1 to LD4 and the current-limiting
element 9. Thus, the same code is referred to circuit components
corresponding to circuit components of the Embodiment 14, and the
explanation is omitted. 



5 [0178] Also, in the illuminating light communication device 10, the
switch element Q2 is switched on/off in accordance with the optical
communication signal, and thereby the current-limiting element 9 is
short-circuited or opened between its both ends. Therefore, the load
current Ti flowing to the light emitting diode can be modulated in
accordance with the optical commu- 10 nication signal. [0179] Figs. 33B to
33D are illustrations of specific examples of current-limiting elements 9.
As shown in Fig. 33B, the current-limiting element 9 may comprises a diode
Dl. This diode D1 is a general diode, and the number of diodes and the type
of diode may be selected depending on the 15 needed modulation degree. The
diode D1 of the Embodiment 14 is a light emitting diode to irradiate with
visible light, but the diode D1 may be a light emitting diode to irradiate
with light (for example, infrared light), except for the visible light, and
then if the diode D1 is an infrared light emitting diode, the infrared
light can be received by using an infrared light receiver. 20 [0180] Then,
Fig. 33C is an illustration of the current-limiting element 9 comprising a
resistor R2, and its resistance value may be set depending on the needed
modulation degree. [0181] Then, Fig. 33D is an illustration of the
current-limiting element 9 comprising a parallel circuit of a diode D1 and
a resistor 1R2, and in some 25 cases, the current-limiting element 9 may
comprise a series circuit of the  77 diode D1 and the resistor R2.  [0182]
Each of Figs. 34A, 34B is a circuit diagrams for a plurality of series
circuits (for example, two circuits 4a, 4b) connected in parallel, and each
of the series circuits 4a, 4b comprises a plurality of light emitting
diodes 5 connected in series (for example, four diodes). In the circuit of
Fig. 34A, the current-limiting element 9 is connected to a point where the
two series circuits 4a, 4b join together, and the switch element Q2 is
connected in parallel to the current-limiting element 9. In the circuit of
Fig. 34B, the current-limiting element 9 is connected in series to only the
series circuit 4b, 10 and the switch element Q2 is connected in parallel to
the current-limiting element 9. Then, in the circuit of Fig. 34C, a
plurality of circuit blocks B1 to B4 are connected in series, and each of
the circuit blocks B1 to B4 comprises a plurality of series circuits (for
example, two series circuits) connected in parallel, and each of series
circuits comprises a plurality of light emitting 



15 diodes (for example, two diodes) connected in series. In the circuit,
the current-limiting element 9 is connected in series to one series circuit
of the circuit block B4, and the switch element Q2 is connected in parallel
to the current-limiting element 9. [0183] In this way, when the
current-limiting element 9 is connected in 20 series to the light emitting
diode and the switch element Q2 connected in parallel to the
current-limiting element 9 is switched off in accordance with the optical
communication signal, voltage drop or voltage distribution is generated in
the current-limiting element 9 and thereby a voltage supplied to the light
emitting diodes decreases by the voltage drop or the voltage 25
distribution and then the load current also decreases. Then, when the  78
switch element Q2 is switched on in accordance with the optical
communication signal, the voltage drop or the voltage distribution in the
current-limiting element 9 disappears and then the voltage supplied to the
light emitting diodes increases with increase of the load current. This
increase or 5 decrease of the voltage supplied to the diodes is caused by
on/off operation of the current-limiting element 9. Then, because this
increase or decrease is not caused by the feedback system (the constant
current feedback circuit 6) through the error amplifier Al, the load
current increases or decreases instantly and then good following capability
can be provided to the optical 10 communication signal. In addition, the
load current is controlled so that the average value becomes to be equal to
a value of the load current upon non-modulation by averaging control in the
constant current feedback circuit 6. [0184] Then, the current-limiting
element 9 and the switch element Q2 are 



15 added to the existing LED lighting apparatus, and thereby the
illuminating light communication function can be easily added. Then, the
needed modulated light degree can be achieved by selecting the
current-limiting element 9 having a desired characteristic, and in other
words, the modulation light can be minutely adjusted in accordance with
sensitivity of 20 the receiver 20. Thus, the most suitable optical
communication can be achieved. [0185] In addition, in each of circuits of
the above-mentioned Embodiments 14 to 16, instead of connecting the switch
element Q2 in parallel to a part of the light emitting diodes, the
current-limiting element 9 may be connected in 25 series to the part of the
diodes, and the switch element Q2 may be connected  79 in parallel to the
current-limiting element 9 and be switched on/off in accordance with the
optical communication signal. In this case, like each of the circuits of
the embodiments, the load current can be modulated in accordance with the
optical communication signal. 5 [0186] Then, in the present embodiment, the
plurality of light emitting diodes are not indispensable. As an extreme
example, the current-limiting element 9 may be connected in series to one
light emitting diode, and the switch element Q2 may be connected in
parallel to the current-limiting element 9, and the current-limiting
element 9 may be switched on/off with 10 the switch element Q2. [01871
(Embodiment 18)        An illuminating light communication device of
Embodiment 18 is explained with reference to Figs. 35A, 35B. Fig. 35A is a
circuit diagram of 



15 the present embodiment. In the illuminating light communication device
10, several kinds of light emitting diodes LD1, LD2, LD3 (for example, by
four) are connected in series between outputs of a DC-DC converter 2 (that
is, between both ends of a smoothing capacitor Cl) through a current
sensing resistor 5. In addition, the three kinds of light emitting diodes
LD1, LD2, 20 LD3 have different emission colors (for example, three kinds
of red, green, blue). The several kinds of light emitting diodes are
divided into a plurality of groups (for example, first, second and third
groups) by difference in the emission colors, and then a plurality of light
emitting diodes in each group are connected in series. That is, the
plurality of diodes LD1 belong to the 25 first group and have the same
emission colors and are connected in series.  80  The plurality of diodes
LD2 belong to the second group and have the same emission colors and are
connected in series. The plurality of diodes LD3 belong to the third group,
and have the same emission colors and are connected in series. Then, in the
first, second and third groups, switch 5 elements Q21, Q22, Q23 are
connected in parallel to parts (for example, one diode) of the plurality of
light emitting diodes LD1, LD2, LD3, respectively, and are switched on/off
in accordance with individual optical communication signals Si, 82, 83,
respectively. In addition, the circuit configuration of the present
embodiment is equal to that of Fig. 23A explained in the 10 Embodiment 14,
except for the load circuit comprising the light emitting diodes LD1 to
LD3. Thus, the same code is referred to circuit components corresponding to
circuit components of the Embodiment 14, and the explanation is omitted.
[0188] Here, the switch elements Q21, Q22, Q23 are switched on/off in 15
accordance with the optical communication signals Si, 82, 83, respectively,
and the parts of the plurality of light emitting diodes LD1, LD2, LD3 are
short-circuited, respectively, and thereby these optical outputs are
modulated, as well as the Embodiment 14. Then, if a receiver 20 can
identify color temperatures of light outputted from the illuminating light
commu- 20 nication device 10, three kinds of signals can be received
without interference. Thus, amount of transmittable information with
optical communication can increases threefold in comparison with
one-colored light emitting diode.      [0189] In addition, in the
above-mentioned circuit, the several kinds of the 25 plurality of light
emitting diodes have different emission colors and are  81 



connected in series. In contrast, as shown in Fig. 35B, a plurality of
series circuits 4a, 4b, 4c may comprise a plurality of light emitting
diodes LD1, LD2, LD3 connected in series, respectively, and may be
connected in parallel between outputs of the DC-DC converter 2. In this
circuit, the series 5 circuits 4a, 4b, 4c are connected in parallel between
outputs of the DC-DC converter 2 through the current sensing resistor 5,
and then the diodes LD1, LD2, LD3 of the series circuits 4a, 4b, 4c have
different emission colors (for example, three kinds of red, green, blue),
respectively, and the diodes in each series circuit are connected in
series. In addition, like the circuit of Fig. 35A, 10 the plurality of
light emitting diodes LD1 belong to a first group and have the same
emission colors (for example, red), and diodes LD2 belong to a second group
and have the same emission colors (for example, green), and the diodes LD3
belong to a third group and have the same emission colors (for example,
blue). Then, in the first, second and third groups, switch 15 elements Q21,
Q22, Q23 are connected in parallel to parts (for example, one diode) of the
plurality of light emitting diodes LD1, LD2, LD3, respectively. Also, in
this circuit, when the switch elements Q21, Q22, Q23 are switched on/off in
accordance with individual optical communication signals Si, 52, 53,
respectively, the parts of the plurality of light emitting diodes LD1, LD2,
LD3 20 are short-circuited and thereby the optical outputs are modulated,
as well as the Embodiment 14. Then, if a receiver 20 can identify color
temperatures of light outputted from the illuminating light communication
device 10, three kinds of signals can be received without interference.
Therefore, amount of transmittable information with optical communication
can increases 25 threefold in comparison with one-colored light emitting
diode. Then, in the  82 present circuit, as explained in the Embodiment 17,
the current-limiting element 9 may be connected in series to the light
emitting diode and the switch element may be connected in parallel to the
current-limiting element 9 and the load current may be modulated by on/off
operation of the switch 5 element. [0190] (Embodiment 19)           An
illuminating light communication device of Embodiment 19 is explained with
reference to Figs. 36A, 36B, Figs. 37A to 370, Fig. 38, and 10 Figs. 39A to
390. [01911 Fig. 36A is a circuit diagram of the present embodiment. In the
illuminating light communication device 10, a plurality of series circuits
4a, 4b (for example, two series circuits) are connected in parallel between
outputs of a DC-DC converter 2 through a current sensing resistor 5, and 



15 comprise a plurality of light emitting diodes LD1, LD2 connected in
series, respectively. Then, a switch element Q2 is connected in series to
the light emitting diodes LD2 of the series circuit 4b and is switched
on/off in accordance with the optical communication signal. In addition,
the circuit configuration of the present embodiment is equal to that of
Fig. 23A 20 explained in the Embodiment 14, except for the load circuit
comprising the light emitting diodes LD1, LD2. Thus, the same code is
referred to circuit components corresponding to circuit components of the
Embodiment 14, and the explanation is omitted.      [0192] Fig. 36B shows a
simulation circuit for inspecting an operation of the 25 circuit shown in
Fig. 36A. In this circuit, a step-down chopper circuit is  83 used as the
DC-DC converter 2. Then, the series circuits 4a, 4b are connected in
parallel between outputs of the DC-DC converter 2 through the current
sensing resistor 5, and comprise eight diodes LD1 connected in series and
eight diodes LD2 connected in series, respectively. The switch element 5 Q2
is connected in series to the diodes LD2, and is switched on/off with the
signal source 8 outputting the oscillation signal of 10 [kHz] corresponding
to the optical communication signal.  [0193] Figs. 37A, 37B are wave form
charts showing simulation results of load currents Ii, 12, 13 obtained by
using the above-mentioned simulation 10 circuit. In addition, the load
current Ii flows to the series circuit 4a comprising the light emitting
diodes LD1, and the load current 12 flows to the series circuit 4b
comprising the light emitting diodes LD2, and the load current 13 is a
resultant current of the load currents Il, 12. [0194] Fig. 37A shows the
currents Ii to 13 when the signal source 8 is 15 stopped (the switch is
switched on), and each of the currents Ii, 12 is set to be about DC 500
[mA], and the resultant current 13 is set to be about DC 1 [Al. [0195] Fig.
37B shows the currents Ii to 13 when the signal source 8 outputs a
rectangular wave signal of 10 [kHz] (the duty cycle is 50%) and the series 



circuit 4b comprising the diode LD2 is intermitted. Here, the series
circuit 20 4a is not connected to the switch element Q2, and the current Ii
flowing to the series circuit 4a becomes about DC 700 [mA]. On the other
hand, the series circuit 4b is connected to the switch element Q2, and the
current 12 flowing to the series circuit 4b becomes a rectangular wave
current having a peak value of about 700 [mA] and a bottom value of 0 [A].
Therefore, the 25 resultant current 13 is oscillated to plus and minus with
oscillation of about  84 300 [mA] with reference to an average value (1
[AD. Then, Fig. 37C shows the current Ii to 13 when the rectangular wave
signal is outputted from the signal source 8 and its duty cycle is 75%. If
the duty cycle is set to be more than 50%, the peak value of the resultant
current 13 can be decreased 5 compared with a state where the duty cycle is
set to be 50% while the average current being kept constant.  [0196] By the
way, in the circuits of Figs. 36A, 36B, the two series circuits 4a, 4b are
connected in parallel between outputs of the DC-DC converter 2, but the
number of the series circuits is not limited to two. As shown in Fig. 38,
10 for example, three series circuits 4a, 4b, 4c may be connected in
parallel between outputs of the DC-DC converter 2, and may comprise eight
light emitting diodes LD1, LD2, LD3 connected in series, respectively. In
this circuit, the switch element Q2 is connected in series to the series
circuit 4c comprising the eight light emitting diodes LD3, and is switched
on/off in 15 accordance with the optical communication signal 



[0197] Here, Figs. 39A to 39C are wave form charts showing simulation
results of load currents Ii, 12, 13 flowing to the series circuits 4a, 4b,
4c, respectively, and the resultant current 14. [0198] Fig. 39A shows the
currents Ii to 14 when the signal source 8 is 20 stopped (the switch
element Q2 is switched on), and each of the load currents Ii, 12, 13 is set
to be about DC 500 [mA], and the resultant current 14 is set to be about-DC
1.5 [A]. [0199] Then, Fig. 39B shows the currents II to 14 when the signal
source 8 outputs a rectangular wave signal of 10 [kHz] (the duty cycle is
50%) and the 25 switch element Q2 intermits the series circuit 4c
comprising the light  85 emitting diodes LD3. Here, the series circuits 4a,
4b are not connected to the switch element Q2, and each of the current Ii,
12 flowing to the series circuits 4a, 4b, respectively, becomes about DC
600 [mA]. On the other hand, the series circuit 4c is connected to the
switch element Q2, and the 5 current 13 flowing to the series circuit 4c
becomes a rectangular wave current having a peak value of about 600 [mA]
and a bottom value of 0 [Al. Therefore, the resultant current 14 is
oscillated to plus and minus with oscillation of about 300 [mA] with
reference to an average value (1.5 [Al). Then, Fig. 39C shows the currents
Ii to 14 when the rectangular wave signal 10 is outputted from the signal
source 8 and its duty cycle is 75%. In this case, the current 13 flowing to
the series circuit 4c becomes a rectangular wave current having a peak
value of about 550 [mA] and a bottom value of 0 [A]. Although the resultant
current 14 becomes the modulation signal with reference to an average value
(about 1.5 [A]), the peak value of the current 13 15 is inhibited and
thereby the peak value of the resultant current 14 is also inhibited to
about 1.65 [A]. In this way, if the duty cycle is set to be more than 50%,
the peak value of the resultant current 14 can be decreased compared with a
state where the duty cycle is set to be 50% while the average current being
kept constant. 20 [0200] In addition, when more than three circuits
comprising the diodes are connected in parallel between outputs of the
DC-DC converter 2, the switch 



element Q2 may be connected to a point where, except for one circuit, the
other circuits are lumped together. In this case, the switch element Q2 is
switched on/off in accordance with the optical communication signal, and 25
thereby the other circuits are intermittently switched on/off and the load
86 current can be modulated. [0201] As explained above, in the present
embodiment, the plurality of light emitting diodes are connected in
parallel between outputs of the DC-DC converter 2 and the switch element Q2
is connected in series to a part of the 5 plurality of light emitting
diodes. Then, the present embodiment is based on the premise that the
plurality of light emitting diodes are connected in parallel. Hereinafter,
the reason is discussed. [0202] As shown in Fig. 40, a plurality of light
emitting diodes LD1 are connected in series between outputs of the DC-DC
converter2, and a switch 



10 element Q2 is connected in series the plurality of light emitting
diodes. Then, Figs. 41A, 41B show simulation results of the load current of
the circuit shown in Fig. 40. Fig. 41A shows a load current Ii and an
output voltage V1 of the DC-DC converter 2 when the signal source 8 is
stopped (the switch element Q2 is switched on), and then the current Ii is
about DC 500 15 ImAl, and the output voltage V1 is about DC 26 [V]. [0203]
On the other hand, Fig. 41B shows the current Ii and the output voltage V1
when the signal source 8 outputs a rectangular wave signal of 10 [kHz] (the
duty cycle is 50%) and the series circuit 4 comprising light emitting
diodes LD1 is intermitted with the switch element Q2. In this 20 simulation
result, a peak value of the current Ii is about 6.5 [Al, and the output
voltage V1 is about 140 [V], and thus the circuit is not suitable for
practical use. The output voltage V1 is controlled in accordance with an
average value of the load current Ii by averaging control of a constant
current. Therefore, in a case where the load current Ii is interrupted, the
25 DC-DC converter 2 outputs the highest voltage and the above phenomenon
is  87 



caused by this, unless a feedback function or a protection function of the
output voltage V1 is added. Thus, it is necessary to avoid an unloaded
condition that the load circuit is completely interrupted. [0204] From such
a point of view, when a plurality of circuits comprises a 5 plurality of
light emitting diodes and are connected in parallel and only a part of the
circuits is intermittently switched on/off with a high-speed, the load
current Ii can be suitably modulated, and the reason is explained as below.
That is, when the part of the circuits is switched off, a load of the DC-DC
converter 2 is reduced, and then if the constant current control of the 10
DC-DC converter 2 is normally performed, a feedback control should be
performed so as to increase the load current flowing to the light emitting
diodes. However, when the part of the circuits is switched on/off with a
high speed, such as 10 [kHz], a gain of the error amplifier Al can not be
obtained by the PI control of the constant current feedback circuit 6. As a
result, the 15 load current Ii decreases and the output voltage V1
increases. Next, when the switch element Q2 is switched on, the load
current increases by increase of the output voltage V1 during the
above-mentioned off-period of the part of the circuits. However, when a
time axis is extended, the averaging control of the constant current is
performed and the average value of the load 20 current is controlled to be
a predetermined current value (a target value). [0205] In this way, when
the switch element Q2 is switched on/off with a high frequency of about 10
[kHz] and thereby the part of the circuits is switched off, the feedback
control of the constant current feedback circuit 6 does not function due to
the high frequency domain. Thus, the load current 25 is determined by only
increase and decrease of the number of the light  88  emitting diodes, and
the load current can be modulated at an extremely-high speed. Therefore, in
the illuminating light communication device, a circuit added for
communication has a simple configuration, but an outputted light can be
faithfully modulated in accordance with an optical communication 5 signal
having a high frequency. In addition, the illuminating light communication
device having low power loss can be provided. [0206] In addition, in the
present embodiment, it is not necessary that a plurality of light emitting
diodes are connected in series. For example, each of a plurality of
circuits may comprise one light emitting diode, and the 10 plurality of
circuits may be connected in parallel, and the switch element Q2 may be
connected in series to one of the circuits. [0207] 



(Embodiment 20)             An illuminating light communication device of
Embodiment 20 is 15 explained with reference to Fig. 42. [0208] Fig .42 is
a circuit diagram for an illuminating light communication device 10 of the
present embodiment. In the device 10, a plurality of series circuits 4a,
4b, 4c are connected in parallel between outputs of a DC-DC converter 2
through a current sensing resistor 5. The series circuits 4a, 4b, 20 4c
comprise several kinds (for example, three kinds) of light emitting diodes
LD1, LD2, LD3 having different emission colors, respectively, and three
light emitting diodes in each series circuit are connected in series. Then,
switch elements Q21, Q22, Q23 are connected in series to the series
circuits 4a, 4b, 4c, respectively, and are switched on/off in accordance
with individual optical 25 communication signals Si, S2, 53, respectively.
The switch elements Q21,  89 



Q22, Q23 are controlled not to be switched off at the same time. In
addition, the circuit configuration of the present embodiment is equal to
that of Fig. 23A explained in the Embodiment 14, except for the load
circuit comprising the light emitting diodes LD1, LD2, LD3. Thus, the same
code is referred to 5 circuit components corresponding to circuit
components of the Embodiment 14, and the explanation is omitted.  [0209] In
the present embodiment, when the switch elements Q21, Q22, Q23 are switched
on/off in accordance with the optical communication signals Si, 82, 83,
respectively, the light emitting diodes LD1, LD2, LD3 are intermi- 10
ttently switched onkff and thereby the optical output can be modulated, as
well as the above Embodiment 14. Then, if a receiver 20 can identify color
temperatures of light outputted from the illuminating light communication
device 10, three kinds of signals can be received without interference.
Thus, amount of transmittable information with optical communication can 15
increase threefold in comparison with one-colored light emitting diode. In
addition, in this case, it is necessary that the switch elements Q21, Q22,
Q23 are controlled so that all series circuit 4a, 4b, 4c are not switched
off at the same time and so that unloaded condition is not generated.
[0210] In addition, in the present embodiment, it is not necessary that
three 20 light emitting diodes in each series circuit are connected in
series, and as an extreme example, each series circuit may comprise one
light emitting diode. [0211] (Embodiment 21)             An illuminating
light communication device of Embodiment 21 is 25 explained with reference
to Figs. 43A to 43D. In the above-mentioned  90  illuminating light
communication device, the switch element Q2 is connected in parallel or in
series to the light emitting diode, and is switched on/off in accordance
with the optical communication signal, and thereby the load current is
modulated and the optical output can be modulated. Thus, it is 5 thought
that the switch element Q2 is added to the existing LED light apparatus and
thereby the optical communication function can be easily added. In
addition, for safety, it is desirable that a circuit for lighting is
electrically insulated from a circuit for generating the optical
communication signal. 



[0212] Fig. 43A is a circuit diagram for an illuminating light
communication device which is provided by addition of a communication unit
30 to the existing light apparatus 10A. In addition, the same code is
referred to circuit components corresponding to circuit components of the
illuminating light communication device 10 shown in Fig. 23A, and the
explanation is 15 omitted.  [0213] The light apparatus 10A comprises a
connector CN1 to which the communication unit 30 is connected, and then the
connector CN1 is located between outputs of a DC-DC converter 2. Then, a
plurality of light emitting diodes LD1 (for example, four diodes) are
connected in series between the 20 connector CN1 and an output of a
high-voltage side of the DC-DC converter 2 (that is, a high-voltage side of
a smoothing capacitor C1). Then, a current sensing resistor 5 is connected
in series between the connector CN1 and an output of a low-voltage side of
the DC-DC converter 2 (that is, a low-voltage side of the smoothing
capacitor C1). 25 [0214] Fig. 43B shows a specific circuit diagram of the
communication unit  91 30. This communication unit 30 comprises a connector
CN2 detachably connected to the connector CN1. Then, the current-limiting
element 9, explained in the Embodiment 17, and the switch element Q2 are
connected in parallel between terminals of the connector CN2. In this
communication 5 unit 30, the switch element Q2 is switched on/off in
accordance with the optical communication signal Si inputted from an
external communication circuit 40 to an input terminal ti Then, the
communication circuit 40 is electrically insulated from the light apparatus
10A through a transformer Ti built into the communication unit 30. In the
present circuit, an IC for timer 10 31 (for example, LMC555 of National
Semiconductor Corp.), resistors R11, R12, and a capacitor C10 constitutes
an astable multi-vibrator. The astable multi-vibrator oscillates with a
frequency (for example, 1 [MHz]) being higher enough than a frequency of
the optical communication signal Si. An output signal from the IC for timer
31 is inputted to one input terminal of an 15 AND gate I01. The optical
communication signal Si is inputted to the other input terminal of the AND
gate I01, and then a logical sum of the optical communication signal Si and
the output signal from the IC for timer 31 is inputted to a buffer 102, and
then a primary winding of the insulating transformer Ti is excited through
a coupling capacitor Cll. Then, a carrier 



20 frequency of 1 [MHz] is modulated with the optical communication signal
Si of 9.6 [kHz], and thereby a high frequency voltage is evoked in a
secondary winding of the insulating transformer Ti, and is rectified and
smoothed by a voltage double rectifier circuit having diodes D11, D12 and
capacitors 012, 013. The power of a buffer 103 for driving a gate of the
switch element Q2 25 is generated by an output voltage of the voltage
double rectifier circuit. The  92 voltage evoked in the secondary winding
of the insulating transformer Ti is divided and shaped in resistors R13,
R14 and a capacitor C14, and then is inputted to the buffer IC3. The
frequency component of 1 [MHz] is removed by this waveform shaping and
thereby the optical communication signal Si 5 is reproduced. Then, the gate
of the switch element Q2, being a power MOSFET, is driven. In addition, it
is also thought that the insulating transformer Ti is driven by only the
optical communication signal Si and the switch element Q2 is directly
driven by the output of the insulating transformer Ti. In this case, the
communication unit 30 requires upsizing 10 of the insulating transformer Ti
and a device to obtain a drive waveform which is faithful to the optical
communication signal Si. [0215] By the way, in the above-mentioned circuit,
the communication unit 30 is applied to the circuit shown in Fig. 23A. In
contrast, the communi- cation unit 30 may be applied to the illuminating
light communication 15 devices in the above-mentioned Embodiments 14 to 18.
In such a case, one of current-limiting elements 9 shown in Figs 33B to 33D
may be built into the communication unit 30, and the current-limiting
element 9 may be connected in parallel to the switch element Q2. Also, the
communication unit 30 of the present embodiment may be applied to the
illuminating light 20 communication devices of the Embodiments 19, 20, and
in this case, it is not necessary that the current-limiting element 9 is
connected in parallel to the switch element Q2. [0216] In this way, the
current-limiting element 9 and the switch element Q2 are built into the
communication unit 30. Then, the communication unit 



25 30 is connected to the load circuit 4 through the connectors CN1 and CN2
of  93 mechanism elements for connection [0217] Thereby, when the optical
communication function is added to the existing light apparatus 10A without
the optical communication function, it is not necessary to add something
special to the existing light apparatus 10A, 5 except for installation of
the connector CN1.  [0218] Then, the switch element Q2 is electrically
insulated from the communication circuit 40 generating the optical
communication signal Si through the insulating transformer Ti, and thereby
the insulation between the communication circuit 40 and the light apparatus
10A can be secured. 10 In addition, the power for driving the switch
element Q2 is supplied from the communication circuit 40 through the
insulating transformer Ti, being the insulation. Thus, it is not necessary
to add something special, such as the power for driving the switch element
Q2 is located in the existing light apparatus 10A. 15 [0219] In addition,
Fig. 43C shows another circuit example of the communi- cation unit 30, and
the circuit is configured to communicate the optical communication signal
Si inputted from the outside into an input terminal of a gate element IC3
with a photocoupler PC1, and to drive the switch element Q2 with the gate
element IC3. Although in this circuit, it is necessary to 20 receive the
power for driving the gate element IC3 and the photocoupler PC1 



from the DC-DC converter 2 in the light apparatus, the circuit
configuration of the communication unit 30 can be simplified compared with
the circuit configuration shown in Fig. 43B. Then, Fig. 43D shows yet
another circuit example of the communication unit 30. The circuit is
configured to 25 communicate the optical communication signal Si into an
input terminal of  94 a gate element IC3 with a pulse transformer T2, and
to drive the switch element Q2. Also, in this circuit, the circuit
configuration of the communication unit 30 can be simplified. [0220] In
addition, in each of the above-mentioned embodiments, a light 5 emitting
diode is used as a light source, but instead of the light emitting diode,
an organic electroluminescence (an organic light emitting diode) may be
used. [0221] Although the present invention has been described with
reference to certain preferred embodiments, numerous modifications and
variations can 10 be made by those skilled in the art without departing
from the true spirit and scope of this invention, namely claims.  



95 CLAIMS  1. An illuminating light communication device, comprising: a
constant current source; a smoothing circuit being connected an output of
the constant current 5 source;        a load circuit comprising a light
emitting diode and being connected to the output of the constant current
source; a load change element; and a switch element, 10wherein the load
change element is configured to partially change load characteristic of the
load circuit when being added to the load circuit,        wherein the
switch element is configured to determine whether or not the load change
element is added to the load circuit in accordance with a binary optical
communication signal. 15     2. The illuminating light communication device
as claimed in claim 1, wherein the load change element is a resister which
is connected in series to the light emitting diode, wherein the switch
element is connected in parallel to the resister. 



20     3. The illuminating light communication device as claimed in claim
1,        wherein the load change element comprises a constant voltage
circuit section, which includes at least a constant voltage element
connected in series to the light emitting diode, 25wherein the switch
element is connected in parallel to the constant  96 voltage circuit
section.        4. The illuminating light communication device as claimed
in any one of claims 1-3, 5wherein the load circuit comprises a plurality
of load circuits, the plurality of load circuits being connected in
parallel between outputs of the constant current source,        wherein at
least one of the plurality of load circuits is provided with the load
change element and the switch element. 10        5. The illuminating light
communication device as claimed in claim 4,        wherein each of the
plurality of load circuits comprises the switch element and the light
emitting diode having a different emission color with respect to each load
circuit. 



15        6. The illuminating light communication device as claimed in
claim 1, wherein the load circuit comprises the light emitting diode
compri- sing a plurality of light emitting diodes which are connected in
series,             wherein the switch element is connected in parallel to
a part of the 20 plurality of light emitting diodes.        7. The
illuminating light communication device as claimed in claim 1, wherein the
load circuit comprises a plurality of load circuits, the      plurality of
load circuits being connected in parallel between outputs of the 25
constant current source,  97        wherein each of the plurality of load
circuits comprises the light emitting diode comprising a plurality of light
emitting diodes which are connected in series,            wherein the light
emitting diode has a different emission color with 5 respect to each load
circuit, wherein the switch element in each of the plurality of load
circuits is connected in parallel to a part of the plurality of light
emitting diodes. 



8. The illuminating light communication device as claimed in claim 1, 10
wherein the load circuit comprises a plurality of load circuits, the
plurality of load circuits being connected in parallel between outputs of
the constant current source,        wherein the switch element is connected
in series to one or more load circuits, at least except for one load
circuit, of the plurality of load circuits, 15wherein the load charge
element is the one or more load circuits to which the switch element is
connected in series.           9. The illuminating light communication
device as claimed in any one of claims 1-8, further comprising a duty
regulation unit to change an on/off 20 duty ratio of the optical
communication signal.         10. The illuminating light communication
device as claimed in any one of claims 1-9,             wherein the
constant current source comprises a constant current 25 feedback system,
which comprises a converter generating a DC output, a  98 current sensing
unit generating a voltage drop depending on a load current flowing to the
load circuit, a difference amplifying unit, and a controller,
wherein the difference amplifying unit amplifies a difference between the
voltage drop generated in the current sensing unit and a predetermined 5
reference voltage,        wherein the controller controls an output of the
converter so that an average value of the load current becomes generally
constant in accordance with an output of the difference amplifying unit. 



1011. The illuminating light communication device as claimed in claim 10,
wherein the constant current feedback system is provided with a phase
compensation circuit including an integral element, and adjusting a phase
of the output of the difference amplifying unit. 15        12. The
illuminating light communication device as claimed in any one of claims
1-11, further comprising a communication unit,           wherein a signal
generation circuit for generating the optical communication signal, the
load change element, and the switch element are 20 housed inside a case of
the communication unit,        wherein the communication unit is connected
to the load circuit through a mechanism element for connection.
13. The illuminating light communication device as claimed in any 25 one of
claims 1-12, further comprising an insulation, electrically insulating  99
the switch element from the signal generation circuit, for generating the
optical communication signal. 14. The illuminating light communication
device as claimed in claim 513,        wherein the optical communication
signal comprises several different kinds of optical communication signals,
and is divided into a plurality of signal groups by difference in signals, 



wherein the insulation comprises a plurality of insulations, 10wherein the
switch element is located in each of the plurality of signal groups,
wherein each of the plurality of insulations is located to electrically
insulate the signal generation circuit from the switch element. 1515. The
illuminating light communication device as claimed in any one of claims
1-14, further comprising:        a carrier wave generation unit generating
a carrier wave, which is set so as to have a higher frequency than the
optical communication signal, and thereby the carrier wave can be separated
from the optical communi- 20 cation signal;        a modulation unit
modulating the optical communication signal with the carrier wave;
an insulating transformer being connected between the modulation unit and
the switch element; and 25a demodulation unit outputting a signal, obtained
by removing the  100 carrier wave from an output of the insulating
transformer, into the switch element. 



16. The illuminating light communication device as claimed in any 5 one of
claims 1-15, wherein the light emitting diode is an organic light emitting
diode. 














