1 DESCRI PTI ON | LLUM NATI NG LI GHT COVMUNI CATI ON DEVI CE TECHNI CAL

FI ELD [ 0001] The present invention relates generally to illum nating

| i ght commu5 nication devices. BACKGROUND ART [0002] In the past, there
have been proposed a |lighting apparatus, which conprises a light emtting
di ode (LED) as a light source, and trgansmts a signal by nodul ating
intensity of an illumnating light. Bécause such an 10 illum nating |ight
comuni cation device transmits the signal by nodulating the illum nating
light itself, a special device ERCEPHION rared-ray conmuni cati on device
I's not required. Then, because the light emtting diode is used as the

[1gnt source for i} {ATNATING LEGERH COMMURICIMON [FRYIOE, ! ement ed.

Therefore, it has been studied that the 1llumnating |Iight 15 comunication
device ig 1091, fherppi qui tous infornation systemin underground malls.
[0003] Fig. 44°1s a circuit diagramof the conventional illumnating |ight

Mg . ntional It oht
o 1t 1 ngtqodh oS b5 Ssont 1800 BoRBR AL bR R MR EERIN 0L o
bet ween bot h ends.of a DC power supply 51. The switching elenent QL is
swi t ched™SAMOPT 99 ccor dance with high/low of an optical communication

3: gg:ls %A.@Eﬁﬁzﬁﬂ?@m: F:dkggrrent i flowing to the light emtting
ping a constant current property (see Figs
45A and [A(f)%%)Z] 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 i]luminafing light itself, a special device such as an infrared-ray commu-
nication device is not required. Then, because the light emitting diode 1s
used as the light source for illuminating, electric power saving can be
“implemented. Therefore, it has been studied that the illuminaﬁng light
15 communication device is used for the ubiguitous 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 S1, and thereby a load current I1 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




25 [0004] In this circuit, the constant current circuit 52 is located to
make the 2 light emtting diode 53, having a snmall operating resistance,
turn on stably, and then circuit |loss of the constant current circuit 52

i ncreases. For exanple, when the constant current circuit 52 conprises a
constant current di ode, assumng that fhe load current Ii is 500 [mA], the
estimated circuit 5 | oss becones about™2.3 [W. Therefore, even as the
light emtting diode needs little electricity, the benefit of the |ight

eni tting IHdSnitsind dofb %E%avﬁﬂ?ﬁ@mgﬂ%erﬁﬁng hewlthhed itlrn $8AtaBlyPC DC
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converter 1s located in substitution for the constant current circudit 52,
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i nduct or , and a swtching el emen are conn

bot h ends;; I i ...Th an fr_operatiop of, tthe sw tching
ol erent B4 haoreBR bt IR ad T BP0 dTHBh o 2hobire Fr it
capacitor C3,and a rectjfjerpgi o D2.15 are conngct.ed bet ween th ends of
o ort eolass i ARt 48 P Fhee ot RbSari thng htonmerins Hods o

i nductor Li nd constitute the DC converter, . together with the inductor
Li and tl‘i‘ée@%\fﬂﬂgﬁief?{r%é‘F’é?ﬁ’e lesn.e%g TR eznifting ¢t i ipdam sk m o
constant .currne feedback circuitf 55 into the control circuit 54, and

t her eby Qp%ﬁ]t%wcm&@ oWk InnEiHcABA, canPerDér qorverter oty deated 1 be
kept generally constant. In addition, the optical conmunication si ?nal Si

i s i nput febstifittion fer Eamcppstapit raurentgircaiddd.nand ibeshit ig coneeiwablal i s
switched on/off with a high frequency during a period of a high val ue of
the opti that thenHiRGtdoonertegrialcogitralledl byidf 8B (rdsa-wadthc pradaation) i s
nodul ated (see Figs. 47A-47C). 25 [0006] Now, Fig. 46B shows a specific
exanil e ahdttherelbpnshantiranit lese deGrefagesibalok this circwit55, cunvdnt lsensiag err or
anplifier Al is configured to conpare a voltage drop of a resistor R3, to
whi ch t heedistad R3rihera¢ lightfdmittingt diodes &Benaninduetirt Boeakd a swiiching i fi es
to output its partial difference into the control circuit 54. A series

circuit elemuitiRl axeconhstted inderivd Ietorpadidthrertls@Gf,a DU pbwar supphnect ed
between an inverting input termnal and an output term nal of the error

anpl i fi es1 Al ThandoBRESbpéritash af PhESviEcHTRE NS18Hle0d @1 11§ bhtrioPled Sy b
stability of the above-nentioned feedback system For such a phase

conpensagdritolcdif&ut 4. a_ﬂﬁ@i?%néﬁbbﬂﬁngicbﬁﬂﬁftoi 0g! 4kl BGcetifiPdeseanoel ement
is generally used to adjust a gain and a phase in a |loop transfer 10
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(Proportional-Integral-Derivative) control of a classic information theory
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signal 1s inputted from a conétant 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 communi-
cation signal S1 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 S1 and thereby the load current I1

is modulated (see Figs. 47A-470).

25 [0006] Now, Fig. 46B shows a specific example of the constant current




15 connected between both ends of a current sensing resistor R3, and is
configured to use the above-nentioned Pl control as a neans for averaging
output. [00071 In the illum nating |ight comrunication device shown in the
above- mentioned Fig. 46A, the load current Ii is nodul ated by operating
the DC- 20 DC converter intermttently, in accordance with the optical
comuni cation signal Si, and then the 3fol | om ng two conditions are needed
to reproduce the optical communication signal Si faithfully as a current

wavef or MggdahaicRicitdigt 55504 itRBSE drSetrBRbndftiRReARtE RenfiERAERS Yorhatdie DC-DC

converter is higher than a frequency of the optical communication signal
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and thus there I%Hgl pr obl emtﬂgt gﬁ ;ur(gs of .noj se-reduction are needed.
[0009] THamMmAh afifbecaer mpHEecE ghly and ronstifies %é%&t?ﬂ%@er&i‘ﬁ% tor is
10 connected in paralle].to the light emtting diode 53, the | oad current

i is nofirfwtde seeurestabipyiat thﬂ@bgwmwh@n%? feedhaclosystem. h'oxsysh

converter is intermtted. Therefore, it beconmes difficult to nodulate the

| oad cur #drhasei campensadicinaigeniti ehcamppenasticm rirewiiminslwhingom satggaal On t he
other hand, if the load current Ii is not snoothed, a ripple current occurs
in the |elsthers sugemarallyi usethéo midppstea @ainemd depbads inm tdvp tpaxséan ng
frequency conponent of the DC-DC converter. Thus, there is a problemthat
measlir esfiofction, sed hasnbeleacknienvas PhdPaopompeaddntdgral)scatesolr ab PEDt o

i ncrease the operating frequency of the DC-DC converter to inhibit the

ri ppl e ofProbertiqeslslritagrSfirRetientiyel coptwobndf ahilaesikefongationatiemiryy of the
snoot hi ng 20 capacitor as small as possible so as not to snooth the | oad
current For ekiomg¥sl Figvael shew o pedisddindidgea of eymeddr agsest déhetitigi S a

problemthat |oss of the switching elenent QL al so increases. [0010] Then,
in the paséuit QiRIcAINLT RN A PE0e R APPEEALIGH Liakd WPeHeNbNY006-120910.
An integral circuit 56 (comprising a resistor R5 and a capacitor C3) 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.
[0007] In the illuminating light communication device shown in the above-
mentioned Fig. 46A, the load current I1 is modulated by operating the DC-
20 DC converter intermittently in accordance with the optical communication
signal S1, and then the following two conditions are needed to reproduce the
optical communication signal S1 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 I1 is not smoothed (condition 2).




| i ght communi cation device, having a circuit configuration showm 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 froma DC power supply 61, and its output is converted to a DC
vol tage having a desired voltage value,by a rectifier circuit 63 and a
snoot hi ng capacitor C4. Three |ight en#tting di odes 64 and a current
sensing resistor R4 are 5 connected in series between both ends of the

snoot hi ngoeasIaFHok ¥ tishin¥iae ohaitieRd, fH o plei iffd edﬁmﬁxhe?ﬁehtsﬁggd drop

occurred in the resistor R4 is conpared to {ﬁ%e reference voltage by an
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back to an output contro by the error

anpl i fi ercof%gertgf.ﬁis %&3‘% d%)lhﬁll' lélir)]oa}% S 706 [ﬂ'ﬁzl Etlhlta% ig,ga él&l iﬁgmé% §§It G%) oereRg

constant ‘curre a series cIr 1 si
and a capacitor.

L ted t an inverting i m.,nal and an
o ont ¢ PR ahicaTiop SRRl opaRY sl o, B g 1 ORe] SRR,
titut h conpensati o ircuit,, and adjusts a.phase of a feedback
Sonneh wibrut chuabfe PR aRere i 0P Himes s, PALy  ieyeter dhRiH APaHng
i nhi biti th in_i i gh f ] main. .[0011] Fig. 49A is Bode
il agr am SRaHEREY B ther Dot DY SpRTae i FRiAgheLy digh, 108k Hienowhehig (L1

in Fig. 49A) linearly decreases with increasing of the frequency. Then, the
phase angleanenbQlninthe DIGRNC senvarienhinereasrtd 200l thugy theyetis a peobleayuency
of about 10 [kHz] and phase margin is secured. 20 Thus, stability of the
f eedbackthaismeasiresgdowis¢oedwitiaomarapeedadsuit shown in Fig. 48, a
reference voltage El or E2 is connected to a non-inverting input term nal
of the eld9]afhenf irthazastofihh canditier iwhesnatsrho®@hing @agatiter & ectri c
swwtch SWM is switched in accordance with the optical communication signal
Sl, Hnd tderesbyd impatalde to the light emitting diode 53, the load current 11 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 I1
in accordance with the optical communication signal. On the other hand, if
the load current I1 is not smoothed, a ripple current occurs in the load
15 current I1. The ripple current dépends 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,

256 and using a DC-DC converter to which a constant current feedback circuit is




25 current 11 can be nodul ated. That is, one reference voltage El is set so
that 6 the load current |Ii becones a current value for nornal

illum nation, and the other reference voltage E2 is set so that the | oad
current i beconmes a current value snmaller than the current val ue for
normal illum nation. Then, the switch §V\1 s swtched in accordance with
the optical conmmunication 5 signal Si,”and thereby the | oad current is
nodul at ed. Here, when the load current in the reference voltage El is 500

mA d | . L i dth
[m] and Jggd! 03g taw%@(mlt,l ATODC ehRTERELEY 9% bﬁ&edggg b?ianr%mﬂ%dﬂ%ma{i‘ e

switch SWM. is switched in accordance wth the opti cati1on signal
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gain of the error anplifier A2 _can not be expected and output cqntrol can
not fol | §0¢ lend cureent ﬂm@w&bh@q palage drapascpprednin the diesirber Wit iiges El |

E2 are averaged, only the averaged 20 | oad current can be provided. Here,

i f the phuB®aEyhie thatrederesice voltagesEl diooacerpy mneplafier A2ui (Thavevits i n Fi g.
48, the gain of the error anplifier A2 can be secured even in a high

f r equencpatianhiiifergnee i3 amplified endostfed haektto an output controller 65 in

the DC-DC converter 62 by the error amplifier A2, and then the load current
10 I1 1s 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 El1 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 S1, and thereby the load

25 current I1 can be modulated. That is, one reference voltage E1 is set so that




the load current is nodul ated in accordance with the optical conmunication
signal. However, the feedback system becones unstabl e and thereby 25
abnormality oscillation may occur. Therefore, there is a problemthat it is
7 difficult to nodulate the load current Ii by changing a circuit constant
of the phase conpensation circuit added to the error anplifier A2.

DI SCLOSURE OF THE INVENTION 5 [0014] It is an object of the present
invention to provide an illumnating |ight comrunication device, of which a

circuit agdegad ehreATYNHeeatne@h Qe vaiutitolk ioBfhal \M}hﬁﬁ]lasﬁenf Ahakhel ly

nodul ate an outputted |ight in accordance with an optical conmuni cation

si gnal h%ﬂlﬁlg r%fr'eglse 28 f‘{omggngg. 15[1%9!;@1) Nt {RNP LB A B heLOREEN, Cation
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device of t ent 1 nvention conprises a constant current source, a

S00t i NGtddriWaline 3R thh Pl v e d A E RANAGH AL PITRDhinA00h 2 Bt ch

el ement . e snoothing circuit an e Circurt conprising a Tight
emtting.gdiode,ar nnected top.an output of.{he constgnt current.source.
The | ond BhagLLRIFRAP SFuShaid if eBordBits Srich:hel SEea dorh By heicis
characteri sti f t | oad ,ci rpcuit when .bei ng ;added 1o 15 the Joad circuit.
The ofi c et mnd TherBhY Bt FetRaRas s et heSen whet che ek
change el enent .is.added to the |lo circuit ip accordance wth a binary
opti cal GBﬁ‘iﬁE‘ﬁilEatt}]leolF?%%YedWBI‘fo tagefgéfﬁﬁ%ﬁcﬁ‘}b‘ﬁﬁ ?Hé tg@dlpﬁg GUEYIM: b hbe 5
circuit added for communpj cation n pe sinplified, and an outputted |ight
can be f&pieKeRAq YO Igtzeélsiwoaia&b’?ﬁa?ﬁ’@qué §witehaf Vbt isc aWitebashumt cat i on
signal having a high frequency. [0017] In the illum nating |ight
communi cAgsasHanes wigh the oppical eppupunicationhsignsd wofc AAnddie diigntd9Bs a
resister which is connected in series to the light emtting diode, and the
swi tch eFbewatr simdativactesylt of e Wadedurrent hb rbsthiseaimulatipaoesilt) n t he

illumnating |ight comuni cation device, it's preferred that
10  the load current I1 is averaged into a value (about 300 [mA]) intermediate

between the current value (500 [mAl]} in the reference voltage E1 and the
current value (100 [mAl) in the reference voltage E2, and thus the load
current I1 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 [kHzl, 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 E1, 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




8 the | oad change el enent conprises a constant voltage circuit section

whi ch includes at | east a constant voltage el enent connected in series to
the light emtting diode, and the switch elenent is connected in parall el
to the constant voltage circuit section. 5 [0019] In the illumnating |ight
comuni cation device, it's preferred tpat the load circuit conprises a
plurality of load circuits, and the plurality of load circuits are
connected in parallel between outputs of the constant current source, and

at | east gifgewt tb MSodlIHEA I Wadl cdrPask £l %f'rﬁ%%%gﬂn%lagat}ﬁéﬁﬁgpﬁéﬁ e 0ad

change el enent and the switch elenent. 1 umnating |ight
comuni catj.Qn %}('&ﬁ tiohn : C - plurality of |oad

ci rcui tsa%onpr(?)se% t ae swaf@ﬁgfgﬁgﬁgg?Egﬁgr&ﬁeﬁﬁgﬁgpg%tti ng di ode having a
different emission color with respect to each load circuit. [0021] In the
illumnating light comunication device, it's preferred that 15 the | oad

circuit | i 48 4 i ode conprising a plurality of |ight
enittingqgﬁggggﬁa%ﬁgﬁjgFgggéﬁﬁg@bgﬂgpﬁ series, and the switch elenent is
connect ed,j allel to rt of the plurality of lLight emtting diodes.
C00255" T oDRAPaf i i, abfbch 4t e, Staskt itatfih Weorewidd pin Shmeneangy t nai
the load,circuit conpriseg a plurality of load circuits, and the plurality
of |oad R @W@@I{:@ﬁ%@t %ffr]WL%Php%ucaqcrléq adrladiaropynyRientian cae
constant .current_source, and each of the giurality of load circuits
conpri sederfEplifipd venrk capdaithidly amdwlats agoutmittedlighy iofctirdanceni t ti ng
di odes which are connected in series, and the |light emtting diode has a
di f f er entVithiagsonitcal speymunicationsyignal havisgehhiglafreqiiene.t, and the switch
el ement in each of the plurality of 25 load circuits is connected in
paral | el [8@15 pay Hlwhindtengplighticomynwhichtightdevicecof the prpséintdreentid®023] | n
the illumnating |ight comunication device, it's preferred that the | oad
circi@t comprissesa aoptandlduryef sbwd, @i smobtlsnganiceditiea jbad afidduyt,of | oad
circuits are connected in parallel between outputs of the constant current

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




5 source, and the switch elenment is connected in series to one or nore | oad
circuits, at |east except for one load circuit, of the plurality of |oad
circuits, and the | oad charge elenment is the one or nore load circuits to
which the switch elenent is connected in series. [0024] It's preferred
that the illum nating |ight comunicatjon device 10 further conprises a
duty regulation unit to change an on/off duty ratio of the optical

comuni cation signal. [0025] In the illum nating |ight conmunication

devi ce, itheSoRd @hahkedléMaht bHRAPERAS LARINELRE P0lta 8O Ul RitCAMohS $shich
constant current feedback system which conprises a converter, a current

sensi ng Yhkluded o4 1EASH §%ﬁs@m{‘}d‘w'gagelééle%iéonn@@@damcgéﬁés%d Bhie %Z‘%a

converter generates a DC output. The current sensing unit generat

vol tage @hﬂ&iﬂgfg_gﬁﬁn%ﬂf tﬁelrrpgﬁlﬁlgﬁuéfea cﬁt; #sov{‘.oﬂﬂe&%dt Vlﬁ\g el!ﬁ of! {Cihs - The

di fference anp g unit a Ies erence bet the vol t'age drop

gener at e%ﬁ%a&@%o?%ge:c%cﬁ@%]efc% unit and a predeterm ned reference

vol t age. contr - con S an out put of the 20 converter so that an
aver age f the.load current becones.generally copstani in cor dance
ot dn (OVER, B8R e Sy R RIG Aevoso36s prnlerhd That
illumnatjng |jght .comunicatiqgn vicg, i.t's preferred that. the_constant
current H%%g%{ic r%‘ygf%wk%eﬁrﬂdﬁrlagﬁtwﬁﬂa CHigasts: E‘Bﬁﬁgﬁé’iﬂﬁ %chﬂ%ll t

i ncluding. an..integral el epent, and adjusting a phase of the output of 25
the di fng8H¥?§ %ﬁp‘mr&ﬁcr&@c[m alﬁinaraﬂfb%eﬁe@?]ouﬂiﬂugs ﬁ’f Ehe cpagtantgurpRt
illumnating |ight comunication device further conprises_a comunication
unit. A 89Weal agdradrleasbane iof the plueslityefdpad icirguitscisapovidad watmthe cati on
signal, the | oad change elenent, and the swtch el enment are housed inside a
case of lassl caraerelemengmndnthe svexieh 8lament.t he conmunication unit is
connected to_the load circuit through a nmechani sm el enent for connection.
[0028] | 10020} bi dhe cdlunhiakatirtge light wobmmauinig tiang Hevicomittm peaferond deat ce
further conprises an insulation, which electrically insulates the switch
el enent éadnof ke gilgrditygeihkmdt ¢ciocuics comiptrisek ahegenigchtelgehbandptliecal 10
comuni cation signal. [0029] In the illumnating |ight comunication

devi ce, lighs epiiefiagrdiddé halvinhe diffdreat catesioni @dbt artls irgHgdct NP LS es
several different kinds of optical conmunication signals, and is divided

into a ploadalirdwit.of signal groups by difference in signals, and the
i nsul ation conprises a plurality of insulations,

[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 -
1s connected in parallel to a part of the plurality of light emitting diodes.
[0022] In the illu:ﬁinating 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




15 and the switch elenent is |ocated in each of the plurality of signa

groups, and each of the plurality of insulations is |ocated to el ectrical

i nsul ate the signal generation circuit fromthe switch elenent. [0030] It

preferred that the illum nating |ight conmunication device further

conprises a carrier wave generation unjt, a nodulation unit, an 20

I nsul ating transfornmer, and a denodul ation unit. The carrier wave

generation unit generates a carrier wave, which is set so as to have a

hi gher fragiteneydiblas the optical communication signal, and thereby the

carrier wave can be separated fromthe optical conmunication signal. The
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circuits, at least except for one load circuit, of the plurality of load circuits,
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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.




[0032] Preferred enbodi ments of the invention will now be described in
further details Qrher features and advantages of the present invention 10
wi |l becone better understood with regard to the foll ow ng detail ed

description and acconpanyi ng drawi ngs where: Fig. 1Ais acircuit
diagramfor an illumnating |ight com’mni cation device of an Enbodi ment 1;
Fig. 1B is a circuit diagram nodel ed for sinmulation of the illum 15 nating

l'i ght communi cation device of the Enbodinment 1; Fig. 2Ais a wave form
chart shdppng] atsi prdfeiedn thesWhe ifththindBnlsS 1ZNMAYSMEAI508A! fiﬁvﬂw ng a
simul ati on result; Fig. 3Ais acircuit diagramftor an illumnating
| i ght comyyi | devi : RNt A2 [ - |k Call t

di agram nodelegg&#‘rg?ﬂglgér/mﬁcg?@g% 0 E?jﬁgd%lﬁﬁijm& Slré’?i:fn%qe?gﬁtb 30@%1%?((}& i on
devi ce of ' , N = o j L [ Chl I agram showi ng a
feature (%ehgﬁatﬁﬁ?f}%b@{ﬁ %cr?gCPllnéjﬁltlmézgglr?%nslléﬁ?il’cs)cr}llgaléeflccgl aofggae gl@ﬁg]&d?ﬂinnt 3;
Fig. 4B i LrcWw t  di,agram shgw ng, a featu of the illumnatin 5 light
co?n‘runi cd F%ﬁﬁ J‘égehvfgiceén%ft %@%@ﬂﬁ&ﬁ?i@s‘? fg%h‘_e Comm‘f—*fuﬁ?‘gi_ﬁﬁ ‘f‘_gt’ag’ﬁ%r cui t
di g am Show A% 2,5 SAMSa0h L 1) LATLOALANE Lheha GO, ok om, gV oo of

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




Fig. 4Dis a circuit diagramshowi ng a feature of the illumnating |ight
communi cati on device of the Enbodinent 3; 5Fig. 4E is a circuit diagram

showing a feature of the illumnating |ight comunication device of the

Enbodi ment 3; Fig. 5Ais a circuit diagramfor an illum nating |ight

conmmuni cati on device of an Enbodi nent .4; Fig. 5Bis a circuit

di agram showi ng a feature of the illumnating 10 |ight comuni cation device
- of the Enbodi nent 4, Fig. 50 is a circuit diagram show ng a feature

of the i lhsdiaeidngniti LiH tK&QWR@hCef}éfn%Bt deTh@Qie%odxﬂﬁtﬂéﬁb&ﬁ‘t Hetbu

Fig. 6 is a CIrCUIt diagramfor an illumnating | communi ca |on devi ce
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device o 70 is a wave form chart
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circuit diagramfor an illumnating |ight conmunication

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 accompanyiﬁg drawings where:
Fig. 1A is a circuit diagram for an illuminating light communication
device of an Embodiment 1;
Fig. 1B 1s a circuit diagram modeled for simulation of the illumi-
15  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. 3A1s a circuit diagram for an illuminating light communication
device of an Embodiment 2;
20 Fig. 3B is a circuit diagram modeled for simulation of the illumi-
nating light communication device of the Embodiment 2;
Fig. 4Ais 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;




13 device of an Enbodi ment 7; Fig. 10 is a circuit diagramfor an

i1 lumnating |light conmunication device of an Enbodi nent 8; Fig.
11A is a circuit diagram nodeled for simulation of the illum5 nating |ight
conmmuni cati on device of the Enbodi nent 8; Fig. 11Bis a wave form
chart showing a simulation result of tfhe illumnating light comunication
devi ce of the Enbodi nent 8; Fig~ 12A is a circuit diagram show ng

ot her configuration of the Enbodinent 8; 10Fig. 12B is a circuit diagram

showi ng ot her qqgf Uguiahi @Rt dikgrHADAIWRIL a Feature of thd glluﬂﬁﬁ‘ajziﬁﬁa wave
formchart of a load current flowng to an illumnating [1ght comunication

devi ce ofjjat ERRRAHREHordevice ioﬁhe Emb(!':ciignﬁnljtg A is a wave formchart of a

load current flowing to an 15 illum nating comuni cati on device of an
oot ent S, i 40, it g R 0GRl BRUBAA o
o 10 el RS DR Rl Lon, o 0% 11T mnecne
chart 5ShOWi ng %‘1&' Hﬁll 1ast 'isiochcruEi\tS %lj.;[lgrgmts%eowing 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. 5C 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;
15 Fig. 7A 1s a circuit diagram for an illuminating light communication
device of an Embodiment 6;
.Fig. 7B is a circuit diagram modeled for simulation of the illumi-
nating light communication device of the Embodiment 6;
Fig. 7C 1s a wave férm 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 1is a circuit diagram showing other configuration of the
Embodiment 6;

25 Fig. 9 is a circuit diagram for an illuminating light communication




i 1lumnating |ight comunication device of the Enbodi nent 9; Fi g.

15B is a wave formchart showing a sinmulation result of the illum nating

| i ght communi cation device of the Enbodi nment 9; Fig. 15Cis a
wave form chart showing a sinmulation result of the 25 illumnating |ight
comuni cation device of the Enbodi ment;39; 14 Fig. 16Ais a circuit
diagramfor an illumnating |ight comruni cation device of an Enbodi nent 10;
Fig. 16Bis a circuit diagramfor the illum nating |ight conmuni cation

devi ce ofgdvie 8B sHimkdt DFig. 160 is a circuit diagramfor the
i1lumnating |ight comuni- cation device of the Enbodi nent 10; Fi g.

16D is a circuipigdi@gs anif@iit Hﬁ%ﬂa’xﬁ%@ aﬁtﬂmuh'agiﬂg ggmm&ﬁ% hiehkiggVi ce of

t he Enbodi nent 1 I's a circuit dragram show ng ot her

confi gurﬁ:e cﬁfaﬁ ﬁfgoqihﬁgtﬁ @@: ment 10; Fig. 18 is a circuit diagram

for an illumnating t communi cation device of an Enbodi nent 11;
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5 nating light communication device of the Embodiment 8;
Fig. 11B is a wave form chart showing a simulation result of the
1lluminating light communication device of the Embodiment 8;
Fig. 12A is a circuit diagram showing other configuration of the
Embodiment 8;
10 Fig. 12B i1s 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 illumi-
nating light communication device of the Embodiment 9;
20 Fig. 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
lluminating 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;




communi cation unit of the Enbodi nent 11; Fig. 190 is a circuit
di agram showi ng a specific configuration of the communication unit of the

Enbodi nent 11; Fig. 20Ais a circuit diagramfor an
illumnating light conmunication 20 devi ce of an Enbodi nent 12; Fi g.
20Bis a circuit diagramfor an ill um'lr;iati ng |ight conmunication device of
an Enbodi nent 12; Fig. 21 is acircuit diagramfor an illum nating

| i ght communi cation device of an Enbodi ment 13; 25Fig. 22A is a wave form

chart of each pagt1@A ié AeifeMROGia¥®in 3 an ilﬁ;ﬁi&tiﬁ@ﬁghﬁc&n%céﬁ?ﬂ‘ chart
of each part of the Enbodinent 13; Fig. 22Cis a wave formchart of each

part of tReiddodi etodidenti®; 22D is a wave formchart of each part of
t he Enbodi nent 13; Fig. 22E is a wave formchart of each part of the

Enbodi ment 13; ki 96B23Aa1 Gipduif! diGHkdmOE RO O ifkibls! 14 85 A ANt
e od%rrg#\ lf, IEL]I]—'tlfilg. 3‘%5

communi cati on ice of an a circuit

di agram ed for_ si i f e illumnating light conmunication
ggﬁ%g c%%éo% d?fsﬂh%}%i)_oaﬂngnt tlB,

device o nent Fig. 24A is a wave formchart
resul t. of., a.l oad t of the.illumnating |ight

igm ?cgt |Slogu é%: Egco]fs_ ?h‘@r%dhﬁwl’%ﬁ?&ﬁer ﬁTumnF{?tdI.lg 21%“1 SoramiEfe form
o BB Bt Bt 020, Sy ent ©f the 111 umnating
Fig. 16D 1s a circuit diagram for the illuminating light communi-
cation 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;
15 Fig. 19B is a circuit diagram showing a specific configuration of a
communication unit of the Embodiment 11;
Fig. 19C 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;

25 Fig. 22A is a wave form chart of each part of the Embodiment 13;




15Fig. 25A is a wave formchart showing a sinulation result of a | oad

current of the illumnating |ight comunication device of the Enbodi nent
14; Fig. 25B is a wave formchart showing a sinulation result of
a load current of the illum nating |ight conmunication device of the
Enbodi nent 2014, Fig. 250 is a wave formchart showi ng a sinulation
result of a load current of the illumnating |ight comuni cation device of
t he Enbodi nent 14; 16 14, Fig. 26B is a wave formchart show ng a

sinul ation resWiy. 2Bas hoadve fiirhe Bhalf oflddRhigdrt 6F fiad ERgbddiffintci@muni cati on
devi ce of the Enbodi nent 14; 5Fig. 26Cis a wave formchart show ng a

Simul at on 1 estWik 9403 hanto B tforShighyBF BRY EBbdi ity g cat i on

devi ce of the Enbodi nent 14: IS a wave formchart

showi ng a si mulgat 1 99D Ge5U} dvedfort LA FUALENarhr LIS HlbdtThRi 1% | 1 aht
ek oot

comuni cation device of the Enbodinent 1 E'l's a wave form
chart”Show 19,9381 LS Bl AR 4 e Bl bl 5201 19
5 Fig. 23Ais a circuit diagram for an illuminating light communication
device of an Embodiment 14;
Fig. 23B is a circuit diagram modeled for simulation of the illumi-
nating 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;
15 Fig. 25A is a wave form chart showing a simulatibn result of a load
current of the 1lluminating 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
20 14;
Fig. 25C is a wave form chart showing a simulation result of a load
current of the illuminating light communication device of the Embodiment
14;
Fig. 26A 1s a wave form chart showing a simulation result of a load

25  current of the illuminating light communication device of the Embodiment




14; Fig. 27 is a circuit diagramfor an illum nating |ight

communi cation 15 device of an Enbodi nent 15; Fig. 28Ais a wave form
chart showing a simulation result of a load current of the illum nating

| i ght communi cation device of the Enbodi nent 15; Fig. 28Bis a
wave form chart showing a sinulation pgsult of a load 20 current of the
illumnating |ight communication device of the Enbodi nent 15; Fig.

28C is a wave formchart showing a simulation result of a |load current of
the illunqynating |ight comuni cation device of the Enbodi nent 15; 25Fig. 29
is a circuit diagramshow ng other circuit configuration of the 17 _

i | 1um nating | iFghtognEiniyGed !f@fhl%‘é!rﬁ%P@&iﬁé‘% ﬁﬁhﬂﬂﬁ%ﬁ%slﬁ&? of a load FI 0.

30A is a wave formchart showing a sinulation result of a | oad current of

other ci Eg%yght%mﬁf}fgm @@A}@% gtgm cjoh:lﬂiﬁhﬂ?attidﬁgd%@riggtofctﬁmib%ﬁiﬂm@ﬂ? devi ce

of the E I ment I's a wave tormchart showi ng a sinulation
resul t 01‘14,a | oad current of other circuit configuration of the illum nating
| i ght comuni cation device of the Enbodi nent 15;

5 Fig. 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
10 14,
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 iluminating 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 simuiation 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;

25 Fig. 29 is a circuit diagram showing other circuit configuration of the




Fig. 30Cis a wave formchart showing a sinulation result of a |oad current
of other circuit configuration of the illumnating |ight conmuni 10 cation
devi ce of the Enbodi nent 15; Fig. 31 is a circuit diagramfor an
illumnating Iight comruni cati on device of an Enbodi nent 16; Fi g.
32A is a wave formchart showing a sinu ation result of a |oad current of
the illumnating |ight comuni cation device of the Enbodi nent 1516;

Fig 32B is a wave formchart showing a sinmulation result of a |oad current
of the ilillufinatingdightOdmSRARUYER HePite 2 the Exbodiftedemmdi nent 16;

Fig. 33Ais acircuit diagramfor an illumnating |ight comrunication 20

device of an EmhgdpoRnk slwave form cHei¥ shdeBnkS & blalisdt n{)e%é{l@ﬂf Qflgf%d
Enbodi ;

specific exanple of a current-limting elenment of the ment

Fig. 33Cchdedify bt lotBls ng;\]!'tca%g&%gg?g@?@ggﬁ 62 MR8 vifle WK B AL | O

el ement of the Enb is an 1TTust n Sspecific
exanpl e a_CYy. L j Ml hng: enent of the Enbodi nent 17; Fig.
34A is a%%rl?jguﬁvg%ggfn%ﬁee%%}fb%glﬁnégaﬁ(%:i rcuit of the illumnating Iight

comugi a1 on eyl 85 U, EIES. JR0L Wi g bl Sk do o
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ok cation 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 communi-
10 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 lluminating light communication device of the Embodiment
15 16;
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. 33Ais 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;

25 Fig. 33D is an illustration of a specific example of a current-limiting




Fig. 35Ais a circuit diagramfor an illumnating |ight comrunication
devi ce of an Enbodi nent 18; 10Fig. 35B is a circuit diagramfor the

illumnating Iight comruni - cation device of the Enmbodi nent 18; Fi g.
36A is a circuit diagramfor an illum nating |ight conmunication device of
an Enbodi nent 19; Fi g. 36q8i S a circuit diagram nodel ed for
simulation of the illum 15 nating |ight communi cation device of the

Enbodi nent 19; Fig. 37TAis a wave formchart showi ng a sinul ation
resul t ofelémbAfef e Eedboddindng 71 | um nating |ight comunicati on device of
the Enbodi nent 19; Fig. 37/Bis a wave formchart show ng a

Communi cati on 4461 26 a1 "R “EnpeaPREN §lpdd Gxilit UELIAILRMAGRE bt (.
chart showiBuficaity &;00of ujﬁhlt%f%ﬁgh@eﬁ.current of the illum nating
[ t'he 0

li ght communication device o | |nenf 19; 25Fig. 38 is a circuit
communi cat  on 4401 €2 §F bl SEHRREHIE bR AledibBen g iR hafy ' 31
i ant® commredicR bR B B LR RetRaBarhani ‘1o Srig. 368 s a wave form
chart show ng %‘igs.i 3[% ?st :izl(():{]rc{lftseuxlefmgfe oafa{ ﬁ)%g circuit of the illuminating light
communication device of the Embodiment 17;
Fig. 35Ais a circuit diagram for an illuminating light communication
deviece of an Embodiment 18;
10 Fig. 35B is a circuit diagram for the illuminating light communi-
cation device of the Embodiment 18;
Fig. 36Ais a circuit diagram for an illuminating light communication
device of an Embodiment 19;
Fig. 36B is a circuit diagram modeled for simulation of the illumi-
15 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;

25 Fig. 38 is a circuit diagram showing other circuit configuration of the




current of the illum nating |ight conmunication device of the Enbodi nent
19; Fig. 39Cis a wave formchart show ng a sinulation result of
a load current of the illum nating |ight conmunication device of the

Enbodi nent 1019; Fig. 40 is a circuit diagramfor a conparative exanple of
the illumnating |ight comuni cation qgvice of the Enbodi nent 19; Fig. 41A
Is a wave formchart showing a sinulation result of a | oad current of
the illumnating |ight comuni cation device of the Enbodi ment 1519;

Fig. 4151H§nﬁn‘é@iﬁ%ﬁ§ﬂﬁﬂcﬁﬁﬁﬁini§d‘n%ﬁ Rvide D BH: MrhBSUihRsH! fo;0f a | oad current
of the illum nating Tight comunication device of the Enbodi nent 19;

Fig. 42 is a Cigjgut ' f Ik e I,n ' c&gﬁﬁn' ty) 20
degi ce of an En%%d?%ﬁ%%gg%% ﬂfm%&ﬂé-sﬁwﬂ%g %nﬁlﬁ&?fgﬁ iagtr)g%]l?%@ an
i1l um nat. i c ' | eyi : i 2:h: . Fi g.
438 15 acerrnt @ the AN AT MR e IBRRe B e Fmbodimentyi 2o of
t he Enboqiggent 21; 25Fig. 43Cis acircuit diagramfor the illum nating

| i ght comiuni -
5 Fig. 39B is a wave form chart showing a simulation resulit 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
10 19
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
15 19
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. 43A1s a circuit diagram for an illuminating light communication
device of an Embodiment 21;
Fig. 43B is a circuit diagram for the illuminating light communi-
cation device of the Embodiment 21;

25 Fig. 43C is a circuit diagram for the illuminating light communi-




20 cation device of the Enbodi nent 21; Fig. 43Dis a circuit diagram
for the illumnating |light conmunication device of the Enbodi nent 21;

Fig. 44 is a circuit diagramfor a conventional illumnating Iight 5
conmruni cat i on devi ce; Fig. 45A is a wave formchart for describing
an operation of the conventional illugynating |ight communication device;
Fig. 45B is a wave formchart for describing an operation of the
conventional illum nating |ight conmunication device; 10Fig. 46A is a

circuit dhfighaldvi® ol Meibodaneapkipnal illum nating |ight communication
devi ce; Fig. 46Bis a circuit diagramfor another conventional

il lumnnating I W%t 48pMagi &ﬁéﬂl@rﬂﬁgﬁ’éxﬁefor the ﬂlumlnatu'fg QigtBbomhfndhiC! r CUl t

di agram for anot conventi onal lum nating 15 |1 ght com‘rum catlon

devi ce; tion devidk ofAHR Eﬁa]b dYR¥E: ber m chart for describing an operation of
t he anot her conventi onal l'umnating |i ght communi cati on devi ce;

Fig. 47Bis a e fhormc f t her
conventional i \Iﬁ?%mél%asrj‘lﬁg&f&hﬁ Cﬁg%paqﬁm Cati on%rallen\%pgl‘[élﬁ'gﬁﬁuﬁgh% i Q}Pa wave
formghart for de .cri{%%% an operation of the another conventlonal

i 11 un? naf?Rg HgRECLd cation device;

Fig. 45A 1s 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;
10 Fig. 46A 1s 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 1lluminating
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;
20 Fig. 47C is a wave form chart for describing an operation of the
another conventional illuminating light communication device;
Mig. 48 1s a circuit diagram for yet another conventional illuminating
light communication device;
Fig. 49A is Bode diagram for the yet another conventional illumina-

25  ting light communication device; and




Fig. 48 is a circuit diagramfor yet another conventional illum nating

| i ght communi cati on devi ce; Fig. 49A is Bode diagramfor the
yet anot her conventional illumna25 ting |ight comuni cation device; and

21 Fig. 49B is a wave formchart showing a |oad current of the yet
anot her conventional illumnating light comunication device. BEST MODE FOR

CARRYI NG QUT THE I NVENTION 5 [0033] Hereinafter, enbodinents of the present
invention is explained with reference to figures. [0034] (Enbodinent 1) An

i I'lumi nating | iFgRt 49BMBIAI GAYEOBrAC¥hER ShowOdl 1B cikrichit 16F %Dlg@%”ed
with reference to Figs. 1A and 1B. Fig. 1Ais a circuit diagramfor an

1T um natgindghéds iven @B itakiRati 8 Yiche ctgagzmgﬁﬁ:aitiolnlﬁqu@é.i ng |ight

comuni cation device 10 conprises a constant current source 11, a snoothing
capacitor 011 (a smoothing circuit), a load circuit 12, a load change
el ement 13, a signal generation circuit 14, and a switch elenent Q2. 15

(0077 TS TIODE SR QT AT o s 7,
Contan ISUEASBheBRUIES, Py SFREk: e BAteRt S50 oSO S i
bet ween '%e ergrlilgept%t gﬁ);esF he constant current
[0034]
(Embodiment 1)
An illuminating light communication device of Embodiment 1 is
10  explained with reference to Figs. 1A and 1B. Fig. 1A1is 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 C11 (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 seriesrbetween the outputs of the constant current
20  source 11, and receives the power outputted from the constant current source
N _ ,
[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.




20 source 11, and receives the power outputted fromthe constant current
source 11. [0037] The |oad change element 13 is configured to partially
change | oad characteristic of the load circuit 12, when being added to the
load circuit 12. Then, for exanple, the | oad change el enent 13 conprises a
resister, which is 25 connected in pargllel to a part of the plurality of
light emtting diodes LD1. 22 [0038] The signal generation circuit 14 is
configured to generate a binary optical comunication signal. In addition,
the signdbogeheris sishati dedirhtidd RNIDASKAA IRl t33EhHREd Gbinary
comuni cation signal in accordance with a transmtting signal, which is
transm t topdichl @BhaRuRNheionadisASY | 08 a Bt She E%a%\%éﬂ&aﬁbg Ethifd 4
conprises a switching device (for exanple, MOXSF _coRnefte I'n series to
t he resi : . 3,41 . t |

$hey Og}%hei'ﬁt% ﬂl’féalﬁim%li‘?%%ﬁlgﬁlj%ﬁﬁuﬁg?mgﬂ%l%%\él i a&o?m e WhtH % and

swi tched on/ 6ff by recelving Inary opti cal nmuni cati on 5|ggg g
t hereb } . . nge.el e t.13 is added to
the | ond o Te PR MRERT R P Rhad oot R R AR AR BT ol ed 1 or
si mul ati hit Rwr e ci. tjo.a cikguit shown in Fi.g. 1A .and.then the sane
code |§s i@?%\"?]r keTélet %‘Qﬁzf}bcﬂfa?ﬂeé‘gn%%nc@m%n%ﬁs #i Sd‘.’“ﬁ%“@o@‘?‘@ﬁ%gf%i WI?Bl%ei rcuit
conponen 0. 1A Ip.addi.tion,.a light emttin iode LDl is

eqmj val eﬁ?ﬁ%ﬁg@fq%?@éﬁ%ﬁ‘frﬁ SCQEY ?‘é§h‘c’:ir?%lg{]qr, O%ecl;‘?ag gegsementds: di ode
ZD11 havi a _copnstant on-voltage 15_and an on-resistance M. Then, a
resi stor SW?"BS%@“ES’W 108 ltﬁﬁﬁﬂg@]/@&el?ﬁéﬁ?c%ﬁ}n%ﬁhei@néﬁﬁr?@él(‘éh in
arallel to the on-resjstance RL1 when_the switch element Q2 is swtched
gn. That CPEQMUNICaFoRg S’&qaiu apdcbigrepE defermanes svhether 1a0 netdthendoadi t ch
el ement i s connected between both ends of the on-resistance R11. Then,
the si gnghangnelesmeninlis added tothesloagutivenit 28. | ent |y replaced with an
oscillator 1l4a generating a rectangul ar wave signal of 10 [kHz] .
corr &pofﬂﬂ% Feg.akB dpeaicuiuic dmaraincarodeledfograimudatioh 60i4h [reEpedtt tofa Fi gs.
2A and 2B shows a sinulation result of a load current |Ii by use of a
circuit eimowt showngin g Bidg. arxd\ theowsha sainmilcatle as refsrdetl ¢ ditvait oad
current li in a state where the optical comunication signal Si is 25

st opped, cangonentavel Rige 1Blcoerespohlimg tmdireuitr @hpdhents &Pt 1500 T .
Fig. 23

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 R11. 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 R12 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 S1.
[0041] Each of Figs. 2A and 2B shows a simulation result of a load current
I1 by use of a circuit shown in Fig. 1B. Fig. 2A shows a simulation result of
the load current I1 in a state where the optical communication signal S1 is

25  stopped, and an average value of the load current I1 is about 500 [mAl. Fig.




2B shows a wave formchart for the load current |i flowng to the Iight
emtting diode LD1. This wave formchart shows the | oad current Ii

nodul ated by alternately switching a connection-state where the rectangul ar
wave signal of 10 [kHz] is outputted fromthe oscillator 14a and the
resistor 5 R12 is connected in parallel; to the on-resistance 111 through
the swtch elenent 2, and a non-connéection-state where the resistor R12 is
not connected to the on-resistance R11. Here, the load current |i is about

600 [ M\ aBeshowieaswhiefosheRalt f# it RMd ehRRn@Ni ﬂ'advi'hg_ /P [ mA]
1 on

when the switch element Q2 is switched off. Then a nodul a wav orm 10
which i g e | > ol ) . . S i ded.
anldci tlssa‘{/rgirtg%ggaé%ent i'gpkept V¥o aboutC 0%1%?%%?\?9%}}90%0?%@53%?@??; hg

I ; . ¢ - ol cati
ofgnal (s PEuBTET ARy <l @bhotish B At RBN GR nERTIF O e
2 Furi . ) N . ! 10 ) ‘ved by )
20 havi ng S pisal pEIOTRERS: Rt Bl Bt 3t peflfiut 115 R s ibidet veen an
obti o1 qitlt Babefteoit ERTENEL A chporchieiSBnet iLh homal gha Wi
thereby the receiyer receives the optjcal, co ni cati on Si n}al. The
recei ver Eﬁﬁe%gt Fo DY OReRHAR St tey TUeLe;. el’l'eéF?ttO%yRégplsyPﬁb such a

met hod. [0043], As expl ai ned above, the illumnating |ight comrunication
device 1 OB?e%tﬁ@ %r@ﬁ&ﬂ'r@%@dﬁcﬁgﬁﬂ-coﬁﬁﬁ dbg lopd cusrrntabk icabewin€0@ our ce
11, the m)(it h'bng qi)i@rcui_t (conprising the snoothing capacitor Cl1), the
| oad ci ri@ﬁ whenithe pyighcelameateRensmwitchedon, amid thabpeidf0 024l The
smoot hing 25 circujt and the load circuit 12 including the light emtting
di ode LDWhegnetherswiteh glament Q2 istsavitehediafl.of Thew acond ubatiorcwaveformour ce
11. The | oad change el ement 13 partially changes |oad characteristic of the
| oadl@i r silizeh ig fartbfubtd the aptied] commmenicatidncsignal S1]2anThe psevided, el ement
2 determ nes whether or not the |oad change elenent 13 is added to the
| oad ci r goiltitsl@vdanage current is kept to about 500 [mA], which is equal to the value
of the load current I1 in the state where the optical communication signal S1
1s stopped.
[6042] 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




5 accordance with the binary optical comrunication signal. [0044] Thereby,
the |l oad characteristic of the load circuit 12 is changed in accordance
with the optical communication signal, and then the |load current flowing to
the light emtting diode LDl is nodulated faithfully with respect to the
wave formof the optical communication,signal. 10 [0045] By the way, in the
sirmulation circuit in Fig. 2B, a change caused by the | oad change el enent
13 is added to the on-resistance 1111 constituting an equivalent circuit of

the |i ghteopiebfedn® Hicospulbf th@‘ﬁﬁﬂ@ﬂant%‘(ﬁli’eﬂtf sduliBe QNG el l%a&%%&ntgﬁo a

vol tage val ue of the Zener diode ZDl, the load current Ii can be nodul ated

as vell agetdfit a8SSalthaty apfngémaa d'gh?.—ﬂr?g%‘%%ticooftﬁfé RAd dire i@ﬁb%ﬁgﬁe R11.

t
[ 0046] (Enbodinment™ 2) An 1llumnatin t communi cation device 0

Enbodi rrez:feélgg ;%nio‘f%if It(ggﬂgglo‘iﬂ]idt Qir[:ﬁlfteiﬁ.gcﬁ‘r’rltsﬁ§vﬂtgﬁ' el%éleﬂ{?g?a ge{:eir%iin%g‘, i an

circuit _ lum nating | communicati ofr device
(nen e RIROF S 4o nk SR 1y SOBORE 0 Bt i e
Enbodiment _1,. and t. xplanation i.s omtted..In .the, present enbodi nent, a
pl uraPi t y6¢ dlainﬁﬁtmgﬁitﬁ? !%H‘barérl %é%allfﬁ?lﬁﬁﬂlcﬁt]roé’sﬁ’lgflﬁ}' R12 are connect ed
bet veen b eqds. of 3, smoothing 25 capaci tor, Cl1,. and 5, swich ef ement Q2
accordance with the optical communication signal, and then the load current
flowing to the light emitting diode L.D1 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 R11 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 I1
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. 3Ais 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 |oad change el enment 13 conprises the
resistor R12 connected in series to the plurality of light emtting diodes
LD1. Then, the switch elenent @ is switched on/off in accordance with the
optical conmunication signal, and thereby the | oad change el enent 13
achieves the 5 sane effect as when Io?g characteristic of the diodes LDl is
changed. [0047] Fig. 3Bis a circuit dragram nodeled for sinulation with
respect to a circuit shown in Fig. 3A and then the sanme code is referred

to circuitheGRRIQPLMIS. OTH Ty the BoaAd® cheG SO 8RN 23 Wonttite CHPANEHLS Of
Fig. 3A. Also, in this sinmulation circurt, the light emtting diode LDl is

equi val erg1y cddnded ¢ 86ribk tH tHe §ﬁ£ﬂa?ﬁy%k‘u%%ictemi\eﬁh%misaé%mes 'Ebheﬁ?nef

di ode ZD11 havi ng a constant on-voltage and an on-resi Istance R11.°Tnh ]
ddi tion, . | o o L . e with an
osci 11 at ap® ShRER, cpRRGa02PD, ShiHeh ddolCiuf dbarlaal ittt PhE i) |

| l.cal ' | ' | . 048] .. A simul ation
rosul t oo afotihif O HEPHY Thi Wh P NG, Floand, LEA R o "3
becongs %gﬁﬁer%&ttavgt trfe Ryl atﬁiont.re Itdof Fi .2A and 2B, and the
oad tiief A hen Mubehmattonttic 6f the digdes L& Shitreed:
cgﬁTmn:J(r:r ' I%j.lsr%;Si i.s s{\'l'[l?;&’]:d. Th een .the 10 [%ﬂ] rect angul ar
wave Ssi gié\(i)fﬂs ilgrp 84 FEH aé&ﬁ?‘fr‘bﬂl e L074 §t]PHeW§%t1ie§B?thﬁ9rﬁm- 20
ni cation signal, Si, .Swi_tch eégrr@nt @ is switched on/off and thereby

th
the resi SiEGHIt showngiy Hige i34 ap N bhe feme codects referyssk ko ¢eRMkind t hen

the current |Ii flowng to the light emtting diode LDl is_nodul at ed.
Ther ef or 8omponents of I¥ 1% 3B correspo%ding to circul% 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 S1.

15 [0048] A simulation result of the load current I1, obtained by using the
circuit of Fig. 3B, becomes congruent with the simulation result of Figs. 2A
and 2B, and the load current I1 is about 500 {mA] in a state where the optical
communication signal S1 is stopped. Then, when the 10 [kHz] rectangular
wave signal is inputted to the switch element Q2 as the optical commu-

20  nication signal S1, the switch element Q2 is switched on/off and thereby the
resistor 12 1s short-circuited or opened between its both ends and then the
current I1 flowing to the light emitting diode LD1 is modulated. Therefore,
the load current I1 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




the load current Ii becones about 600 [mA] when the switch elenent @ is
swi tched on, and becones about 400 [mA] when the switch elenent Q2 is 25
switched of f. Then, a nodul ation wave form which is faithful to a change
of 26 the optical comunication signal Si, can be provided, and its
average current becomes about 500 [MAl,. which is equal to the value of the
| oad current |Ii in the state where thé optical comrunication signal Si is
st opped. [0049] As expl ained above, in the illumnating |ight communi cation

devi ce 5th@ @.%tléﬂec@ﬁm%aﬂahogﬂgﬁ%mtsﬂB&nlbegmmemé&I@ﬂdditgdﬁvéf%eand the
resi stor of the load change el’ement 13 are connectéd to the conStant

current %%'fé&ﬁ: Bdoor?td abB8t 00 KRAE! &R i g%i%fme%alﬁ%ebf%ﬁe Qbadot the

resistor 1112 is added to the | oad circuit That oad c ange

I t ht

gmetrrf |n ng g.r [1)%%19_0& Ete{jﬁrﬁ%gé% 1&91 r?rgleﬁr%lt?l g@@f% ?\'legt9 eggﬁ)ﬁj egr al | el

t th 1 h t

vvhoet hgr r gébi%]or 5 %( rleedén?e?f ‘% gfll S a(%iaﬂ]gu}agligﬁggﬁhﬁmﬁ}l%fagﬁfg&&dﬁ‘gst hus
the | h ct t ht tt b h d

e cor handd i B EReS frBaalfSntn e gl e ttag 1T b bGesitPene can
be m)dul edf i t.hfull hllSreigect totheé(vaveformof t he opti cal
communi ¢ E ‘? }%’6’(591‘? e iR caynected t FPP%ﬁ‘rf'inriia‘f‘frﬁ@nT i ght
ZZ”?‘&”QE?&&?&.?”' AR °d1ﬁ”ew§a”t desorhion ¥ bt hanArceotTBegReister pr sent

enbodi nent. is dlfferent in onIy a configuration of the | oad change el enent

13 from B3 19 pddedhieitAg lergrmiraBimhiai dhatos db@l gad xhange Hement el ai ned
in the Enbodinent 1 or the Enbodinment 2. Then, !gg the | oad change el enent
13 and t hempyisee hhe resisior @cwmecmbvmsmeﬂcg@le light emigingdtbdetliBi, parts
are omtted.

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 1s added to the load circuit 12, and thus the load characteristic

of the light emitting diode LLD1 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 explaiﬁed 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




25 [0052] In the circuit of Fig. 4A, a diode D21 is used as the | oad change
27 element 13, and the diode D21 is connected in series to the |ight
emtting diode LD1. Then, a switch elenment 2 is connected in parallel to
‘the diode D21. When the switch element @ is switched on, short-circuiting
is generated between both ends of the i ode D21 through the switch el ement
5 @@ and then the diode D21 becones not to be connected to the |ight
emtting diode LD1. On the other hand, when the switch elenent Q is

swi t ched gléfnent N3, diril ehdAlodte DPTES EshRtedineeiRE footHdHeht @Riit@AEt ti ng
di ode LD1. Then, the switch elenent @2 is switched on/off In accordance

with the @ipdé ¢ad1.COTHRMI £8WiRh SbaRMk @ is B6thddBed 8P YatiiRel RAtheCdBAEE

el ement 13 achieves 10 the sanme effect as when | oad characteristic of the
load cirgups 1 ONPIHSI i 1§t i,qde. L i r

Ther ef or g},m%s g‘ﬁn ai rllieetsj S?ﬁtc{}ph%wéﬁggﬁi %g]n%sts S%g%‘rilfga&gnt %0 %gﬁt}@i&%r{?
flowi ng t 1 B b 4D i e d i ly.with
respect tg%lltteﬁgte\f'\l/ave fe%?fn%’ (]i;)ﬂrh ?Iﬁ(gé gﬁﬁﬁﬂ %3} O%%%nflgéﬁggﬁ&% %%Q'FL'H@E%BE,S]
Then,

in i it of Fi a Zener, di ode ZD2 | se t he .l oad
chang? ol QAgnt thEH chedlofl Bar oo SR icpb S Efittad o M ReBEotBind ™ e
light emf{tin io 1. .Th SW t el epent i S~gonnected,i
paral | el dil%a%ﬂ‘ Zen ]?Itg? 8&er§€ﬁ9‘iﬁ"g‘8{ﬁpﬁ Sf"ﬂg&p?lg t %‘? F%ﬁ‘f"ftf’ﬁ?ﬂé’%m t ch
el ement i'S. SW d on/off in accordance wt he opt. cal.. co ni cation
20 si gnalgﬁ%i éloaﬁoﬁ%ﬂgt?e%?w?h@ :bSa‘EPDcIWéE t%l‘g?eﬁghif?l%’gﬂi"gv@@ ane
ef fect as_when | oad chagracterjstic of the d circuit 12 conprising the
i ght et thay Ghe SBae b aamest @?awgwtcmﬁlwe%@commwﬁhéb@rvpt@a cuit, a
nmodul ated width of, the load current i flowng to the light emtting diode
LDl can lkemaaupicptign;signabShyand therslonths loadzehanse elemegd b} aehieveener
diode 25 zD2. 28 [0054] Then, in the circuit of Fig. 4C, a therm stor
resi $® anthe RAmS effept s whentead charadtarigtic of shedead gircuiidl2 bemphising st or
resi stance Rhl is connected in series to the light emtting di ode LDL.
Then, a thetlightetmating diodss Idbhne chedged. pdharéfere,t as tekplained nins thor
resistance Rhl. Also, in the present 5 circuit, the swtch elenent Q is
swi t ched Fombadifmerts acenddinde lvathcurent fliomdal tootheuhighatimttisg giede Si, and
t hereby the | oad change el enent 13 achi eves the sane effect as when | oad
char act eLil¥k ¢an bé mhddulaced! faitkifuliyt with eeppei & tig Waee foghtof €he bptiagl di ode
LDl is changed. Furthernore, in the present circuit, tenperature

char act ecodhignieationsignaien a nodul ated | evel of 10 the load current Ii
flowing to the light emtting diode LDl and tenperature correction can be

addegs t o[00B3] "PHeh Arethd &¥edit 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 1is switched on/off in accordance With- the optical cbmmunication

20 signal 81, 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 I1 flowing to the light emitting diode

L.D1 can be easily adjusted by selection of a Zener voltage of the Zener diode

25 ZD2.




[0055] Then, in the circuit of Fig. 4D, a parallel circuit conprising a
resistor R13 and a diode D22 is used as the | oad change el enent 13, and the
parallel circuit is connected in series to the light emtting diode LD1.
Then, a switch 15 elenent 2 is connected in parallel to the parallel
circuit. Also, in the present circuitygthe switch element 2 is swtched
on/off in accordance with the optical comunication signal Si, and thereby
t he | oad change el enent 13 achi eves the sane effect as when | oad

char act efpes4lc THen! e the aftcait'cf Wi, 42, e GhBFMSSt08 rédigtdriceRh BN hkddgs di ode
LDl is changed. Then, because the 20 parallel circuit conprising the

resi stor tRdJoaddhkhbe dlaontD23, A5d $APRBREFADhY réfbifite Phi Recdhsittegm LTI NG
di ode LD1, a nodul ated width of the load current Ii flowng to the |ight

eni tting;fi Qa3 tkanidig @,ﬂm&igeg%%é_@tma%%é] Q)ﬁﬁ%ﬁl%‘i&ﬁﬁﬁt B2

resi stance value of the resistor en, in the rcuit of

Flg. 45 BuRBlbAInTlaHbl 1 AIPALISA TRRLAhY RIS RIBeanh halhadenPP? 1o

used as t ange el enen € seriles

connegted. j.n..seki.es 1.0t | i ghhoem ttin i od D1. The a switgch el enent
@ cotinlindr il demeringe R Shittted PUBKCPY agrdneE SFith, i o
present circujt, the sw.tch.el t I.s smwitched gn/of f in accorgdance

B tht he OBHERL EpmERRiGAT RS i ERAL Sqnanasiorii thAdpas, Haneel daieatatie

el ement 5 13 achjeves the,sane effect as,when |pad characteristic of the

| oad ci r 8GM1EVES LAG RS ieﬁfﬁc? /& ‘P’Lﬁﬂﬁ"%ﬁiicthﬁirﬂﬁtem%’&eo{%? f%actﬁéﬁﬁ’édl.‘? Then,
because the series circuit conmprising . the resistor Rl3 and the diqde D22 is
connect eBORTiSIE dhe ightyemyttng dyw{]et Lh?ngdF]é@égeL‘bl,F‘éfthBH@Pﬁ%e@ Wt h of
the load current Ii flowng to the light emtting diode LD1 can be

adj ust edPresent siagip, dempgrapirgghasacienistisican be sivemom erodagdnted Isvel pe
resistor 113. [0057] As explained above, in the present enbodinent, the

| oadl@ hableeleadestment 21 flomingdedhe lighisamittingolliodgd.R1 madi tenapsynitare
conprising a constant voltage el enent (for exanple, the diodes D21, D22,

t he Zenerowteoiden ZB2 beculvedctoddhei modulited levelt he i ght enitting di ode LDI1,
or an inpedance 15 circuit conprising a resistive elenent (for exanple, the
resi st or [(REB] Thentivetin drarit of Figt4dce pRd119] drovitcomgrising erreststdio t he
light emtting diode LDlL. Then, the switch element Q2 is connected in

par al | el RlBearabadéedeDER2dsetedeisihrnlivad @hadge ctémeint 13send ithe pafrN&IS]

Ther eby, when the switch elenment 2 is switched on/off in accordance

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 S1, 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
I1 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




20 with the optical comunication signal, |oad characteristic of the |oad
~circuit 12 conprising the light emtting diode LDl is partially changed.
Therefore, the current flowing to the load current 12 can be nodul at ed
faithfully with respect to the wave form of the optical comunication

signal. Then, in the present enbodi ne various circuit elenents or their
combi national circuit 25 are used as the |oad change el ement 13, and
t her eby nodul ati on charact- 30 eristic of the load current Ii flowing to

the di odeikdult bRl MSicdtbs QMR A HIFRMAGIHENbIALDY IThadli Nakitel | i ght

comuni cation device of Enbodiment 4 7s 5 explained with reféerence to Figs.

5A {0 5C.cldeht QEisNBhnBetel 18ty BRI %atslocf@hgﬁaﬂg %Quﬂf Wi FhRAEN!

enbodi ment is different in a configuration of t circuit romthe

Erbot et oot Eokuit B fiehiAewBY R i B lRhed oty B ARG b bl

Enbodlrrentslto own in

conmuni °3h Oagjtﬁc%y'csﬁn&{}ni)at}o%l %f?]} %ﬁ)ﬂéenﬁ thad @g@f 385,18,58L1 es

clrcult C rrpr|S|ng ap ur a 1% rﬁ Ilha H?f gngﬁl %@ﬁﬂgcted in
t m I N

ironet. (1 SUFRLEDNHhEL shedbor fqaﬁdzadga#&wq& AR
S O

smoot hi ngCERSERE GhechERY e “eq&%a“ ED Chahanes e Thing Peduieen the

present circuit, a switch. el conne (gl aral lel to the | oad
change eFBHERCITFYIL qRPTISingt ffsé °§I and Cél 0@% Zhisgeasmyested im
accordance with th communj cation s and thereby currents

F oui g BerieRE Fhﬁﬁgﬁ@%hﬁ?qmg bl ot miated wigths wédr srdkiumentiel | as

t he Enbodl nments 1 tq
I1 flowing to the light emitting diode LD1 can be adjusted, for example, by

10  adjustment of a resistance value of the resistor R13.
[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

156 circuit comprising a resistive element (for example, the resistor R12, the
thermistor resistance Rh1) connected in series to the light emitting diode
LD1. Then, the switch element Q2 is connected in parallel the above-
mentioned constant voltage circuit s-ection.
[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-




20 [00601 In addition, in the circuit of Fig. 5A, the two series circuits
4a, 4b conprises the plurality of light emtting di odes connected in
series, respect- ively, and are connected in parallel between both ends of
t he snoot hi ng capacitor Cl1, but each of the two series circuits 4a, 4b may
conprise one light enmtting diode and 4she nunber of light emitting diodes
IS no object. 25 Then, the two series circuits 4a, 4b are connected in
parallel, but the nunber 31 of series circuits is not limted to two and
can be sefrigiff dfosballosd @AM I1THEGRin dgfhﬂbﬁdﬁ)tiéqml cfh bel fjudd. bot h of the
series circuits 4a, 4b are connected to the | oad change elenent 13, but the
circuit ifgopgt limted to such a configuration. For exanple, as shown in
Fig. 5B, the series circuit 4a may 5 be connected between both ends of the
snoot hi NgEeHNAG] 11 without the | oad change el enent 13, and only the
series c??cuit g%%%é% be connected between the both ends through the |oad

change el ement o2 nThenSY R} o ug%?a{c;mf%@?&et% RAALRPl g the

| oad change el enent I ) gn/ oLf
atlon na t ere t he

Lﬂr?Eﬁfr??ﬁ%%ﬁéﬁﬁﬁtbﬁ%fﬁ%ﬁj&#% ﬁ%‘*“h ies h%talagge@@ yé ne.
nb f tt t t he l.0a ange ele an t he
number ofifdt dgﬁcmdﬂ@fﬂ'reﬁaﬁ%ew[eﬁa Ui 1§ SHTEH e SIGHERR A0%my be

h a dul ated | evel
ZleJ\[/ eﬁpf Lgp Lhat 8!%% IclpngtrlteiBO Ehe all&]%?lclifl:lglilg r]lghstuccomrnslllﬁcargl)o:&J dev1ece 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
i0  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 [0060] 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




15 [0062] Then, in Fig. 5C, a | adder-structured circuit is connected

bet ween both ends of the snoothing capacitor CIl. That is, the circuit
conprises four circuit blocks connected in series, and each of the four
circuit blocks conprises a series circuit conprising two light emtting
diodes LDl and a series circuit conpriging two light emtting diodes LD2.
These two series 20 circuits are connected in parallel. Then, the |oad
change el enent 13 is connected in series to the light emtting di odes LD2

of the cidfeetiesieakslioaat ¢nitdd 3otV Sidlean BOdet btiswhltgh el ement @ is
connected between both ends of the |oad change el enent 13. Here, the swtch

el ement QBogel aHEN) 95 tHRetiRalit OF FI8t 54N @0 wg@ thO30HBs &l t%i% 296

exanple, a 25 resistor) is added to the load circurt 12, by being swtched
Toff | : i oal . . : :

On oF . BonBZcRAGHBGE Whifed Dl PR AOMTCER LR SRR iFbuh

o o S cortfiiiation” | B AR WONEowh i3 it I (R, Jel A PANE A mb 0"

conmuni cati on device 1 1 T €Sén nment;, "t

cet o 8 "3 S Rphe ol bl i S SRR E TR Bt et gy e ! oo
conmuni cat i

i pn, Si %nal. Thgbgjfbore I(i)a characteristi¢c of the load circuit 12
i s parti &139 CBABRG&demRD rH%h O8I thR RSP T 4k e hecsanmsted gnal |
as well as,the Epbadinents 1. to 3, and thereby the |oad current flowing to
t he |igh?9&%e%%tggﬁ?fﬁg§% throp tﬁ%ﬂeflét@@nﬁ%&i elgmenty 13y  'Fhe sapseh to the

wave formof the optical caonmunication si ?nal. Then, because a nodul at ed

| evel of gl%e%é& 18 seppasteddn pradlel ke the lond elhamen elgmentold.iand themwn of
the light emtting diode, being a load in the present device, the

confi gur B¢ diWiseh ehempn 2 dei switahedi axdeff nimy apeordenee tweithi the eppisake to a
desired nodul ated 15l evel . £0064 Then, in each of the circuits of Figs 5B
and YT, eopmumaicatignosigvel il and ciliersby | thad cuirendi floyviegnor ithe ngghe | i ght
emtting diodes are connected in parallel between outputs of the constant
current ewutterg Mipdend.D2as| madutitadge THempaihe h@nded ohéighni émbttalgenent Q@
are located in at |least one of 20 the plurality of load circuits. [0065]
Thus, bedmdse thheudlotht tizaihgen rafecstenient3l 3aaad the nsivh bahofdl giesahit@hgar e

| ocated in at |east one of the plurality of load circuits, total |oad

char act edioglies cwithoubetheotbadathandy dlbmeat B e haseGpprbstihtel9fint he | oad
circuit in which the | oad change elenent 13 and the switch elenent 2 are

25 | ocat gfbponse 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 C11. 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 D1 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
connécted in series to the light emitting diodes 1.D2 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




33 [00661 (Enbodi nent 5) An illuninati ng |ight conmunication device

of Enbodinent 5 is explained with reference to Fig. 6. An illum nating
| i ght communication 5 device 10 of the present enbodinent is different in a
configuration of the load circuit fromthe illumnating |ight comrunication

device 10 which was explained in the Bppodinments 1 to 4. In addition, the
sane code is referred to circuit conponents corresponding to circuit
conponents explained in the Enbodinents 1 to 4, and the explanation is

onmitted. ddof@NHEE with showptical Eo@m@nichtibnidifhl St | TheldBR &GRPEREY cation
device 10 conprises a constant current source 11, and a snoothing capacitor

Cl1 Conna@@xeihéilﬁiwﬁgbﬂéﬂiﬁm’@dﬂfdefsflﬂ)fpﬂBE%h BeloBiatequr ce 11. A series
circuit conprises a plurality of light emtting diodes LDl and a | oad

change cl[e08a} ASaxpRlised ARl s, Gl e LIGOMRALRES: S PLitnBhddhitafibyl | ONE

emtting 15 diodes LD2 and a | oad change el enent a serires circuit

conpri seji& i 4pahs {t%ee %e%@bnﬂﬂﬁdﬁﬁaieﬁg, o %@vﬁt&P@le%Qnta q% ?%F%rllrglgl%% | el

el ement 13c. Then, ree serres circuits are connec

el v, BORMENYS . RSoRTRRL UL OLRRE 1 O RS BRAE DS,
e 11 ng U B8 ss s pRlbChl et ot ERF cariel YpmepeRintin,sibnkn, o
ol erent & THSReroF ot Ratasiaefly GEe \WhY QifEH SorerBiaiCpRsnEgbin 2o ar e
swi tched on/ of f 'nvgggf)rtgance W th optical conmunication signals Si, 52, S3

i nput t ed APYN2PEC si 8nOPECAH N Conppicationa signed, agacwalbspactheel y.
34 [006%1613?%@6’ when the light em tting diodes LDl are red light emtting

di odes a menfigt Lot o il dherrly the lend gwent |flapnge e tthientight odes
and the light emtting diodes LD3 are blue light emtting diodes, the
swit éh erEHERRE dipde capbe wpdulpted faithfnkdyl with sespdch tadbe rviave Bormk b
individual 5 optical conmmunication signals Si, S2, S3, respectively.
Ther eby, theiopticsl gommpenication signal.i heat, deresubavi mpdudateduevelvs shen
colors are nodul ated. Then, if a receiver 20 can identify color
t enper at Urask cofrrdritgleanobe padjueted rigmchhaging unmicoafigngatibghsf ¢henlipheat i on
device 10, three kinds of signals can be received w thout interference.
Thus, aneomtting diodsdmingablead i ohewireemt device, the configuration of the
light emitting diode may be selected in response to a desired modulated
15 level.
[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.




10 with the optical comunication increases threefold in conparison with
one-colored light emtting diode. [0069] As expl ai ned above, in the
illumnating |ight comruni cation device 10 of the present invention, a
plurality of load circuits (series circuits 4a, 4b, 4c) are connected in
paral | el between outputs of the constaat current source 15 11. The
plurality of load circuits (series circuit 4a, 4b, 4c) conprises the |ight
emtting diodes LDl, LD2, LD3, respectively. Then, the light emtting

di odes LDBpeéP2, LD3 have different em ssion colors with respect to each
load circuit, and the switch elenments QRa, Q2b, Q@c are located with
respect YEnafs¥dineddd)circuit. 20 [0070] Thereby, the switch el enents Qa,
@b, Q@c determ ne whether or not the | oad change el enents 13a, 13b, 13c

are added to t liAachin | §:Sqe 1 i-yal : q@% i.stic can
be nodul ated w't 1r gg})lggtml ohgggh I g%ttdléé%(ﬁ id-ngg I 8ge g@?%ggﬁﬁflger ent
em ssi on 0 0 - i ght itti di;odes havi ng vari ous
em ssi on ecgag%(sadﬁﬂhbiégt?r%é&fﬁeaﬁoegqg’nb2S%cgﬁ%m%%qﬂ&om%lﬁcatmn
conmupi cation $j S,. respectiwvel.y. 35 .[.0071].Then, if the regejver 20
can i entﬁleylfecgq) g’? %hlg rﬁreelsﬁgﬁ lﬁ&boﬁf‘xﬂe’%ﬁ? ﬁ‘iﬁd BY % FQj}ﬁWé‘t}% At i ng
light co icati devi ce, 10, thre inds of signals can_bhe received
wi thout  IHRGFFERERen e dliminating ﬁgﬁﬁ COmaATRICABOR deties AOTEIEDF B
optical co ni cation_jncreases i.n conparison.5 wth one-colored |ight
em tting®¥P %‘?‘g E‘éég%}énen%h@%ﬁ%&tt%%- fn ai&tm, the gamestodads F‘P@Fﬁ”e‘?
comuni cati on device of Enbodinment, 6 is explained with reference to Figs.
7A to 7CtRRHCRIgOMBNeHE presnending (o ¢ricHit sorapenepts explainedcia flon devi ce
10 of the present enbodinent is different in a configuration of the | oad
circuit HEmbediments Lig handthe exnangtiominonitiedn devi ce 10 whi ch was
explained in the Enbodinments 1 to 5. In addition, the sane code is referred
to cl® cul@06FdnPerderan tofiesothl Hiuminating lightoompomeitatiox dbeicackDd i n t he
Enbodi mrents 1 to 5, and the explana- 15 tion is omtted.
comprises a constant current source 11, and a smoothing capacitor Ci1
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 D2 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 C11. 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, Q2¢ are
connected in parallel to the load change elements 13a, 13b, 13c, respe-
ctively. The switch elements Q2a, Q2b, Q2c¢ are switched on/off in

accordance with optical communication signals S1, S2, S3 inputted from

25  signal generation circuits 14A, 14B, 14C, respectively.




[0073] As shown in Fig. 7A, the illumnating |ight communication device 10
conprises a constant current source 11, and a snoothing capacitor Cl1
connect ed between both ends of the constant current source 11. A series
circuit 4 conprises a plurality of light emtting diodes LD 1 to LDS (that
s, 20 for exanple, eight diodes in prgsent enbodi ment), and is connected
bet ween both ends of the snoothing capacitor Cll, and then a switch el enent
Q@ is connected in parallel to the light enmtting diode LD8. Here, a |oad

circui.t iloopspIeste, aPhod RNighs driRtHe HRRleS! LDYI hrd réli Kohi entigAngcted in
parallel to the smoot hi ng capacitor ClI and conprises the ght emtting

di odes LIMio8&s grd IEE@II?H%%&EIB% dib@Y 1.7 Ehre' Adefl ].%ﬂ én@%lt R&1iBdedaRgr t of

the load circuit 4 is a | oad change el enent s connected in

parall el i@ h?ﬁt %‘Mﬁﬁﬁge&ﬁﬁﬁé‘tm% Jeogflﬁ Heh9: erh BEIP WEo b sCithE Uiisdh 297 am

nodel ed for l'ation-w th
elements Q2a, Q2b, Q2c are sw1tched on/off in accordance with individual

5 optical communication signals S1, 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 pluralitj‘ 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, L.D2, LD3, respectively. Then, the light emitting
diodes LD1, LD2, LLD3 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, Q2¢ determine whether or
not the load change elements 13a, 13b, 13¢c 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

26 accordance with optical communication signals, respectively.




to acircuit showm in Fig. 7A, and then the sane code is referred to
circuit 5 conponents of Fig. 7B corresponding to circuit conponents of Fig.
7A. In this simulation circuit, the light emtting diodes LDl to LD8 are
equi valently replaced with sinulation devices which are previously nodel ed
after characteristic of the light emtdijng diode. [0075] Fig. 70 shows
simulation results of a load current I't 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 vioere] tFieempifl tid reeaWEAi FRChANidRndTR! colbr t8niPc?RPeRs bOEGE Wien a
rectangul ar wave signal of 10 [kHz] is inputted to thé swtch elerment @ as
the opti caltpaOEIURbEARO N EhaNRinSlight oMb hfd+RnedBAte 8. tBrebIknlkt ched
on/ of f and Fhereby det erm nes whe hgr or not the :nlg t ee(irﬁg’c tl?rr?g dllﬁo e LD8
i's added drosibhgld 02l Kd kettibed ZyithPH: il e urrent
li 1s rmduIa:tl ed. Wen tﬁe SIV\?tgvﬁl e%mnﬁi@eﬁgg’swﬁ‘pg@e%ﬂoﬁhﬁ %@%I%Sd
current lj; 7 [ . oqa n.the swtch el enent
swi t ched o*t? m? @?@ggﬁéﬂr‘ggcr}ﬁ Hﬁw leg%nmﬂgﬁgﬁ%ﬁﬁn Slgﬁgﬁaﬁﬁf JOTRRFEPapiRan
currept is: L aked Jfaisthfully with respect to the wave form of the
opti cgl (%lﬁgu%%i%ccg{l?%ﬁ Iégkbtneéptgﬁl,gm%]r?aet hen its average current is generally
equal to_@&?@/erage current (about 500 [mA]) in a state where the | oad

[

@ is
20 | oad

current nodul at ed. [0077] By the way, in the present
enbodi mszk }t Eie series circuit conprising 25 the light emtting di odes LD1
to LD8 i B Yet ween both ends of the 37 snoot hi ng capacitor Cl1,

but the circuit is _not |limted to the above-nentioned configuration and may
be a confi gur af¥oAllupdpAting heht apmmppication devies of Bmbedimenti6 dnit 4a
conprises a plurality of light emtting diodes LDl, and a series circuit 4b
conpr i se§Xpigined ayvithy referengghito cRiast i Ay tei deend Pigs. §Aecandt8B. seki es
circuits 4a, 4b are connected in parallel between both ends of the

snoolhi ngllempaatingrlight commuwication| daveert 1Qpof the prasutteembodpment il to a
light emtting diode LD2 (for exanple, one diode in Fig. 8A) constituting a
part of tdiffereetiipsacionfiguradibn dinthehlmde aseuitt frem ol ilharigatialgelight 13 is
the light emtting diode LD2, connected in parallel to the 10 switch

el ement @@mniuniadtibhidevicd B0twkichi wasicxptdinbildn i EnflediMenserli as5circuits
are connected in parallel between both ends of the snoothing capacitor Cl1,
but the hwatdditiai, theesases bede ki veferrkd th2imalt ¢dmMpbshts@orMipanditafy be set

optionally. [0078] Then, as shown in Fig. 8B, a |ladder-structured circuit
may be 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 emifting diodes LD1 to LDS8 (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 L.D1 to

25 LD8. Then, the light emitting diode LD8, being a part of the load circuit 4,




15 connected between both ends of the snoothing capacitor Cl. That is, the
circuit conprises four circuit blocks connected in series, and each of the
four circuit blocks conprises a series circuit conprising two |ight
emtting diodes LDl and a series circuit conprising two light emtting

di odes LDl. These two series circuitsgare connected in parallel. Then, in
this circuit, the 20 swtch el enent Cﬁ is connected in parallel to a part
of the light emtting diodes LDl1 (for exanple, one light emtting diode LDl

whi ch beligngdoa® chaaRRueRegertl 18hgndi @htorsicdedd iRhBasMdICth heBMtckR is
swi tched on/off in accordance with the optical conmmunication signal Si, and
t her eby lpadepp@o acteristic of the load circuit is nodul ated and then the
| oad current is 25 nodul ated. 38 [0079] As expl ai ned above, in the

i11um nafhegy]l ipght 73%'15'6%@%%&8& eﬂsgﬁgg x#n?%%{edtfﬁi?fsﬁlﬁﬁga&‘ n gre{‘g?gé . the

|l oad circuit conprises the ural 1t em e} orinected in
series, . SWiil n 1S C i ral l a.part of the
orur a1 00 btful Urith B HET AR RECL Bl DR HarEhel dotiBRl 71

di ode.itself, copnegted i arallel,.to,the switch el enent is the | oad
Chanck orampnpetlE 6L e, 18 BRkSnoRng t6 kil botuShl vt e 18 1 1R arode
can be ul ated f.aithfull ith respect to,t \Y; rmof the optical
comuni gﬁﬂ}soﬁ,l.mgﬂ@{}gp cingiyt, %%‘%Aﬁlﬁg‘a legﬁﬁn%fh%deﬁg(;&) ﬁﬂmé)ﬁrﬁ e‘i‘l‘?é(af%’ég’ change
el enment 13.. 10[ 00811. ( Enbodi nt 7 n.illumnating |ight_ cgmmuni cation
devi ce oFe@ﬁﬁ%‘iﬁ ﬁl&uﬁgﬂ%& 31%@%@6@&#@#@?7%&9 fﬁbocgqlgd adter GhatAe
circuit of Fig. 6 explained in the Enbodi nent 5, each of the plurality of
series cF‘ieé‘Eﬁt%cso%?ﬂigkst@n%tﬁ’élgp@@ﬁa{ ity 15 of light enitting diodes and the

| oad chapge ?I ement, and then the series circuits are connected in parall el
bet ween B%I’?ﬁi el B(fl gheavss ﬁﬁ@p}ﬁtﬁgﬁl results of a load current I1 by use of a

10  circuit shown in Fig. 7B. In addition, the load current I1 is set to be about
DC 500 [mA] in a state where the optical communication signal S1 is
stopped.

[0076] When a rectangular wave signal of 10 [kHz] is inputted to the switch
element Q2 as the optical communication signal S1, the switch element Q2 is

156 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 11 1s modulated. When the switch element Q2 is switched on, the
load current I1 becomes about 700 [M], and then when the switch element
Q2 is switched off, the load current I1 becomes about 300 [mA]. Thus, the

20 load current is modulated faithfully with respect to the wave form of the
optical communication signal S1, 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




capacitor Cl1, and the switch elenent is connected in parallel to the |oad
change el enent in each of the series circuits. On the other hand, in the
present enbodi nent, as shown in Fig. 9, series circuits 4a, 4b, 4c conprise
a 20 plurality of light emtting diodes LD1, LD2, LD3, respectively. Then,
these series circuits 4a, 4b, 4c are nected in parallel between both

ends of the snoothing capacitor at is, a plurality of load circuits
(series circuits 4a, 4b, 4c) are connected in paral | el between both ends of

t he snootdbgthiagagapavitoel C11Tham thedcirbaht iemdtt lingited ogeshar ghased as
the light 25 emtting diodes LD1, and green light emtting diodes are used

as the |igbhtiod8d ehhkupStich QFRS e ANl MR aticAhdAM ihITRE. géngﬁ are
used as the light emtting di odes D3 That s, light emiting es have
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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, 5 ladder-structured circuit may be
15 connected between both ends of the smoothing capacitor C11. 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 S1, and thereby load char-

acteristic of the load circuit is modulated and then the load current is

25 modulated.




[0083] Also, a switch element @b is connected in parallel to a part (for
exanple, one light emtting diode LD2) of the plurality of light emtting
15 diodes LD2 constituting the series circuits 4b, and is swi tched on/of f
in accordance with the optical communication signal S2. Wien the switch

el ement 2b is switched on, short-cir%%iting i s generated between both ends
of the light emtting diode LD2 connected in parallel to the switch el enent
@b. Thus, load characteristic of the load circuit (series circuit 4b) is

20 parti gobyoF hanegplaifed G5808SH 11 AMAIAaIRE" Ht%n@&uw&[tf&{} lehicg! ement
I ralle

@b. [0084] Also, a switch elenment 2c 1s conhected in pa to a part

(for ex anj(ﬂ ef tﬁ@ep[%l:?isglﬁlﬁ eﬁmotcﬁin%gt? RGP et LOG ?Js%% aﬂhiéaﬁ%hﬁfalilt%m%{fzh od

emtting odes L constitutin e series circurts I'sS’s

on/ of f i R; AGC g i t pcal 1.Gal,d on_sign . n_the
switch 2 %ﬁe%ﬁﬁ%cﬂg&svﬂgﬁ%gggho% Sgﬁggy Q (Illlﬁl’ '(E:}%'ﬁ tﬁ“ﬁgg% ?he(fg%%? ;Q%dsbet ween
bot h ends f,.the |i emtii di pde,.L.D3.connect.ed in.parallel to the
switch elcgﬁle%?t%ézlg.pafiﬁlygm? 8&3&11'@8@%&%?@%&&#}’81’ ﬁg ﬁgnf%ﬁﬁ%%&f%it (series
ci rcuit ! artj al nged, in response to on/off . operatipn of the
switc eﬁé&r%wts 1%55953[36%51]?&%‘9@%%?% ﬂé‘?f{)eaﬁééé CoRPQck ﬂﬁlg@é’ﬁhegﬁ% £ ment ,
each of the pluralit of l.oad cjrecuits conprises the plurality of |ight
em tting SHE gied%?ﬁﬁ’éﬂs?edlsi thes g@ﬂ}%ﬁaﬁﬁ% ﬁﬁwglggw 1 nagd é@ﬁnba%C%ﬂﬁnéct gd in
parallel o the part. of the pluraljty of light emtti nP di odes of each | oad
circuit. ﬂPﬂﬁPgit@,t%@HéglP‘b%“@%é@d@I ke madylaged faishfdly withhgesnestie
connected in parallel to the swtch elenment. 10 [0086] Thereby, when the

switch etetBatwave Sum ehéle ontisak cammusveatdom cignvilt withmitopddition of a
commruni cation signal, |load characteristic of the load circuit is partially
modul at estewTmengiarfer thedoddelhnge elenteritsldrodul at ed i n accordance with the
opti cal communi cation signal, and optical conmunication can be provided

wi thowit &RBili on of a new nenber for the |load change el enent. 15 [0087]
Then, in the present enbodinment, the plurality of load circuits (series
circuit @Embédimdn} 7Thre connected in parallel between outputs of the
constant current source 11, and each of the load circuits conprises the

plurality of |Aghillemihiting HéleesnaaanRetRea devie’ bEEmBbb@ime@N7Ssd on
colors of the light emtting diodes are different fromw th respect to each

| oad ci r explaina itk eeRPe sl i Fig! MR (heé clooRRaT Y. ierb;?ﬂaﬁiédein fip the
part of the plurality of light emtting diodes in each of load circuits.

(0000 RBP4 P TR AR,
Ther gf or §f 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 L.LD1, LD2, LD3, respectively. Then, these
series circuits 4a, 4b, 4c are connected in parallel between both ends of the
smoothing capacitor C11. That is, a plurality of load circuits (series circuits
4a, 4b, 4c) are connected in parallel between both ends of the smoothing

capacitor Cl11. Then, red light emitting diodes are used as the light

25 emitting diodes LD1, and green light emitting diodes are used as the light




outputs of the light emtting di odes having various em ssion colors can be
25 nodul ated. Then, if a receiver 20 can identify col or tenperatures

i ght

of

41 outputted fromthe illum nating |ight conmunication device 10,

three kinds of signals can be received without interference. Thus, anount
of transmttable information with optigal conmmunicati on can increase

threefold in conparison with one-colored |ight emtting diode.

5[ 00891

(Enmbodi nent 8) An illuminating |ight comunication device of Enmbodinent 8
i s expl ai qedtimd Hidd%tsemm,c@nHObﬁegﬁghﬂ@mi%ﬂ did8es 126 usRB0ad 2Re 1ghtt he

circuit of Figs. 8A and 8B expl ai ne

in the Enbodi nent 6, the series

X X , ) ; ] . i i . i .D1: dth
circuit Asm¥@ifodedks Qﬂ)?).hel‘ﬂélﬂlfs‘?lﬁl'glhﬁf eﬁiltﬁhgql?gﬁ h&yd 91@1%92?(%5%1‘)}}%2, ang
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[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
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
diodes LD2 conétituting 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
partially changed in response to on/off operation of the switch element Q2b.
[0084] Also, a switch element Q2¢c 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 S3. When the switch

element Q2c is switched on, short-circuiting is generated between both ends




emtting diode LD2) of the plurality of light emtting diodes LD2 of the
series 15 circuit 4b. In contrast, in the present enbodi nent, as shown in
Fig. 10, a series circuit 4a conprises a plurality of light emtting diodes
LD1l, and is connected between both ends of a snoothing capacitor CIl. Also,
a series circuit 4b conprises a pluraljty of Iight emtting diodes LD2, and
I s connected between both ends of the snpothing capacitor Cl1 through a 20
switch elenent 2, which is switched on/off in accordance with an opti cal

comuni caffithe isglN@hitting Witk L8 coMdeetedle @sa@aumd thesWvitehadeppk

accordance with the optlcal communi cation signal, the series circuits 4a,
4b becone)gOnnehLEd 1odd Q‘f‘i‘l%l%ét%hs?ﬁ:t WEGReDRI %ﬂ‘éﬁlt‘)f(sérlﬂafs maihiaRy is

capacitor ‘Cl. On the other hand, when the switch elenment 2 iIs sw tched

off in 23)3%%57%5%%11%%&5%' G OREPALABE tRE s H iRV e Y2 1e SeT T es
[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 accor-
dance 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




becones connected between both ends of the snoothing capacitor Cl. In
addition, it is necessary to evade an unl oaded condition that all | oads
(light emtting diodes LDl, LD2) are separated fromthe constant current
source 11 at the sane tinme, in order to restrain the overvoltage. Then, in
order to do 5 this, it is necessary tg leave a load (a light emtting
diode) to which the current is supplle& by the constant current source 11,
even if the light emtting diodes LD2 are separated fromthe constant

current suipGetedifrbn fHReflRirhBihtolg LBBE SWiEinRAEIBevele 10NtHRE lahgsent
enbodi nent, because the plurali ty of light emtting diodes LDl are

CO” nect e%ftsggﬁélg aNpé @8&&4&1 GHERSN irfterfesOncel WHROWmbhE 61’"t1tfﬁﬂnﬁ|- ement

@, the lo current is always supplied to the pl urality of light emitting

di od
oi/gr\elzl {_ %aeb%an e ?gts)??al negﬁgﬁgy}% 'Ph.%lti(ﬁl %ﬁh BRIELSY Shrdd gldt i

) 11A shows a circult diagram
nodel ed f.g i cuit shown in Fig. 10, and

t hen t he sa rcoé%}tgl%rﬁg‘%@?é??gﬁ%?#gﬁ?&ggdgonponents of Fig. 11A
corregporfgb to circuit conmponents of Fig. 10. In this sinulation circuit,
the Iightemitting diodes LDl, LD2 are equivalently replaced with

simul ati ?E ci)r?w ces gﬁui ch are previously nodel ed after characteristic of the
light emtth é‘“&e&& [0091] Fig. 11B shows sinulation results of a |oad

current i the 20 gircuit shown in Fi I ddltlon t he
| oad current |F& P’é’éﬁi‘?&ﬁt ﬁsﬁ? rcgmmam@}%%degm 8&%%9 1pERL Sif es

wiB]
i

circuits and_4h). is_set to be about in a_state where the

opti cal ﬁlmaed:a‘fl% Iy geferepeg toskigss 104 6%eblB,A1%c@1a%@,@Bar Indhe argnbl of 10
[ kHz] |s |n yutted to_the switch el enent as the optical conmunication

si gnal 6% $hcandSlbexplaipgltingthe dpbpdiment Be the serigst cisenitt4ang

di odes LD2 is intermtted by on/off operation of the switch 43 elenent Q,
and 1her epmpaiseatbe pburaldy of hieht emittogrdsedes LDBesoddbe series ciyitl 4r wave
formof about 1.3 [A] when the switch elenment 2 is switched on, and
becones eomprisasgoé atunsdnty of bight emidbogtdicdes LIRR, whd thedreseridst dfcwtement Q
is swtched off. Therefore, the load current Ii is
4a, 4b are connected between both ends of the smoothing capacitor C11.
Then, the switch element Q2 is connected in parallel to the part {one light
emitting diode LD?2) 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 C11. 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 1s switched on/off in accordance with an optical
communication signal S1. 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

C11. 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




5 nodul ated faithfully with respect to the wave formof the optica

comuni cation 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 |oad current
i in the state where the optical comunication signal Si is stopped.

[ 00921 As expl ai ned above, in the presgnt enbodi nent, each of the plurality
10 of load circuits conprises the plurality of light emtting diodes, and
the plurality of load circuits are connected in parallel between outputs of
the consthabmesrdodtiectdubeBvdeh batld ehlle ocfwihleCdinGdt@ARA lcapbicitON 1AAL €dni N
series to one or nore load circuits, at |east except for one load circuit,

of the p'&ﬂfﬂtibhf/itoif‘s NeRBSs iy’ folbvde 4R J10988d dhtielon tHArel aRfliCihge

elenent is the load circuit, connected to the swtch elenent, and then the

| oad cur reptstiak dibged 1.0t 18 tdb %gpgfﬁ@ﬂ £64 the ceag&ar&t&ﬂrélﬁé g&ﬁe%hz Wi th
f | w t hout

respect to the wave form of the optical comunication signa

addi tion gftpa sr%ﬁ% PREDEL § 'érttg%e{s%ﬂl %ﬁé%ggrxﬁ)llﬁl[%%%“ 5[81%21??{1 oi‘ﬁg 1?3/\'11 ch

element is not located in at |'east one Toad circ he plurarity of
same £1 et ng e edie, & loatld TSR Rl ouy i Shey " i n
| adder - s CRU BaSUPP R PrabertndrEa By tomnite: 1G Bornot: on igBF nis i n
o AT Rk e R
i b b o en L ol B b emance

the optical comuni catjqn signal Si, _ and _the unl oaded condition is not
gener at e§2e EPCIPE)@]@‘Bi F’?ﬁﬁgﬁ, emptting diedgs Ld1 mrg. corpmeted $erthescenstant t
conprises a plurality of light emtting diodes LDl and a switch el enent
QRa, 1@ndcuresatiseyres {1; withewnihe seich el¢ment Q3 the 1padyharremit tis nbgays odes
LD2 and a switch elenent 2b, and a series circuit conprise a plurality of
li ght enPupphed dicodbe pheradity of dightclensitengnticges, LA t Miwerebgsthd hree
series circuits are connected in 10 parallel between a snoothing capacitor
. | nduniced opditieah isoongenaatedand theaverdltagPca®Beatstranmd.t ed to
the switch el ements Ra, @b, @c, respectively, and then the switch
el enent s[0QB9] ERb 11@hoavea sitctithdid gemmohbdéleddor sigahatonvith tdpset si gnal s
51, S2, 53, respectively. Here, red light emtting diodes are used as the
li ght entd thagirdnnddewhiDin Fagdl@raed thén thgRhneniddd RaGe#196@S0diRuuSEd as
the light emtting diodes LD2, and blue light emtting diodes are used as
the 15 ghtoBpbhéntROiAFRIaI ALEFreFRRTMInS HbT GFtEL Ebﬂ‘tﬂoﬁGnEsPof Fesergli oges LD,

i

LD2, LD3 are nodul ated with the optical conmunication signals Si, S2, S3,

respect i ik WimTieHon cfrciit] SRS e%ﬂitt;?zﬂ%r {m&aeg iﬂﬂl,%bgfaﬁféﬁﬁeéfeg@s 18f

i ght outputted fromthe illumnating I ght conmuni cat dev

three kingd3,Qfd i@ &SuoddPevitsS wifith Wrb gﬂﬁ{fioiugicsﬁﬂo%lre%lf glfte;r RELEdor e,
I t1cal c¢ommuni ca

anount of ‘transmttable information wth o ca Ion can 1 ncrease

t hr eef oI&eh@ﬁgmﬁ‘%%ﬁ‘?g%gng@%&&l ored light emtting diode. In addition,

when all swtch elei : Q@c are switched off at the sanme tine,
the unl %69?] Clgl%d 'IEBO&O"@S gﬁﬂ&faﬁo%jres-mgss of a load current I1 by use of the

20  circuit shown in Fig. 11A. In addition, the load current I1 (a resultant
current of currents flowing to the series circuits 4a and 4b) is set to be about
DC 1 [A] in a state where the optical communication signal S1 is stopped. A
rectangular wave signal of 10 [kHz] is inputted to the switch element Q2 as
the optical communication signal S1, and the series circuit 4b comprising the

25  light emitting diodes LD2 is intermitted by on/off operation of the switch




25 the optical comunication signals-Si, S2, S3 are set so that the switch
45 el ements QRa, @b, @c are swtched off at the sane tine. [0096]

(Enbodi nent 9) An illumnating |ight comunication device of Enbodi mnent 9
is 5 explained with reference to Figs. 13A to 13C and 14 In addition, in
present enbodinment, a circuit configuration of the illumnating |ight

comuni cation device 10 is equal to that of Fig. 1A explained in the
Enbodi mrent 1, and thus the drawi ng and explanation are omtted. [0097] The

si gnal geemeht Q2L andUthertBy0d Wide EFRAGLITERS 18a88ARTENCT] IR 0ARSORT i Cal
comuni cation signal Si wth a constant duty cycle. In contrast, a signal

ti | ' f t di t .| ul ation
gener at | QRcfddiitht v&évé)lfofxﬂeoﬂﬂﬁﬁéﬁf'114g”%ﬁ Wheld! tl‘fé’@@&ﬂt&?%llégng %Q]iii q4

unit 14b. The duty regulation unit anges a duty cyc 0 e opti cal
conmuni c &+ i ' 1.8l r [ (VY]
const ant “Suppcal o AndbecdrRBE rSkAD AR MR ordBLG: B IRV ER SRS, 15 of

swi tch eronuh TReEE Q2 e Bhedt TR TRk BECRR rdElnd 81 T
oS A Gl SRS A T e
1271 5 20 HERHL PR I COReTh ib ANPIAFS HUTePbALHS IR ERaPt 44 T54e8h on t he
chart o ofo PHEH SaAICHBRGNES 9ualiia  RErepGTaTe ek th ek GsaoRY birit Ko 51 gna
gener at| g?at%iv[rﬁgxi'et th%46ptli:(i:a%'cogngnéulaisca%ion signal S1 is stopped.
[0092] As explained above, in the present embodiment, each of the plurality
10  of load circuits comprises the plurality of light emitting diodes, and the
plurélity 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 commu-
nication 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 circﬁits, and thus even if all switch elements are
switched off at the same time, the unloaded condition is not generated.
[0094] 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




wave formchart in a case where the duty cycle of the signal 511 is about
50% 25 and Fig. 13Bis a wave formchart in a case where the duty cycle of

the signal 46 SI| is about 75% and Fig. 13C.is a wave formchart in a
case where the duty cycle of the signal 511 is about 25% If the |oad
current Ii has a wave formas shown in Fig. 13A in the case where the duty
cycle is 50% a peak value of the wave"tformof the load current Ii is

i nhi bited and a bottom val ue thereof 5 decreases and a nodul ati on w dth

thereof inerganes 2 thBRMRuit) afidlt of 3R bluddiRy CAHhMAMietihB AW/ BYC! € 'S

extended to 75% Then, the peak val ue and the” bott'om val ue i ncrease and the

nmodul ati g Wcetitder %ﬁéffog%%ﬁ%@w of @I]%Ig 'gsgvT%? Sglllélﬂeﬁp @cf R eac%&ﬁfa é:Ia he duty

cycle is narrowed to Then, OoWws a Ctircult diagram

embod mert Tk et FolthindAuoRoRgH 53, M L MG BRI Lo

as the | oGl euit 12. That is, the load circuit 12 conprises the |ight
emtting Yiodes LDl to LD8 which are connected in series between both ends

of the s j capaci t.or .Cll...a hen t.he swi tch el enent .S cqnnected
"h pabar 1007 hed PR 6 8Gr b F3g B o SuHOT avuH Rarase b ARy Ghange
el ement 13.is the.light, enjtting.diode LDS connected in parallel, tg the
switch elBRngmEding ﬂlqdrﬁsgtb}lnﬁqgtq 8W11Eﬁlhr BERREDY Weay gt 2 ciprias HECWE odes
LDl to LD8 are equival ently replaced with simulation devices which are
previ ous |C9H}P6éﬁéﬂsg’dplé¥rﬁ§iﬂy eﬁl&ggg eRyftang digdesdid2 angra swiichielengent Q¥d, 20
[0100] Figs. 15A to 15C show sinmulation results of a load current |i by use
of the cidBeuR SeRRSWHCUH Fomgprise a pburdity of dightsmitsingadiedpe AP aadia of t he
| oad current 1i_ flow n%gto the load circuit 4, when the signal generation
circuit $Wigl plementh@2¢i gndl them thesey thugeasdriesqieceiys fre l@nnertdd imf whi ch
the duty cycle is 50% The peak 25 value of the load current |i is about
700 [6m] panellelhbebwramm valogghing abpacitor C11. Individual optical commu-

nication signals S1, 82, S3 are inputted to the switch elements Q2a, Q2b,

QZ2c, respectively, and then the switch elements Q2a, Q2b, Q2c¢ are switched

on/off in accordance with these signals S1, S2, S3, 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 S1, 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, Q2¢ are

switched off at the same time, the unloaded condition is generated. Thus

25  the optical communication signals S1, 82, S3 are set so that the switch




47 300 [mA] and the nodul ation width is about 400 [mA] and the average
val ue is about 500 [mA]. [0102] Fig. 15B is wave formcharts of the | oad

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
whi ch the duty cycle is 75% The peak4gal ue of the load current Ii is about

630 [mA] and the bottom value is about™120 [mA] and the nodulation width is
about 510 [mA] and the average value is about 500 [mA]. [0103] Fig. 150 is

wave for MEHohlsaoh b8, HRRGEWiBted At bb O gnaiie |oad 10 circuit 4,

when the signal deneration circurt 14 outputs the signal S11, having a
frequenC)[()@éG]lO [ kHz] , of which the duty cycle is 25% The peak val ue of
the load current Ii is about 710 [mA] and the bottom value is about 430

[ mM] and Fl | atghon width is about 280 [mA] and the average value is
about 506ﬁ W‘%%E‘%%lm] Fromthese results, it is found that when the
signal generati,on.gircuit. 14 .changes the dut cle of . the.optica| .
communi cat i on éingﬁg}lmépa%kﬁgl nggé%%%@%qugd%%yngE’PHBd"dlg‘f’]il%g# 18
communi catipn signal Si constant, enerat e signal. 511 and the | oad
curr eht PFPfagnﬁ%guﬁar%%rwea@ aig“é%qulpa?ﬂ‘éeiéi ghaaddition, mPpresent at i on
w dth can he adjusted. by, a @ ue of the. 20, duty cycle. [0105] As expl ai ned
above, tBBRodImENEA CHEUIL oREluEARaRIK dbe dHumdna e fighif coppaugieation
enbodi ment conprises the duty regulation unit 14b to change an on/off duty
ratio of devige dtiscamat bnthati ¢ligo AAsixphained in the Hynbellinmiel bynd thewt v
ratio of a signal is changed by the duty regulation 25 unit 14b, and the
swi tch etherdmwing snil eshlahadigmodre omittedor dance with the 48 changed
signal, and thus |oad characteristic of the load circuit can be nodul at ed.
Fur t her n30871t Bhe rmighdlagd reratiodt dirafit ilHeof thedEmbodenent [logémegatas thee | oad
circuit can be adjusted to a desired value by changing the duty cycle.
10  optical communication signal S1 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 S1, comprising a rectangular wave signal
with a constant duty cycle, inputted from outside, while keeping a frequency
15  of the optical communication signal S1 constant, to generate a signal S11.
The switch element Q2 is switched on/off in accordance with the signal S11
mputted 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 I1 flowing to the load current 12 is
20 modulated in accordance with the signal S11 generated based on the optical
communication signal S1.
[0098] Figs. 13A to 13C are wave form charts of the load current I1 and the
signal S11 outputted from the signal generation circuit 14. Fig. 13A is a

wave form chart in a case where the duty cycle of the signal S11 is about 50%,

25 and Fig. 13B is a wave form chart in a case where the duty cycle of the signal




5[ 0107] (Enbodi nent 10) An illumnating |ight communication device
of Enbodi nent 10 is explained with reference to Figs. 16A to 16D. In the
illumnating |ight communication device 10 of the Enbodinents 1 to 9
expl ai ned above, a 10 power source for the light emtting diode is the
constant current source 11. Then, in t e present enbodinent, a circuit
configuration of the constant current ource 11 is explained specifically.
[0108] Fig. 16A shows a circuit diagramfor an illum nating |ight

communi C&11G8 ek ‘7%%10411(1' Pigt 1856 ave $500hER N a LhS: GPA%L AL d r ent

source 15 11 conprises a DC converter 2 (a converter connecte o a

power SUB LY oF:th Sf‘%‘%ﬁ@f 1sCé15 | $75045 ‘fPEIRJ oﬁp%rﬁeﬁf ﬁgé P%@Q% R €S St or

5 (a curr nt sensin n error anp ference

anpl i £yi 5g ety in 2 z%asrglurh&@ager&h&% i A0 M B ) kR adBP . | g

current sensr ng resistor generates rop

G 1 or encl B lERmLF s @rrﬁc'é{r%%r'j Lhis er%gﬁéﬁ"qvéf%or% V&f‘d&%}gf at ngai "
ot rns APieaass ARt TG oﬁawﬁrﬁ'%hsf‘e%r?ﬁ%r%étse)%aﬁéﬁgwﬁk{nﬁa}a&&%ﬂﬂ%ﬁat ol s
an out put. of the DC-%aonver er so that the vgltage drop generated in

the 25 cHi¢ 6#e whRLe Bty gy ?1@3% dodpial Therndherrgak valve ansl t age EI

(that i Si:he 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. 7TA
explained the Embodiment 6 is used as the load circuit 12. That is, the load
circutt 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
L.LD8 connected in parallel to the switch element Q2. In this simulation
circuit, the light emitting diodes L.LD1 to LLD8 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 11 by use
of the circuit shown in Fig. 14.
[0101] Fig. 15A is wave form charts of the load current I1 flowing to the load
circuit 4, when the signal generation circuit 14 cutputs the signal S11,
having a frequency of 10 [kHz], of which the duty cycle is 50%. The peak

25  value of the load current I1 is about 700 [mA] and the bottom value is about




49 so that the output of the error anplifier Al becones small). [0110] In
this circuit, a snpbothing capacitor Cl1 is connected to outputs of the
DC-DC converter 2. Aload circuit 4 conprises a series circuit of a
plurality of light emtting diodes LDl, and is connected between both ends
of 5 the snmoothing capacitor Cl. Here,- a switch element Q2 is sw tched
on/off in accordance with an optical comrunication signal Si, and thereby
determ nes whet her or not a |oad change el enent 13 is added to the | oad

circuit Xho [HaMPanlaad rﬁB&iﬁl%%io%VWﬁthQS%fbthQOb({ﬁﬂ&Féﬁ& Whd adetapeP@ihbal |y

changed. 10 [0111] In addition, various kinds of nmethods can be applied to
t he DC‘%%BBM?BD? cand in a circuit shown in Fig. 16B, the DG DC
converter 2 1s a ack converter conprising a swtchi ng device @, an

out put trl[gg@ét ] Dldéf%@ %%%g&loc%grggg&at 1%&%@%&%’1 % % eh%%gdshom

in Fig. conver conv er onpr SIrng a
L B R et A,
oo, b e 2 EpffieRen st dRTRIHOR wiich ;hg@dﬁgg@zﬁsg%g%;m@”s to s
i odes. LBEL ﬁﬁﬁ}%ﬁ#dfﬂﬁem fﬁ&éﬁégﬁr;é%@'hp@ifagfdo&%ﬂ%&% veds BoR sour co
side of the smn ch| deV| and. detects _a | oad current flowing to the

li ght enil&Dila gHQQillé’Flrdéh 1aapPyt pLP [mAlansd the averaggivelee ence

bet ween t he referei\ce voI tage El and the voltage drop whi ch is generated
in the IS about 500

[0103] Fig. 15C is wave form charts of the load current I1 flowing to the load

10 circuit 4, when the signal generation circuit 14 outputs the signal Si1,
having a frequency of 10 [kHz], of which the duty cycle is 25%. The peak
value of the load current I1 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 S1
while keeping the frequency of the optical communication signal S1 constant,
to generate a signal S11 and the load current I1 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




25 current sensing resistor 5 by a source current of the sw tching device
Q. 50 Then, the feedback circuit 15 and the output controller 7 control
to keep the current flowing to the light emtting di odes LDl constant.
[0114] In each of the circuits shown in Figs. 16A to 16D, a constant
current is outputted froma constant cyrrent source 11, and a switch
element Q2 is 5 switched on/off in accordance with an optical comunication
signal Si, and thereby determ nes whether or not a | oad change el enent 13
i's added diarga bRadlChhAUthud lodAYsharaRadi GiA RS 16dd CiRluif 2GR gerad
circuit 4 is nodulated partially, an&lthe foad current 1s nodulated in
accordan ] he I o} i i I I .rent can
Cjﬁogh%age&. FPP@He‘i‘ﬂit%ﬁ ,]_Eﬂﬂr" Hio%ﬁ%ﬂ{)]% Wit of t?% ?oéd;&%rﬁﬁg ﬂ%Wlflg

be nodul ate Ithfu W espec a wave e optical

comuni cat.i I [ nan 101 in ch _of specifjc circuits
(see Fi ggb %AI%IF g%{; g?ntmeeggﬁlﬁs%{%tﬁp%c@%ﬁéenq Vgﬁ%r E% Cﬁf ng}?ﬁ gbﬁélglt?'n t he
pr esent e dinent, it is preferred that a phase conpensation elenent is
added t o k& constant current feedback system and thereby the constant
currept 18@@ 11 15 becones nore suitable for practical use. Fig. 17 shows
a circuit gﬁran1that t he phase conpensation elenent is added to the
circuit gﬁ Fi(&.i 16A.. This constant current source 11 conprises a phase
conpensa grbadiment b, and then the phase conpensation circuit 6b
includes an integral elenment conprising a resistor R21 and a capacitor C21

whi ch are connéd édumanaies beghty sommyunicatign; device tadr Bnmbadimeat alD dat put
termnal of the error anplifier Al. The phase conpensation circuit 6b
secures §kpliinedywish refereneet tadSger 164Ankst 16R. i nt bee filodbaekingylghtn whi | e
increasing the gain in a low frequency domain and inhibiting the gainin a
hi gh freqommynigattanndevice 10 ef itdle Embdldineindn,1 thed rexplaiacdoabowet, hod,
expl ained in each of the above 25 enbodi nents, for optical comunication by
modul@t i pnwef souack fratheclight ehiitting Hickess tlot caepant caprargsqansd Milt y of
the constant current feedback system and then the constant current
f eedback Thieng uht theoppedes serbedienenr, @mplcuit esnfgmatibhas thef euititagn to
control to keep the average value of the |load current generally constant
upon nmodeiuenoRBoars 1R sidalid Gocifiill. it is

[0108] Fig. 16A shows a circuit diagram for an illuminating light commu-

nication 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 aload current ﬂowihg to the load circuit 4. The error amplifier A1 amplifies

a difference between a reference voltage E1 and the voltage drop generated

in the current sensing resistor 5. Then, an output of the error amplifier Al

1s 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 E1 (that is,




5 expected that the responsivity to obtain a nodul ated wave form nodul at ed
faithfully with respect to the optical conmunication signal Si is

determ ned by an electric wiring inductance between the light emtting

di odes LDl and the snoot hing capacitor Cl1 connected in parallel to the
light emtting diodes LDl. Therefore, iy gh- speed conmuni cati on can be al so
expected by 10 wiring in considerationof the electric wring inductance.
In addition, as a specific configuration of the DC-DC converter 2, various

circuits ddxifztdhe okBut of HDeARR a%?]gﬁﬁ&lh‘iq)ecbﬂ%éghfﬂ?. expl ai ned above, in
tan 1

t he present enbodi ment, the cons current source conpri ses a const ant

current feeqdbpdh MYSIERul% §&%§\§lﬁg§n€a§;aﬁﬂzbf wlée%%gfefgé LEMGRY | ses a

converter (the DC- DC converter erating a current sensing
unit (th u ] resi gt 5). e . NQ.:a.vol I op..dependi ng
on a |l oa h%ugcg"rpi%c ?c I%g\?\néﬁgrt% t%el(a%ga%r(g‘ﬁ?c%i%ﬁn%gl%sfE?eéreg%%egﬁ?r%’lti ‘f(j)fing uni t
(the err | 4 . | kfwin difference tween a,predeterm ned
ref er encgﬁ\lllo@é}géf]%ﬂ%é&%g Ssi‘r[g]p aéﬁilﬁe%gpg?@ ﬂ?lgr“ieﬁé‘ tgqﬁﬁreé’ﬁjt% (g]ensi ng
unit, .and,a controller (t.he put,. control.]er 7) ¢ ol ling.an out put of
the c8nv Pleéﬁmg‘g’i’t“?\%tcag m’éQ)"e@iﬁ;e FEre? 8W1J[q‘i’eelpg§d‘%%{z AR ﬁY‘”%é‘@g oft
general 'y constant in accordance aﬁ‘ th an out Eigt of the difference
anpl i fyi f§ @ffqrdance wildy 13} qid¢ap FomPpRNCaRHORo IR 8dosand ckhemby| oad
current to control i_lge 25 out put _of the converter. Therefore, the circuit
can have %t¢imEesowhephetont met a fond shanes elgment dBageaddaduéo shetlpad| oad
current general I% constant upon nodul ati on and _non-nodul ation. [0119]
Fur t her msEeul 1% heThnesdend echsgartesintic ofiethehdead cirguhshtisopatiialyit 6b
is located in the constant current feedback system and includes 5 the
i ntegral chhegedt, and adjusts a phase of the output of the difference
anplifying unit (the error anplifier Al). [0120] As descri bed above,
becal€e i[011He Ipraskbtivnembridirdrinds ndé mettsidantanche rappliedoter thee DIC-BXCpr i ses
a phase conpensation circuit 6b, the phase conpensation circuit 6b can
secur e stabvéitey 2ohind inoo pivcndnsiern fitirkigl 6B vthé MC-DC converter 2 is a

flyback converter comprising a switching device Q1, an output transformer

T1, 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 Q1, 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 Q1, a choke coil 122,

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 E1 and the voltage drop, which is generated in the

25  current sensing resistor 5 by a source current of the switching device Q1.




10 feedback system while increasing the gainin a |low frequency donmain and
inhibiting the gain in a high frequency donmain. [0121] (Enbodinent 11) An
illumnating |ight comunication device of Enbodinment 11 is 15 expl ai ned
with reference to Figs. 18. In each of the above enbodi ments, the constant

current source 11, the snoot hing capa%ltor Cl1l, and the load circuit 4
(conprising the Ilght emtting diodes EDl) connect ed between both ends of

t he snoot hing capacitor Cl1 are typically basic circuits used in a lighting

appar at USI‘heCH t‘l’{@'ﬁ@dl?adkoélgcm% 13 AhdBhe 0L LE QhtdbIRgET ¢ g 8?%&(@9 gnb! ock

for 20 il Ium nating |ight conmunication conprises the ] ande ement
whi ]ﬁdﬂq%g

(1:ﬁar ac![grl stic o t%%otﬂt di%ﬁfj%%;d{tﬁiﬂa&lgﬁ@ge SW ?E#hﬁrgngﬂgegz Oalhi ch

determ nifﬁ]ffo!getmee te cﬁi‘c‘i‘[&s"%v@%‘ § | féﬁt(g léﬁJ » {A-GO gﬁij é rren | oad

circuit gh™on f opéera N accordante Wi
communi C% Io%?p&tl,tg&%lrom a con%ant current source 11, and a switch element Q2 is

5 switched on/off in accordance with an optical communication signal S1, 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 S1.
[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 é 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, ﬁrhile mcreasing 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




25 if such a block can be installed in an existing general |ight apparatus,
an 53 optical conmmunication function can be easily added to the existing
general |ight apparatus, and spread of the optical comunication function
can be expected. [0122] Fig. 18 is a circuit diagramfor an illum nating

| i ght communication 5 device 10 of thg present enbodi nent, and the
illumnating |ight comuni cation devi é 10 conprises an existing |ight
apparatus 100 and a communi cation unit 30 which can be connected to the

light app@katit dAkdfbar resbgﬁs’»i%itgrtTﬁF thé Q:Bhs%‘?ﬁ%ﬁfrgﬁt %Qéhlfé?:ﬁp%%%@ﬁa, a

constant current source 11, "a snpothing capacitor Cl1 connected between
out puts qf [ C LLCcultq:

connect e et iREE AR biafibERARhy Fb ARkl odleflet PRP P hblifer
circuit Ki_ses | ural i f. Ligh ittin i.od L1 nn ed in
series. Ebbﬁgﬁ? h?%ea coﬁ%ﬁ’g‘l a“’toﬁ%ﬁoqﬁﬂikteggéhg%ﬁ%egg E%SO?EHSI O%Cgfoﬁwgﬁon
circuit 14 generatin n optical ,c ni cation signal. .S, | oad. change

ol ement  FETOEAILE AnRPASE Aty RRE K BAb P HaIth gy PTG Ph: P Baditcit ou t 4
of the light apparatus 100 through addition to . the load,.circuit 4, and a
ovi tch e PEREFEICHPAE, P JRERORHY L0 ﬂ}fé&%@r@aﬁe@f«ﬁﬁtma%éoraﬁtmeéwatef
comruni c%tj on signal Si and thereby determ ning whether_or not the | oad
change eff@itbftlly with respestite she grticaberramunication sigmald Sk icdelsrmingdat i on
unit 30 conprises a connector 20 CN2 det achablaﬁconne_ct ed to a connector
CNL | ocab¥dan alechdc wWiging bpbwianeshbatymenmthanlishhemittivag diedrschbl o i s
connected to the connector CNl, the |oad change element 13 is electrically
connect ethhe smpethingcapactar tChl dopnesiedThe marablel dontles tlightChmitiing he
communi cation unit 30 is connected to the connector CN1 of the existing

| i ght apgdardssusD100 Thenefordchighyspded @mmpinicdior oambei alabieapettedchy on can

be easily added to the existing |ight
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
gource 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 A1) 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




54 apparatus 100 wi thout the optical comrunication function later. [0126]
In addition, as shown in Fig. 19A, it is preferred that the comuni cation
unit 30 of the present enbodi nent conprises an insulation 16 which
electrically insulates the switch element @ fromthe signal generation 5
circuit 14 generating the signal commypication signal Si. [0127] Figs. 19B
and 19C show specific exanples of the T hsulation 16, and in a circuit of
Fig. 19B the insulation 16 conprises a photocoupler PC 11, and in a circuit

of Fig. %%Ckbif iHes mfa%%n vhfud YIPEHeS 86a P Eur s b ABr A1LANShATR! updp- | N

the circuits Fi gs. and 19C, the switch el enent is driven by the

10 phot ocay@hiekidRClAd Yonti6dlBiati on transformer T21 in the insulation 16
t hrough a buffer 1C4. [0128ji As expl ai ned above, the illum nating |ight
comunt caph i %)qtﬁgﬁrﬁ%]eg fin f}ﬁeeB%&e?R eﬁﬂB&flﬁ%&?P theOfRALe %ﬁﬁl&)@ﬁﬁ%ﬁ?%a d

conmuni cati on uni signal "generatidn Ci

change el . 3 itch el nt.15 areyequired to_agchieve the

opti cal gg%?%al ﬁggatf%\gnlc&:]t P%)en?&g%(?nf ﬁggglgr%eﬁha&gy %eﬁ?i Ao 18§l§1§e§0a of
the c ication,unit 30. Then,. the c ni i on unit is.gonfigured to
bo. coRnedP e VBEH e Ipet . pPd A 4iaTR A BOBRF 41 O HAHPEL of i JHETE T hat i 5.
t he connectolﬁ}%iCNL C{\%‘)ﬁ for connecti,on. [0129] Thereby, the communi cation
uni t 30 CEAPBEIREMNCHE] erEPn HEP e§ﬁ]%g 20 |ight apparatus 100 |ater, and
the optical_co icatiqn function can be easily added to the existing

i ght apﬁ%%@ug%@.‘:ﬂ%ﬁafé@rea eoRdWRIRdRe RIGECRDARARIERERbHIG APRStaDt
conprises the insulation 16 electrically insulating the switch elenent

from t he CBr¥pid| sganser bl icompisesun tphage ggmpengationhdrany bhevidie wheset he

communi cation unit 30 is connected to the 55
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 S1, and then

25  if such a block can be installed in an existing general light apparatus, an




| i ght apparatus 100 through the connectors CN1 and CN2, the signal
generation circuit 14 is electrically insulated fromthe |ight apparatus
100. Thus, the signal generation circuit 14 can be connected to an external
control systemto convert a signal inputted fromthe external contro
systemto the 5 optical comunication_signal Si, and such a connection
operation becones easily. [0132] (Enbgginent 12) An illumnating |ight
comuni cati on device of Enbodinment 12 is 10 explained with reference to

Fi gs. 20AntRABcolfurRAbR &ActBR 4 be%gggmcﬁiéae&b i:lng ehiiPodhdmt 11 is

connected to one |ight apparatus 100 to add the optic communrcati on

functi ony; ol r t _enhadi . gﬂ?ﬁﬂ' i.0R., uni t
can be C(%l He%c;tg@gé{aga%’ %#E rsgy:}%l@ ngt%\%i 0gﬁt ap%ﬁ%h%é%ﬁ%% earngzé?'ncg% add
the opti %%e gwuni cation function to the 15 plurality of |ight

appar at use &% 133] Fig. 20Ais a circuit diagramfor an illumnating |ight

conmmuni caf | Vi .10 of the.present enbqdi nent. nd the devi.ce.10

conpr 1 se L0 M58, FE s Al BB AT fon, S8 ST mORAtinggasht, Goamuiftion

comupi cati on it, 30 connected, to. the thr li.ght apparat.uses 100A, 100B,
700 526 itall ety BResens i apdizndry o ThodBumBRe b fronmH;
configuration, and each of the |ight apparatuses 100A_, 100B, 100C conpri ses
a const aRecaiyn gﬁchgd&r %‘Enﬂlfﬁe%a&ﬁi%‘ﬁ'ﬁpﬁglglérﬁd%ﬂ%ré‘ﬁu%lgoc%%§&f)gﬂnﬂét ween
bot h ends of .the constant current source 11, and a load circuit 4

conpri si Hécation unHl 3q whaeh ray ke conpeetedgodhedight apparefne d0@dates. seri es

bet ween hot h ends of the 25 snoothing capacitor Cll. 56 [0135] The
comuni cé12H Thetliget ppparates 10k copprsed & opmstang auroents sourse B, rom t he
signal generation circuit 14, and changes | oad characteristic of the

pl ur al i t ymobthinghtapseper £ lisemnesteat hetweeoputpatis dfdimenonstantosTerh, t he
communi cation unit 30 conprises a plurality of |oad change 5 el enents and a
pl ur & i t yowfceshl, aald sleenentciit dndnnscedidtgecacdah endsudftthe sarowhing

comuni cation unit. The comruni cation unit 30 conprises, for exanple, three
syst ens. cdpeditdrsClas The ldadeeirsyitt£remprivescamiuralitt ioflighti ém3iqonpri ses
| oad change el enents 13a, 13b, 13c, switch elenments QRa, @b, Qc,

i nsul at i ghigled @)1 £6Pneckbd inGemaect ors CN2a, CN2b, CN2c, and a

[0124] The communication unit 30 comprises a signal generation circuit 14
generating an optical communication signal S1, a load change element 13
15 partially changing load characteristic of the load circuit 4 of the light appa-
ratus 100 through addition to the load circuit 4, and a switch element Q2
Switéhed on/off in accordance with the optical communication signal S1 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




10 signal generation circuit 14, and these are housed within the sane case
30a and thereby are unitized. The | oad change el enents 13a, 13b, 13c are
added to the load circuits 4 in the |ight apparatuses, respectively, and

t hereby | oad characteristic of the load circuit 4 is partially changed. The
connectors CN2a, CN2b, CN2c are detacQ%ply connected to the connectors 15
CN1 of the light apparatuses, respectively, and thereby the | oad change

el enents 13a, 13b, 13c are electrically connected to the load circuits 4 of

the |i ghtagnnaead Tgﬁ%n]ﬁ&fﬂoﬁﬁtéﬂ’c%a)l coiﬂlﬁuﬁic%%h ﬁ%@%ﬁtlh‘%‘r circuit 14
generates a binary optical comunicati on signal Si. The swtch el enents

Qa, Q@b,[0§26] %eaacgmzogﬁ%% SYh finl Pig2 RN ?Jﬁri%‘;‘ﬁ)f@'féﬁeﬁ%a?% Cmmu-

communi cat i on signa out putted gnal generation circuit 14,

Zﬁﬁegei o TRAPR A DFRE e B%S@PPFH*%?%%F%W ?%?ﬁ?@ltﬁw?‘%@%%%?. yiargh The
1
cirourt PRI it 1\%# AT S e %E”‘iﬁqﬁ“et Ib2berl e i have

configuration uch as ﬁ?CI reutts in F.I 25 19]1E% nd 19C. 57 [0136] As
expl afned™ %ﬁ/ gFﬂ%ra} FII‘% C?‘F“&Nt‘mé’ device 10 of the

pr esent IS t.he co ni cati i.t 30._ Then, the_ signal
gener at i iﬂifgﬁl ?ﬁ ﬁgg déﬁ%@@%ﬁ@%}ﬁf eéﬁﬂlﬁ(iﬁ%o the myulation A6, ad IR equi r ed
to achi eve .t he OP |cal communi cat.ion function, and are housed 5 within the
sane casé 4oaube! fie L Hninslatan 6 eonsprisaha pheterovpien PEAluand 130 | s
connected to the |oad circuit 4 of the |ight apparatus through a nechani cal
conponent @¥qHt of Kig. (19€ thermsulaiiee d 6 spmpaises andisplationimesfamen R 2h t o
CN2c) for connecti on. [0137] Thereby, the communication unit 30 can be
connect edntthetdiecuats off Figg. 168 arght19@ppge awotchigenieatte®? isddivemeby phé cal
communi cation function can be easily added to the existing |light apparatus
100. 1¢ 01 p&ptdaoupbidi PICAA, ox Khei isblatiomttirawpformbt T2imnniheainsadationi 18 10 of
the present enbodi nent conprises a plurality of systens having the

pl ural i t yhofudghoabu€lead§d. el enents and the plurality of switch elenments so
as to be able to 15 output the optical conmunication signal Si outputted
from t he[@128lalAsgamidinicdorbovie] €hié tillithihatinhdigh tuecahiduhiedtibn dlavice 10
apparatuses. Thus, in the illumnating |ight conmunication device 10,

optical ofitipupresoht bhtbdimeat cbippisesitablcoARRARARRSARMB(C THRoAULRS €d by
only one conmmuni cation unit 30. [0139] Then, the switch elenents QRa, @b,

Qc int i yeAbidtiobirsdEt ROEh QoAd %héﬁ%@%l‘ér&@nﬁ 23 LIHR SHRBRI1A at' on
circuit 14 through the insul ations 16a , respectively. Thus, the

plurgdit E%Zoirel ﬂeﬂﬂheﬁ%adcﬁtlé‘&%eﬁlec tcggnﬁﬁnfctﬁ%lo‘ﬁofm&ﬁoﬁaﬁhﬁthﬁér 0 ar e

electrically insulated nutually, "and nutual 1 nterference’ anong

appar at Uggg %&f"%ntiﬁn'dﬂ'gﬁ&' 364 of the g#%ﬂ%k#l@){lﬂﬂh%bonqﬂe YRHE GinnSy) t Of

Fig. 20A e conmuni cati on uni ou ti c conmuni cati on

signal Shic PPt o £ c%@ﬁtgl&?eé 93! 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  [0181] Thereby, even when the communication unit 30 is connected to the




58 generation circuit 14, to the plurality of |ight apparatuses, but as
shown in Fig. 20B, the signal generation circuit 14 may generate severa
different kinds (for exanple, three kinds) of optical conmunication signals
Si, S2, 53, and the communi cation unit 30 nay output these signals Si, S2,
S3 to the 5 |light apparatuses 100A, 1%%8, 100C, respectively. In the
circuit of Fig. 20B, the signals Si, , 83 is inputted to the switch

el enents QRa, @b, Q@c, through the insulations 16a, 116b, 16c,

respect i gint adfitdils hootthkéugl@ghetc ﬁnéét%i‘@lbwfﬁﬁﬂaémn_tﬁé %g%ag aq%;he(-i the

generates several different Kinds of optical commni cafion _
present eobadi AR, }&QS élBEtgr?ca‘ihﬂgl%u? ted' 'tﬁeﬁi%ht%{pa%%us fogserpRt ) cal
conmmruni cati1on signals are divided 1nto a plurality signal groups by
differen i i en, . the sw el nt, i.s, | gcated in, eac f the
pl urali t;%ﬁ%f&gﬁgggghgp&g% %EFtHgkt I?Lsmh? h%ee §§ﬁq§%ﬁegl@réﬂt "%Xt@fﬁe?l @B{,}ngc are
| ocated so _as to correspond to th ignals Si, 52, .53, respectively.

Fur ¢ her may 8t 8 68T etk Sl dnpifredr 198 fheiktarfisheoerbSPetam tH o

I ocatﬁd to,.electricall Y .insul ate_t he ai %ggl %ener ation circuit 14 fromthe
switch ePRHERY OIS ‘flﬂntslﬁg%a]véiv, apf SUCH, B CINNYGHITE PRAFALIITH BECHREDpt i cal
comuni catign signals can be outputted to different |ight apparatuses,
respecti ¥8fyY Thus, nultichannel optical conmunication can be achi eved by

one co% tion 20 unit 30. [0143] (Enmbodi nent 13) An illum nating
l'i ght co cation device of Enbodinment 13 is explained with reference to
Fig. 21 and Figs. 22A to 22E 25 [0144] Fig. 21 is a circuit diagramfor an
i | [ umi natEwmpodingent ¢8hmuni cati on

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 embo-
diment, 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 1004, 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 diodés LD1 connected in series between both ends of the

25 smoothing capacitor C11.




59 device 10 of the present enbodi nent. The communication unit 30 of the
present enbodi nment is that a carrier wave generation unit 32, a nodul ation
unit 33, an insulating transforner Ti, a control power unit 34, and

denodul ation unit 35 are added to the comunication unit 30 explained in
the 5 Enbodi nent 11. [0145] The carri ¢ Wave gener ation unit 32 conprises
an IC for tinmer 31, resistors Rl1l, Rl1Z,” and a capacitor Cl10, and
constitutes an astable nulti-vibrator, and oscillates with a frequency (for
exanpl e, [H1BYZiHe Rek@uRiciifin QMAHIB0t RaRivks! TREVGHGH10EomRRPRLLE6A!
communi cation signal Si. Further, 10 for exanple, LMX555 of Nati onal

Sem cond . 15 oUS i{er 4 ut

si gnal o;gi %ﬁéel ?2 %IP %enégﬂggg?égﬁ%ou%t %@gu%toi%haerﬁng %+ e’élsl g)]ﬁd?rhét}%%, and
then is ippy i [ 17 f C rast, the
opti cal clg#%hf?g% ?lol%%gtg%gllﬁggfteﬁp? a?%%)‘bs%ts g@%@%@@%ﬁ%ﬁ%m‘%ﬁﬁ (%g} “&r mi nal
of the A atg | Cl. Then, .a_ | ogqi. sum of the optical c i gation
Signal S b SBpUA e G i Gif Hsfesckor BRary o A sHERER o o
buffer 1 C2. Then, rimary w ndi of. the insulating.transformer Ti is
oxci 8 SISTEHE B BT R ea ey Reh Riphent i 5 FetBEEh S oRMINT car i on
signal 51.is nPduI ated, with, for e@?rrpl e, 20 a carrier_wave of 1 [)Jéﬂ—lz], and
t hereby &PAPgRL CPRMRRRAIGAtOY taYe {The omERuNicationsuBHdAY CORMAReTy 18F t he
insulating transfornmer Ti, and is rectified and snoothed by the control
power unieékamwplenthien syshgnesedhat v asathe thyesl systems; theegoramunicationyi ng

di odes D11, D12 and capacitors Cl2, Cl13. The power of a buffer I1C3 for
drivi ng a&nkBe compriressppd chasie edements ﬂ&a,gbﬁwrlaaceawmhm}emﬁm%

vol tage of the voltage double rectifier circuit. 60 [01481 Then, the

vol t age &dkd@2¢ nnshbatéavohtar §6 hoe. nepnalectdre CNLal AINZhy CNReshwodner Ti is
inputted to the denodul ation unit 35. In this denodul ation unit 35, the

vol t age ewgedgeneratien socondid,yand hbiésegamf holed withiatthaganiaosdcod®er Ti is
divided in resistors R13 and R14, and then a 5 carrier wave conponent is

renoved nndatloapbyi 4oy vdiizedd Therklay thengptelaabntom3unildht i I8t argnal Si
is reproduced. The denodul ation unit 35 supplies the reproduced opti cal

comuni caflded & ghellod tivcaimsisfdut thé ligle bpbhestuses, radrbctifeleynd he gate
of the switch element @, being a MOSFET, is driven.
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 S1. The switch elements Q2a, Q2b,
Q2c are switched on/off in accordance with the optical communication signal
20  S1 outputted from the signal generation circuit 14, and determines whether
or not the load change elements 13a, 13b, 13¢ are added to the load circuits 4
of the light apparatuses, respectively. The insulations 16a, 16b, 16¢ electri-
cally insulate the signal generation circuit 14 from the switch element Q2a,

Q2b, Q2¢, respectively, and have a configuration, such as the circuits in Figs.

25 19B and 18C.




10 [0149] Figs. 22A to 22E are wave formcharts for explanation of the
above-nentioned circuit operation in various parts. Fig. 22A is a wave form
charts of the optical comunication signal Si (for exanple, 10 [kHz])
outputted fromthe signal generation circuit 14. Fig. 22B is a wave form
charts of the carrier wave signal (for.-exanple, 1 [Mi]). Fig. 22Cis a
wave formcharts 15 of the output of fhe AND gate I CL (the nodul ation unit
33), and the carrier wave signal is nodulated with the optical
comuni cq0i186] ADeRplaBhed hbove, AR ilRuRitaKe: lighPeshdi tnRhtibheddMtP b of the
control power unit 34, and a DC power is rectified and snoothed in the
vol t age Wee?fe%‘éh'tfélﬁl’)ocﬁ'nié?ﬂﬂ toraBgisks tﬁep&mﬁﬂléﬁ@atg&F it ', l’lf]ﬁ%n, Fig.

I enodu n the

22E is a wave Tormchart (a signal wave 20 form ated |

denodul atfh@%i%ﬁﬂ g@ééra@ioxf Bﬁ'f;ﬂié; E’(ﬁ}d Qﬁaﬁ%’éé ﬁ%gﬁ ab%ea&gittcﬂeelgﬁ% I is

inputted to the gate term na e SW err%n conpri sing e
MOSFET. | t.he i: ] I i i i.on. device 10 of .the
prosent ciBadTlad CafadtihTLASbbRE! LAk GRETHEN HRh0G0L HHA AFe o e
genera- 25.ftionyunit 32 the.nmodulation unit 33 the ipsulating transformer
ToeRa ki Fnd St ask SR (RS A ERca e i geRs SRR Rn o 30
generates.the carr.i wave, ich is set in.the freguency . being higher
enough t M4f %ufqu%?]{?efﬁﬁo%]fte(t’ ﬁg Wp?li‘ecj?a‘t(9fﬁ?ﬂm éa?ﬁqglhe g?lgéﬁafi‘p%r,at D as to
be able tp separate framthe optical. comupication signal Si. Th

modul at i SHTQHER 2 3nechamR cpmarbRqns Gbﬁt bﬂawﬂeaﬁﬁ%m&qc&?r%é%aamgﬁhw th the
carrier wave. The _insulating transfornmer Ti is connected between the

modul at | SALRAFLErRENGRta GNZe)fargonmestieht . The denodul ation unit 35

obt ai ns signal by renoving the carrier wave fromthe output of the

i nsul at i E@la’ﬁaﬂ‘bﬁmbmhermmamnmﬂsm wnit |39 et be weanedtgddb the existingi t ch
element (2. 10 [0151] In this way, because the communication unit 30
conpl® sedighheaprarates 108viatee randittheroptivial @®Mmuecarufandtion eantb83, t he
control power unit 34 and the denodul ation unit 35, a compact transformer
can be usesilynaddéd to beekzisting ighihapparsns TOOconstituting the insul ation 16
| ocat ed between the signal generation circuit 14 and the switch el ement Q.
Then, it [0E38aky addition st iBuminatiegt liglet pemedufiestidni ddvige t1oeoStlid ch

el enment 2, and thereby it is not necessary to secure a control power from
t he |i ghprapnseaibislimbntSontbriddsya phoeen ¢ Rl steamlTHavERt iHpluRhLity30f can be
achieved. In addition, the optical comunication function can be easily

added t Oldafdec}ﬁiﬂc?‘étdléﬂlehitg hhdapeailat sl lO0wRtR cleRinisNEHK & boabkogponent s,
such as the | oad change 20 el enent 13 and switch elenent @, as the

e oo o B oy ey P o P AR o

mul ti chagielra¢RIMEREER! 120 UHd pRARIRYGE 1Rt WD TIPS Te Athuk2 in §52]
Hluminating light communication device 10, optical cutputs of the plurality
of light apparatuses can be modulated by only one communication unit 30.
[0139] Then, the switch elements Q2a, Q2b, Q2¢ 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 S1, outputted from the signal




25 (Enmbodi ment 14) 62 An illumnating |ight communication device of
Enbodi nent 14 is explained with reference to Figs. 23A, 23B, Figs. 24A
24B, Figs. 25A to 25C, Figs. 26A to 26E, and Fig. 27. Fig. 23Ais a circuit
diagramfor an illumnating |ight comuni cation device 10, and this device
10 conprises a DC-DC 5 converter 2 (a%onverter) connected to a DC power
supply 1, a rectifier circuit 3, and a snoot hing capacitor C (a snoothing
circuit). Then, the DC-DC converter 2 causes a switch elenment QL to switch

a DC vol tagrrifie dRRIPPAPRYEhe i%@]ﬁy%ﬂﬂé@f dppai3ehisesdMud YiP ogtrﬁ qm the

DC-DC converter 2 is rectified in the'rectitier circurt 3 including a diode

it prer 2l nth i ; : Foc
o 5 TR D Ml SRRMIDRRAUECA M SR R0 L

0y Sl RO Gy AT e
DC- DC c.ony. . IS,

T X LT

B B0 VS E I R bE T 06 i S e e (2

drop of the current sensipg.resistor 5 with a reference voltage El inputted
tgﬂvgég’fi?]ﬁgéﬂ’nggt S%e’rsrﬁrffl%‘iite‘iﬁ& thepsvitchselpmengs fQ%ﬁ‘:ngbs &mal , and

to a non-
then outputs the anplified signal to an 20 output controller 7 (a

cont r ol | éhyoughEheinswlationyd6a 1€k, toccsernestivelin/ of f operation of the
switch el emer]t QL in accordance with a feedback signal inputted fromthe
error anpdl4leln athisaway: Hbeepignal| gemenatione wircuit jl¢ @emeralekedeveral
addition, a phase conpensation circuit 6a is connected between the output

t er m nal daﬁﬁ@remhénndng op tacalicopumunératiorasigonls (e the preseift eanipddifieart, Al , and
conprises a resistor RL and a capacitor C2, which are an 63 integral

el emédt . theenkindseofsigmals &1pI97, iIS8). AThesd optiesl comuRicatintsighalcapaci t or
C2 constitutes a constant current feedback circuit 6. [0153] Then, in the
present divided tintcaa platalityedfesignal ghoups Isydiffdvienge devige)lsi sTheAneEes ed in
parallel to a part of the plurality of light emtting diodes LD1L 5 to LD8

connect egwitehseleinesit is Medated in teacBf the Yluralilyt bf sgndi efudsD8 THHISsSW t Ch
element 2 is switched on/off in accordance with an optical conmmunication
si gnal Sthd Bittdhedlenicifs0QRe) d2b, Q2¢ are located so as to correspond to the
signals S1, S2, S3, 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,
multichanne! optical communication can be achieved by one communication
20  wunit 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




[0154] Then, Fig. 23B shows a sinulation 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 elenent 2 is connected to the |ight
emtting diode LD8 and, is switched on/off with a signal source 8, which
outputs an oscillation signal of 10 [ ] corresponding to the optical
communi cation signal. [0155] Figs. 24A° 24B are wave formcharts show ng

simul ation result of the 15 load current |i obtained by using the o
above- nenidveaed0SeMUAhrOR it diiBbdim&htd. B SR EniRBoh 0@t 30 bBthe! | 1N a
state where the signal source 8 is stopped, and the load current I1 is set

to about (f¥so00eAPhlimbhDis AR 5 BMEer fa'g?ré %‘Eﬂe&“ﬁ&? ﬂ?}i‘ujo- Z,H_danﬁkaﬁl\tzl i6n Wher e

the signal source 8 outputs a rectangu ve sl gha and a

o R P AR AR
30Q_1. | 1S .sw : '
current n2iBonttics 18, S0 TR BahnleRbt b B0 gt 8% e TS

is 0 [mA] en. t he itch element Q2 is switched on. On the other hand, a
rect ahgul@%’%%e%%f ‘ent of about 300 25 [mA] flows to the di ode LD8 when
the swit epent .is switched aoff. 64 J0156]. As ex i ned above, the
swi t ch J@k@ﬂ Ff%? ?%’bf‘&n?@(‘f? eafnﬁﬁagapdmlé@i EPIHPHERE A% ﬂ?%r prgeRIdly of
l'ight emtt.ing %ode LD1 to LD8 connected in serjes, and then the switch
el enent EPSISEOTE Uerféélzoﬁpéf% cRRaeEto Fd An cadvganstithtesopn askrbleomuliii cat i on
signal, and thereby a current flowng to the part of 5 diodes is

i nt er mi t Vekraton anek escillater avith agfreaneres (for evample,ol IME Y briag hipher o0 LD8
is nodul ated in_accordance with the optical conmmunication signal, and then
i |1 um naepagehithans dregmence ofthe roptival dowdesnicBtionsipnsl Sle Hodthers ed in
accordance with the optical comrunication signal. Then, an optical output
f r oml® hefareexapepl) LiIM 0566aif\NatiasabhSemptdmhictaoBormi isatsedrasl thesIGfat by a
recei ver 20 having a photo IC. The receiver 20 adopts a nethod for

recei vi ngumide3bpti cal comuni cation signal by detecting a difference

bet ween an optical output not superinposed on the optical comunication

si gnal af@il46) Aptowplteidmiltofthpd0 farasadr 31 ishapapiedaal theomplaigad on
signal, and thereby the receiver 20 can detect even a mnute nodul ati on 15

light. Theit%3,ad oieid fpudtedts baé snset tdiatinhdef aueXNUegyR! 1B1.0f 14 he | oad
current |i becones generally constant, and thereby the power | oss can be

decr easeghnthRéie tht RpticaddomhaisRa oA B hal S168 %%ﬁaea t8ThbldtAgr fhypgte LD3
connected in parallel to the switch elenent 2. 7101571 By the way, In the

cOou TR o U, NPl (0N Rt s 619 freonm o o

nication signal S1 and the output signal from the IC for timer 31 is inputted
to a buffer IC2, Then, a primary winding of the insulating transformer T1
is excited through a coupling capacitor C11.
[0147] The optical communication signal S1 is modulated with, for example,

20  a carrier wave of 1 [MHzl, and thereby a high frequency voltage is evoked in
~a secondary winding of the insulating transformer T1, 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, Ci13. 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.




Figs. 25A shows the load current |Ii in a state where two of the eight

di odes are connected in parallel to the switch elenent @2 and the switch
elenment Q2 is intermttently switched on/off with the signal source 8. From
the sinulation result of Fig. 25A, it is found that when the nunber of
diodes 25 intermtted with the swtch gl ement @ increases (fromone diode
to two 65 diodes), a peak value of the load current |i increases and a
bott om val ue t hereof decreases and thus the optical output can be nodul ated

nore gr edphys] Atled, the voMaeCdffkediin ih® {QRBAdahPAinlhfy SV E{ARRUIAIAENT Can
be set to the sane value (about 500 [naA]) as t'he average current upon

non- nodul @b h§Brmep P1 aigdir;ﬂlﬁfb% %btmua%fo?wgﬁgﬁ' SNty Ghid ﬁeﬁ:"(‘f-t ched

on/off with a high frequency of about t hereby the optical
out put of i 1t N i,ade .| I .can
r ecggni ze(1L1t'I|leRJt:1 %ﬁcrul%és} itto]:irﬁ3 %P ij'“lta%g ﬁ?gﬁé@ggqg}é‘%%f Cgﬁ%oyﬁ%ﬁ?k?ﬁ?be
Ther ef or - ] Lon doe ot _br.i el i,n f strangeness. 10
o1se] mizsilafir AlneRLE 1R ERERA reibGie R SR R Tnfy BFBR 0 (e
switch el enent is set to, be 50% In.contrast, Fi 25B, . 25C show
it A | GBS aree EattPorelt o apaveh i gt pRasitnt T14 it BOREIIEHE Then,
Fig. 25B sho the |l oad .current. Li .in a sfat re.one_ljght emtting
i Ocde 15 OPHIET FPRTR GRHAb SRSl P dh répmﬁqz\%ﬁr%ew@ﬂa%@@ YREWED t he
~load 15 currgegnt J1 in state where two |[ight emtting diodes are

{ nter m t HBDHPY ﬁil‘% REPCe il ﬁpntyzunmagm weual Slrol am ieput of the s, it
is found that if the duty cycle of the switch element Q2 is set be nore
t han 509¢ufiee 163y apdithereby énggaq@mfethﬁsg‘ﬁt@l elemantr @3 dbeingenMQPFEdt e t han

light emtting diodes connected in parallel to the swtch elenment 2. Thus,
the circig drigen. i nhibit 20 the peak val ue of the rectangul ar wave of the
| oad current 1i, and the average current can be set to the same val ue as
the Wer HyetYuFigm224ntm 28Brareoetaiatform chants forceqpdanationfofahpedioveur r ent
rating of the light emtting diode and receiving sensitivity can be
adj ust ednipntoiredyingnit hpexidion nyehond patts. sWig 22 icawntive@rmahalrfsl 59]
Then, in the above-nentioned sinmulation circuit, the eight |ight
of the optical communication signal S1 (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 S1. 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. 22K 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 T1, and the




66 emtting diodes are used. In contrast, Figs. 26A to 26E show sinul ation
results in a state where twelve light emtting di odes are connected in
series and the switch elenent 2 is connected in parallel to 1-4 di odes of
the twel ve diodes. Fig. 26A shows the load current |Ii when the signal
source 8 is 5 stopped (that is, when the switch elenment 2 is sw tched
off), and the load current li is set to be about DC 500 [mA]. Fig. 26B
shows the load current Ii when one light emtting diode is intermtted, and

Fig. 26C fhpugulbfn QAR 47 "PAL chh%\é?%%"‘%eﬂéxﬁ@fopfﬁ]&ﬁ 'nzﬂgﬁﬁiepﬂglg 5%%6

intermtted, and Fig. 26D shows t oad current e ree
emtting g i af| 1 9. 1.2 ws the lLoad cufrent |
when four(g;r?lgﬁ'fw%t??%cg{%@i %%tggn é?lg i?%&'éér:ﬂ t?ég& ﬁl%%gaa%’%%“&lﬁ %??'P gb@r y
case, th e f.the switch el.enent is set to 0% _ Fromthese
o at | QRIS B Bbrlc P o i FrlaBlBR RS, Re SRipsE e Tarbuaiats
intermtted with the swtch el enent ,_l.ncreases, the re the degree of
nodul at i ‘npnéﬁgaggg?a dPnPHBnﬁggyﬁbgﬁﬁQﬁ# oﬁﬁFhén?QéE;uﬂ? dHFFegé li is
kept constant. [0160] As expl ained above, in,_.th resent enbodi nent, the
SW tc eI%ﬂ@#@té@gh%bﬁgﬁ%‘&n%@q%cadﬁ%ﬂg@ah&3 ‘é(ltga e RTINSV AV al Pey of
light emtting diodes connected in series, and then the swtch el enent
i s switcRBsM trapgformesy Hhas sonpedied hetweem dhe apdnlationtwnit 35 apdl . Wen
the switch 20 element Q2 is sw tched on, short-circuiting is generated
bet ween BBesEHeR demems Q3rt e demadwationniniti 35 editedtes acergredtyd i n
parallel to the switch element 2. In that tinme, on-voltage of the diodes
connect edemgvirg the cagierasue ftapdhdiomgponof the meubating frshxformer Tduyi t ed
di odes, and then a difference AV is generated between output voltages of
t he DC- D@ndonmtputetheobtained 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 T1 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)




25 (that is, voltages of both ends of the snoothing capacitor C).
Therefore, 67 the load current Ii flowing to the remaining light emtting
di odes is increased by a value, which is determ ned by the operation

resi stance and the above-nentioned difference AV. Because this increase is
not caused by the feedback systen1(thqiconstant current feedback circuit 6)
through the 5 error anplifier A, the Toad current |i increases instantly
and then good followi ng capability can be provided to the optical

conmuni cati on AWniflumibiehg lieht MemubecatitPAevRE ShEshlilndit’ wﬂsed
light emtting diodes increases, the greater the increase of the |oad

current ReeIAREd Vthiiafer@hbeto @‘?%‘e’ 232 U@L %A%fh %gléeﬂ%A'tb reases

conpared with a state 10 where Ioad current i'S ‘not no l'ate Wi th

the opt| qaksCORRUl SAb! aRq Pighay. wWhen ddie éj.f(ﬂﬂ? by @ L jfchched

off, this Current value 1s control ge curren ecorres
to be eq t i.0 aver.agin
the conat el ARRuEIALEH aeb RIS é'%?@%%f gt comrgg?ﬁ PHPME g
lightco n devi t he ural i t emtting
i ol LOPTE b B BRYLERD LBl lh Ll Babel bl ki apetiey Slonit
intermttently short-circuite cordanevahI tic i cation
si gnal , ggn(?nt r%?o@ﬂgglcggﬁcgﬁ ?;eﬁ Isfml?é T CITGHLE ﬂf ufﬁ W%JWW th
respect to t optical commu tion gnal ., Then, | oss of 20 circuit
ef fici en89nﬁ‘5'§§r R atses &rSWJéa*a f @Mefﬁ switeh@ PGarrltags fpm the DC
nodul ated with the optical, communi catl on signal, the average value of the
| oad cur PEMET| FURRIEs] mavokhahgen, prueutRefiom §hﬁoDCaD§o§§nﬁﬁ3ﬂtP¥)2 i$at
quality of illumnating is detracted from [0162] As expl ai ned above,
in the predéied dniibei reshifior dwcudt Boimicludinged diede 28doistsmedthednmubheat i on
has a sinple configuration, but the optical output can 68 be faithfully
modul@t edmioethingoeatmeitor 1, hand éheyehbycial conynmiedi was IR0 volggal hadngrg a hi gh
frequency, and further the illum nating |ight communication device having
| ow poweprédedsrmamed oliagviddde. [ AlpRirakity bfioghitnemittidy 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 C1. A
15  voltage drop of the current sensing resistor 5 is inputted to an inverting
input terminal of an error amplifier A1 (a difference amplifying unit). The
error amplifier A1l compares the voltage drop of the current sensing resistor
5 with a reference voltage E1 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 I1 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




An illumnating |ight communication device of Enbodi nent 15 is expl ai ned
with reference to Fig. 27, Figs. 28A to 28C, Fig. 29, and Figs. 30A to 30C
Fig. 27 shows a sinulation circuit for inspecting a circuit operation of
the present enbodinment. In this circuit, a series circuit 4a conprises 10
eight light emtting diodes LD11 to L8, and a series circuit 4b conprises
eight light emtting 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 currentingensi st ) j e t i 0 in
parallel to a p?ﬁl?lh??gr rgilgl?r’pltgé%? %oe@?ﬁigﬁ%ﬁégmﬁltl t ?ﬁg rg%séglsff%28§ of%ﬁtghe
l'ight 15 c%ﬂ}:&ft?f‘@%oﬁgﬁﬁg@%cérﬂathﬂgﬁuﬂen& B SRk SSrduif U t 4D, and is

of the optica

swi t ched onh in accordance wt opti communi cati on signal. Here,
in the si i Ci: i i , Lgnal 8_out,put s, an

-osci || at i[g#sgilt &2%“’ (%115 %#L%E)[C%%F c%‘c?rru%sa p%‘r@#]%Sﬁet%&?ﬁgég&%wég‘fkﬁggmqegat ion
si gnal , £ ch_el;ement I S,SW.tch onl.off wi.th the si source
8. In adglgg ?%lqn‘?ec'téwéﬁ fgr%il?fgﬁ)l §P %%?f%r%%ﬁgyo?%aét By Hg’i‘r%ﬁgfrﬁient i's
equal .to, t of the Enbodi nent .14,. except far the load.circyit c risin
Che | P gnt® dri0B roRgtiegotl Stin WEitinn 80 CRAdigs Smitiene S1ods Uilfus Thbe same
code is ref.erhaél% to c&zéc.uit .C onent s corresponding to circuyit conponents
of the EfB3RM@sMent Q248 Sﬁﬁéﬁgﬁp? AHtmoRcqoedapge wakh appyteerd £poppYs. 28A
to 28C are wave formcharts showi ng simulation results of 69 load currents

i, 12, W®AGatH pighal S 1pputiedirem qutstde.t s 4a, 4b, respectively, and a
resultant current 13 ( = 11 + 12) obtained by using the above-nentioned

si mul at i 64y Then, Rigg23Bgshewews sthuladion emcyitl for impet@ngna aistat e wher e
.the signal source 8 is stopped, and then each of the load currents Ii, 12

i s set 5operattomabdux thbecBooLl, mijtep dodm tleonpes witcant iscusedead tHSDIGDEEt t o be
about DC 1 [A]. [0165] Then, Fig. 28B shows the load currents li, 12 and

t he HesutemrarteuZr elfhefthehswitthelangnt)Sauoaacstedutopiheslightr @aitngy| ar
wave signal of 10 [kHz] (duty cycle is 50% and one light emtting di ode
LD28 i s diuderhDBtaad, isGwitcleed bhoff il actizhal sende ®leshivh slgraerdes
circuit 4a are not intermtted with the swtch elenent @, and then the

| oad curosilflationfdignahef t10 {Kdzk esirespeidiagi to fie ichtBAD o hindeafidect
current and is not nodulated. In contrast, the light emtting di ode LD28 of
the serigignalrcuit 4b is intermtted with the switch element 2, and then
the load current 12 flowng to the 15 series circuit 4b is nodulated with

ref er enc®ig] apicsaveLa0e4 : . nt
current ?3, \]Nhi ch is g s%%r%ﬁ%%%ﬁ?%%h%‘g%s %ﬁf%%ﬂ% Fl-%ﬁ%ti%rbf\%s?%n%% at ed

wi t s ef RLANGRrERL 3D (ﬂ)‘fﬁﬁffb@aby%ﬁtﬁg(ﬂme[ ave'lgagﬁﬂghehnsiﬁﬂﬂ%{aiéﬁﬂ%ﬁégﬂﬁtshe

above-mentioned sinulation citcul one Trght emtting | .
sus Leneconpiald kb RSt PITTRY Sl Ppat, FAOLIRN g 25,12 @
thi's restpfbed, g Belhed aifenf 13 biiche AbhitaiC AW 6. HiEceaB (n
i 1o SN ERORORT oPiayit B ihH hEE heR® e SeReL OB b TBREICE | o
SWi t Chedregpdngguljgzr' %v_a(%riers(l:gliléli or}'gld ﬁd—?zﬁ r;&r éggrr%%tt o%vr}n%%%r%hg T’l?gde LD8is
20 intermitted. Then, the load current I1 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 avérage 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

256 [mA] flows to the diode LD8 when the switch element Q2 is switched off.




70 of the part of the plurality of light emtting diodes, connected in
parallel to the switch element 2. In this time, an on-voltage of the
plurality of light emtting diodes connected in series decreases dependi ng
on the nunber of the short-circuited light emtting diodes, and then a
difference AV is 5 generated between t put voltages of the DC-DC converter
2 (that is, voltages of both ends of the snoothing capacitor C).
Therefore, the load current Ii flowing to the remaining light emtting

di odes i s[0n186} easehlaYna HBOHE th¥Rkstbh ScHRLE'TS Reth e &FA1d19D

E .
resi stance and t he above-nentioned voltage difference AV‘. ﬁggause this

i ncrease 4 g?f,%%f tHRYIGEL 1Y 6f+'1?%11]tlcélrﬁlﬁ i5dsy DAoL ?%gﬁgé%\%gﬁhgsgéi&&

anplifier the I'oad curren ncreases 1 nst anI _ _ _ I
follown 1L i . opt,l ni cati.on signal .
Then. -t neiEPEEA thiYertiath REAERY QP Es bEREI Bl S OPRIRDGE 0l iBhes
I ncr ease eqt l.ncrease t he | ocad current bec S. t he
1)t her han ,ﬂ%?tcﬁou_ﬁﬁ{cﬁtéﬁgo gnggr?‘%%%ﬂ’e 152 fEETeYs %W%g%ggg %‘ﬁ]ﬁ)fa state
where.t hey.l ead. current 1§ i,5 not. nodul ated with the.optic [of0) cation
si gnaP \A:f‘lié?l&fshlg 1§W%ﬁtee4.e ‘?reéﬁe'r gﬁ%?ﬂﬂ?c%ae’a‘f h?wt‘ §°E§? Fiéfﬁgsﬁl hedi s
trolled that the ayerage current becones to, be equal to the |oa
current Berab8 lﬁdBaTt“éf’%t% 1ByACE) %Gnﬁl@oﬁlﬁ grtical eorampyNsaEan Sggqa.alent
feedback ciycuit 6. 20 [0167]. By the way, in the above-nentioned circuit,
the two &G Eaen;i BmIP@LJ@@nbghgﬁ ﬁgltl?we%u‘@m the dipdes dH21 ewi LD&greli odes
are connected in parallel, but the nunber of the series circuits is not
limted M@Auated He ageondancewithdhe 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 I1 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 éwitch 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 I1 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

26  intermitted with the switch element Q2 increases (from one diode to two




series circuits may be equal to or nore 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 conprises eight light emtting diodes LD11 to LD18
connected in series, and the series cé§CU|t 4b conprises eight |ight
emtting diodes LD21 to LD28 connected i n series, and series circuit 4c
conprises eight light emtting diodes LD31 to LD38 connected in series.

Then, a sbl&d), @l ?@ﬁﬂtva% of the q@ﬂﬂe&fr%inﬂ Tl RAERLES a7 %Fém(“}eﬂh
exarrple the I'ight enmitting diode LD38) of the plurality of light emtting

conmuni ot 8‘%&5".‘93?‘%8‘9@P%féiﬁ‘f“#h‘e%%?\%?@t b BESHIAARGR M"*ﬁﬁ*{% &how ng
simul ati g S[)eﬁ‘g{ﬁlg c?tge 1@?{91’ QH{lc{)ﬁ:PA lwe 'c:wejrége ]c”t)irrevm 1%:4 QU i%nger_l Iels +

circuits Fespec aresul? curren

shovs ¢ h AU, %ﬁ?gp‘éﬂﬁs%n-%lf ﬁb?%‘ierg’ééﬁféa‘%?&%ﬁ'eg”“nﬁi o BUBEHR 20 ach
?Lshrgantaa‘%ﬁﬁgé’:\g%% b @b“t SY"& to %b%%‘%l dlgn%fh gﬂgﬁFl g.

i gnal _SQEEENSY o B Eéfﬁtef&ﬁatwﬁipﬁ&%@%“&e;%iﬂcé bk ] et cycl o
is 509 and ane |I3ht emtti ng diode LD38 is intermtted. Here the |ight

em tti ng caisteg diede emodniatede human eyescampokrecogsize hight modulatden v ¢ h

the switch elenent 2, and then the load currents li, 12 flowing to
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 I1 in a state where one light emitting diode
is intermitted with the switch element Q2, and Fig. 25C shows the load

15  current I1 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 ciréuit can inhibit

20 the peak value of the rectangular wave of the load current I1, 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




20 the series circuits 4a, 4b, respectively, are generally direct currents
and are not nodul ated. On the other hand, the |ight emtting diode LD38 of
the series circuit 4c is intermtted with the switch elenent @, and then
the load current 13 flowing to the series circuit 4c is nodulated with
reference to an average current (about,.500 [mA]). Then, the resultant
current 14, which is 25 a sumof the ['0ad currents |Ii to 13, is nodul ated
with reference to an average 72 value (1.5 [Al). [0170] In addition, in

t he abov%ﬁﬁﬁhigoﬂﬁ@e&aﬁ’é' RdPN T8 ESittirhst, %gigs.: bEAt tLIBEL sMdy dg’iﬂgg%ﬁ!;ﬁff i s

switched on/off" with the swtch el ement n contrast, Fig. 'S a wave

o1 eSO S LA ke S KRR GHSE Y Syl M o0BER 110
i in | norassihe SPLh elihont QoS ainboliha SHRTRAMLBLFA bAoA BTkl T
(Ebod mpe i) Tie- 264 Sows G IEA Rgtebbit SN A SRUFRS df
Fro. 51 ok LObAREs vReR therouieh Flstoens plots Agiediad PR eodbe d6vbn of
the pr es%ﬂi‘re%mdiis-set to be about DC 500 [mA]. Fig. 26B shows the load current
I1 when one light emitting diode is intermitted, and Fig. 26C shows the load
current I1 when two light emitting diodes are intermitted, and Fig. 26D
shows the load current I1 when three light emitting diodes are intermitted,
10  and Fig. 26E shows the load current I1 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 num_ber 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 I1 is kept constant.
[0160] As explained above, m.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 lcommunication 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 C1). Therefore,




15 nment. In this circuit, four circuit blocks Bl 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 Bl to B4 conprises a
plurality of series circuits 4 (for exanple, four series circuits), which
are connected in parallel, and each of67t he series circuits 4 conprises two
light emtting diodes LDl, 20 LD2 connected in series. Then, in the present
circuit, a switch elenent 2 is connected in parallel to a part (that is,

t he di od f ] e tihian iQﬁiﬁ.l% o) £he four
series cieltrﬂgt?ig%a}s(pf]%rg&tﬁh\gqcihro g}l}lhg Eq ot?::‘llie %il.glaThe S\;&\?itjjg hég%%t?r%gnt&i%w% slts

swi t ched ; i a B i cal j.cat | j but in
the. s mul Seraiced;ty AXFALEARARAYS Aot Bu R £F b URRNAR el Fh& Bh
oscillati i . I (@S i . h .0pt i cal

commun; caton igneftiondd difEreiRIAR CRRELIY s iifeafteaf Bih SRhood PR e
signal saquyrc l,n additi,gn, the circuit cenfy ation he present
crboai et Cogreh saeeh (i ptiabe i e dpek St ® ghiwdh FBSq
circuit conprisi t he_circuit bl ocks to B4. Thus, the code . is

et or Ped GOV ABIRIEIAY AdortherIBAE SRS R L IRATSGoF dREIINILY AR of the
Enbodi me[ﬁ) 14, and taﬁ_ explqz%rgati on,&s omtted. [0172] Figs. .32A,, 32B are
wave for iPUARINE caRahility @mbeaptayideddnithe eptical peppzupication 19ignahi ch
flows to the | gad circujt, obtained by using the above-nentioned sinulation
circuit. Heate the,aeng: tapinumber gifsthe sheet-Firgpited Olight emiting; digdes D2
connected in parallel to the swtch elenent. 2. The current |Ii flows to the
| i ght enilketeagesi dite sreater ithec indreasso pfdbe elvaidncwment decomere Gmdbe LD2
connected in parallel to the switch elenment 2. The current 13 flows to the
ot her seotber bandunithough theelasidr cwirenb|Id cdedBdaseshiahpaorbmittes stade seri es
circuit 4 including the diode LD2 connected in parallel 15 to the switch

el emtdit @herthdedondenirrdat Ikisanoemdddatedcwithetite optiedl canmmaritstiéh owi ng
to the load circuit. [0173] Fig. 32A shows the currents |Ii to 14 when the
signal seigred wWhea tdicopwitdh éleatertsQ2wheswitehedvoff cthiel @resht QAlus iswi t ched
off. Each of the load currents Ii to 13 are set to be about DC 500 [nmAd].
The | oadcehtrolled, s2@hht aengvégeactiri@ht flfHon&s t€eCieqatl tts thd Nogdch of
the circuit blocks Bl to B4, is set to be about DC 500 [mA], and thus the

resul t antufrent ehdford MegaRorAMIULvE agnk Aontk®1 4] tHd donSABt Shawent he | oad
currents |Ii to 13 and the resultant current 14 when the signal source 8
out puts &dpekbRRgELH gwave signal of 10 [kHz] (duty
15 [0161] In this illuminating light communication device, the part of the
plurality of light emitting diodes LD1 to LD8, connected in series, used for
illuminating is intermittently short-circuited in accordance with the optical
communication signal, and thereby the load current I1 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 I1 is
modulated with the optical communication signal, the average value of the
load current I1 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




25 cycle is 50% and the switch element @2 is switched on/off and thereby
the 74 above-nentioned light emtting diode LD2 is intermtted. Here, the
current 12 flowing to the intermtted diode LD2 beconmes about 500 [nmA] when
the switch element Q2 is switched off, and beconmes 0 [Al when the switch
element 2 is switched on. On the othel hand, the current Ii, flowing to 5
the diode LDl connected in series to this diode LD2, becones about 500 [ mA]
when the switch element 2 is switched off, and increases by anmount of

change WhecchitigullgtRodnlaeed by adesdaass wath &H@ oBfieaPEIAARIMNBAT0k BRsM t Ch
element 2 is switched on. The current 13, flowng to the other series

h
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10 current when t he 'swi t ¢h el enent

current gy hc% mﬂg%ﬁg{)dﬁﬁﬂoggf}ﬁ%%&ﬁﬁse gy current value (about 2 [A])

upon non- rmdul at | circuit, like each _
above- menpigied enbodi ment, the on-vol tage of the Ioad circuit decreases in

accordance wth on operation of the 15 switch element . Thereby, the | oad

curre [ S antly. Because this increase is not caused by a
f eedb ck(g I%?EF'[ g%?)h the error anplifier Al, the load current 1i

S LA o e B 11021 1
ot moduFEPGE CHR FEPRC F oo 8at £5h 06 PKalliann, knd Figs. S0A
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 & 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 Embodi-
ment 14, and the explanation is omitted.

25 [0164] Figs. 28A to 28C are wave form charts showing simulation results of




switch elenent 2 is swtched off, this current value is controlled so that
the average current becomes to be equal to the load current before .
nodul ati on by averagi ng control in the constant current feedback circuit 6.
Therefore, the circuit added for optical commnication has a sinple
configuration, but the 25 optical outpy can be faithfully nodulated in
accordance with the optical 75 comunication signal having a high
frequency, and further the illum nating |ight comrunication device having

| ow powerloh@sgareéitsOBL, oW kheH. flow8 k66dhe! SerdidihlbRits 4d) 4H)GcRPES R,

circuit, only one of 32 [ight emtting diodes is interhitted 1n accordance
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14 has a | ow nodul ation degree. I'n contrast,
rosul tant BuLyaaf Vit ot 284 éﬁﬁ*’ FH B 083 1 SRRl on
rocei ving Eyirad hoaSHE) e%%&f%%&. %%@' 5 oG g FREFES AL B REensi 1y,
'S rapn; AR o SR ﬂf%ﬂ%ﬁrersﬁ B Rarvery IPiig et BoRRaRPERPRoh devi ce
of Enbodmgint 17 is
[0165] Then, Fig. 28B shovcs the load currents I1, I2 and the resultant
current I3 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 I1 flowing to the
series circuit 4a is generally a direct current and is not modulated. In
contrast, the light emitting diode L.D28 of the series circuit 4b is intermitted
with the switch element Q2, and then the load current I2 flowing to the
15  series circuit 4b is modulated with reference to an average current (about
500 [mAl]). Then, the resultant current I3, which is a sum of the load
currents I1 and I2, is modulated with reference to an average value (1 [A]).
[0166] In addition, in the above-mentioned simulafion circuit, one light
emittiﬁg 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 11, 12, I3 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




15 explained wwth reference to Figs. 33A to 33D and Figs. 34A to 34C. Fig.
33Ais acircuit diagramof the present enbodinent. In the illumnating

| i ght communi cation device 10, a series circuit 4 and a current-limting
element 9 (a |oad change element) are connected in series between outputs
of a DC-DC converter 2 (that is, bet n both ends of a snoothing capacitor
Cl) through 20 a current sensing resistor 5 The series circuit 4 conprises
a plurality of light emtting diodes LDl to LD4 (for exanple, four diodes)

connect edfithegsurt&F.thESrats vf light ehBBAL dBddsS BARBASHSSH ?&éa‘lfe? oot h

ends of the current-limting element 9 and is switched on/oftf in accordance
Wi th the (ptdvidth SRR Q211 OR (HigRihe, 410 oA R of PRI bf light
configuration of the 25 %?esent enbo ?manto IS eq%ég? to ?ﬁjgt (1:)5'{ Ile & 23A
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conprising the light emtting di _ _
et Sy M SABSEHTARSEHFE AT EREL o SERSRGRL By
expl apat ig%ﬂei‘e?teﬁ%%v%’e‘n output voltages of the DC-DC converter 2 (that is,
voltages of both ends of the smoothing capacitor C1). Therefore, the load
current I1 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 I1
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 Il
15  decreases compared with a state where the load current 11 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 eﬁlitting 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




5 [0178] Also, in the illumnating |ight comrunication device 10, the
swtch elenent @2 is swtched on/off in accordance wth the optical

comuni cation signal, and thereby the current-limting elenent 9 is
short-circuited or opened between its both ends. Therefore, the | oad
current Ti flowing to the |ight em'ttiﬂg di ode can be nodul ated in
accordance with the optical comu- 10 nication signal. [0179] Figs. 33B to
33D are illustrations of specific exanples of current-limting elenments 9.

As shown 4ecdihfPrisés Bight ekt brBRing idTddd QUEND il di ode
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then if th i DL i infrared. |ight em.iting diode, .the | ared
|'i ght caf l(g%e%r g‘g)?'llv %@%&’ng‘%ﬁﬁﬂﬁ Fg’f“gﬁl ﬁéﬁ‘? e%%&ére.le%n% Eﬁ%é? Then,
Fig. 33Cis an il.lustration of the current-liniting el.ement.9 ri,sing a
resi stor C?&?ecgﬁﬁ 1??5“?@%19%6@‘3 3Tﬁ}éalﬁﬁge’Bge?’&tht@g‘b‘?ﬂ&grﬁgo%LW@eded
nmodul at i degr ee. 181] Then, Fiq. Dis illustration of the.
current - %ﬂﬁﬂ)f&?gltg Io[epg’éi’tt @@Hﬁ‘&r‘ﬁgg‘?@fi%&(’aﬁﬁéﬁs %113 dupvitshed og/editn p1 and
a resistor 1R2, and in sone 25 cases, the current-limting elenent 9 may
conpr i sea§cardange wath the pryeak spmmunigptier sgpadnd the resistor R2. [ 0182]
Each of Figs. 34A, 34Bis a circuit diagrans for a plurality of series
circuits Qf’fiﬁ] BietmpOd ta 3RC dre vavs form chaytschomdogsdmiudation apswts ofind each
of the series circuits 4a, 4b conprises a plurality of light emtting
di odes 5laasheraents 1h Eerlﬁesleiebﬂ)mtmtlm séies cilicuitesda, 4bn 4cheespieccuit of
Fig. 34A, the current-limting elenment 9 is connected to a point where the
two beri tively roud hsresaltadtt qurent dget hell, +al2l + B2 sbiistindd dyeuming € i S
connected in parallel to the current-limting element 9. In the circuit of
Fi g. 34Babttemmutioned- sinmilaition elredint Fie.i 30A ahoect gt curearts d3 toolonly the
series circuit 4b, 10 and the switch elenent @ is connected in parallel to

t he curraibienl ihel dighgl ehawe® isStogped), and ehdle of the Wald @irrEhes IBACI3 &
plurality of circuit blocks Bl to B4 are connected in series, and each of

the circsdtttoboaksuBDC 8084 Bhidsae fshltanddurYetf IS8 §QSothd abbls (for
exanple, two series circuits) connected in parallel, and each of series

ci rcui t speppprfiajes a plurality of light emtting
15 [0169] Then, Fig. 30B shows the load currents I1 to I3 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 L.D38 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 I1, I2 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 1s 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 I4, which is

25  asum of the load currents I1 to I3, is modulated with reference to an average




15 di odes (for exanple, two diodes) connected in series. In the circuit,
the current-limting element 9 is connected in series to one series circuit
of the circuit block B4, and the switch elenent @2 is connected in parallel
to the current-limting elenment 9. [0183] In this way, when the
current-limting elenent 9 is connect in 20 series to the light emtting
di ode and the switch elenment @2 connected in parallel to the
current-limting element 9 is switched off in accordance with the opti cal
conmuni cag4las (si50idd)., vol tage drop or voltage distribution is generated in
the current-limting elenent 9 and thereby a voltage supplied to the |ight

em tting [dil gdPIndQAARAKE SiPhb NEbNR-hAGRIHAP sRhutatfony Yrleage ‘\%}? light
I en e 78

distribution and then the | oad current al so decreases. Then,
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communi cation signal, the voltage drop or the voltage
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i ncrease _ar, decrease ,i s ;not ca d t he,feedback system ({he constant
current FEERLES %’Yﬁ‘élbi‘?le@ent%h gh%ﬂ}é‘ P rey ii’Fi‘eSr%N“,g&t ) ohe
current increases ar, . decreases instantly . and then good follow ng capability
can be prERAaked FIRHE PG dorens iBSRCASIIE FAhARmGT olithe HER t he

| oad current i s Qogér_ol | ed . so_ that the average val ue becones to be equal to
a val ue &MitHaE dBadescinterrittod gHthdheryadehelemeny Qv apdgithe casmtrith in t he
constant current feedback circuit 6. [0184] Then, the current-limting

el enent SheKgobedimenttth el ement Q@ are

10 [o171]
(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 Bl 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 Bl 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 dibde 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




15 added to the existing LED lighting apparatus, and thereby the
I1lumnating |light conmunication function can be easily added. Then, the
needed nodul ated |ight degree can be achi eved by selecting the
current-limting element 9 having a desired characteristic, and in other
words, the nodul ation Iight can be n1@%tely adjusted in accordance W th
sensitivity of 20 the receiver 20. Thus, the nost suitable optical ,
comuni cati on can be achieved. [0185] In addition, in each of circuits of

t he abovgmal b&ﬂ%lﬁ@ﬁﬁ@h@gﬁﬁ &ﬁdttﬁe Js%tdmabﬁféﬁtqé sﬁz@fyh%atdnwffmﬁl switch

el enent in parallel to a part of the light emtting diodes, the
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light e tt| n ﬁl ode d the svm tch element Q2 may be connected in
paral | el floa{’ﬁé El‘fﬁpg}ﬂa 9% MY teferent 9, and the current-limting

el enent svmtch on/off with 10 the switch elepment 2. [01871
( Enbodi niwsglgs A, 3¢ iare R v o q%ﬂgm showmmrantladiprseawlts of

Enbodi ment 18 is _explained with reference to Figs. 35A, 35B. Fig. 35Ais a
circuit OwegRasnldsto I4, which flows to the load circuit, obtained by using the

above-mentioned simulation circuit. Here, the current I2 flows to the light
10  emitting diode LD2 connected in parallel to the switch element Q2. The
current I1 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 I3 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 I1 to I4 when the signal source 8 is
stopped, that is, when the switch element Q2 is switched off. Each of the
load currents I1 to I3 are set to be about DC 500 [mAl. 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 [mAl, and thus the resultant current I4 becomes
about DC 2 [A].
[0174] Fig. 32B shows the 1oad currents I1 to I3 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




15 the present enbodinent. In the illumnating |ight comrunication device
10, several kinds of light emtting diodes LDl, LD2, LD3 (for exanple, by
four) are connected in series between outputs of a DC-DC converter 2 (that
is, between both ends of a snoothing capacitor C) through a current

sensing resistor 5. In addition, the three kinds of light emtting diodes
LD1, LD2, 20 LD3 have different em ssion colors (for exanple, three kinds
of red, green, blue). The several kinds of light emtting diodes are

di vi ded igboveanphtibakil ﬂﬁgh@fenﬁ'tﬁﬁ@ﬁh&dlé)LmXi%riﬁ’t&wmﬁtécﬁt HERE PRE caRdnihi rd
groups) by difference in the em ssion colors, and then a pl urallty of Iight
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except foi the Ioad Ci rcul;lt corrprl sing the light emtting diodes LDl to
LD3. Thu§lement Qud chad g orkhey ciigregity b fowbmgp dnethes otlentr eeiendi ng to
circuit conponents of t he Embodi nent 14, and the explanation is onitted.
[0188] Hekeuit Aeinskhe crraib ipels Bp1sligply dmseases wikh dheease/iof the n 15
accordance with the optical comrunication signals Si, 82, 83, respectively,
and ihe partentdl whenpthe shiitoh eleménthQ2%eis switehedi @ydsut Ele re@PAtah3 ar e
short-circuited, respectively, and thereby these optical outputs are

modul at edurrestld|is naedulateEmtitiiirefenénddto Tloanreritfvaue dakbive? (A1 W0Eh
identify color tenperatures of |light outputted fromthe illumnnating |ight
comu- 208onimedulaticdevi ce 10, three kinds of signals can be received

wi t hout interference. Thus, anmpbunt of transmittable information with

optical amBlnicahe gresamt chetitadde bdvieabolbe ndhtsaiaRehiodiveht, the
one-colored light emtting diode. [0189] In addition, in t he

above- megihivoltage o thelldad &ifeuis QeeFelsek indscdtiahbewith h Bgefattatl 6f tHd ght
emtting diodes have different em ssion colors and are
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 I1 increases instantly and then good following capability
can be provided to the optical communication signal. On the other hand,
although the load current I1 decreases compared with a state where the load
20  current[1 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




connected in series. In contrast, as shown in Fig. 35B, a plurality of
series circuits 4a, 4b, 4c may conprise a plurality of light emtting

di odes LD1, LD2, LD3 connected in series, respectively, and nay be
connected in parallel between outputs of the DC-DC converter 2. In this
circuit, the series 5 circuits 4a, 4b,,z4c are connected in parallel between
out puts 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

differ e_ntcoﬁmlaai@micﬁpéighaz h&@jngeéfiﬁﬁh%'recfdéh%ﬁ_ A AErtAbr ERS il GRERMnE! Ue) .
respectively, and the diodes in each series circuit are connected in
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this circuit, when th w.tch ele ts, Q21, 22, are switched on/off in
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respectively, the parts of the plurality of light emtting diodes LDl, LD2,
LD3 20 ai@%ﬁ%ﬁ*ﬂr -E}{)er E%ﬁ‘llé%r‘taﬁﬂﬂtel%rgoﬁa{l taj iacguglb@%dnlgt@medﬁmr at ed,
as wel | t he Emhodi ment. 14. Then, if a receiver 20 can identjify color

t enper at uyeededrmpdylation degraccdeperis Phesansitivity afi  gecqigen, aé@hﬁ%th&:ati on
device 10, three_ kinds of signals can be received without interference.
Ther ef or BeceayRIAAoRds at FesAbHNE sablean ito detarkni diffewpnde ofplliupainatorglightat i on
can increases 25 threefold in conparison with one-colored Iight emtting

di od¥) Thudrnsity, ameptied pmpdukationcsignal tan hs resgived peen ifftheheodnbditiment 17,
the current-limting elenment 9 may be connected in series to the |ight

em tti ngdegmadasdavhtt he switch el enent may be connected in parallel to the
current-limting elenent 9 and the |load current may be nodul ated by on/of f
oper at i ol014f7lt he switch 5 el ement. [0190] (Enbodi ment 19) An
illumnating |light conmunication device of Enbodinent 19 is explained with

r ef er enc@&rbodHrgent 8P, 36B, Figs. 37A to 370, Fig. 38, and 10 Figs. 39A to
390. [01911 Fig. 36A is a circuit diagramof the present enbodinent. In the

i 11 um nating | AghIhGRIARIME HIRNcHBM Hificdifon HdVicd BF IBMbRAInISNE 8F £ rCuits
4a, 4b (for exanple, two series circuits) are connected in parallel between

out pt s Sfplaiddd WHhCRINRCB o Fikhr $319F 83PUHERigsS 843! tdB4ES! PiLB3A and
1s 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

256  present embodiment is equal to that of Fig. 23A explained in the Embodi-




15 conprise a plurality of light emtting diodes LDl, LD2 connected in
series, respectively. Then, a switch elenent @2 is connected in series to
the light emtting diodes LD2 of the series circuit 4b and is swtched
on/off in accordance with the optical comunication signal. In addition,
the circuit configuration of the presg%t enbodi nent is equal to that of
Fig. 23A 20 explained in the Enbodi nent” 14, except for the load circuit
conprising the light emtting diodes LD1, LD2. Thus, the sanme code is

; ] _ _ . . i tooe t f th
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Enbodi nent 14, and the explanation 1s omt shows a
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Fig. 36A. Inthis circuit, a st own chopper Circuirt i used as the
DC-DC co 1 el HJ:HE Les. circuits.4a. 4b are copnected in
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sensi ng resi r conpri se ei gh i odes LD1 connected in series and
ei ght di (%ﬁ%!étsi%flg% lﬁgg{‘%l&g}g Ogelﬁioé‘g{t%ﬁ‘ﬂspecti vely. The switch elenment 5 @
i s copne in,series tq,the diodes,LD2, and.is.sw.tched on/off with the
Si gna? sggf@ %‘l%‘?jtlﬁ'uﬁlq ﬂbuqa}@%g%ﬁ}gh;tqog}pag%}orbfleg@e [4h2Re coYiteR pondi ng
to the optical muni cati on si.gnal . 0193] .Figs. 37A,  37B are wave form
charts sﬁiﬁﬂ‘ﬁ@t é&n’ﬁl %Yi’]it‘g‘?ﬁf %%f?ﬁtg 1 ggcorr %wfrlbgl%%omlsiah@mmsméwa@med by
usi ng the, abqve- rren{]i oned simulation 10 circuit. In addition, the |oad
current FigMalowdid shexebysghe carzenicimiting elamentsi%hds tshort-cibuitedi oxi ng

di odes LD1, and the load current 12 flows to the series circuit 4b

conpri si ABeRebbpiwean daihoth epdsi odberefore, thedoadcurent Huflowimg t8thes a
resultant current of the load currents Il, 12. [0194] Fig. 37A shows the
cur r ent slight emitidngidiena ¢an be gradulatad pea®ordaride withphebptidad comithah i s
switched on), and each of the currents li, 12 is set to be about DC 500

[ mA] 10 andicaler siguht.ant 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
r ect angul@79haFiessid@ialto B3I Girkkithistdthensd uf ¥peyiticeeitmPpRY) ofpdriche- seri es

limiting elements 9. As shown in Fig, 33B, the current-limiting element 9
may comprises a diode DI. 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 R2, and in some

25  cases, the current-limiting element 9 may comprise a series circuit of the




circuit 4b conprising the diode LD2 is intermtted. Here, the series
circuit 20 4a is not connected to the switch element @2, and the current Ii
flowwng to the series circuit 4a becones about DC 700 [mA]. On the other
hand, the series circuit 4b is connected to the switch elenment 2, and the
current 12 flowng to the series ci rc?gt 4b becones a rectangul ar wave
current having a peak val ue of about O [mA] and a bottomvalue of 0 [A].
Therefore, the 25 resultant current 13 is oscillated to plus and mnus with

osci |l | atidipde™ phadtthe 34306 R9A] with reference to an average value (1
[AD. Then, Fig. 37C shows the current |Ii to 13 when the rectangul ar wave

si gnal i paBPUEd@of FRB. (18 HPY 2 SMGE AR R £ APIYra®h§! F deficso%0 | T
t Gttt

the duty cycle is set to be nore than 50% e peak valrue of " the resultant
et 10 be RGBT SREREAS G cAOINEIEE 4t) cnfediel 8 MBI SR RHE AP S 1o
Comnect ed i gk iyt #h2%t E000rRRls PRRbRR 3R HER: Erbibiing® s o™ °
1025, O eGSR, FHLAR BB G0 A OB °°
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Circui t FUCBHp AR RAGEROEFUIR: PRgh b APLEGing [RaRle ST B8 CORICIRS! 30 1 ched

on/off in 15 accordance with the optical comrunication signal
parallel to the current-hmiting eplement 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




[0197] Here, Figs. 39A to 39C are wave formcharts show ng sinul ation

results of load currents li, 12, 13 flowing to the series circuits 4a, 4b,
4c, respectively, and the resultant current 14. [0198] Fig. 39A shows the
currents lIi to 14 when the signal source 8 is 20 stopped (the switch
element 2 is switched on), and each 071‘8 the load currents li, 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 Il to 14 when the signal

source 8 el bferAeh GRNIWYRChYRS §i 98@rdRhcd Yilkitkd dpthal dBimeNc! e i's

5099 and the 25 switch elenment Q2 intermts the series Circuit 4c

conpri si NG tidae slgnaint th@@oﬁa‘é‘g&b\tﬁ&%h% @H@Svog%f h:%%glbumﬁx gy&pg%&}ém ts 4a,

4b are not connected to t ' enen eac e current I|i,
12 fl ow i J] i i . beout DC
500 [ ] Riting MemEht O diGhHALS A it hEOPABILY ShbpLET TR, BaRy

itch el 2 .ent 13 1 to th i i it 4
beconps SuLargBodal ier0fes iithiiEMeatt af Ui B Guttl FEsiReeRR06t [ iy

d bot I f Al . Ther,ef | | t ant t 14 |
0aci | Pat TR At vottoieh bl Thabei diddSe v Grishl i SR hergtion ok
ref t I .5 JA). Then, Fjg. 39C sh the ¢ t
| Co 14 T antrt FuifEsdrmeni sl o Thehdecasss shistinsaeteaior fosopRe 81 gnal
source 8 and its gli,}t eg%cle i.s 75% ln this case, the current 13 flowing to

the seri ®9t&apsed edhaek gystem Shguionstaph agant deadhask digcuit fak
val ue of about 550 [mA] and_a bottom val ue of O #A]. Al t hough the resultant

current thrednibs emer myaplifier ohlsithedoadi eurrent dnerpsses oradeereasege val ue
(about 1.5 [A]), the peak value of the current 13 15 is inhibited and
t her eby ﬂh@apéé(kandltb@ncﬁoqdhﬁ)ﬂowngt@mdeM be4prioyiddds to ithéidpiticall t o
about 1.65 [A]. In this way, if the duty cycle is set to be nore than 50%
t he peakcommmenichtivhesignalil tlantdditiore nthelbadaoutrentias reeasmdledospahatl with a
state where the duty cycle is set to be 50% while the average current being
kept conshamver®fe FoRR0bedomexdth beamualhiiern vahe vhéhe 1bud eusiant ipich
conprising the diodes are connected in parallel between outputs of the
DC- DC conuvamnthedulationiey aweiapting 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 characteristicc 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

256  series to the part of the diodes, and the switch element Q2 may be connected




el ement 2 may be connected to a point where, except for one circuit,
other circuits are |unped together. In this case, the switch el enent
swi tched on/off in accordance with the optical conmunication signal,
thereby the other circuits are intermttently swtched on/off and the |oad
86 current can be nodul ated. [0201] Asmexpl ai ned above, in the present

enbodi nent, the plurality of light emtting diodes are connected in
bet ween outputs of the DC-DC converter 2 and the switch element @

uds gonnecﬂrﬁ@awﬂélertb efhel QuArddAimfing el Ud akhd Ybé)fsvh’t(ﬂiétd SV i
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accordance with the optical communication signal.

[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
the switch element Q2.

[0187]

(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
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 C1) through a current sensing
resistor 5. In addition, the three kinds of light emitting diodes LD1, LD2,
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

first group and have the same emission colors and are connected in series.

t he
@ is
and 25




10 element 2 is connected in series the plurality of light emtting

di odes. Then, Figs. 41A, 41B show sinulation results of the |oad current of
the circuit shown in Fig. 40. Fig. 41A shows a load current Ii and an

out put voltage V1 of the DC-DC converter 2 when the signal source 8 is
stopped (the switch elenent Q2 is sw t86hed on), and then the current li is
about DC 500 15 InmAl, 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 t he THOPRlra3RH ' FLiSIOU LD BeBnkas! G0 BHAVENEpSHID HavelthbOsdbz] (the
duty cycle is 50% and the series circuit 4 conprising light emtting

di odes LQ%ﬂs@ohc&lefg h%‘ﬁ?ia”ll}@ Efhiddieed Wh Shid] er@a pggr[ak':t? %ﬁgﬁg r§hgul ation

result, a peak value o e current I'i s about 6% ( e out put
1o 202 Vi i, AL VAR LM bR oL AR 14, .o
1T 20° YghUEuPh LR THERCT e R SIAR M SRk SRR SD e
25 D, DC £OVE! 851204 BYsbade orietlid b BOLARS Lok el 18- 00, B SR menon
diode) of the plurality of light emitting dicdes LD1, LD2, LD3, respectively,
and are switched on/off in accordance with individual optical communication
signals S1, S2, S3, 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 licht 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 S1, S2, S3, respectively,
and the parts of the plurality of light emitting diodes LD1, LD2, LD3 are
short-circuited, respectively, and thereby these optical outputs are modu-
lated, 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

256  plurality of light emitting diodes have different emission colors and are




caused by this, unless a feedback function or a protection function of the
out put voltage V1 is added. Thus, it is necessary to avoid an unl oaded
condition that the load circuit is conpletely interrupted. [0204] From such
a point of view, when a plurality of circuits conprises a 5 plurality of

light emtting diodes and are connect in parallel and only a part of the
circuits is intermttently switched onfoff with a hi gh-speed, the |oad
current i can be suitably nodul ated, and the reason is explained as bel ow.

That is, coh@BclcdeinP@iriesdl Th@ntidRUht Shbnsid Feheshbmf{ phﬁ*a'lﬂ?%f%feri%@e DC- DC
converter 2 is reduced, and then if the constant current control of the 10
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erforne he ayerage value of the load 20_.current js control]led to be
X pr edet i#ﬁﬂg‘eﬁ?’afrﬁ%@rﬁe%w%%@ fiar %ét4%ﬁﬁﬁ%ﬁ!&?m’éﬂm1sﬁl%?‘§o% or yhen
the switch elenent @@.is switched on/off with a high frequency of about 10

[kHz] an@*emdlehrem&inds of wod, greenihlue), respestivily, amddthsrdiodehin paetiback
control of the constant current feedback circuit 6 does not function due to
t he hi ghseviegoapeif agewannecteddn serigs. | baadditiendikeths eirewt of Fimédby only
i ncrease and decrease of the nunber of the light 88 emtting diodes, and
t he L®adthaplernlityaf beghtheuitting diedesahDdxbeleng|ty-hifight gpege andhkeaef ore, in
the illum nating |ight communication device, a circuit added for

comuni cthé eanfmsndssibnptadorso b gxmatplen redlyt amd dodeu M2 belaly tcan be
faithfully nodul ated in accordance with an optical conmunication 5 signal
havi ng asédogid frozgpuandyhaventlad datieonmidsion icblousi(fiat éxrgmpleghirees)ymnd cat i on
devi ce having | ow power |oss can be provided. [0206] In addition, in the

present ghdbdibdseiLD3ilelosg tota titiedsgany dhdthadether @lrhé er@issldndédlogym tting
di odes are connected in series. For exanple, each of a plurality of

Ci rcui t s(foRyexe@ifle] $udne THed)tine Ghé tiRe, bRl adldthipg SdupsUisdfiidy of
circuits may be connected in parallel, and the switch element @ may be
conngrt edleibrit8'ALE (92,0923 Are IBRNELIAUN! Fardl}2@4 harts (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 S1, S2, S3,
respectively, the parts of the plurality of light emitting diodes LD1, D2, 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




(Enbodi nent 20) An illumnating |ight communication device of
Enbodi nent 20 is 15 explained with reference to Fig. 42. [0208] Fig .42 is
a circuit diagramfor an illumnating |ight comunication device 10 of the
present enbodinent. In the device 10, a plurality of series circuits 4a,
4b, 4c are connected in parallel bet n out puts of a DC-DC converter 2
through a current sensing resistor 5. "The series circuits 4a, 4b, 20 4c
conprise several kinds (for exanple, three kinds) of light emtting diodes

LD1, LD2,preBBnthamicift, Hsf Eplaite®ThSEOERPIAnfont’ EFPEES iIcteloht-BRGiLET ee
light emtting diodes in each series circuit are connected in serieS. Then,

switch elggRBhs %oy $R%on 3t fn GOFRE Hherhd !ﬁ[g'glﬁ ti}’l f@ﬁesﬁd %he

rd
circuits 4a, 4b, 4c, respectively, and are sw ed on I n accordance

‘_’I_V'h;hswn??#1%%¥%ﬂ@%y%8w&fﬂ b%al?él%aﬂh% c%rreﬁzhmqﬁngrquﬁ%ﬁtti vely.
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 37C, Fig. 38, and
10 Figs. 39A to 39C.
[0191] Fig. 36A is a circuit diagram of the present embodiment. In the
lluminating 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, L.D2 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 LLD1, 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




@2, 23 are controlled not to be switched off at the sanme tine. In
addition, the circuit configuration of the present enbodinent is equal to
that of Fig. 23A explained in the Enbodi nent 14, except for the | oad
circuit conprising the light emtting diodes LDl1, LD2, LD3. Thus, the sane
code is referred to 5 circuit conponents corresponding to circuit
conponents of the Enbodi nent 14, and the explanation is omtted. [0209] In
the present enbodi nent, when the switch elenents @1, @2, @3 are sw tched

on/ of f i maACcas dHC DM EhRfd @2l PREFURLE Al $HBOAsS 45 41B8%re 83
respectively, the light emtting diodes LDl, LD2, LD3 are interm - ?LO
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three 20 %i ght. gﬂ;tti ng .di odes. in_each series circuit are connected in
series, &peCRECECammUEReation fgnal. each series circuit nmay conprise one

light emtti rjg di ode. [0211] (Enbodi nent 21) ) ] An il lum nating
li ght comﬂﬂﬁ cHigonde\i de ase vt forme whazts showimg sinulatem wsulty of er ence
to Figs. 43A to 43D. In the above-nentioned 90 illum nating |ight

communi ciadopntenitd]l, 1helFabtained honuaingbhd sbovermeentéohddhspankiticel or in
series to the light emtting diode, and is swtched on/off in accordance
wi t h1Q hecigpwitcallnc eddditiimg atheodosd gnatrentdd floeseby thiee séivesl cirouienta i s
nodul at ed and the optical output can be nodul ated. Thus, it is 5 thought
t hat t heceaptising tkerdight @nitsingddiedet d.ID heard ithtilogd [dddréntgIRt flappatat us and
thereby the optical comunication function can be easily added. In
addi t i onthd serisatietyit 44 compemg ohé tighbamiativicr divilés L2, ldr@hthd hads
electrically insulated froma circuit for generating the optica
comuni calrrent 88 dakresultant current of the load currents I1, 12.
[0194] Fig. 37A shows the currents I1 to I3 when the signal source 8 is
15  stopped (the switch is switched on), and each of the currents I1, I2 is set to be
about DC 500 [mAl, and the resultant current I3 is set to be about DC 1 [Al.
[0195] Fig. 37B shows the currents I1 to I3 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 11 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 I2
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]l. Therefore, the

25  resultant current I3 is oscillated to plus and minus with oscillation of about




[0212] Fig. 43Ais a circuit diagramfor an illumnating |ight

comuni cati on device which is provided by addition of a conmunication unit
30 to the existing light apparatus 10A. In addition, the same code is
referred to circuit conponents corresponding to circuit conponents of the
illumnating |ight conmunication devi%ﬁllo shown in Fig. 23A, and the
explanation is 15 omtted. [0213] The 1ight apparatus 10A conprises a
connector CN1 to which the comrunication unit 30 is connected, and then the
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in series between the connect an out pu a lowvoltage Side of

capac Eﬁhé%‘?’ﬁ%%%eé%ﬁ%‘a&kﬁa%ﬁté%é%igicasr%?ﬁt 33,4 SRGRAAAMSE 1 ne
i i it.-.91 30. Thj [ i ' 0 [
G 1Bt achEBRy R otifbe Pttt YhErE SRRAS) tld. B Thnto tRoofith PRI ¢he1 ting

el enent g‘v expl ai ned ibn.t nbodi nent 17, and the switch elenment 2 are
connect ed VFRAFAFHITPRT PER NS A s of the connector CN2. In this
conmuni cat. i upit 30, the switch_ el ement is switched on/off in

accor daniéi%tﬁyttﬂ%w&m 1 the %Mﬁpﬁﬁ‘ﬁ%ﬁ@ﬁ %51’ thy twaseries gULRBmian
external comunication circuit 40 to an input termnal ti Then, the

conmuni cé@i e canegied yoppraligldatmesnl euipups of the HG-Dircemeentey Bt buppar at us
10A thr ough atransformer Ti built into the comunication unit_30. In the
present &he ayinberof the Jegiestqirmits B Bat kimatedetoatmo.e, At M68H iof FigaBBonal

Sem conductor Corp.), resistors Rll, R12, and a capacitor Cl0 constitutes
an ad® abfer axamiple;i thrae oserickheiragitabla 4yl 4¢ nvasbbat ammestdd [atmsrallel h a
frequency (for exanple, 1 [MHz]) being higher enough than a frequency of

t he opti batwesmoutpeat 0D the IROIC SionvAntea U2, pathd shgnadonfprase eight! Behor ti ner
3l is inputted to one input termnal of an 15 AND gate 101. The opti cal
communi catithingidiodds BD1,sLDBpliD@dohaetted i beries nspetiavalynaln ahid he AND
gate 101, and then a |logical sumof the optical comrunication signal Si and

the out puircaitgoled siviteh élomen€ Q21is tcofiBect3d inSsdriviiiid gk bérias bitchRr4¢02, and
then a primary winding of the insulating transfornmer Ti is excited through
a coupl i pempaRAcd thé dikht liEMemthi Qicles LD3, and is switched on/off in
15 accordance with the optical communication signal.
[0197] Here, Figs. 32A to 39C are wave form charts showing simulation
results of load currents I1, 12, I3 flowing to the series circuits 4a, 4b, 4c,
respectively, and the resultant curfent I4.
[0198] Fig. 39A shows the currents I1 to I4 when the signal source 8 is
20 stopped (the switch element Q2 is switched on), and each of the load currents
I1, 12, I3 is set to be about DC 500 {mAl, and the resultant current 14 is set to
be about-DC 1.5 [Al.
[0199] Then, Fig. 39B shows the currents I1 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




20 frequency of 1 [MHz] is nodulated with the optical comrunication signal
Si of 9.6 [kHz], and thereby a high frequency voltage is evoked in a
secondary wi nding of the insulating transformer Ti, and is rectified and
snoot hed by a voltage double rectifier circuit having di odes D11, D12 and
capaci tors 012, 013. The power of a bytfer 103 for driving a gate of the
swtch elenent @2 25 is generated by an output voltage of the voltage
double rectifier circuit. The 92 voltage evoked in the secondary w ndi ng

of the i pesit@hNtioléANTINr EErelithieSsediod dectiaddashppad Lot st $o R13,
R14 and a capacitor Cl4, and then is inputted to the buffer 1C3. The

frequencyhe QAR BlerRéntl QoMatl bscH Sf’?l‘écf@g?%é{trh? IW&@d%rcggﬁéﬁﬂﬁ%%ﬂe?”d

t hereby the optical communication sign i's'repro he gate
of the swtahsehengpt i rﬂ;@F i ﬂ;ig enq. ifon, it
is also %ugﬁt That” t %cﬁghpgtt?eﬁgﬂ}ra%s or?e-E? 6'{}'?) S E‘ri \(/)élng%‘é%glnl% t he
opti cal i I | |, .S dtgee w.1ch_el gnent s, directly
driven b%%gﬁg%%% tﬁh’%@o&@ﬁg 4|cn1§ uﬁ%gﬂeﬁ 4?’%11}%‘? (?Iyﬂ'g Hem %t P%’ sané]g@%‘? t he
comupi cation,upjty 30. requikes upsizi.ng.10, of the insul ating,transfornmer Ti
and agdeﬂ”érgnttofgo&oﬂ Wgag?jr &Weseﬁ%f%yﬁ‘l‘éﬁ%ﬁ?eﬂm?%iq ﬁfeﬁﬁar{ggﬂ?%é” i cal
comuni cation, signal Si. .[0215 t he , Jn the _above-nentign circuit,
Che cormBHTERE o to ek vatiziof therte 608 Ko Al iR Dodirneratne of § LAdsa In
contrast, the, co ni- cation unit 30 may be applied to the illumnating
i ght corberelest:i e TesWéant cxryant; KL ismsedlatet tonbes pasoainpst withy (o 18.
In such a case, one of current-limting elenments 9 shown in Figs_33B to 33D
may be b9$q1l1at1ﬁvc9ftﬂt%@®o$ﬁﬂuimeﬁt%ﬁh rely® tman averagervadne (1 ng
el ement 9 may_be connected in parallel to the switch elenment 2. Also, the
comuni cabpBnFigi30Bshews thecprrensnil sobd sihrenthemeptaresulppwase signahe
illumnating light 20 communi cation devices of the Enmbodi nents 19, 20, and
in tHl s mawgputted Fomothendguabagyree faand s dunyrayole isiHi%i nin dhisrese, 9 i s
connected in parallel to the switch element 2. [0216] In this way, the
cur r ent - thenturregt dBeflewin® tanbe tdeeieswtir@lit elceb@nindPa aketdngdlar iwdve t he
communi cation unit 30. Then, the comunication unit
current having a peak value of about 550 [mA] and a bottom value of 0 [A].
Although the resultant current I4 becomes the modulation signal with
reference to an average value (about 1.5 [A]), the peak value of the current I3
15  is inhibited and thereby the peak value of the resultant current 14 is also
inhibited to about 1.65 [Al. In this way, if the duty cycle is set to be more
than 50%, the peak value of the resultant current I4 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 paraliel 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




25 30 is connected to the load circuit 4 through the connectors CN1 and CN2
of 93 nmechanism el enents for connection [0217] Thereby, when the optical
comuni cation function is added to the existing |light apparatus 10A w t hout
t he optical comunication function, it is not necessary to add sonet hing
special to the existing |ight appar at ys 10A, 5 except for installation of
the connector CN1. [0218] Then, the switch elenent @ is electrically

i nsul ated fromthe communication circuit 40 generating the optical

comuni CafurshiSdaaBé maddibiuah the insulating transformer Ti, and thereby
the insul ation between the comunication circuit 40 and the |ight apparatus

10A Bl & . rjavid A
ol eront (820 D SLECRIA el b e pheto Mo d orty G By ey S1ERD
[ | ati R e [ ' -he | Lon. T It A8 Nnei.pecessary
to add sortHARCAENEE arf' cotfoREL HTphR3H BesRiden ibust 1ol e RIGTC  Srent

s | L Noth | Stk ;i ght aratus 10A. 15.[0219] | I tion,
Fro  a3C BhESHeR L S b REP B Etlotishin, aite i ronach af Hha ane
th ' ht ] £ ed to ni ¢gate the optical co ni cation signa
i1 mut SRS B LY HEE AR oan TAgu(thE aiAPoH) CBBODERE i baRh: 1 C3
ith hot I PC1, dtodrive.the swtch elenent @2 wth the gate
ol ement | P8 %ﬁfﬁ{?&h‘ﬂ & e Ef"é‘ﬁ?%lﬁiog Light erathngdiogdes arg comnegted & t he
power for driving the gate elenent ] C3 and the photocoupl er PCl

parallel. ereinafter, the reason 1s 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 I1 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 I1 is about DC 500
15 [mAl, and the output voltage V1 is about DC 26 [V].
[0203] On the other hand, Fig. 41B shows the current I1 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 intérmitted with the switch element Q2. In this
20 simulatien result, a peak value of the current I1 is about 6.5 [A]l, 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 I1 by averaging control of a constant
current. Therefore, in a case where the load current Il is interrupted, the

26 DC-DC converter 2 outputs the highest voltage and the above phenomenon is




fromthe DC-DC converter 2 in the |ight apparatus, the circuit
configuration of the communication unit 30 can be sinplified conpared with
the circuit configuration showmn in Fig. 43B. Then, Fig. 43D shows yet

anot her circuit exanple of the comunication unit 30. The circuit is
configured to 25 comruni cate the opti comuni cation signal Si into an

I nput termnal of 94 a gate elenent | with a pul se transforner T2, and
to drive the switch elenent 2. Also, in this circuit, the circuit

conf i gur aigi@Bd Ky ttnrs,qaﬂg@mh@éeugaclyrfhhcé&%na@o%ma li.g tim{jg?%ma I'n

addition, in each of the above-nentioned enbodi rments, a [ emtting

: : the ed. ’ I oo
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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 I1 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 I1 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 1s determined by only increase and decrease of the number of the light




95 CLAIM5S 1. An illum nating |ight comunication device, conprising: a
constant current source; a snobothing circuit being connected an output of

the constant current 5 source; a load circuit conprising a |light
emtting diode and being connected to the output of the constant current
source; a |oad change elenent; and a itch el ement, 10wherein the | oad
change elenent is configured to partially change | oad characteristic of the
| oad circuit when being added to the load circuit, wherein the

switch elepifibgidoddd)bindWhRdoh cHeteilt BaRtheMIRHRS e at MY odBEmlePptighange
element is added to the load circuit in accordance with a binary optical

comuni cahban STRBAoretGn the Bk i HPhOAhAMLib6An ST L CAAgR devi ce

as claimed 1n claim1, whereint ange enent is a fesister which

L conr e By O LI O Sl
can be faithfully modulated in accordance with an optical communication
5 signal having a high frequency. In addition, the illuminating light commu-
nication 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 ligcht 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 S1, S2, S3, respectively. The switch elements Q21,




20 3. The illumnnating Iight comrunication device as clained in claim
1, wherein the | oad change el enent conprises a constant voltage
circuit section, which includes at |east a constant voltage el enent
connected in series to the light emtting diode, 25wherein the switch

el ement is connected in parallel tot constant 96 voltage circuit
section. 4. The illumnating |ight comuni cation device as clained

in any one of clains 1-3, 5wherein the load circuit conprises a plurality

of | oad cQreuQPs arkhenblolled! Adttote dWREhEd bWt tRe REENOLARN "GR! £fHitiBn, |

paral | el between outputs of the constant current source, erein at

| east oneHef citbiit RofidlkddloRfof 'tP@%x‘éEéﬁﬁ‘%ﬁ%oHﬁnQﬁ@Y& %ﬁgall"ﬁ If'héihﬁ{ F‘?n%dl i ght

change el enent and the swtch element. 1 um na
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plurality circurts conprises the el erren
e {1 g i ]P0 BRI 85 O R e lle L6APE ot o5 | 02
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 S1,
S2, 83, respectively, the light emitting diodes LD1, LD2, LD3 are intermi-
10  ttently switched on/off 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 withbut interference. Thus,
amount of transmittable information with optical communication can
156  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

256  explained with reference to Figs. 43A to 43D. In the above-mentioned




15 6. The illumnating |ight comunication device as clained in
claim1, wherein the load circuit conprises the light emtting diode
conpri- sing a plurality of light emtting diodes which are connected in

series, wherein the switch element is connected in parallel to
a part of the 20 plurality of |ight e@btting di odes. 7. The
I1lumnating |light conmunication device as clained in claiml1l, wherein the
|l oad circuit conprises a plurality of load circuits, the plurality of
| oad ci r GHhSnRERAi SN RELeMitdtiARASYLE] tHEAWRED RO @298 cbiifedad
constant current source, 97 wherein each of the plurality of |oad

e SRR IHAAT, 0440 SO St oS 01 | 1
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5 thought that the switch element Q2 is added to the existing LED light
apparatus and thereby the oﬁtical 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.

10 [0212] Fig. 43Ais a circuit diagram for an illuminating light communication
device which i1s 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




8. The illumnnating Iight comrunication device as clained in claim1, 10
wherein the load circuit conprises a plurality of load circuits, the
plurality of load circuits being connected in parallel between outputs of

t he constant current source, wherein the switch el enment is connected

in series to one or nore | oad ci rcuit%1 at | east except for one |oad
circuit, of the plurality of load circuits, 15wherein the | oad charge
elenent is the one or nore load circuits to which the switch elenent is

connect ed3(.n PRIg 8Smmunication udit IO Q:ohiéﬂé'é@s? atédihdct@h o %Qéﬁ?l&rs n

device as clained in any one of clains urther conprising a du
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electrically insulated from the light apparatus 10A through a transformer T1

built into the communiecation 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 [MHzl) being
higher enough than a frequency of the optical communication signal S1. An
output signal from the IC for timer 31 is inputted to one input terminal of an
15 AND gate IC1. The optical communication signal S1 is inputted to the
other input terminal of the AND gate IC1, and then a logical sum of the
optical communication signal S1 and the output signal from the IC for timer
31 is inputted to a buffer IC2, and then a primary winding of the insulating
transformer T1 is excited through a coupling capacitor C11. Then, a carrier
20 frequency of 1 [MHz] is modulated with the optical communication gignal S1
of 9.6 [kHz], and thereby a high frequency voltage is evoked in a secondary
winding of the insulating transformer T1, and is rectified and smoothed by 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

25  1is generated by an output voltage of the voltage double rectifier circuit. The




1011. The illum nating |ight communication device as clainmed in claim 10,
wherein the constant current feedback systemis provided with a phase
conpensation circuit including an integral elenment, and adjusting a phase

of the output of the difference anplifying unit. 15 12. The
illumnating |ight conmunication devi G as claimed in any one of clains
1-11, further conprising a comunicati’on unit, wherein a signal

generation circuit for generating the optical comunication signal, the

| oad changgtglesfifed iathd %oﬁaa#&i_ﬁ%&h}@rﬁls@t@ﬂg%ﬂagf&ﬁheﬁﬂ gase of

t he communi cati on unit, erei e conmunication unit i s connected
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MOSFET, is driven. In addition, it is also thought that the insulating

transformer T1 is driven by only the optical communication signal S1 and
the switch element Q2 is directly driven by the output of the insulating
transformer T1. In this case, the communication unit 30 requires upsizing
10  of the insulating transformer T1 and a device to obtain a drive waveform
which 1s faithful to the optical communication signal S1.
[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 1s 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

26 30 1s connected to the load circuit 4 through the connectors CN1 and CN2 of




wherein the insulation conprises a plurality of insulations, 10wherein the
switch elenent is located in each of the plurality of signal groups,
wherein each of the plurality of insulations is |located to electrically

i nsul ate the signal generation circuit fromthe switch elenent. 1515. The
illumnating |ight communication devigg as clained in any one of clains
1-14, further conprising: a carrier wave generation unit generating
a carrier wave, which is set so as to have a higher frequency than the
optical corFhMGhicH elemaitdTed coritdtioRer eby the carrier wave can be separated
fromthe optical conmuni- 20 cation signal; a nodul ati on unit

modul at | 12 P THRk5R! whHRHTHHY 66fitANedth BicMibh RBH6A"IS! FJINRYS th

an insulating transtformer belng connecte etween the no at1on unfa'lt3 and |
t he switch:glk - . ' |- Fele i ' tai ne
by omovi e ¢ Te el e aras, HARAhGhS Bk plbatUlihirich HollRn, &
transforqgp.; h@(t:é)sstapf o 4k %Qm%ltﬁfﬁegn ép‘ecial 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 S1
through the insulating transformer T1, 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 T1, 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 S1 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 S1 into an input terminal of




16. The illum nating |ight communication device as claimed in any 5 one of
clainms 1-15, wherein the light emtting diode is an organic light emtting

di ode.

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 commu-

nication 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 beeﬁ 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.
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CLAIMS

1. An illuminating light communication device, comprising:

a constant current source:;

a smoothing circuit being connected an output of the constant current
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,

wherein 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.

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.

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,

wherein the switch element is connected in parallel to the constant
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voltage circuit section.

4, The illuminating light communication device as claimed in any one
of claims 1-3,

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 at least one of the plurality of load circuits is provided with

the load change element and the switch element.

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,.

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

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

constant current source,
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wherein each of the plurality of load circuits comprises the light
emitting diode comprising a plurality of light emitting diodes which ﬁre
connected in series,

wherein the light emitting diode has a different emission color with
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,
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,
wherein 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

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

feedback system, which comprises a converter generating a DC output, a
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current sensing unit generafing a voltage drop depending on a load current

flowing to the load circuit, a difference amplifying unit, and a controlier,
wherein the difference amplifying unit amplifies a difference between

the voltage drop generated in the current sensing unit and a predetermined

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.

11. 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.

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

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

one of claims 1-12, further comprising an insulation, electrically insulating
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the switch element from the signal generation circuit, for generating the

optical communication signal.

14. The illuminating light communication device as claimed in claim
13,

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,

wherein 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.

15. The illuminating light communication devicé 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-
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

a demodulation unit outputting a signal, obtained by removing the
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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.




