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

FI ELD [ 00011 The present invention relates generally to illum nating

| i ght commu5 nication devices. BACKGROUND ART [ 00021 In the past, there
have been proposed a |lighting apparatus, which conprises a light emtting
di ode (LED) as a light source, and transmts a signal by nodul ating
intensity of an illumnating |ight. Bedause such an 10 illum nati ng |ight
comuni cation device transmits the signal by nodulating the illum nating
light itself, a special device s é I?’l‘ o rared-ray communi cation device
is not required. Then, because t $ 0 emtting diode is used as the

| i ght source for |l ] I TN g { i npl enent ed.
Therefore, it hasilgjegﬁ?[@%@ﬂgg ﬁ*l(gwfﬂ{ ﬁg’l‘ﬁmﬁﬁlﬁﬁ%" WS conmuni cati on
device is _used for_th i qui tous information systemin underground malls.
[ 00031 Fi'EEC‘HINI@A& Eﬁlﬂﬁi t diagram of the conventional illumnating |ight
communi cat i on, devi ce. Then, a _constant curr? t ;zlrcujt D2, .tﬂree | i ght
em tting [@08dbsIBspreseat anventiomiralgtes spaena %to gatmg Bght foR@ies 20
between both ends of a DC power supply 51. The switching elenment QL is
swi t chhed mwinaBbh deniscor dance with high/low of an optical communication
signal Si, and thereby a load current Ii flowing to the light emtting
di odes 53BACKGBOTANEHARA! | e keeping a constant current property (see Figs
45A and 45B).

[0002] In the past, there have been proposed a lighting apparatus, which

comprises a light emitting diode (LED) as a light source, and transmits a
signal by modulating intensity of an illuminating light. Because such an
10 illuminating light communication device transmits the signal by modulating
the illuminating light itself, a special device such as an infrared-ray commu-
nication device is not required. Then, because the light emitting diode is
used as the light source for illuminating, electric power saving can be
implemented. Therefore, it has been studied that the illuminating light
15 communication device is used for the ubiquitous information system in
underground malls.
[0003] Fig. 44 is a circuit diagram of the conventional illuminating light
communication device. Then, a constant current circuit 52, three light
emitting diodes 53, and a switching element Q1 are connected in series
20 between both ends of a DC power supply 51. The switching element Q1 is
switched on/off in accordance with high/low of an optical communication
signal 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 diode, assumng that the load current i is 500 [mAi, the
estimated circuit 5 | oss becones about 2.3 [W. Therefore, even as the

| i ght em'tti ng diode needs little electricity, the benefit of the |ight
enitting de is di m.nished, 100051 Thus, as.shown in Fi 46A, a DC-DC
converter g tleqristing dlﬁ & @BshAVing arfmall oppEating sesiRtancgs %@m ogisteblyt 52,
and then it is conceivable that the DC-DC converter is controlled by PW
(pul se-wi @0 hieriulcardudh)lod0 ofinthet kenstiant t turrent iscnit 3 ineeneesesForn this
circuit, a current sensing resistor 113, three light emtting diodes 53, an
i nduct or bkkamaphe whemithe mbngtaeitmmenmremida 52octmeptiees Arcogetdmgscilnatneen
both ends of a DC power supply 51. Then, on/off operation of the sw tching
el enent Qidde, aesmtmihg eHabyha leadicuetenti Ilcisi 50G4mAfhele eatiamuet hingrit
capacitor C3 and a rectifier diode D2 15 are connected between both ends of

a serigs hiskChdconaenpbosi 293 . t Mreefdrghbvemrdd ting liindesiftshandodde
inductor Li, and constitute the DC-DC converter, together with the inductor

Li and t hgesdd Ke Bl cBliifE the Behefid of €RE Diatik eiah@ﬁﬁg disdd PPghedshepm a
constant current feedback circuit 55 into the control circuit 54, and

thereby amoos] PPhusUREeBhowh tREFRC @@Acoanvsctpc lcn2OrtePNsr PbdaRE4 1t th e
kept generally constant. In addition, the optical comunication signal Si

is input tﬁﬂoétﬁh@m&lhﬁ)rcam EQhstQhk %'Aeliﬁlmam Si‘eaﬁd“théﬂ'l'ﬂ% %ﬁﬁ&%@l i's

switched on/off wwth a high frequency during a period hi gh val ue of
BRI S e I b Ve
exar’rplloe Oa{n(i Qﬁefe%%ﬁ‘@tcncclﬁ% %gs decreases. In this circuit, a current sensing
resistor R3, three light emitting diodes 53, an inductor L1, and a switching
element Q1 are connected in series between both ends of a DC power supply
51. Then, on/off operation of the switching element Q1 is controlled by a
control circuit 54. Then, a smoothing capacitor C3 and a rectifier diode D2
15  are connected between both ends of a series circuit comprising the three light
emitting diodes 53 and the inductor L1, and constitute the DC-DC converter,
together with the inductor L1 and the switching element Q1. A feedback
signal is inputted from a constant current feedback circuit 55 into the control
circuit 54, and thereby an output current of the DC-DC converter is
20  controlled to be kept generally constant. In addition, the optical 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-47C).

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



3 feedback circuit 55, and then an error anplifier A is configured to
conpare a voltage drop of a resistor R3, to which the |load current Ii

flows, to a reference voltage El, and anplifies to output its partial
difference into the control circuit 54. A series circuit conprises a
resistor R4 and a capacitor 5 02, which are connected between an inverting
i nput termnal and an output term nal 6f the error anplifier A, and
constitutes a phase conpensation circuit to secure stability of the

above- nenti qpned feed S em _For _such a - tion circuit, a
conpensat fegﬁﬂ%% 8’[f|CPRi clﬂ%(ﬁ‘ulbe%ﬁnieﬁff%%gﬁp%e eg?éﬁtl Sc?é%g n%rda 9 g:,on&gélée to

adj ust a gai n,and,a phase in. | gop transfer. 10 function ng has been
known as %W?ﬁ%pém?? 6’%&’} -rPWnger %I%) t8oW?1F‘3} the q@fl% current 11 HOWS’ t0 a
(Proportional -Integral -Derivative). control of .a classji¢.nformatjon theory.
For exanplederepcy voigeeshdwand amplifies tai P Uit p%ll?th%laﬁlfgi?@é%tm@ef ting
circuit disclaosed in Japanese Patent Application Laid- Cien No. 2006-120910.
An i nt egrednteel @guit 5@ ( oAPTIPS iCHGUE FEBPEFEY a1ESETET 4 apdcr capaalyr i s 15
connect ed between both ends of a current sensing resistor 113, and is

conf i gur ed2t highearteorrpied hetiveomed iRverong ivpuiateraningd aadf o ogfevagi ng
output. [00071 In the illumnating |ight conmunication device shown in the
above- nerrionabofithe e18ay ammelifierad Ic iandgondtitutes o dhlase expnyergadiaat i ng
the DC- 20 DC converter intermttently in accordance with the optical
comruni catitant to spraire Stabidity of bles abbree -ralrtomiadfer dbadosiiteimonsFar sndeeded
to reproduce the optical comrunication signal Si faithfully as a current
wavef or ma Phasefcotpensatidint ¢ionst) 8 dhgiersatiopeciatuingnthelngrray infegrhle DC- DC
converter is higher than a frequency of the optical comrunication signal
(condi ti alethkent 45 gem@éraNg Wcdeto hdjudtad dale dvhd chisiseei a lodpstieisfenoot hed
(condition 2). 4 [0008] For satisfying the condition 1, for exanple, if a
commypi CadtuiheflonPead hss Bebn [lRed asi PI i(Bréjrieivnal -Yntdi@hlt &imtesiesAPINg
frequency of the DC-DC converter is equal to or nore than 100 [kHz] (that

s, about(Pi-&lpaﬂtmmhté%%lmﬂi@t tORrsPRE . clREAE A afidHAthdRyOr NOr e
than 1 [VHz] (that is, about equal to or nore than 100 times of that).

However, pidy éﬁfiﬂﬁfé,erlﬁ 'C %QCfsr}ﬁ)%keQ(er&xfit Hﬁ@ﬁgx BEACARMAT dfifeh® bRl €l ¥

hi gh, | oss of the sw Ing element QL i DC-DC converter increases,

and thus £ 0eEELE108e 8595 E\ﬁghgé@f’a@?ﬁ%&gﬁ%éﬁorpﬂhﬁfdp%ﬁuﬁ&i Moér1909¢6ded.

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).



[0009] Then, in the case of the condition 2, when a snoothing capacitor is
10 connected in parallel to the light emtting diode 53, the |oad current

li is not intermtted even if the switching element QL in the DC DC
converter is intermtted. Therefore, it beconmes difficult to nodul ate the

| oad current |Ii in accordance with the optical conmmunication signal. On the
other hand, if the load current |Ii is ot snoothed, a ripple current occurs
in the load 15 current li. The ripple current depends on the operating
frequency conponent of the DC-DC_converter. Thus, there is a problemthat
measur es $10Kdi Fer spbisfyang she icenditiamy, for expaudedif 3 ommukeationspeed
increase the operating frequency of the DC-DC converter to inhibit the

ri ppl e of 1% 96 ﬁbbp%]r,ilhgsmma@amfytb@hﬁbﬁemermrlgefrke@@n%g0£ thepG-DLCof the
snoot hing 20 capacitor as snmall as possible so as not to snooth the | oad
current | conwoveyey equdlety ethmaspahani HY {kldgli@hay is,rdredsks timbéenfths a
problemthat |oss of the switching elenment QL al so increases. [0010] Then,
in the pastmnmihscetihavwpebdlnp@ifsably eposedoar mdrarthaat i AyIHEYthat is,
conmmruni cation device, having a circuit configuration shown in Fig. 48, 25
and usi ngabolCeqialconvenak thanvioohitesofishatt dlowendr, itadapkratinguit is
added. In this circuit, a DC DC converter 62 is operated by an input froma

DC power fdgiabicydbf tABUDTEBCOESIkrtd1S i o6lveivieBe high alde6 ofofHeagRifRBYASY a
desired voltage value by a rectifier circuit 63 and a snoot hi ng capacitor

CA. Threeelehfitit @Miht iHRID- DL SobredtdirbrEsd A dSENE flbresi S pesblBh are 5
connected in series between both ends of the snoothing capacitor C4. \Wen

the | oad @iytrBBhsdiesidrASse- bR A9endiR occurred in the resistor R4 is
conpared to the reference voltage EIl by an error anplifier A2. Then, its

P e ol oTien, & ABLALd BF RO Sohdid 4l 20 Blor § AoiicaBARREPH F ©°

n the DC converter e error anp ent oad
e e e
betveen SALAGE) Mgk B S Epdhe 00 B SIRRIBG Akl
I N N N A
SO . 0kl %8 % SRS AT A0, SBhH LR o T
i nt ai ndlar baAdC e dEgIog n0b THoMESy o Agip 1o CHBBY Ot itnbahase
mar gilg ! Scuil('aecnbtlsr eI(%: Z%h-ghlgﬁplzt %girll'eintty dg];)ertnqg I)I?eg}?g C(l)(pe;sréiitnegm fi'rgqlggr?gr'

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 I1.
However, when the operating frequency increases, there is a problem that
loss of the switching element Q1 also increases.
[0010] Then, in the past, there have been also proposed an illuminating

light communication device, having a circuit configuration shown in Fig. 48,

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



[00121 In the circuit shown in Fig. 48, a reference voltage El or E2 is
connected to a non-inverting input termnal of the error anplifier A2
through an electric switch SW, and the electric switch SWM is switched in
accordance with the optical comrunication signal Si, and thereby the | oad
25 current Ii can be nodul ated. That i%, one reference voltage El is set so
that 6 the load current Ti beconmes a ¢urrent value for nornal
illumnation, and the other reference voItage E2 is set so that t he | oad

currenti :%dgg&orﬁlsthas%ﬁ ?tn Malye sheLLer, éthjénopteQﬁ E{Jﬁ%ﬁacc Lﬁn? for

nor mal um nat’ion 'fhe “swt'¢ Y% S

the opti cH conmuni ca al  Si and th rrent |s
e 0SBl SO SR B9, 2o A0Sl 1 i) HER ARl vOBReR dieREia 500
[mA] and the | dlttcurre n the reference e E2 s 100% ﬁﬂd t he
switch S esilge(gw) %ﬁ%aaf% ialié‘o?ed’ te& GGt ﬁ% ‘Hf)l SE%HO FHol4si gnal
of 10 [kHz% Fi.g. 49B shows_a sinmulation result of the load current li. In
this sinmf fqeoﬁlghésemntnig) digdes 0Bl 2 rengurent SepFhJedSion R4 988 ue

(about 300 [ma internedi ate between the current value (500 [mA]) in the
r ef er éncecopsectageingerigrobativecahatbrandeafitbe sromthing janaritor 4 of Brharce
vol tage E2, and thus the load current Ii is not nodul ated in accordance
with the té;@tloaall cexentirilc Aviven the gratage18rq0o¢dirrad wathd eesispar feldif rom
Bode diagramin Fig. 49A, when the optical comunication signal has a
f r equencyconipaieduto tlge [rkfelzqancet welthge dquk hyyam emedmainpldiedoABi n Thieer eéts he
gain of the error anplifier A2 can not be expected and output control can
not fol | qurtibheliffbrrme ishenplified oad is fed back to an output controller 65 in
the DC-DC converter 62 by the error amplifier A2, and then the load current
10 11 1is 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 [kHzl 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 E1 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



currents in the reference voltages El, E2 are averaged, only the averaged
20 |l oad current can be provided. Here, if the phase conpensation circuit is
renoved fromthe circuit shown in Fig. 48, the gain of the error anplifier
A2 can be secured even in a high frequency domain, and it can be expected
that the load current is nodul ated in accordance with the optical

conmuni cation signal. However, the fee#back system becones unstabl e and

t hereby 25 abnormality oscillation may occur. Therefore, there is a problem
that it is 7 difficult to nodulate the load current ]i by changing a
circuit chstonsgicwrenhbl preyaes aeyaraIdtYadHe dox emrflaﬁlﬁi}tram%wrhem& %@?
anplifier A2. DI SCLOSURE OF THE | NVENTI ON 5 L0014] It is an object of the
present i pthert refarenseprelipge B 5| atinsmahphghei lgad ewrrenhi Habeeemdsva ce, of
which a circuit added for conmuni cation can be sinplified, which can

f ai t hf ul | gurredtivatue smabaet phian ébe ciiglentivalee formamea WWunkinaticopt i Tladn,
communi cation signal having a high frequency. [0015] An illum nating |ight
comuni catheorwitehi S& biis shetghedsenhcdondentd enth @he appided esnamomist taon
current source, a snmoothing circuit, a load circuit, a |oad change el enent,
and a W gighabBemant.théhebys tiholdiidguigkent is in@idatdle e, svlic@uithe taudpri si ng
alight emtting diode are connected to an output of the constant current

source. Therbpath ¢hangfrehedwbdltacs KD 500rsi\lt andahtiledd yueraitom tlead
characteristic of the load circuit when bei ng added to
reference voltage E2 is 100 [mA] and the switch SW1 is switched in
accordance with the optical communication signal of 10 [kHzl, Fig. 49B
shows a simulation result of the load current I1. In this simulation result,

10  the load current I1 is averaged into a value (about 300 [mAl) intermediate
between the current value (500 [mAl) in the reference voltage E1 and the
current value (100 [mA]) 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. Thgrefore, 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



15 the load circuit. The switch elenent is configured to determ ne whet her
or not the |load change elenent is added to the load circuit in accordance
with a binary optical conmunication signal. [ 0016] According to the
invention, a circuit added for comuni cation can be sinplified, and an
outputted light can be faithfully nodul ated in accordance 20 with an

opti cal communi cation signal having a ﬂigh frequency. [0017] In the
illumnating Iight comruni cation device, it's preferred that the | oad

change el nt..i,s a resister,whjch is negted.in_seri o.th i-ght
ot £ ng. ABaa BaBod RS NRE IHCLEdERE TP RV IEHAR LS T SE R bie ob H e
resister. 25 [0018] In.the. illumpati light co ni cation device, it's
preferredpﬁﬁ%{“Hépé?ﬁﬁme&HCEﬁé%%@ épgﬂ@ﬁ¥g%%ﬂﬂgﬁgg§ ‘const ant vol t age
circuit section, which includes at |east a constant voltage el enent
connected in series to the light emtting diode, and the switch elenent is
connected in parallel to the constant voltage circuit section. 5 [0019] In
the il urPARELQSVRENOICERH vice, it's preferred that the |oad
circuit conprises a plurality of load circuits, and the plurality of |oad
circuits H}Oé%oﬁn@c@@d)hwptp@g she @iregrartwaniensisnpie Previdenancidhunimatingr r ent
source, and at |least one of the plurality of load circuits is provided with
t he | oad kalhgenelwneationndvides of wiltich aetieerahindded (pooomunicahin can
illumnating |light conmunication device, it's preferred that each of the
pl ur al i t ybeoinhplaed,i whicht srctaidriulgsnohelasnianohitpliereentiglhinth atrertiaged
emtting diode having a different em ssion color wwth respect to each | oad
circuit. wih2dd optichshemhunicaadén sigral dhtvicg arhighda¢quemagevi ce, it's
preferred that 15 the load circuit conprises the light emtting di ode
conpri si n@oasplAu alliibin@finkilgdtit @minunica b desicetifaheairesennieaitibr n
series, and the switch elenent 1is connected in parallel to a part of the
pl ur abi t Yeotdpishh @mistdht)Gulieddourtd022nddthime cidcib) Nadd d gidcud)ta
comuni cation device, it's preferred that the load circuit conprises a
plural i tyogd chaage Gldfbht Sand®Ahwiteh Bldthahd. t YTIH shiddthisy GréGididnl Bie
connected in parallel between outputs of the constant current source, and
each of t j £ : Ol I T ' bl i ode
Conpr i 5i g d e R [pPisiE AEAE Ehlding QIR 85 ChREALD tb BT EEf
series, j 1.4 ] di I.fd.e ;S S| r{ W th
ospoct (o cheh TAR R ppRel e 1930 taklrgel bR Bho RS X e R L "
pluralit agﬁiaﬁ?rg%}fa%dgec10%1%1”éﬁasra'c§er?é%ﬁ‘é‘SPh?é’ 1644 BALAl $hehbAnBAdacd ¢d Ne

pluralit

15  the load circuit. The switch element is configured to determine whether or
not the load change element is added to the load circuit vin 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



9 emtting diodes. [0023] In the illumnating |ight comrunication devi ce,
it's preferred that the load circuit conprises a plurality of |oad
circuits, and the plurality of load circuits are connected in parall el

bet weeni outputs of the constant current 5 source, and the switch elenent is
connected in series to one or nore load circuits, at |east except for one
load circuit, of the plurality of load8circuits, and the |oad charge
elenment is the one or nore load circuits to which the switch elenent is
connected jin_series. [0024] It's preferred that the illum.nati i ght
conmmuni cath® }Padie%%fégel@lefrtﬁnftﬁé’lmlérdﬁﬁﬁ f §8§S@rﬁu‘f£t%g§g‘i}f“§%1? &ﬁcﬂﬂ‘i"t W&édb hange
an on/off duty ratio of the optical communication signal [0025] ..In the

i |1 uni nat miréua@s@,m lesstrueinsdanbiodage eéemenpt goppegted ia geriesttor the Hehtt ant
current source conprises a constant current feedback system which

conpr i sesemigony elivde, aadcthe ewitderademgntinist cornefited eime peaaladitof Yhag
unit, and a controller. The converter generates a DC output. The current
sensing ucoristgeteoldad gs carcutslseagendr op dependi ng on a | oad current flow ng
to the load circuit. The difference anplifying unit anmplifies a difference
bet ween t [0®190| kagke dllomigatierzatight icontrhenmatioantegieas ity puaierrah dhat
predeterm ned reference voltage. The controller controls an output of the

20 conver{l®sload cifealit @mpriesagpluadlug dfloddeirtond, ond tlkanplbedoyes igaheral |y
constant in accordance wth an output of the difference anplifying unit

[0026] | neitddtd laksioRabited 1d phtaliNPoveat batpwievéfthe constaptefaiege t hat
the constant current feedback systemis provided with a phase conpensati on

circuit inadeli g aR 1bAdteaiAbf SAEPRIalitARE 164 eRkut8 i8 pRORRR dOkiflghoUt put
of 25 the difference anplifying unit. 10 [0027] It's preferred that the

|1 uri natibag bt FAAEHARGAIHILARY] ERudtitt her comprises a communi cati on

unit. A signal géneration circuit for generating the optical communication

si gngl, t@%szq% 919@ fnghenn! gth%ﬁ@@%fn S 1o &éﬁ@@nhsﬁpﬁeft@ﬂ&ﬁ@hws' de a

case of the Connunlca I on uni en the communicatfon unit
conmes S0y FRSS ot a FAD REIPLBI SLEIR el SORDOEL o
light emitting diode having a different emission color with respect to each
load circuit.
[0021] In the illuminating light communication device, it’s preferred that
15  the load circuit comprises the light emitting diode comprising a plurality of
light emitting diodes which are connected in series, and the switch element
is connected in parallel to a part of the plurality of light emitting diodes.
[0022] In the illuminating light communication device, it’s preferred that
the load circuit comprises a plurality of load circuits, and the plurality of load
20 circuits are connected in parallel between outputs of the constant current
source, and each of the plurality of load circuits comprises the light emitting
diode comprising a plurality of light emitting diodes which are connected in
series, and the light emitting diode has a different emission color with

respect to each load circuit, and the switch element in each of the plurality of

25 load circuits is connected in parallel to a part of the plurality of light



further conprises an insulation, which electrically insulates the switch
el emrent fromthe signal generation circuit, for generating the optical 10
comuni cation signal. [0029] In the illum nating |ight conmuni cation
device, it's preferred that the optical comunication signal conprises
several different kinds of optical co ni cation signals, and is divided
into a plurality of signal groups by diffference in signals, and the

i nsul ation conprises a plurality of insulations, 15 and the switch el enent

is |ocated j.n. f the plurality of signal groups, and each of the
pluralitygg¥ﬂ?§§§P§@§bns Is located to electrically insulate the signal

generatio Ifcuit, fr.omthe swt.ch el ement. [003 lt's,pr rre hat the
F i nat NG hhing o Rt heBs SRR dorish: TEbECRLR shiRa e
generation unit, .a npdul ation unpit,..an 20 insulatin ansformer,..and a
denodal at Lo dreuheorarEPan Rl Godpad PRRUTR ©ogbhE PR RUTY ofdPne o
wave, which is set so as to. have ﬁ h'bgher frequencc\)/ han the opti cal
cormmuni cafrewts agagonngated HePasyllehbeousen aRtRIEPOLENE senstamy Gttgart r om

t he optical comunication signal. The nodul ation unit nodul ates the gptical

conmurfi casqwise s pA dihenwswich Hdemsng 46 rqopnegkare1n PREICH HOUPRR OAJNPFAAA G ner

i s connected between the o . L
circuits, at least except for one load circuit, of the plurality of load circuits,

and the load charge element is the one or more load circuits to which the
switch element is connected in series.
[0024] It's preferred that the illuminating light communication device
10 further comprises a duty regulation unit to change an on/off duty ratio of the
optical communication signal.
[0025] In the illuminating light communication device, it’s preferred that
the constant current source comprises a constant current feedback system,
which comprises a converter, a current sensing unit, a difference amplifying
15 unit, and a controller. The converter generates a DC output. The current
sensing unit generates a voltage drop depending on a load current flowing to
the load circuit. The difference amplifying unit amplifies a difference
between the voltage drop generated in the current sensing unit and a
predetermined reference voltage. The controller controls an output of the
20 converter so that an average value of the load current becomes generally
constant in accordance with an output of the difference amplifying unit.
[0026] In the illuminating light communication device, it’s preferred that
the constant current feedback system is provided with a phase compensation

circuit including an integral element, and adjusting a phase of the output of

25  the difference amplifying unit.



11 nodul ation unit and the switch el enent. The denodul ati on unit outputs a
signal, obtained by renoving the carrier wave from an output of the
insulating transformer, into the switch el enent. [ 00311 In the
illumnating |ight conmunication device, it's preferred that 5 the |ight
emtting diode is an organic light emtting di ode. BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 00321 Preferred enbodinents B the invention will now be
described in further details. Qther features and advantages of the present

invention 10 wi]| becone better understood.with regard to.the follow ng
det ai | ed KBS L Meéﬁﬁegc‘é@ﬁp%@iﬁgnm%m%sh%mercemmumcatm QC.EQV:ES@@’ is a
circuit diagramfor an illumnating |ight copmunication device of an
Enbodi menfurther comprises a comguni@tien angt.r cyi Al §PRPA G B Ui dor

simulation of the illum 15 nating |Iight comunication device of the
Enbodi mengenerafing tixpoptdcal comymvindeatiohatanadhtlvd lpdackinge glamsent emnd t ;
Fig. 2Bis a wave formchart show ng a sinmulation result; Fig. 3A
is a circthd switahredembot aasn houbedrimsitle mgcdsegift theorommiugaca toon dend, cndf an
Enbodi ment 2; 20Fig. 3B is a circuit diagram nodeled for sinulation of the
i |l ums nidtennghé | @t maadeativic atriions denmeetal to hitheEhdradicirentt 2Zhrough a
mechanism element for connection.
[0028] It’s preferred that the illuminating light communication device
further comprises an insulation, which electrically insulates the switch
element from the signal generation circuit, for generating the optical
10 communication signal.
[0029] In the illuminating light communication device, it’s preferred that
the optical communication signal comprises several different kinds of optical
communication signals, and is divided into a plurality of signal groups by
difference in signals, and the insulation comprises a plurality of insulations,
15 and the switch element is located in each of the plurality of signal groups,
and each of the plurality of insulations is located to electrically insulate the
signal generation circuit from the switch element.
[0030] It's preferred that the illuminating light communication device
further comprises a carrier wave generation unit, a modulation unit, an
20 insulating transformer, and a demodulation unit. The carrier wave
generation unit generates a carrier wave, which is set so as to have a higher
frequency than the optical communication signal, and thereby the carrier
wave can be separated from the optical communication signal. The

modulation unit modulates the optical communication signal with the

25  carrier wave. The insulating transformer is connected between the



Fig. 4Ais a circuit diagramshowi ng a feature of an illumnating |ight

communi cati on device of an Enbodi nent 3; Fig. 4Bis a circuit
di agram showi ng a feature of the illumnating 25 |ight comunication device
of the Enbodi nent 3; 12 Fig. 4Cis a circuit diagramshow ng a
feature of the illumnnating |ight conmunicati on device of the Enbodi nent 3;
Fig. 4Dis a circuit diagramshowi ng al¥eature of the illumnating |ight
comuni cati on device of the Enbodi nent 3; Fig. 4dEis a circuit

di agram showi ng.a featur f the.il]um nati l,i ght auni cation devi ce of
e Enboampdiiaon untt and e gwitgh plemielyr ok AR BT Rnh b e  ng
| i ght communi catjon devjce of an Enpodi nent 4; Fitg. fSEhi s a
circuit drggrhnPRiaRPRgPR YeaReIng &he tGITIar WAYSadtg 2B PREHt of the
communi cati on devi ce of the Enbodi nment_ 4; Fig. 5Cis a circuit
di agr am shswilating transformenfinthihg switghelemagt1 i ght communi cation device of
the Enbodi nent 4; ~Fig. 6 is acircuit diagramfor an illum nating
| i ght contfd8iltalin ohe dBviusatihgahgEisodimenicasion] deyige, & peefgregd chat
diagramfor an illumnating |ight conmmunication device of an Enbodi nent 6;
Fig. 7B ithedlight emittir dgdans mudeigedid bghtemittang diodsf. the il umi nating
| i ght communi cation device of the Enbodi nent 6;
BRIEF DESCRIPTION OF THE DRAWINGS
[0032] Preferred embodiments of the invention will now be described in
further details. Other features and advantages of the present invention
10 will become better understood with regard to the following detailed
description and accompanying drawings where:
Fig. 1A is a circuit diagram for an illuminating light communication
device of an Embodiment 1;
Fig. 1B is a circuit diagram modeled for simulation of the 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. 3A is 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. 4A is a circuit diagram showing a feature of an illuminating light

communication device of an Embodiment 3;

Fig. 4B is a circuit diagram showing a feature of the illuminating

25 light communication device of the Embodiment 3;



Fig. 7Cis a wave formchart showing a sinulation result of the 20
illumnating |ight comuni cati on device of the Enbodi nent 6; Fig.
8A is a circuit diagram show ng other configuration of the Enbodi nent 6;
Fig. 8Bis a circuit diagramshow ng other configuration of the Enmbodi nent

6, 25Fig. 9 is a circuit diagramfor an illum nating |ight comunication
13 devi ce of an Enbodi nent 7; Filg. 10 is a circuit diagramfor an
illumnating |ight comruni cati on device of an Enbodi ment 8; Fi g.

11A is a circuit, diagram nmpdeled. for sipulation_of the illum5 nating Iight
commruni cati on dgw Zzgdﬁ 3 HECEFFngﬂ%m sgowing a featpre ofjthg {liumingtingf or m

chart showing a sinulation result of the illumnating |ight conmunication
devi ce of llghgcemwwﬁﬁpng%evme of the Empodimant ' a circuit di agram showi ng
ot her configuration of the Enmbodinment 8; 10Fig. 12B is a circuit diagram
showi ng ot her cBig-i4driatd eircoit dingrEnbeboweng agfeature of thegilluBimatina wave
formchart of a load current flowwing to an illumnating |ight comunication
devi ce of light Emipodimeatiof ;device of the Embodiment 3;
5 Fig. 4E is a circuit diagram showing a feature of the illuminating
light communication device of the Embodiment 3;
Fig. 5A is a circuit diagram for an illuminating light communication
device of an Embodiment 4;
Fig. 5B is a circuit diagram showing a feature of the illuminating
10  light communication device of the Embodiment 4;
Fig. 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 is a circuit diagram for an illuminating light communication
device of an Embodiment 6;
Fig. 7B is a circuit diagram modeled for simulation of the illumi-
nating light communication device of the Embodiment 6;
Fig. 7C is a wave form chart showing a simulation result of the

20  illuminating light communication device of the Embodiment 6;
Fig. 8A is a circuit diagram showing other configuration of the
Embodiment 6;
Fig. 8B is a circuit diagram showing other configuration of the
Embodiment 6;

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



Fig. 13Bis a wave formchart of a load current flowing to an 15

illumnating |ight comuni cati on device of an Enbodi nent 9; Fig.
13Cis a wave formchart of a load current flowing to an illumnating |ight
conmuni cati on device of an Enbodi ment 9; Fig. 14 is a circuit

di agram nodel ed for sinulation of the 5$Iuninating | i ght communi cati on
devi ce of the Enbodi nent 9; 20Fig. 15A*ts a wave formchart show ng a
simulation result of the illumnating |ight comunication device of the

Enbodi ment; |9 Fi .1s a wave formchart show ng a sinulation
result ofH?ﬁ%eﬂfﬁaﬁ$%%?ﬁﬁae%?§ht comuni cati on device of the Enbodi nent 9;

Fig. 15Cis a ve formchartt how ng.a si Iatiion 188 Itcof the 25

i | Tuninating |i bt ot AFeatt GReEa 08 At NRiRgid B el cognmupjcation

Fig. 16A iis a ci.rcuit. diiagramfor an illumnating |ight communication

devi ce ofdﬁﬁcﬁﬁgaﬂﬂhﬁhpdﬁg?npé’ Fig. 16Bis a circuit diagramfor the
illumnating |ight comunication_device of e Enbodi nent 10; 5Fjg. 16C is
a circuit di agrB fidA the rewikidiagtarg mpéﬁie g ulagion; egﬂa%\}heguof t he
Enmbodi nent 10; _ Fig. 16D is a circuit diagramfor the illum nating
| i ght Sconftiipedighdrosanpatcagion deviperpbtperEmbodment 8;

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

25 illuminating light communication device of the Embodiment 9;



Fig. 17 is a circuit diagramshow ng other configuration of the 10

Enbodi nent 10; Fig. 18 is a circuit diagramfor an illum nating

| i ght communi cation device of an Enmbodi nent 11; Fig. 19Ais a
circuit diagram show ng ot her configuration of the Enbodi nent 11; isFig.
19B is a circuit diagram showi ng a specific configuration of a

comuni cation unit of the Enbodi nent 114 Fig. 19Cis a circuit

di agram showi ng a specific confi guration of the comunication unit of the
Enbodi ment 11; Fig. 20Ais a cjrcuit diagramfor an

i I'1umi nating |iBH: W@Fléﬁ‘ﬁit&%a%@é% a8 1ipnHRaRgdig Hepmmpmication

Fig. 20Bis a circuit diagramfor an illumnating |ight comunication

devi ce of davicEwbedi febodiment 10; Fig. 21 is a circuit diagramfor an
illumnating light conmunication device of an Enbodi ment 13; 25Fig. 22Ais
a wave form chalig.cl6Basha parduibiidgranErfbodheeiiumdating lighy. c@aadirs- a wave
formchart of each part of the Enbodinent 13; Fig. 22Cis a wave formchart

of each peatiowftletite dEnhedmbodinrié)t Hi;g. 22D is a wave formchart of each
part of the Enmbodinent 13; Fig. 22E is a wave formchart of each part of

the Empodi nent E@j. € ds £3frcust diggragnifor dhagilhmireitiag lightugomaiiig | i ght
comuni cati on
cation device of the Embodiment 10;
Fig. 16D is 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;



devi ce of an Enbodi nent 14; Fig. 23Bis a circuit diagram nodel ed

for simulation of the illumnating |ight comuni cation device of the
Enbodi nent 14; Fig. 24A is a wave formchart showi ng a sinulation
result of a load 10 current of the illumnating |ight comrunication device
of the Enbodi nent 14; Fig. 24B 55 a wave formchart show ng a
simulation result of a load current of “the illumnating |ight comunication

devi ce of the Enbodi ment 14; 15Fig. 25A is a wave formchart showi ng a

simul ation  esulle Obpid P3hveUbHAYhat ofnggﬁggg«% d B @bk TN Catl on

device of the odi nent ; I's a wave formchart
show 19 2 S ! 24 9 8 Bl iy BB ETDS0of R BbBRARNG: 0P
[i'ant communt caf R €8 4E ore Bsdal fark bist Srng EagRTnertie 1 orm
char . shouing a2 kLI o0 LSl S Pab80%h % e P ok s, © 2
H um.5nati ng | Iﬁlhgt 2% Ts%n(i:ig(?&ii‘c (glri]agdrea\g c?r E(l)lfl iltlﬂgligggggihg r}:tcorILlffr;nunication
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 simulation result of a load
current of the illuminating light communication device of the Embodiment
14;
Fig. 25B is a wave form chart showing a simulation result of a load
current of the illuminating light communication device of the Embodiment
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 is a wave form chart showing a simulation result of a load

25  current of the illuminating light communication device of the Embodiment



S5Fig. 26Cis a wave formchart showing a sinulation result of a | oad

current of the illumnating |ight comrunication device of the Enbodi nent

14; Fig. 26D is a wave formchart showing a sinulation result of
a load current of the illum nating |ight conmunication device of the

Enbodi nent tol4; Fig. 26E is a wave formchart showi ng a sinulation
result of a load current of the illunmi Hating |ight comunication device of
t he Enbodi nent 14; Fig. 27 is a circuit diagramfor an

illumnating Iight comunication 15 device of an Enbodi nent 15;
Fig. 28A il4 a wave form chart showing a sinulation result of a |oad current
of the illum nating |light comunication device of the Enbodinment 15;

Fig. 288 is a

wWBig i erERYe Sranichgrashewing e smuladonresnltof piepdo

current of the illum nating |ight communication device of the Enbodi nment
15; currpiy of 2B€ illsmzinaging Hehtncemanunichtianndeacs ofthatiwhodasent of a
| oad current of the illumnating |ight comunication device of the

Enbodi neni4;15;

configuration
5

25Fig. 29 is a circuit diagram showi ng other circuit
of the 17
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 illuminating light communication

15 device of an Embodiment 15;

Fig. 28A is a wave form chart showing a simulation result of a load

current of the illuminating light communication device of the Embodiment

15;

Fig. 28B is a wave form chart showing a simulation result of a load

20 current of the illuminating light communication device of the Embodiment

15;

Fig. 28C is a wave form chart showing a simulation result of a load

current of the illuminating light communication device of the Embodiment

15;

25

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



illumnating |light conmmunication device of the Enbodi nent 15; Fi g.
30A is a wave formchart showing a sinulation result of a |oad current of
other circuit configuration of the illum nating |ight comrunication device
of the Enbodi nent 15; 5Fig. 30B is a wave formchart show ng a sinulation
result of a |load current of other circg}t configuration of the illum nating
| i ght communi cation device of the Enbodl nent 15; Fig. 30Cis a
wave form chart showing a sinulation result of a |oad current of other

ci roui € cantih At Aonet ofn@@uﬁicaglghr@ewwouh% GPATHERE spati on, devi ce of

t he Enbodinen circui agr am or an illumnating
| i ght communi c evi ce of 2 a
wave form char ?F]sgnmtf %"%ﬁ%ﬁ’m gﬁajf er{%a Snin lgﬁrrr R t? ’t/[\(ﬁae(f
illumnatin t onnunlc t|o devj.ce he ,Enbodi men ; .

o aop putgnh Ao BET SR CoBMSREOR S HF SBIRUTH Liedf SDRBMMiCur ¢ ent
of the illum n ting | %g‘?k@g n| catl on device of the Enbodi nent 16;

Fig. 33A ¢afiop ?Yléﬁlof ANtaD5i | | uni nating |i ght communi cation 20
devi ce of an Enbodi nent 17; Fig.. 33Bis an illustratjon of a
speci fii ¢ exanplEigoBUB tut meee farm phagt shewag a smhatiengsaneda lqad

Fig. 33Cis an illustration of a specific exan‘f)I e of a current-limting
el enent ofurreet EitYhenetrcull; copdigugatigg ol sheyilluminating light oforamsydci i c

exanple of a current-limting
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 illuminating 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. 33A is a circuit diagram for an illuminating light communication
20  device of an Embodiment 17;
Fig. 33B is an illustration of a specific example of a current-limiting
element of the Embodiment 17;
Fig. 33C is an illustration of a specific example of a current-limiting
element of the Embodiment 17;

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



18 el ement of the Enbodi nent 17; Fig. 3dAis a circuit exanple of a

load circuit of the illumnating |ight comuni cation device of the

Enbodi nent 17; Fig. 3dBis a circuit exanple of a load circuit
of the illumnating Iight 5 comrunication device of the Enbodi nent 17;

Fig. 34Cis a circuit exanple of a load circuit of the illum nating |ight
communi cati on devi ce of the Enbodi ment1847; Fig. 35Ais acircuit
diagramfor an illum nating |light conmuni cation device of an Enbodi nent 18;

10Fig. 35Bis a cjircuit diagramfor the illum nating |light conmmuni- cation
devi ce of © ﬁgﬂﬁﬁﬁgéﬁﬁgﬁboéggentlg’ Fig. 36Ais a circuit diagramfor an
illumnating |ight comunicatjon device of an, Enbodjnent 19; .
Fig. 36Bis a cg%&:&%@iaa@mwmm@a of arload wircas errﬁflhﬂwnarm&ﬁlght nating
| i ght communi cation device of the Enbodi nent 19; Fig. 37Ais a wave
f or m char eomshvvitingtion slefigeatitba Bmbafliment 473 oad current of the
illumnating light conmunication device of the Enbodi nent 19;
Fig. 37B is a whige 34brimatiacuitekanplg of asload cacianol deullungin agin plgh?0
current of the illum nating |ight conmunication device of the Enbodi nent
19; 5 comPupicich dsvivewdthe flombodimaent $fowi ng a si mul ation result of a
| oad current of the illumnating |ight comunication device of the
Enbodi ment 19; PHFBGC i3& ¢ciscwitexaaiple ofiadgadrishoveiitdeallneinaitirguiight
configuration of the
communication device of the Embodiment 17;
Fig. 35A is a circuit diagram for an illuminating light communication
device 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



19 illum nating |ight communication device of the Enbodi nent 19;

Fig. 39Ais a wave formchart showng a sinulation result of a |oad current

of the illumnnating |ight comruni cation device of the Enbodi nent 19; 5Fig.

39B is a wave formchart showing a sinulation result of a |oad current of

the illum nating |ight comunication dﬁyice of the Enbodi nent 19;

Fig. 39Cis a wave formchart show ng simulation result of a |oad current

of the illumnating |ight comunication device of the Enbodi ment 1019;

Fig. 40 i figthe illum nating
ﬁhﬁnﬁie{t?rg%hgg\k/ ?g@mﬁghuﬁg n(ge’ifzg@ef @fﬂh\ée%ﬁfb%ﬁ%gnf’ 19} Fig 41A 1S &

| i ght communica

ul f h
T i nat g | ?%fé‘%%%u%‘ii%{%“h%% rEESHb e Bl R g 2 1050

Fig. 41B i n1char1 S a sinul.ation.res oad current
of “the || THERROL e HHGHCE AR P ECT B BRTREED F e SEbe drmbnt Sagnt

Fig. 42 'f a circuit diagramfor an illumnating light comunication 20
devi ce of l%n Enbodi ment 20; Fig. 43Ais a circuit diagramfor an

illum nating Iﬁght conmruni cati gn devi ce of an Enmbodi nent 21;
5 1g. 39B 1s a wave form chart showing a simulation result of a load

current of the illuminating light communication device of the Embodiment
19;
Fig. 39C is a wave form chart showing a simulation result of a load
current of the illuminating light communication device of the Embodiment
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. 43A is a circuit diagram for an illuminating light communication
device of an Embodiment 21;
Fig. 43B is a circuit diagram for the illuminating light communi-
cation device of the Embodiment 21;

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



Fig. 43Bis a circuit diagramfor the illumnating |ight conmunication
devi ce of the Enbodi nent 21; 25Fig. 43Cis a circuit diagramfor the

illumnating Iight comruni- 20 cation device of the Enbodi nent 21,

Fig. 43Dis a circuit diagramfor the illumnating |ight conmunication

devi ce of the Enbodi nent 21, Fig. 44 is a circuit diagramfor a
conventional illumnating |ight comun2&ati on devi ce; Fig. 45Ais a
wave form chart for describing an operation of the conventional
illumnpnating light co ni cation device; Fig. 45Bis a wave form
chart forC%Fé%%FlPBiCﬁg’ngg@HB eding#nto? 't he conventional illuninating Iight

communi cation device; 10Fig. 46A is a circuit diagramfor another
conventional i|Figri4E A icixghit dergram dax itha Haymgating light compunisB is a

circuit diagramfor another conventional illumnating Iight communication
devi ce; cation device of Fhg Emb@lingerdt Z15r cuit di agram for anot her conventi onal
illumnating 15 |ight comuni cati on devi ce; Fig. 47A is a wave form

chart for descrFig niy an soparcait dingfint Her ancvheenttomale luonastingl ighhat i ng
| i ght communi cation device;
5 communication device;
Fig. 45A is a wave form chart for describing an operation of the
conventional illuminating light communication device;
Fig. 45B is a wave form chart for describing an operation of the
conventional illuminating light communication device;
10 Fig. 46A is a circuit diagram for another conventional illuminating
light communication device;
Fig. 46B is a circuit diagram for another conventional illuminating
light communication device;
Fig. 46C is a circuit diagram for another conventional illuminating
15 light communication device;
Fig. 47A is a wave form chart for describing an operation of the
another conventional illuminating light communication device;
Fig. 47B is a wave form chart for describing an operation of the
another conventional illuminating light communication device;
20 Fig. 47C is a wave form chart for describing an operation of the
another conventional illuminating light communication device;
Fig. 48 is a circuit diagram for yet another conventional illuminating
light communication device;

Fig. 49A is Bode diagram for the yet another conventional illumina-

25  ting light communication device; and



Fig. 47B is a wave formchart for describing an operation of the another

conventional illumnating |light conmmunication device; 20Fig. 47C is a wave
formchart for describing an operation of the another conventi onal
illumnating |light conmunication device; Fig. 48 is a circuit

di agram for yet another conventional illum nating |ight conmunication

devi ce; Fig. 49A is Bode %ﬁagran1for the yet anot her
conventional illum na25 ting |ight comruni cati on device; and 21

Fig. 49B is a wave m chart showi ng a.l gad .current ;of the yet . another
convent i onal iﬁ%%ilﬁgalwaﬁ %ﬁ:‘m‘g}ﬁr& Rt I 8%@ %]‘%ergfﬁ/ﬁ%é Cﬁiep
CARRYI NG QUT . THE | NVENTI 0033] Heyeinafter., enbodi ments of the present
i nvent i onail%th@%ﬁPHY%HOW?“IIIISUr’é]fI’é’r@l‘%gg{‘BC‘P‘PB{HIB@U?%8]%2{109( Enbodi ment 1) An
illumnating |light conmunication device of Enbodinent 1 is 10 expl ai ned

with reference to Figs. 1A and 1B. Fig. 1Ais a circuit diagramfor an
il lum nating | i ght communi cation device 10. The illum nating |ight

comuni caB DEFOR CORRYENG QUILRE AN VENTEAN source 11, "a snoot hi ng
capacitor Cll (a smoothing circuit), a load circuit 12, a |load change
el ememt 1[033] sigreahaffeneambpdimentsmfithe presemidinyeshioncls exdaammd wit
reference to figures.
[0034]
(Embodiment 1)

An illuminating light communication device of Embodiment 1 is
10  explained with reference to Figs. 1A and 1B. Fig. 1A is a circuit diagram for
an illuminating light communication device 10. The illuminating light
communication device 10 comprises a constant current source 11, a
smoothing capacitor 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 series between the outputs of the constant current
20 source 11, and receives the power outputted from the constant current source
11.
[0037] The load change element 13 is configured to partially change load
characteristic of the load circuit 12, when being added to the load circuit 12.
Then, for example, the load change element 13 comprises a resister, which is

25 connected in parallel to a part of the plurality of light emitting diodes LD1.



15 [ 00351 The snoot hing capacitor Cl1 is connected between outputs of the
constant current source 11, and snoothes a power outputted fromthe
constant current source 11. [00361 The load circuit 12 conprises a
plurality of light emtting diodes LDl, which are connected in series

bet ween the outputs of the constant current 20 source 11, and receives the
power outputted fromthe constant curréht source 11. [0037] The | oad change
elenent 13 is configured to partially change | oad characteristic of the

| oad circuit %2 when being added to the load ¢ircujt 12. Then, for

exanpl e, t¥B8lodhe HHangksenaipdinn ggcuilnit issen g‘ﬂ%‘éi £9 genetipfiech higayy
connected in parallel to a part of the plurality of light emtting diodes
LDl. 22 ppusslcommuiieataon gignalat fomdditieni thergigngl generafior dircsitgbher at e
a binary optical comrunication signal. In addition, the signal generation
circuit I1mayageungeate dhe bimersboptacal comingalicadormeignedin eiecerdpnme with a
accordance with a transmtting signal, which is transmtted from an

ext ernal tiewisaeittibg[s06134] whieh switaaknatteddndmGh evtarnhbdsvizeswi t chi ng
device (for exanple, MOSFET) connected in series to the resistor of the

| oad chanf®39l efkatswidch Eheamesit Qh cenpiriznt LRwikchimg tduveek Ofot afxfaniyle,

recei ving the binary optical communication signal, and thereby determ nes
whet her oMO®FEIDeohaactcdnangsid Ry résdstios ofidHedodd chhagh @dément agit 12.
10 10040] Fig. 1Bis a circuit diagramnodeled for sinulation with respect

to a Circhht SHQWM dlémEhd-Q2As SRdchaERINIATE SAMBesPide tise BhEFY @Ptical
circuit conponents of Fig. 1B corresponding to circuit conponents of Fig.

1A I'n addjchhRihicdtidh Hkn &I Ahd hedb I &l BimiifosL GratBbEN Yok etleagsti Wi th a
series circuit, which conprises a Zener diode ZD11 havi ng a constant

on-vol tag&la]x%eaélgm%'i‘lt%@rirs%giﬁtd%%e%édgﬂl%ﬁ% 14 resistor R12 is used as the

| oad change el enent 13, I's connected in parallel to the on-resistance

L AR ORAUE RS By A 0h IS AT GH

conprising t r élstor_ enent _ d bet ween
Dot Rl I SRS, R, WSS SRRERAN ) gt 2
eSO MBS Y B SRR A o o
eSO R HERE Bl S0 2550 B e TR e 22
opti cal Cc?ﬂ;ﬁ'i'trf'v?r '{cihogoriip%rg;%ls aSiZeingr 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 [kHzl 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 [mA]. Fig.



25 stopped, and an average value of the load current Ii is about 500 [mA].
Fig. 23 2B shows a wave formchart for the load current |i flowng to the
light emtting diode LD1. This wave formchart shows the | oad current |
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 1112 is connected in parajl%ﬁ to the on-resistance 1111 through
the switch elenent @, and a non-connection-state where the resistor 1112

is not coppected to the pn-resistance 1311, reent. 11 1S
wbout 6002 Pnihanie St Shol TeTed M Bl KEORR T 8 ight, ' S0
EmA] when the.sw }.c n is swtched off ,Then duyl ation ve
form 10 Wﬁi‘@ﬂlg 1?‘2‘? ffrﬂsgf ?%‘%h@a%”o{% BARmAtC A itﬁﬁn&aén prgnt thn pe
provided, and.its average current.js kept to. about 5Q0 I ., Which.is equal
Do the vargaubtedihy alsahatels shtiching ;¢ wcgkoa'%t%&g&rﬁﬁﬁasﬁ%ﬂar
comuni cation signal_ Si_is stopped. [0042] Then, an optical output is

out put t edvererignd qfl 10, skl ismyttpngied fremcthmesfibataroliaand dbe mesisier i s
recei ved by a receiver 20 havin? a photo IC. Then, the receiver 20 detects
a di f fer eRé3 I5etommenteth inmaredle] dat thet ongesistpred Rids Herosht bee speteal
communi cati on signal and an optical output superinposed on the optical
communi catleorensi |landral pdrecebyedtinm sedei whereOtheegesiveer thh2 opt netl
comuni cation signal. The receiver 20 can detect 20 even a mnute

nmodul at i creniniegted toy tlap phyiesgtsnch Rd 1refeod, tho 0Bl cereat dllaisrebwbeMe, t he
illumnating |ight comuni cation device 10 of the present enbodi nent

conpr i sesiniAk wdwnis thatswdteh eldmentQ2 id bwitdhedsomonhinig abowuitO0 ([oadbri si ng
t he snoot hing capacitor Cl1D, the load circuit 12, the | oad change el enent

13, and swhés hhelseith cldhentr@2 seewitehad 026 CThauatmadwlation Wwaad fermeui t 12
including the light emtting diode LDl are

10  which is faithful to the optical communication signal S1, can be provided,
and its average current is kept to about 500 [mAl, which is equal to the value
of the load current I1 in the state where the optical communication signal S1
1s stopped.

[0042] Then, an optical output is outputted from the illuminating light

15 communication device 10 and is received by a receiver 20 having a photo IC.
Then, the receiver 20 detects a difference between an optical output not
superimposed on the optical communication signal and an optical output
superimposed on the optical communication signal, and thereby the receiver
20 receives the optical communication signal. The receiver 20 can detect

20 even a minute modulation light by applying such a method.

[0043] As explained above, the illuminating light communication device 10
of the present embodiment comprises the constant current source 11, the
smoothing circuit (comprising the smoothing capacitor C11), the load circuit
12, the load change element 13, and switch element Q2. The smoothing

25  circuit and the load circuit 12 including the light emitting diode LD1 are



24 connected to the output of the constant current source 11. The | oad
change el enent 13 partially changes | oad characteristic of the load circuit
12 when being added to the load circuit 12. The switch element @

determ nes whet her or not the | oad change el enent 13 is added to the | oad
circuit 12 in 5 accordance with the binary optical comunication signal
100441 Thereby, the |l oad characteristi24of the load circuit 12 is changed
in accordance with the optical comunication signal, and then the | oad

current flowng to the |ight enittin% di ode LD1 is nndulﬁkeg faifhfully

wi th respeerngcsed e thevutpel of die ¢anstont pewent saHins tht i e ??gcﬁahang@
[00451 By the way, in the simulation circuit in Fig. 2B, a change caused by
t he | oad ek@mgé:EB@ﬁgﬁﬁﬂyxha@gaad@uipbavhéeﬁﬁmﬁééﬁgedﬂ%écapyﬂté sthemt i ng
an equivalent circuit of the light emtting diode LDl1. However, even if the
change i sheigeddted atovbhe dgad vataet of2.t HEhgZevafchlicdeimeBEDIQ2t thetelrnmdes ur r ent
D. can be nodul ated as well as the case that the change is added to the on-

15 resi st aheehd¥ldr npOOHS loaEcimtiarelima)t ¥hid hdded bathedodd ghtuit 12 in
conmmruni cation device of Enbodinment 2 is explained with reference to Figs.

3A and 3Bacdor@an@Pwith thechinduty topdical cammiwdic2fioasighalum nating i ght
communi cati on device 10, and then the sane code is referred to circuit

conponent poai4] FrHereds;, €0¢ N&:sPORSENPetiti6iofGhbtloa@r@endntl® &f cldtgedlfa Whi ch
was explained in the Enbodi ment 1, and the explanation is

accordance with the optical communication signal, and then the load current

flowing to the light emitting diode LD1 is modulated faithfully with respect

to the wave form of the optical communication signal.

10 [0045] By the way, in the simulation circuit in Fig. 2B, a change caused by
the load change element 13 is added to the on-resistance 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



omtted. In the present enbodinent, a plurality of light emtting diodes
LDl and a resistor Rl2 are connected between both ends of a snoothing 25
capacitor Cll1l, and a switch element 2 is connected between both ends of
25 the resistor Rl2. Here, the |oad change el enent 13 conprises the
resistor R12 connected in series to the plurality of light emtting diodes
LD1. Then, the switch elenent Q is swf? ched on/off in accordance with the
opti cal conmunication signal, and thereby the | oad change el enent 13

achi eves the 5.s fegt as.,when .l gad characteristi di odes LDl is
changed. F%E%S@ESB?%B ﬁgr%t tcher @&Idtc na‘ifr a%mr%lgejf%é&?lgrﬂsg%#u alfel%%)s i t h
respect t circuit. shown in Fig., 3A. and.then the sanme Cglgﬁﬂi s .eferred
Lo brrcui MBshpaREsRore o i riupBhkpREerErs B St gond S, of
Fig. 3A so, .inthis sinulation circuit, the light emtting diode LDl is
equi val enélFey Smtcrl’eﬁp%%’dt \ﬁ? Hs Sveideheds ogyoff jing ?‘“W%H@H%Wh optifaher
di ode ZD11 having a constant on-voltage and an on-resistance R11. In
addi ti on, camBIyHartige stgnali and dherehnt thimload dwmnseglemeany Iharhicses Wheh an
oscillator 14a which generates a rectangul ar wave signal of 10 [I (Hz]
cor r edponghimg efigctas spranchiadaharasiestiticor hieghatdesl.D i qdhgowrd. A sinul ati on
result of the load current IL obtained by using the circuit of Fig. 3B,
beconmes cl®fdi7lielitz. WB 1+ a hizcuitndipgrawmnmodsledt fosfsimiudation Avithdegpctaioda t he
| oad current |i is about 500 [mA] in a state where the optical
comuni catiront sitpad i8i Fig 8Appped thdhethe where thde 16 fdeiriedr éatamgut ar
wave signal is inputted to the switch elenment 2 as the optical conmu-
components of Fig. 3B corresponding to circuit components of Fig. 3A. Also,
in this simulation circuit, the light emitting diode LD1 is equivalently

10  replaced with a series circuit, which comprises a Zener diode ZD11 having a
constant on-voltage and an on-resistance R11. In addition, a signal
generation circuit 14 is equivalently replaced with an oscillator 14a which
generates a rectangular wave signal of 10 [kHz] corresponding to an optical
communication signal S1.

15 [0048] A simulation result of the load current 11, 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 is short-circuited or opened between its both ends and then the
current I1 flowing to the light emitting diode LLD1 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



20 nication signal Si, the switch elenment Q2 is sw tched on/off and thereby
the resistor 12 is short-circuited or opened between its both ends and then
the current Il _ flowing to the light emtting diode LDl is nodul at ed.
Therefore, the load current Il _ becomes about 600 [ mA] when the switch
element 2 is switched on, and becones about 400 [ mA] when the switch
elenment Q2 is 25 switched off. Then, a26rodul ati on wave form which is
faithful to a change of 26 the optical comunication signal Si, can be
provi ded, and its_average current beconmes about 500 [mA], which is equal to
t he val ueths optiical cepanmuniention jsigpak Bd, seaqy bewhspdderle agst ilbsmlaverage
comuni cation signal Si is stopped. [0049] As expl ai ned above, in the

i |1 uni nat ewgeht drecomermabriugabo okl iwkich Eoeafak he the cedne entdodilessht, t he
light emtting diode LDl and the resistor 12 of the | oad change el ement 13
are connectmdnt 61 ifhehe ottt anhereurheantticad comen ddication tigeak9l icbtopipedent Q@
determ nes whether or not the resistor 1112 is added to the load circuit

12. That [0©49 h&s legpthiabdangrmve) arehé ill@ntantinigsksht benheshishtion ldviennect ed
in series to the light emtting diode LDl, 10 and the switch element Q2 is

connect ed10 Bf PiRé préRinttenbdtinial sholigh? enli@QhQ]didde 1 El antl hbeSokisthir
el enent 2 determ nes whether or not the resistor Rl2 is added to the | oad

circuit 122 @#nghd Mgl the8nboadembBak ars @ik Sédeceted B8 dHegBénfBht tdurgesli 0de
LD1 can be changed in accordance with the optical comunication signal, and

the |oad CHitEAY, £RA tRE sWREH AbGEdtald Akt inYintsthdthek @2 RRAIhE Gebitgoave
formof the optical comunication signal. [0051]
R12 is added to the load circuit 12. That is, the load change element 13
comprises the resistor 12 connected in series to the light emitting diode LD1,
10  and the switch element Q2 is connected in parallel to the resistor 12.
[0050] Thereby, the switch element Q2 determines whether or not the
resistor R12 is added to the load circuit 12, and thus the load characteristic
of the light emitting diode LD1 can be changed in accordance with the optical
communication signal, and the load current can be modulated faithfully with
15  respect to the wave form of the optical communication signal.
[0051]
(Embodiment 3)

An illuminating light communication device of Embodiment 3 is

explained with reference to Figs. 4A to 4E. An illuminating light commu-

20 nication device 10 of the present embodiment is different in only a

configuration of the load change element 13 from the illuminating light

communication device 10 which was explained in the Embodiment 1 or the

Embodiment 2. Then, only the load change element 13 and the switch
element Q2 are shown in Figs. 4A to 4E, and other parts are omitted.

25 [0052] In the circuit of Fig. 4A, a diode D21 is used as the load change



(Enbodi ment 3) An illumnating |ight communication device of

Enbodinent 3 is explained with reference to Figs. 4Ato 4E. An illum nating
| i ght commu- 20 nication device 10 of the present enbodinment is different
in only a configuration of the | oad change elenment 13 fromthe illum nating

| i ght communi cation device 10 which wag expl ained in the Enbodi ment 1 or
t he Enbodi nent 2. Then, only the | oad %ange el enment 13 and the switch
el ement 2 are shown in Figs. 4A to 4E, and other parts are omtted. 25

[0052] In I{ Iﬂf is ué{l%%fhg':(h de g@%l s % ngctlg? | Seis€ Do %ﬁetﬁ]ﬁﬁgﬂlﬁtﬁﬂgnge

27 el erren arfd 'S connec | nseries t

the d Sﬂeﬁﬁ%%WQnTﬁﬁg ﬁm@% 8ffh 5 95%9 S%gaﬁe A Peéﬁsrtﬁ?rq:%'@?l ti ng
5" 3 and Dl et 4hE TEoBouBmARinGL. to. BEVEBHhALD oAty CRE g

emtting diode L On the other y o) the switch i's

swi t ched 8¢3era Wff%’ﬁﬁﬁﬁ‘én both lﬁ’é‘@@r&st od’\ggerclla%é@ﬂ"%ﬂglﬁ 5h?r?é?"]1t&bﬁ$21€ﬁﬁti ng
di ode LD1. Then, the switch elenent @2 is switched on/off jin accordance
with the @gtanchihemobhridiodstP3h beremas et to hesopreetedtorthe Tishidemntineg

el ement 13 achi eves 10 the sanme effect as when | oad characteristic of the
| oad ci r cdiiode T2D EonPmi iengthendamidg theanthe swichicdermenbR3 1 wdplyed off,
Therefore, as explained in the Enbodinents 1 and 2, the | oad current

f1 owi ng tehet Heodei §Al becamhesndoddeodenndtedaty ke riighfl ardttingi dipflal LD 1wi t h
respect to the wave form of the optical conmunication signal. 15 [0053]
Then, in ThendhecwitclobleBient @B,is awZieherd adti/offén ZD2oridengs dthshe leticahd
change el ement 13, and the Zener diode ZD2 is connected in series to the
| i ght em donmgindéagiten kighal Blemndatlsaviebgthellead thai2eiedement ddt achienes
parallel to the Zener diode ZD2. Also, in the present circuit, the switch

el emant Q@hel sarbwvietfebieds aHaaf foddnclaneetdastieofiidlddeciopiit Cd canprishigat i on
20 signal Si, and thereby the |oad change el enent 13 achi eves the sane

ef fect ashehBght @%ﬂtﬁh% @eter LBl & ehahb®l.| OBHefifo@ids d2phandd iisl fige t he
light emtting diode LDl is changed. Furthernore, in the present circuit, a

oS o B Moo a8 o) i e g g ) o
di ode 25 14572 candR modulated faithfully with respect to the wave form of the optical
communication signal.

15 [0053] Then, in the circuit of Fig. 4B, a Zener diode ZD2 is used as the load
change element 13, and the Zener diode ZD2 is connected in series to the
light emitting diode LD1. Then, a switch element Q2 is connected in
parallel to the Zener diode ZD2. Also, in the present circuit, the switch
element Q2 is switched on/off in accordance with the optical communication

20 signal 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. Furthermore, in the present circuit, a
modulated width of the load current I1 flowing to the light emitting diode

LD1 can be easily adjusted by selection of a Zener voltage of the Zener diode

25 ZD2.



[ 0054] Then, in the circuit of Fig. 4C, a therm stor resistance Rhl is used
as the | oad change elenent 13, and the therm stor resistance Rhl is
connected in series to the light emtting diode LD1. Then, a switch el enent
Q@ is connected in parallel to the therm stor resistance Rhl. Also, in the
present 5 circuit, the switch element 2 is switched on/off in accordance
with the optical communication signal 8, and thereby the |oad change

el enent 13 achieves the sane effect as when | oad characteristic of the | oad
circuit 1 ising the light .emttin i ode LDl i.s changed. Furthernore,
in the prﬁ%@%ﬁ}l%m the gt &f g Yiad shodnreey sisiange h LI hBaul at od
| evel of 10 the load current li flowng to the light emtting diode LDl and
t enper at ubke l,(@tdr"e}&ﬁq%?nel@&?%el%dﬁ%th%gﬂﬂ@lw&%@%énp‘éw}l 18 ¢qygBstedrhen,

in the circuit of Fig. 4D, a parallel circuit _conprising a resistor R13 and
a di ode DEP spuesdedtheslighe dnaidtinghdige bDdrerlithers a swdtabhelepaenll QY itircuit
is connected in series to the light emtting diode LD1. Then, a switch 15
el ement Quorirectohiepaealéltopdedhesmistortreeispamned RbIl. cAdeyiin.thalmesenn t he
present circuit, the switch elenent 2 is switched on/off in accordance
with tthe aptuitakhe ewiticli eddment I)Pnal s\@itcheadh dbit/bffriebyctdrd ahoadvithatlye

el enent 13 achi eves the sane effect as when | oad characteristic of the | oad
circuit l@tieipionsinmghitdtéon isgdiale®i t Ahdghdiradge thdload chhaggedemEehent 3
because the 20 parallel circuit conprising the resistor RL3 and t he di ode
D22 is coadlgetedthd sapld effe¢toad Rehdi Wud enhtddtegstt adetheDbadacie®eyl Bt ed

wdth of the load current Ii flowng to the light emtting diode LDl can be
adj ust ed, cdnPpriSpnanieelichy eddittin@oledDa isedisidce Mathermbrd, & figsi stor
R13. [0056] Then, in the circuit of Fig. 4E, a series circuit

conpri si NekeBe AESIrSLR! tedRpdrbtar@CHatadbAdc 034 Besgfgrgﬁda ﬁﬁ)dﬁﬂ&téd%%mﬁrge

el ement 13, and the series 29 circuit is connec in series to the |light

em t4iong GHe0ded !ﬁ@%ren-lt_:hﬁnﬂo@'hi%‘"g& the ?ﬂgﬁ%%it@%gi BodONIPLhLEH REINEEPuROT N

ends of the series circuit. 0, Inthe present circuit, the swtc

el enent %r%%gﬁ%gaqugatgﬁég% tidgéxz&&lﬂ%@?%%ew th the optical conmunication

signal Si, ere |'oa ange elenent 5 13 achi eves the sane
effect a oad - £ S th Cl [EUj . CONPri S t he
ht e PY PR TRAG AL B6Rlq 8 bk, A Dol 0T IS G GRER SIS

conpri Si he .resi st 3 . and th iode, D22 is connegted,in seri to the
"Coht ettt At dedin s udhf o dhe db0f ShAngs chmeRO LA G Hin BRERER) oo ng
to the light.emttin i.ode LDl can ,be adjusted,. f.or a e, by 10

Lo uos et R oboPlediact iR io 1B ey Wbt tonS T BbSh, KUl ai ned
above, in the present enbodijent, t | oad, chan | ement 13 conpri.ses a
constfnt %P?lagéf i1P cqAnnestad i P i ?lge Doeanel SHCWo| vilge. ah iient (for
exanpl e, the diaqdes D21, D22, the Zener .di ode ZD2) cgnnected in series to
the |i ghPTeARt SIS deswibeh element Q) irianwsished qyel dntacserdsmcs Wigha
resistive elenent (for exanple, the resistor 1112, the therm stor

r esi st anébe RRticat gamarubigationseignal Slo amsetherghy thwei lordehangsdelenmnt Then,

the switch element 2 is connected in parallel the above-nentioned constant
vol t age dBraphiievesetdrei gyme 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 LLD1, a modulated width of the load current

I1 flowing to the light emitting diode LLD1 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



[ 0058] Thereby, when the switch elenment 2 is switched on/off in accordance
20 with the optical conmunication 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 fo§g1of t he optical comunication
signal. Then, in the present enbodi nenty various circuit elenments or their
conbi national circuit 25 are used as the | oad change el enent 13, and

TSP RSSO0 ShALAGH o0 STASK e MR AT ik LA,
SA 1o 50 RIS RIRGOPIGUrd BRe- Bohtorh eads OFedrite Ytruh * flBoreehR, O
TR e P ST R SR B S5 o kB el
o U e S S R L e o
circuit 4a conprising a plurality of light emtting diodes LDl connected in
seri ed andd achvpeshespag efferd asowpendpag caabaqifeaﬁtql@ i &he loatheirenitt 12 ng
di odes LD2 connected in series. Here, the load circuit 12 conprises the two
series ci¢uuprigingatheighthpenttang dodedeédisbehamrgad. bothemnblecastset the
snoot hi ng capacitor Cl1 throu%h t he lO%ﬂSﬁEﬁ?%ﬁé%ﬁéﬂ?B&Zﬁzbon 1in
series circult comprising the resistor necte
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
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
15  circuit comprising a resistive element (for example, the resistor R12, the
thermistor resistance Rh1) connected in series to the light emitting diode
LLD1. Then, the switch element Q2 is connected in parallel the above-
mentioned constant voltage circuit section.
[0058] Thereby, when the switch element Q2 is switched on/off in accordance
20 with the optical communication signal, load characteristic of the load circuit
12 comprising the light emitting diode LD1 is partially changed. Therefore,
the current flowing to the load current 12 can be modulated faithfully with
respect to the wave form of the optical communication signal. Then, in the

present embodiment, various circuit elements or their combinational circuit

25 are used as the load change element 13, and thereby modulation charact-



15 In the present circuit, a switch elenment Q2 is connected in parallel to
the | oad change el enent 13. Then, the switch element Q2 is switched on/off
in accordance with the optical communication signal, and thereby currents
flowing to the light emtting diodes LDl, LD2 can be nodul ated, as well as
t he Enbodinents 1 to 3. 20 [00601 In addition, in the circuit of Fig. 5A
the two series circuits 4a, 4b conprisés the plurality of light emtting
di odes connected in series, respect- ively, and are connected in parallel

bet ween bot.h .en of the snoot hi.ng.capacjtar but each. of the two
series ci?@ﬁ?ﬁ@gﬁ%?hﬁﬁhﬁﬁyeEB ﬂpg@n%ﬁ%tb?§H¥£%ﬁg¥H$ﬂbb%PaH€¢% d the number
of light gemtting diodes is no object. 25 Then, the two series circuits 4a,

4b are co ed in parallel, but the nunmber 31 of series circuits is not
limted tﬁ two and can be set optionally. [0061] Then, in the circuit of

Fig. 5A hodfmemiedseries circuits 4a, 4b are connected to the |oad
change el enent 13, but the circuit is not limted to such a configuration.
For exanpl e, asAshdluminatirg).ligB, comenseichtioncievige tof4mbydimndg domnect ed
bet ween both ends of the snpothing capacitor Gl wthout the | oad change
el enerit 1&plancdowlith réferamre &8s Figs. A to A€. nedm bHuconasictgelghe tomaenut he
both ends through the | oad change el enent 13. The switch elenment Q is
connect ednicatiparddvi@ 10 oftthe greashichabgdirmbrtmentdiffdentin 4 b@ifighetiod t ch
element 2 is switched on/off in accordance with the opti cal

of the load circuit 12 from the illuminating light communication device 10

which was explained in the Embodiments 1 to 3. As shown in Fig. 5A, the

illuminating light communication device 10 of the present embodiment

10  comprises a series circuit 4a comprising a plurality of light emitting diodes
LD1 connected in series and a series circuit 4b comprising a plurality of light
emitting diodes LD2 connected in series. Here, the load circuit 12
comprises the two series circuits 4a, 4b, which are connected between both
ends of the smoothing capacitor C11 through the load change element 13.

15 In the present circuit, a switch element Q2 is connected in parallel to the
load change element 13. Then, the switch element Q2 is switched on/off in
accordance with the optical communication signal, and thereby currents
flowing to the light emitting diodes LLD1, LLD2 can be modulated, as well as
the Embodiments 1 to 3.

20 [0060] In addition, in the circuit of Fig. BA, 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



10 conmuni cation signal Si and thereby the current flowng to the Iight

emtting diodes LD2 is nodul ated. Then, the nunber of light emtting diodes
t hrough the | oad change el enment 13 and the nunber of light emtting diodes
wi t hout the | oad change el enent 13 nay be set appropriately in response to

a condition, such as a nodul ated | evel_given the |load current. 15 f00621
Then, in Fig. 5C, a | adder-structured ®ircuit is connected between both
ends of the snoot hing capaC|tor Gl. That is, the circuit conprises four

glon}(::)lrj: ts egl t‘;scegiersccggcuei}% 1% (%ﬂlx%?{e'det% tv@ongn&’ %%H b%fsettrc { la'ilyc' rcui t blocks

ClI'rcui risin ing“di odes LDl and a

series ci ris n two. li I hodes.LD2. T. eSE t series
20 circui @éﬂe %’E t Vaﬁu’ﬁa(?fg?]lgeIegR Oéﬁgo TOAF THSh % %g%{e 13 is
connected in s es t e . light emt di des L e ui t _bl ock
| ocat ed i?Pna‘elc O&H ﬁ)\?@@?fg éggﬁ% e(fér‘f%‘ &%ﬂﬂéﬁ%ﬁef{) We&h bot h
ends of the |ogad change el enment 13. re, f %g( h el ement % det erm nes
whet her o o191 o dF heFRePl. @fshowmsin ¥ig Sb dhpperies comuieda mast) s
added to the load circuit 12, by being switched on/off in 32 accordance
with the }em@@mﬂct@@hﬁme@aﬂopm eeidgnélt gismorBig eRACiEl ¢ ehvathewnihy ¢

the light emtting diodes LDl, LD2 can be nodul at ed. [0063£ As expl ai ned
above, alload ¢hangecelenmenti hat ang enkyhthe servanicirmito bz be 1@natectat:

present enbodi nent, the switch element 2 determ nes 5 whether or not the
| oad charlgﬂmleanﬁm both iendadidedugb theeldashdhange wlement 1y bEhegwitdh ched
on/off in accordance with the optical comunication signal. Therefore, |oad
char act erdlstient @2 iheonmatied im pairalldltd theplhatli dlangecHamgad 13 salcdredmnce
with the optical conmmunication signal, as well as the Enbodinents 1 to 3,
and ther aby sh&choaldntaitr @ id lsowitelmpd ontdi® ihi gttbrdnemwtith nihedoptieakan be
nodul ated faithfully with respect to the wave form of the optical

comupi CabonfAusi@ndin sihes, S1ecadsehardiydihat @drrbaveflowing e thadight r ent
can be adjusted by changing a configuration of the light emtting diode,

being a |leafdting HiiRleB EPRNis dRYd€Rted.NETREAS tBYI@tn®Rr Obf tidht|d@itkirgm tting
di ode may be sel ected in response to a desired nodul ated 15| evel . [ 0064]

Then, in 856ds ArolBh thkr16Hl chadke &S enB lgﬂﬁlcﬁﬁle AuplBEralfit dgvht(ﬁm&%fd £S5

circuits (load cwcwts conpriSing the light emtting di odes are connected

in paral 'ﬁ&d&ewfgﬁa %adocih%]ﬂg% %%}ﬁéﬁ‘{‘tls.cﬁ{a[;ﬁ% §@N%1%§r<i-;§ma?é1§j ihe | oad

change el enent e SW t el ement are ‘located i n | east one of

20 the PLUEALY ] c$ @@W% 6t b3 aé%(&%ﬂiieﬁhg§e | BRERYIBE 1688 cpahchange

el enent f e S are located®in at | east one of the

2yl Sl B s PR,
el ement %tfi‘%% s Gf %}\{M ts%?ooet‘hmg cap%tor T11. 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 LLD2. These two series
20 circuits are connected in parallel. Then, the load change element 13 is
connected in series to the light emitting diodes LD2 of the circuit block
located in a low side, and the switch element Q2 is connected between both
ends of the load change element 13. Here, the switch element Q2

determines whether or not the load change element 13 (for example, a

25 resistor) is added to the load circuit 12, by being switched on/off in



25 |l ocated. 83 [0066] (Enbodi nent 5) An illumnating |ight

communi cati on device of Enbodinent 5 is explained with reference to Fig. 6.
An illumnating |ight comrunication 5 device 10 of the present enbodi nent
is different in a configuration of the load circuit fromthe illum nating

| i ght communi cation device 10 which was explained in the Enbodi nents 1 to
4. In addition, the sane code is referB2d to circuit conponents
corresponding to circuit conponents explained in the Enbodiments 1 to 4,
and the explanation is omtted., 10 [0067]. As shown in Fig. 6, the

i 11 umi nat PREPTARBER Vabnthaiapitcad sormererationcygpal sds d hespfaraneurientent
source 11, and a snoothing capacitor Cl1l connected between both ends of the
const ant dawiegto shelight emittingshiodes bDAcLiD2 eonpe imednlated.ural ity of 1ight
emtting diodes LDl and a | oad change el enent 13a. Al so, a series circuit
conpr i ses|@63l uAaldxplaisfed abone, exlisot imdghe SlldinvidesingDPighh dominvadcathange

el enrent 13b, and a series circuit conprises a plurality of light emtting
di odes LD3ewand K lbbfatechrsgat elmebedimckdc .th&hemitch hdemenhr@2 deeirasnesrcuits
are connected in parallel between both ends of the snoothing capacitor CI.
Here, m swhielseicor aol thedadarpingel dlgmiche 113 idraaldetdytodhel loghtcieniid 12 gy di odes
LDl constitutes a load circuit. Al so, series circuits 20 4b, 4c conpri sing
the pl urabéihg Syitthahbn®ITf ih iakgodiaede SyitB2the GRticAnsinh intirGcd 0as sedrLui ts,
respectively. Then, switch elenments Ra, b, Q@c are connected in parallel

to the | oBHefTaRgo8l @MRDASte2Ric fBthe 163G cIrBSRETY iy @laytiaTlfectidetNin
el emrents Ra, b, Q@c are switched on/off in accordance wth optical

communi cafdcaRd$h@Nay$thS sheS2op3call %%&g%ié[a%gg%@'fagﬁaés ORREN 8fd OPhe

circuits 14A, 14B, 14C, respectively. ] re, when the |ight
emtting g $m reor£d,Lho LU | Qe s ANG ! eﬁ%'g]ing
di odes LDZhlg)?)g g%géanl i%(éh:'?’ aédr%‘lﬂt ﬁer%%iﬁﬁcfggoﬁlgﬁt h%rﬁlni gﬁ?ﬁgn‘?}?ﬂlﬁg |%des
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the optical communication signal. Then, because a modulated level of the
load current can be adjusted by changing a configuration of the light
emitting diode, being a load in the present device, the configuration of the
light emitting diode may be selected in response to a desired modulated

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.



5 optical conmunication signals Si, S2, 53, respectively. Thereby, outputs
of the light emtting diodes having various em ssion colors are nodul at ed.
Then, if a receiver 20 can identify col or tenperatures of |ight outputted
fromthe illum nating |ight comunication device 10, three kinds of signals
can be received without interference. Thus, anmount of transmttable
information 10 with the opti cal commn‘?’?t:atl on increases threefold in
conparison with one-colored light emtting diode. [00691 As expl ai ned
above, in[(E% illumnating Iight comruni cation device 10 of the present

i nvention élurality of load circuits (series circuits 4a, 4b, 4c) are
connect edﬁ: g@lrlgl | el, between outputs of the constant current source 15 11.
The pl ur at nh ¢Rad circuits (seri es circuit 4a, 4b, 4c) conprises the
l'ight emtting (D1, L respectively. Th he. Iight emtting
di odes LD1, LD nL %HV’@”&@ HQ %?teﬁ?mé‘h?%’é’%‘ﬁnch%‘Fg Q&Eﬁﬁnﬁ%‘g‘ﬁ%‘%@ E5o 1¥ach

| oad ci rcwt and the switch elenents Q@c are located with
respect toxmlabed wath epferanee tooligad70) rrﬁlalﬂéruyatmgehgm OB Qa,
@b, @c determ ne whether or not the | oad change el enents 13a, 13b, 13c
are addeddevice H® ohthe piresuitt embpdipert iv differepiius, alcoadismariant o the i ¢ can
be nodul ated with respect to each light emtting diode having a different
eni ssi on loafleircuahroouthetiBuofinatieg) lightt caminuringfie deéewehty wlychavasous

em ssion colors can be nodul ated in 25 accordance with opti cal

comuni catipdairsidgnahe, Emdedénentel yo 4. 83nlablition THensame cotle is eeferveat 20
can identify color tenperatures of |ight outputted fromthe illum nating

| i ght comowiradt icompdavnce cdfrespbuidimgkiondscwit engnalents axpbanedca thed

wi t hout interference. Thus, anmpbunt of transmittable information with
optical domibudirmahiontdAChAdIBS dxplooapad isomitiedi t h one-col ored |ight

emtting diode. [0072] (Enbodinent 6)

10 [0067] As shown in Fig. 6, the illuminating light communication device 10
comprises a constant current source 11, and a smoothing capacitor C11
connected between both ends of the constant current source 11. A series
circuit comprises a plurality of light emitting diodes LD1 and a load change
element 13a. Also, a series circuit comprises a plurality of light emitting

15 diodes LD2 and a load change element 13b, and a series circuit comprises a
plurality of light emitting diodes LD3 and a load change element 13c. Then,
these three series circuits are connected in parallel between both ends of the
smoothing capacitor 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, Q2c 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.



An illumnating |ight communicati on device of Enbodinent 6 is explained
with reference to Figs. 7A to 7C and Figs. 8A and 8B. An 10 illum nati ng

| i ght communi cation 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 Enbodinents 1 to 5. In addition, the
same code is referred to circuit conpoBénts corresponding to circuit
conponents expl ained in the Enbodinents 1 to 5 and the explana- 15 tion is
omtted. E 073] . As shown in Fi ht _communi cati on

%gu t he Ilun1nat|ng Iug
devi ce' 10 r Hege, wheanshedightuprétting glirdes 1D 1 a8 ¥e 4ﬁﬂﬂhﬁﬁ§“%@©a0|tor
Cl1 connected between both ends of the constant current source 11. A series
circuit 4dipsiepransethedlightuemlifting diodes dd2 ene reanylighbaestting dieddspend t hat
is, 20 for exanple, eight diodes in present enbodi nent), and is connected
bet ween bthd lihdsemittine diodst hiDYy acepeuet bghCripitting diodes a theiisvaitictel ement
Q@ is connected in parallel to the light emtting diode LDS. Here, a |oad
circuit iabpuﬁﬂenﬂ2enﬁﬁMLﬂyhiat@shﬁﬁﬁ@dr&m@ﬂbhraukkdénmhhdﬂmﬁnd@ﬁdﬂ@tted in
parallel to the snoothing capacitor Cl1 and conprises the light emtting
di odess LDiptienlZpnhddBinidditsn sighals SANS2e881 tespgctivele [brebgicngpatpart of
the load circuit 4,
the light emitting diodes having various emission colors are modulated.
Then, if a receiver 20 can identify color temperatures of light outputted from
the illuminating light communication device 10, three kinds of signals can be
received without interference. Thus, amount of transmittable information
10 with the optical communication increases threefold in comparison with
one-colored light emitting diode.
[0069] As explained above, in the illuminating light communication device
10 of the present invention, a plurality of load circuits (series circuits 4a, 4b,
4c) are connected in parallel between outputs of the constant current source
15 11. The plurality of load circuits (series circuit 4a, 4b, 4c) comprises the
light emitting diodes LD1, LD2, LLD3, respectively. Then, the light emitting
diodes LD1, LD2, LD3 have different emission colors with respect to each
load circuit, and the switch elements Q2a, Q2b, Q2c are located with respect
to each load circuit.
20 [0070] Thereby, the switch elements Q2a, Q2b, Q2c determine whether or
not the load change elements 13a, 13b, 13c are added to the load circuits,
respectively. Thus, load characteristic can be modulated with respect to
each light emitting diode having a different emission color, and outputs of

the light emitting diodes having various emission colors can be modulated in

25 accordance with optical communication signals, respectively.



36 is a |load change elenment 13 and is connected in parallel to the switch
elemrent 2. [0074] Fig. 7B shows a circuit diagram nodel ed for sinulation
wWith respect to a circuit shown in Fig. 7A, and then the sane code is
referred to circuit 5 conmponents of Fig. 7B corresponding to circuit

components of Fig. 7A. In this si rrulat$§n circuit, the light emtting
di odes LD1 to LD8 are equivalently repftaced with sinulation devices which
are previously nodel ed after characteristic of the light emtting diode.

0075] Fi siqul at . i f 10
L007S] P! RoggAF BREAS S84 by’ 9 iy 908 CHERBBL ko P gL
bout DC 500 i tate .wh t tical. i catj i | ,Si i
cvoppea. TorRd et B e Eiliiag Lel RhiRic AR o RRA O b Rondgy 1o

t he i tch, el enent as the ti.cal co icatio ignal Si, the itch

Ll ormomt | cot PR Gaft b GO P O it AP EaYE et o e ABRh &l GaPHDt ( he
light emtti ng%?gii]gge LDS is .added. to the load circuit 12, .and then a wave

form of tHattp FRGHON Wit opsieal LPBHNUNTEALONh BNERASH 12 | COMRATIEEN | s
switched on, the load current |i becones about 700 [mi], and then when the
switch el BHdranapolpredlight pevttong diadee | oad current |i beconmes about 300

[ m] . Th:f, t{]e 20 load current is nodulated faithfully with respect to the
wave formO8f2f he optical conmmunication signal Si, and then its average
current is generally equal to an average current (about 500 [MAD in a state
wher e t hdHnobeflionente®t i s not nodul at ed. [0077] By the way, in the
present enbodi nment, the series circuit conprising 25 the light emtting

di odes LDl to D8 illsincovatecg dighsetomenunoatioendevioéd dthEmBadiment 6 is

explained with reference to Figs. 7A to 7C and Figs. 8A and 8B. An
10  illuminating light communication device 10 of the present embodiment is
different in a configuration of the load circuit from the illuminating light
communication device 10 which was explained in the Embodiments 1 to 5.
In addition, the same code is referred to circuit components corresponding to
circuit components explained in the Embodiments 1 to 5, and the explana-
15  tion is omitted.
[0073] As shown in Fig. 7A, the illuminating light communication device 10
comprises a constant current source 11, and a smoothing capacitor C11
connected between both ends of the constant current source 11. A series
circuit 4 comprises a plurality of light emitting diodes LD1 to LDS (that is,
20 for example, eight diodes in preseht embodiment), and is connected between
both ends of the smoothing capacitor C11, and then a switch element Q2 is
connected in parallel to the light emitting diode LD8. Here, a load circuit in
present embodiment is the series circuit 4 which is connected in parallel to
the smoothing capacitor C11 and comprises the light emitting diodes LD1 to

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



snoot hi ng capacitor Cl1, but the circuit is not limted to the
above-nenti oned configuration and may be a configuration shown in Fig. 8A
In this circuit, a series circuit 4a conprises a plurality of |ight
emtting diodes LDl, and a series circuit 4b conprises a plurality of |ight
emtting diodes 5 LD2. Then, the series circuits 4a, 4b are connected in
paral | el between both ends of the snoodthing capacitor Cll. A switch el enent
@ is connected in parallel to a light emtting diode LD2 (for exanple, one
di ode in Fig. %@% constitutin% a part of the series ciicrit 4b. In this
case, theld alpachshgese dament 153 jand de qopgretednin (hHGEl JeethpzWikehnect ed
in parallel to the 10 switch elenment 2. In addition, in the circuit of

Fig. 8A eleanenidd8eries circuits are connected in parallel between both
ends of the snoothing capacitor Cll, but the nunber of the series circuits
is not iAWl Fz.(Akbshons earirbet sleagram inoeddled fof siorglativmewithasespieotin i n
Fig. 8B, a ladder-structured circuit may be 15 connected between both ends
of the snboothiingitahawint ar FE.I7A Thad then thleesaohe coilé isorfErire@sofarmuiti rcui t
bl ocks connected in series, and each of the four circuit bl ocks conprises a
seri es ci éaipbnaodpsfi Bigh 0B wordeisgbhd@@ td cirguiti @iesonddtsasfdia. SeX.i ek
circuit conprising two light emtting diodes LDl1. These two series circuits
are connegiiedithlfadiatirehit, fHehght emittise dlodesiD1 thBDHasediivaRimigent 2
is connected in parallel to a part of the light emtting diodes LDl (for

exanpl e, QaddORitIEBIk Gl IHOFERed Rhivhiaeh relPugly bd]1SEaaRnChaeh- t he
right side). The switch elenent @ is switched on/off in accordance with

the opti cabrRPRTHRhE MhRRn9it8Rd!disle. and thereby load characteristic of the
load circuit is nodulated and then the |oad current is 25 nodul ated. 38

oad circuit I's nd then the | oad curr odul ated.

10 of -t ha e ok e D R G LT b L b TS PR BT E of

10 of the present , the foad ses th .
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fl ow ng tg thedlight emtting diode can be nodul ated faithfully with
respect tO°RP € wave form of the optical communication signal, wthout

AR RN T A L
'S element Q2 as the optical communication signal S1, the switch element Q2 is
15 switched on/off and thereby determines whether or not the light emitting
diode LD8 is added to the load circuit 12, and then a wave form of the load
current I1 is modulated. When the switch element Q2 is switched on, the
load current I1 becomes about 700 [IhA], and then when the switch element
Q2 is switched off, the load eurrent 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 [mAl) 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



explained with reference to Fig. 9. In the circuit of Fig. 6 explained in
t he Enbodi nent 5, each of the plurality of series circuits conprises the
lurality 15 of light emtting diodes and the | oad change el enment, and then
p y g g
the series circuits are connected in parallel between both ends of the
snoot hi ng capacitor CR and the switch glenent I's connected in parallel to
the | oad change el enent in each of the Geries circuits. On the other hand,
in the present enbodi nent, as shown in Fig. 9, series circuits 4a, 4b, 4c
conpri se 2 lurality. of Aigh httin I Qde . L )
Fespect | varpOuied Babidid GARTbuET it W5Rot Fimitel o, R v
paral l el between both. ends. of the smothi ng.capacitoy Cl1. That_|s, .a
DL al § oy RO AR Lofe e g PPl L A At Shef ot Fib et B 1 n
paral | el between .both ends. of. the snoothing ca itor. Cll. Then, red |ight
enmitting HPSHRECUHL & §RIEES SECHH M FYRPIBES @rmutrgﬁ Hfi‘@g% anpiftingdiogesen

light emtting diodes are used as the |ight . . L )
D1, and a series circuit 4b comprises a plurality of light emitting diodes

5 LD2. Then, the series circuits 4a, 4b are connected in parallel between both
ends of the smoothing capacitor C11. A switch element Q2 is connected in
parallel to a light emitting diode LD2 (for example, one diode in Fig. 8A)
constituting a part of the series circuit 4b. In this case, the load change
element 13 is the light emitting diode LD2, connected in parallel to the

10  switch element Q2. In addition, in the circuit of Fig. 8A, the two series
circuits are connected in parallel between both ends of the smoothing
capacitor C11, but the number of the series circuits is not limited to two and
can be set optionally.

[0078] Then, as shown in Fig. 8B, a ladder-structured circuit may be

15 connected between both ends of the smoothing capacitor 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.



39 emtting diodes LD2, and blue light emtting diodes are used as the
light emtting diodes LD3. That is, light emtting diodes have different
em ssion colors with respect to each load circuit, and such light emtting
di odes are used. [0082] A switch elenent Ra is connected in parallel to a
part (for exanple, one light emtting diode LDl) of the plurality of |ight
emtting diodes LDl constituting the s@8ies circuit 4a, and is swtched
on/of f in accordance with the optical conmunication signal Si. Wen the
switch el enment (Ra is switched on, short-circuiting is generated between
bot h ends[@¥7H hds lexghaingd ahwvet imgheiibuminptingoliglelc cammynigatign dqaview t he
swtch elenent Ra. Thus, |load characteristic of the load circuit (series
circuit 4a) dfstheaprésahnit yerohadigeeht, the dopdnsiecuit compfisesoples alivorlif of he
switch el enent Ra. [0083] Also, a switch elenent @b is connected in
paral | el light epaittingf diodex atominecteanén | degids, emd tthagswitobeeleBRnto) 2 he
plurality of light emtting 15 diodes LD2 constituting the series circuits
4b, and i gorfctahadp e 1dlftoianp acsrttiandaratityhoftlightophittalg disdewni cati on
signal S2. Wen the switch element @b is switched on, short-circuiting is

gener & Ed[d%UY\EPﬂer%b,htl@ef‘ tighefenhiffinki dible QML idEndttedeid PRrLldsingctiad in

parallel to the swtch el ement @2b. Thus, | oad characteristic of the | oad

circuit (&ﬁfth&selginreﬁlﬁi@%zﬂﬁ&thé 1%%%@@}{&1 | blere ¥ a8 aind (RS NOHE CurPet)/ Of f

operation of the switch el enent [0084] Also, a switch element Qc is

connect Edﬂé)\ﬁi[rp%"‘ﬁ?'ct) @:ughﬁ chit@hl dib@& _cggaaaohﬁ,du@%dl FG U8y W ithngbspepde LD3)

of the plurality i'ght emtting diodes LD3 constituting the series
circuits 4c ' i [ .Qf £ 1 C W A HOhE ti:6al

conmuni catt%i %hﬁa@gggg?ﬁé%&.fq&%goﬁ t%ag C%%I?}:lﬂ?‘%g{de}{ag%ggt’ cCis a;% tlcﬂe0 aon,
short-cirgcyjti i ener ends 40 of the light emtting
di ode L %%}ﬁ%@?g%f(?fntq%alr%éﬁggg?l%%?%gggémﬁ?bh el ement 2c. Thus, | oad

char act erg @%hg of the load circuit (series circuit 40 is partially changed
in respo on/of f operation of the switch el enent Q@c. [0085] As

expl ai ned(ggﬁlgvcf, ir)ct,hhe present enbodi nent, each of the plurality 5 of |oad
circuits T8 M He plurality of light emitting di odes connected in

series, and the switch el ement .is connected in_ parall t .he part.of the
plurality of | i‘%‘hmm%nﬁtﬁbg 15’3’&e%018¥m€§8ﬁt1f”6a@|&@f3‘? c?fb.m%lm‘i‘g, lr7t ke | oad
change elenent is the light emtting diode connec in patallel tq the
swi tch elespénnedigithopdeientpdpdig: Fnndh theeCEiit @ﬁggeﬁé@ﬁweg\m @H@ed
on/off in accordance with the optical comunicatjon signal, |load .
char act erfimbpdiment heeachaef tdierpluralify opggrieseirguite somprees thagerdiy, t he
| oad current is nodulated in accordance with the optical conmunication
si gndb, afdiglpt exatting chedtscand gheckondbehangey eheadend, tahithew dihei saviest a new
menber for the | oad change el enent.
circuits are connected in parallel between both ends of the smoothing
capacitor C11, and the switch element is connected in parallel to the load
change element in each of the series circuits. On the other hand, in the
present embodiment, as shown in Fig. 9, series circuits 4a, 4b, 4c comprise a
20 plurality of light emitting diodes LD1, LD2, LLD3, 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 C11. Then, red light emitting diodes are used as the light

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



15 [0087] Then, in the present enbodinent, the plurality of load circuits
(series circuit 4a, 4b, 40 are connected in parallel between outputs of the
constant current source 11, and each of the load circuits conprises the
plurality of light emitting diodes connected in series. Then, emn ssion
colors of the light emtting diodes argbdlfferent fromw th respect to each
|l oad circuit, and the 20 swtch elenment”is connected in parallel to the
part of the plurality of light emtting diodes in each of load circuits.

0088] Th th [
ui tohed SHIBTHE “4“%%& P2 IO BERE b ReRRohobe (AETE B R 1B0t oy cq
col or s catmBEs dfuit W0Ea, THAbIS ety e”rﬁgsﬁfa%ﬁgmd §Yalf ik ARG "

t enper at re of ot d.framth m,natin

communi catqigh H’éb‘r detorst toirAsh lopdaronturgh ueh SpE e ling %ad%a Bt

I nterference, Thus, anpbunt of transmttable |nforrrat|on with optical
comuni cat?%h can increase threefold in conpari son vvith one-col ored |ight
emtting diod 5[ 0089]. (Enbodi ment 8) An |Ilun1na i ng g?&@connunication

devi cé of %%@%Wﬁ@cmelﬁmw@%ah%aowqqﬁedénwaﬂé Cbarnag ¢xample, 11B,

12A, and 12B. In the circuit of Fi 8A and 8B exgl ai ned in the Enbodi nent
6, the sefPnesighireaujttingadiode LD1) o the plurality of light emitting diodes LD1

constituting the series circuit 4a, and is switched on/off in accordance with
the optical communication signal S1. When the switch element Q2a is
switched on, short-circuiting is generated between both ends of the light
10  emitting diode LD1 connected in parallel to the switch element Q2a. Thus,
load characteristic of the load circuit (series circuit 4a) is partially changed
in response to on/off operation of the switch element Q2a.
[0083] Also, a switch element Q2b is connected in parallel to a part (for
example, one light emitting diode LD2) of the plurality of light emitting
15 diodes LD2 constituting the series circuits 4b, and is switched on/off in
accordance with the optical communication signal S2. When the switch
element Q2b is switched on, short-circuiting is generated between both ends
of the light emitting diode LD2 connected in parallel to the switch element
Q2b. Thus, load characteristic of the load circuit (series circuit 4b) is
20 partially changed in response to on/off operation of the switch element Q2b.
[0084] Also, a switch element Q2c is connected in parallel to a part (for
example, one light emitting diode LD3) of the plurality of light emitting
diodes LD3 constituting the series circuits 4c, and is switched on/off in
accordance with the optical communication signal S3. When the switch

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



10 conprises the plurality of light emtting diodes LDl, and the series
circuit 4b conprises the plurality of light emtting diodes LD2, and these
series circuits 4a, 4b are connected between both ends of the snoothing
capacitor Cl1. Then, the switch element @ is connected in parallel to the
part (one light emtting diode LD2) of the plurality of light emtting

di odes LD2 of the series 15 circuit 4b401n contrast, in the present

enbodi ment, as shown in Fig. 10, a series circuit 4a conprises a plurality

rmot A ngok bbb euatane dads 1453 sonaetten daparags! Gombe LA Harati (y of
light emtting diodes LD2, and i s _connected between poth ends of the
snoot hi ngQ2&padibuss load ehamseigristioisthe dpa¢| @xant éﬁFle%ﬁﬂéﬁu]its‘@vﬁ ched
on/off in accordance with an optical conmunication signal Si. \Wen the
switch el passinllxQehamgedhiin respanse to angéteperativn of the shidcly pldraent Q2c.
communi cation_signal, the series circuits 4a, 4b becone connected in
paral | el B98abehs bsphiredisbofe, tingdherpesaihgmbagiavenbreach 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



Cl1l, On the other hand, when the switch element @ is switched off in 25
accordance with the optical comrunication signal, only the series circuit
4a 42 becones connected between both ends of the snoothing capacitor CI.
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 tine, in order t® restrain the overvoltage. Then, in
order to do 5 this, it is necessary to leave a load (a light emtting

di ode) to i e current i.s supplied r e 11,
cven 11 chitheil BEaf LS FmifaflBRgthobuloARATRDoc (ke XA
current source 11 by.operatign of the sw.tch el esent . 1n the present
embodi men®t Slﬁ@ég%%f’ex tbﬁefeﬁF{Yrea| Vipogt lpfegfﬁ‘?re@ﬁ?t tf‘gﬁb‘sdgz%}ﬁ’e“éﬁﬂtr&?‘ mi
connect ed tg t he_constant 10 current source ﬁl wi t haut the axﬁtﬁgdelenent
@, the |@aalednfosmation é’fl\R}éy%ptéQ?gpF‘?r@Hfl‘iIBC? 80 At dPFESASE MiegH Cet t ti ng
di odes LD1. Thereby, the un|oaded condjLion,ig@not generated and the

over vol t agenpariser Witk prajcalged lebhdomittigs digdeshows a circuit di agram
nodel ed for sinulation with respect to the circuit shown in Fig. 10, and
then the ¥&8%8l code is referred to circuit 15 conponents of Fig. 11A
corresponding to circuit conponents of Fig. 10. In this simulation circuit,
t he |i ght(Bembodinmentd®odes LD1, LD2 are equivalently replaced with
simul ation devices which are previously nodeled after characteristic of the
| i ght emitting Ahodem{rGeRg lEly. cdbBremicasiosi devigei oh Frebodingsef 8aid oad
current |i by use of the 20 circuit shown in Fig. 11A |In addition, the
| oad cur regilained(withesféiteant toFHigent0,dfl A urlds it2s\, fdmaMl BB. t dntthe ceeniies
circuits 4a and 4b) is set to be about DC 1 [A] in a state where the
optical csmPLR & iaed SBoeablabhed $nstheppatbodinteartt 6nghid aerisavarsiigntd of 10
[kHz] is inputted to the switch elenent 2 as the optical comunication
si gnalp SicondndsddiheSsluir8EityEbf hdht eittEOsRIddRSTID L end the series circuit 4b
comprises the plurality of light emitting diodes LD2, and these series circuits
4a, 4b are connected between both ends of the smoothing capacitor C11.
Then, the switch element Q2 is connected in parallel to the part (one light
emitting diode LD2) of the plurality of light emitting diodes LD2 of the series
15  circuit 4b. In contrast, in the present embodiment, as shown in Fig. 10, a
series circuit 4a comprises a plurality of light emitting diodes LD1, and is
connected between both ends of a smoothing capacitor 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 is 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

C11l. 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



25 light emtting diodes LD2 is intermtted by on/off operation of the
swwtch 43 elenent @, and thereby a wave formof the |load current Ii
beconmes a rectangul ar wave form of about 1.3 [A] when the switch element @
is switched on, and becones a rectangul ar wave form of about 0.7 [A] when
the switch element Q2 is switched off. Therefore, the load current Ii is 5
modul ated faithfully with respect to t#2 wave formof the optica

comuni cation signal Si. Then, an average current of the load current li is
kept to about 1 [A], which is equal] to a gurrent val ue of the | oad current
i int hegg%oa?%s W%tﬁﬂieéw?eiotgo%ﬁwfgg@ Rootigig capaditorsbdhpeln

[0092] As expl ai ned above, in the present enbodi nent, each of the plurality
10 of | oaddeitiquilt & aeegRsRER$0 eRadpagy anlaagedconditaen shnt ailnlgads dlight and
the plurality of load circuits are connected in parallel between outputs of
t he const amitténg dindesddat.deD2) aresrparnted fiiont bhetenssant cerreotsevtedl] n
series to one or nore load circuits, at |east except for one load circuit,
of the pl at theé symeftimeadn ordeuid sestidin] 3e9Gfervhkaedy, Thhe, lmacdarh@nde
element is the load circuit, connected to the switch elenment, and then the
| oad currdns, of it mecédsghy tenieaving ldadda kight kenimidyl dibdd) faiwhichl tlye wi t h
respect to the wave form of the optical conmunication signal, wthout

addi ti on efrranndw soppifsd ber thdeohsachtc bangat edrireat 11, Tésn if RBeSMEheh
element is not located in at |east one load circuit 20 of the plurality of

| oad ci r cathit$ing@ltbdeBUSDEVAR sdpathted drgthel @IBDASE adifrentidotbed 19ffy at the
sane tinme, the unloaded condition is not generated. [0094] By the way, in
the abovesgmatioAneTtleEwehColeattintsQda aNG1Pprasnt RANBodithdHtd beddhse @

| adder-structured circuit may be formed by connecting connection points in

the plur abet yrafality ot ngm toh #8ing QfiRes D123k 28nR0ARECTE] he chJrf%%éni% n the
plurality of | 44

ight " emtting diodes LD2 to each ot her every one. In the

ol i 2l OB O I M B
e 00 Ay RO G0 AP B B AP ERROT I,
conpr | Sesurﬁogéiéjc{ %(l)rini%io(r)lf is not generated and the overvoltage can be restrained.
[0090] Fig. 11A shows a circuit diagram modeled for simulation with respect
to the circuit shown in Fig. 10, and then the same code is referred to circuit
15  components of Fig. 11A corresponding to circuit components of Fig. 10. In
this simulation circuit, the light emitting diodes LD1, LD2 are equivalently
replaced with simulation devices which are previously modeled after chara-
cteristic of the light emitting diode.
[0091] Fig. 11B shows simulation results 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 LLD2 is intermitted by on/off operation of the switch



light emtting diodes LDl and a switch el enent Ra, and a series circuit
conprises a plurality of light emtting diodes LD2 and a swtch el enent

@b, and a series circuit conprise a plurality of light emtting diodes LD3
and a switch elenent @c, and then these three series circuits are
connected in 10 parallel between a snoothing capacitor CIl. Individual
optical commu- nication signals Si, 524333 are I nputted to the switch

el enents QRa, @b, Qc, respectively, and then the switch el enents QQa,

@b, Qc e switched on{off in accordance.with these si ls Si, S22, S3,
respect i v%{eﬁeﬁgebé: qjﬁgtfl?%y BV F mg B 8&%9;‘)@%%’5{6 gnﬁhie?qlaﬁ d
emtting diodes LDl, and, gree 5 |ight 1 t.ting,di odes, are used as.the

i ght eni FGRBSWRSARVE CPYMa Al Oy ?%g@néwh% Thg S HERe B QF 4 ¢ he
light emtting diodes LD3. Then, currents flow ng t hes odes LD1, LD2,
LD3 are n%\uupg@daenmﬁnﬁ b@ﬁ@ﬂ@@ﬁl@ﬁrawﬂﬁﬁmy&Bﬁl%'famtsﬂ-%i[?ﬂ ggfens e
respectively. Then, if a receiver 20 can identify color tenperatures of

| i ght out puttekedelenmantt K2 iip| switahed ngff. Therefore; the load current I1 is

5 modulated faithfully with respect to the wave form of the optical commu-
nication signal S1. Then, an average current of the load current I1 is kept
to about 1 [Al, which is equal to a current value of the load current I1 in the
state where the optical communication 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
plurality of load circuits are connected in parallel between outputs of the
constant current source 11, and the switch element is connected in series to
one or more load circuits, at least except for one load circuit, of the plurality
of load circuits.

15 [0093] Thereby, the load change element is the load circuit, connected to the
switch element, and then the load current of the light emitting diode can be
modulated faithfully with respect to the wave form of the optical 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 circﬁiigs, 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



20 light communi cati on device 10,

wi t hout
opti cal

three kinds of signals can be received

i nterference. Therefore, amount of transmttable information with
comuni cation can increase threefold in conparison with one-col ored

light emtting diode. In addition, when all switch elenents QRa, @b,

are switched off at the sane tine,

Q@c

t he unl oaded condition is generated.

Thus 25 the optical comunication signdds Si, S2, S3 are set so that the

switch 45 elenents QRa, @b, Q@c are switched off at the sane tine. [00961
(Enbodi ment 9) An illumnating |ight conmunicati on device of Enbodi nent 9
is 5 expl averyeng-t Hortdectiegit a part efdhe pdaralatyigddigiiemutingdigdas Lildh, in
present enbodinent, a circuit configuration of the illumnating |ight
comuni cald ortedenited 50 ondfégpatation tofdtheoswitich. elemeak fR3i imedcjordahee

Enbodi ment I, and thus the drawi ng and explanation are omtted. [00971 The
si gnal gewéthathoopidcalowint mivhicdtidh eighab &, mewdt the gelvaded esntlitéon is not

10

15

20

25

generated.

[0095]. Then, in a circuit of Fig. 12B, a series circuit comprises a plurality of
light emitting diodes LD1 and a switch element Q2a, and a series circuit
comprises a plurality of light emitting diodes LD2 and a switch element Q2b,
and a series circuit comprise a plurality of light emitting diodes LLD3 and a
switch element Q2c, and then these three series circuits are connected in
parallel between a smoothing capacitor C11. Individual optical commu-
nication signals S1, S2, S3 are inputted to the switch elements Q2a, Q2b,
Q2c, respectively, and then the switch elements Q2a, Q2b, Q2¢ 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
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
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

the optical communication signals S1, S2, S3 are set so that the switch



10 optical conmunication signal Si with a constant duty cycle. In contrast,
a signal generation circuit 14 of the present enbodi ment conprises a duty
regul ation unit 14b. The duty regulation unit 14b changes a duty cycle of

t he optical comunication signal Si, conprising a rectangul ar wave signal
with a constant duty cycle, inputted fromoutside, while keeping a
frequency 15 of the optical comrmuni cattdn si gnal Si constant, to generate a
signal S11. The switch element @ is switched on/off in accordance with the

signal 811 input fromthe siagnal n t lyon. Gl it 14, and then

determ ne%le%eg{%ﬁtggadrég%téijg%%r‘? g‘gitcéggﬁg%%eﬁhgnseaﬁr%éﬁh%s added to the | oad
circuit 1®Ql9‘gl£erefore, a wave formof the load current |1 flowing to the

| oad curr 2 is 20 nodul ated in accordance with the signal SlI| generated
based on :Se opti cal .comruni cation signal Si. 100981 Figs. 13A to 13C are
wave for hediment Dhe | oad current Ii and the si gnal S 11 outputted from
the signal generation circuit 14. Fig. 13A'is a wave formchart in a case
where the duty &ycilbiusmaties dightarommunigatingutewge, ob Kmberdment P3p s a
wave formchart in a case where the duty cycle of the signal 46 511 is
about 575%xpdathed; yithigdetence todlies.f bithichartanthl4e chsaddhien inmredenty cycl e
of the signal 511 is about 25% If the |load current |i has a wave form as
shown i n @nbodihdnt, a diherit agefigheteon héthiriilumyed tang dighd sgprempaeidatical ue of
the wave formof the load current Ii is inhibited and a bottom val ue

t her eof Slaidcr tAsesqamlctosthm dfilfag. bh ewplitined he tkoEmbetisasdsl, amdtiomn i n
Fig. 13B in the case where the duty cycle is extended to 75% Then, the
peak val uheah@wihg shnt ¢éxphavatioa drearmeaseal.and t he nodul ati on wi dth
decreases, as shown in Fig. 130 in the case where the duty cycle is

nar r owed [0092b%hd 9@99) gtheratibh @irchit $hofsha Kmbodirheni agrenmratedetlnd f or
simulation with 10 respect to the circuit of the present enbodi nent, and

the qbr cwptical chindaurdaepl ﬁgﬁgﬂ Stihgithrdegh skl dutycydied Iascdfieaspad
circuit 12. That is, the load circuit 12 conprises the light emtting

di odes LRIsAL E&Berihid) cALRitC PANICHR phfseift! 6@8DoRBhBEE RoBYsRNESd@fy  he
snoot hi ng capacitor Cl1l, and then the swtch elenment 2 is connect eg in

paral | el \bouiffd iug:.xt %@m trhB Y ﬁ;ﬂ&ﬁ%nﬁm% dFangdiea ld%?fec?la%g&tehe

element 137Is the ght em tting-di LD8 connected in parall _
ot TSR bl B PAIMARL S0, il ol BT g
previ ously; 00g) et Al Gty 6L 3Gt hSnPbutdife| WHIL 1RTLIAL A% & Ly
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
inputted from the signal generation circuit 14, and then determines whether
or not the load change element 13 is added to the load circuit 12. Therefore,
a wave form of the load current 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



20 [0100] Figs. 15A to 150 show simulation results of a load current I1 by
use of the circuit shown in Fig. 14. [0101] Fig. 15A is wave formcharts of
the load current Ii flowing to the load circuit 4, when the signal
generation circuit 14 outputs the signal S11, having a frequency of 10
[kHz] , of which the duty cycle is 50% The peak 25 value of the | oad
current i is about 700 [mA] and the b#atom value is about 47 300 [md] and
the nodul ation width is about 400 [mA] and the average val ue is about 500
[niA]. [0102] Fig. 15B is _wave formcharts of the |oad curyent Ii flow ng
to the | o9dl & akent 7506, apdAighb3Giig aarayseivarneha 18ia easerwharethedv t he
signal 511, 5 having a frequency of 10][kl—|z], of which the duty cycle is
75% The qedkofthasigofl 518 15 ehdut @6Pentlfitheileadputrentdd Hamg weawe fomm bot t om
val ue is about 120 [mA] and the nodul ation width is about 510 [mA] and the
aver age vad sleows inldtigt 1380n [thilcas¢ 603} the gluty Sgcless\ide 4 peak ohbue of of t he
| oad current |i flowing to the load 10 circuit 4, when the signal

gener at i othecwheuifermbdfabtbdosé cubergi lgnal inhiditehawndngbattbnegabkrctheaatofl 0

[ kHz] , of which the duty cycle is 25% The peak value of the |oad current

i is sabogdcrddéts Hadhh mbduldigobatidtintvéleut indeadmuis ddwh Al Fignd 3Bhin

nodul ation wdth is about 280 [ mA] and the average value is about 500 [mA].
15 [0104] tHer @i tWies@ tHRSthiySeycld id sxtbaged té 18t WBted, e caikadalgenaidt i on
circuit 14 changes the duty cycle of the optical comunication signal S

whi |l e keefjonghitdie §41884RRRM4sEfardd BnORiddaahti6R WHidBh GRIctQkes] 888howh in

constant, to generate a signal 511 and the load current Ii is nodulated in
aCCOfdancﬁjﬁ‘!“lgg italh&eséa%@%héje%het&‘@ty' BAW AL hAoWedidd B, be adj usted by a
val ue of the uty cycle.

[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
circuit 12 comprises the light emitting diodes LD1 to LD8 which are
connected in series between both ends of the smoothing capacitor C11, and
then the switch element Q2 is connected in parallel to the light emitting

15 diode LD8. That is, the load change element 13 is the light emitting diode
LDS8 connected in parallel to the switch element Q2. In this simulation
circuit, the light emitting diodes LD1 to LD8 are equivalently replaced with
simulation devices which are previously modeled after characteristic of the
light emitting diode.

20 [0100] Figs. 15A to 15C show simulation results of a load current I1 by use
of the circuit shown in Fig. 14.
[0101] Fig. 15A is wave form charts of the load current 11 flowing to the load
circuit 4, when the signal generation circuit 14 outputs the signal S11,
having a frequency of 10 [kHzl, 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



[ 0105] As expl ai ned above, the illum nating |ight comuni cation device 10
of the present enbodi nent conprises the duty regulation unit 14b to change
an on/off duty ratio of the optical conmunication signal. [ 0106]
Thereby, a duty ratio of a signal is changed by the duty regulation 25 unit
14b, and the switch elenent is switched on/off in accordance with the 48
changed signal, and thus | oad charact etistic of the load circuit can be
nodul at ed. Furthernore, the nodul ation width of the load current flowing to

the load gjirteuit C be adjusted t.q..a.desir.e I i.n he duty
cycle. 0Of %%)?'PA(] é@ﬁi%@ﬁgj‘%}‘m widtl?is 2poth %déf“r‘,%? ?%é t](h:ég e Er’nt‘ﬁajl 'Cati on
devi ce of. %%{dﬁi nlt%l%? is explained with reference to Figs. 16A to 16D. In
the il |l umSHR9 5&% ‘conmmuni cation device 10 of the Enbodinents 1 to 9
expl ai ned_above, a_10 power source for the light emtii.ng.diode is the
constant K108brties 3HRCE ave R pﬁéhepwé‘g?ﬂrraﬂ%@%ﬂﬁgfﬁpg%a%ﬁ oad s
configuration of the constant current source 11 is expl ained specifically.
[0108] Figreubalswheg sheisignak senarption faicuih 14 pum st the seamt Sddmu-
ni cation device 10. In then&reesent enbodi nent, the constant current source
15 11 5conlpavingsa drauoebcy e tkdel, of (whichnthe duty crdanect®d. t dhe mlpower
supply 1, a feedback circuit 15 conprising a current sensing resistor 5 (a
current serdsendthailodd andreat 1dris grboaut®IS0f h%eA 1 and (the diottaam sradee asrpbpaiyi ng
unit), and output controller 7 (a controller). [0109] The current sensing
resi st or B0yknAl andsthe mot tikgéordwigt depanditrigl lohm Ad aadlthadiverage valdd owi ng
to the load circuit 4. The error anplifier Al anplifies
is about 500 [mA].
[0103] Fig. 15C is wave form charts of the load current 11 flowing to the load
10 circuit 4, when the signal generation circuit 14 outputs the signal S11,
having a frequency of 10 [kHzl, of which the duty cycle is 25%. The peak
value of the load current I1 is about 710 [mAl] and the bottom value is about
430 [mA] and the modulation width is about 280 [mA] and the average value
is about 500 [mAl.
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



a difference between a reference voltage El and the voltage drop generated
in the current sensing resistor 5. Then, an output of the error anplifier

Al is transmitted to the output controller 7. The output controller 7
controls an output of the DC-DC converter 2 so that the voltage drop
generated in the 25 current sensing resistor 5 becones equal to the
reference voltage El (that is, 49 so #hat the output of the error
anplifier Al beconmes small). [01101 In this circuit, a snoothing capacitor
Cll is connected to qutputs_of the DC-DC converter 2. A load circuit 4
conpri seschargad ssgnaly and thusalosdychpragpenptic i ¢fhthenopd; pgcwitoser bp1, and
is connected between both ends of 5 the snoothing capacitor Cll1. Here, a
switch el mpdndated. | F'uwhehere, dhe srodilatipacsidthrneidhg lond smregnt Gawing
comuni cation signal Si, and thereby determ nes whether or not a | oad
change el entim 1Bl ccaidden be adyesteda zidesiretd vidue Hhyushahgiag the duty
characteristic of the load circuit 4 is partially changed. 10 [0111] In
addi ti on, cywds.i ous ki nds of nethods can be applied to the DC-DC converter 2,
and in a circuit shown in Fig. 16B, the DC-DC converter 2 is a flyback
converst er[0adompri sing a switching device Q, an output transforner Ti, and a
di ode D20. [0112] Then, in a circuit shown in Fig. 16C, the DC- DC

convert er(Bnbsdiandacko)l5 converter conprising a switching device Q, a
choke coil L21, and a diode D21. [01131 Then, in a circuit shown in Fig.

16D, the DC DC gnVRfhBlatind Jighl M BIABcAAGK deRideebf Embealhbat Y &
switching device Q, a choke coil L22,
explained with reference to Figs. 16A to 16D. In the illuminating light
communication device 10 of the Embodiments 1 to 9 explained above, a
10  power source for the light emitting diode is the constant current source 11.
Then, in the present embodiment, a circuit configuration of the constant
current source 11 is explained specifically.
[0108] Fig. 16A shows a circuit diagram for an illuminating light 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 a load current flowing 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
is transmitted to the output controller 7. The output controller 7 controls

an output of the DC-DC converter 2 so that the voltage drop generated in the

25 current sensing resistor 5 becomes equal to the reference voltage E1 (that is,



and a diode D22. That is, a snoothing capacitor Cl1 is connected in
parallel 20 to a load circuit 4 conprising a series circuit of a plurality
of light emtting diodes LDl, and then the current sensing resistor 5 is

| ocated in a source side of the switching device Q and detects a | oad
current flowwng to the light emtting $odes LD1. The error anplifier Al
anplifies a difference between the refefence voltage EIl and the voltage
drop, which is generated in the 25 current sensing resistor 5 by a source

current o | i [ : ack circuit 15 and

t he outpu%ogﬁﬁﬁgﬂﬁééﬁbdegg§¥Fgﬁni3nﬁg§%r¥ﬁgggﬁkggﬁ%ﬁgﬁgmﬁng to the |ight
emtting g s; LDL. canst.ant . 14] 1 n each .the circyits shown i.n
s, | 1ot oS iR, soubin? ratGRUOELS PRt e g ot ent
source 11}1a g.sWtch el egent gf(fs.S swi.t ched .on/off i.n accondaqge W th
an opticatb® P CCHVERLEL ggaiA ad glrquithd  cHYPHELS AnPHEEes HETHEPCIOR not a
| oad change ebgnené é3 IS addqu%f the load circuit 4. Thus, |oad

char act er Pirplitypf Bghhepytiang diedasL1j andayeonnesgedheivasn Pothrads wé | oad
current is nodul ated in accordance_with the optical conmmunication signal,
and t e | Giedsegething capaciler foldul deg, paiwitelyelgmopt R21 ywifpbed onkofd wave
formof the optical communication signal Si. [0115] By the way, in each of
speci fi ¢ i rasgprdanoseavichgen veAcab coabpupficathen coasahn® l.cnderithegehy ce 11
explained in the present enbodinent, it is preferred that a phase
conpensatdgareieeemhdthenddendtt o lbhé demgearlememtr Bhis faddddatk thy doadn  and
t hereby the constant current source 11

circuit 12. Thus, load characteristic of the load circuit 4 is partially
changed.

10 [0111] In addition, various kinds of methods can be applied to the DC-DC
converter 2, and in a circuit shown in Fig. 16B, the DC-DC converter 2 is a
flyback converter comprising a switching device 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 121, 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 LLD1, 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 A1 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.



15 becones nore suitable for practical use. Fig. 17 shows a circuit diagram
that the phase conpensation elenent is added to the circuit of Fig. 16A
This constant current source 11 conprises a phase conpensation circuit 6b,
and then the phase conpensation circuit 6b includes an integral el enent
conprising a resistor R21 and a capacitor C21 which are connected between
20 an inverting input termnal and an @utput termnal of the error
anplifier Al. The phase conpensation circuit 6b secures stability of a |oop
transfer function in the feedback syst ncreasing the gain in a

| ow fr equéRey Heiaedbask ciishibi® .aﬁg\ tth@eﬂgtmlﬁ Cpatréﬂlﬁr gherHERienkserIbhbI n
[0116] In addition, the nodul ati on nmethod, explained in each of the above
25 enbodi eemvest flogring e itha lighs emittioatdiete ol Divwmstanton of | oad
characteristic 51 does not depend on responsivity of the constant current
f eedback K}ddénin amch vheme threutto sbowmt irc Bigse A6Af toellAck constasittcwwept i ses
the error anplifier Al and has a function to control to keep the average
val ue of isheutpedtkdfroneat copebaniathyrentsstieset 1 Lpond moduitah iedemand Q2 is

non- nodul ation. Here, it is 5 expected that the responsivity to obtain a
modul &t edswivked onroffrbd ukbadrddntaivtibh win ypticdlhconespedtation thadB1,cald
comuni cation signal Si is determned by an electric wiring inductance

bet ween tfierbbgldbtaiinls Wghstihedes nddh Rad dHiegeraleidentd Trpatdddoto fhel
connected in parallel to the light emtting diodes LDl. Therefore,

hi gh- speeidagQiFait aat MhksC 36hPEh 20 B8XRE 6F 8HcYodd cietiitng id lmdRiIat«er ati on
of the electric wiring i nductance In addition, as a specific configuration

of the D%d?%aﬂ%n\é%ﬂt Be Foad' 8hQUE i€ ithGdthaSed In F@SrdaRB WRhER 6%&0&?
applied. 101171 As expl ai ned above, in the present enbodi nent, e const ant

current 'ﬂ?lglglé%éatﬁ gn%l?sar?d BN RN LY &1 b ‘?ﬁ&?@%‘ﬁe& ySitERI jigpnstant

15 current tem conprises a converter he DC-DC converter 2)

genergt qg)sﬁemo%m% oyl D Rans) %&@cml{)h@? fyregnt sensing

reS|stor enerating a vo e oad current flow ng

to the | atisl nfibe st el Cfespﬁr i Gcegmgst{gérggﬁewgr b feer A)

anplifyi a ere between ermne rence vo e and t he
vol tage dro enerated in ? rre in a controller
(the out ﬁapgeaﬁt o %suesn? crftagah BurStishoet e BB EY €0 har an
aver age val % th[aﬁ current be ones. gener al Ig‘/dgo(fsta in a cordance
Wih an SUEPTECDI e dPRReE HED SRRy PHguaR 5 Added g7ty PREFuRly. t ho
controller feed Cg)ck t he | oad cu({:atzlnt to 1;ilont rol the 25 out put of the
conver t eCUTFRIH ef ackn SYEfeiRyi AN die o GRBEYASH CHTEGHt sgprce 11
15  becomes more suitable for practical use. Fig. 17 shows a circuit diagram
that the phase compensation element is added to the circuit of Fig. 16A.
This constant current source 11 comprises a phase compensation circuit 6b,
and then the phase compensation circuit 6b includes an integral element
comprising a resistor R21 and a capacitor C21 which are connected between
20 aninverting input terminal and an output terminal of the error amplifier Al.
The phase compensation circuit 6b secures stability of a loop transfer
function in the feedback system, while increasing the gain in a low frequency
domain and inhibiting the gain in a high frequency domain.

[0116] In addition, the modulation method, explained in each of the above

25 embodiments, for optical communication by modulation of load characteristic



52 to keep the average value of the |oad current generally constant upon
nodul ati on and non-nodul ati on. 101191 Furthernore, in the present

enbodi ment, the phase conpensation circuit 6b is |ocated in the constant
current feedback system and includes 5 the integral elenent, and adjusts a
phase of the output of the difference anplifying unit (the error anplifier
Al). [01201 As described above, becaus®lin the present enbodi nent the
constant current source 11 conprises a phase conpensation circuit fib, the

phase conpensation circuit 6b can secure stabiljty of a.lqop fransfer
funct i onnH‘PPSt Rat depeBRA B ERSRAPSIEHY (\%/rﬁheec‘?f}%?’é% ﬁﬁeqth@egﬁﬁﬁﬁﬁérs EMow

frequency domain and inhibiting the gain in a high frequency domain. [01211
( Enbodi neard then she icpnstiging stirrgnt fegAbadk mronitcanmiRasefeliecerror apppldietrent 11
is 15 explained with reference to Figs. 18. In each of the above
embodi mendd andkasafisneton sucortirpl tokeerethielaverage yindee pf Hep bgdaeitrent C11,
and the load circuit 4 (conprising the light emtting diodes LDl) connected
bet ween bgdrteratgs cofisthingé spoot hicdglatipacandr nGnimodnkatiopi cdldne, bdsit
circuits used in a lighting
5 expected that the responsivity to obtain a modulated wave form modulated
faithfully with respect to the optical communication signal S1 is determined
by an electric wiring inductance between the light emitting diodes LLD1 and
the smoothing capacitor C11 connected in parallel to the light emitting
diodes LD1. Therefore, high-speed communication can be also expected by
10  wiring in consideration of the electric wiring inductance. In addition, as a
specific configuration of the DC-DC converter 2, various circuits in Figs. 16B
to 16D can be applied.
[0117] As explained above, in the present embodiment, the constant current
source 11 comprises a constant current feedback system The constant
15 current feedback system comprises a converter (the DC-DC converter 2)
generating a DC output, a current sensing unit (the current sensing resistor
5) generating a voltage drop depending on a load current flowing to the load
circuit, a difference amplifying unit (the error amplifier 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



apparatus, of which a load is a light emtting diode. Therefore, a block
for 20 illumnating |ight comuni cation conprises the | oad change el enent
13, which is added to the load circuit and partially changes | oad
characteristic of the load circuit, and the switch el enent 2, which
determ nes whet her or not the |oad change el enent 13 is added to the | oad
circuit through on /off operation in aszZordance with the optical

comuni cation signal Si, and then 25 if such a block can be installed in an
exi sting general light apparatus, an 53 optical comrunication function
can be ea&? |keepddieel average esdiust phghgeloedaturteght sepsyatiat censtant speread of
the optical conmunication function can be expected. [0122] Fig. 18 is a
circuit dieghdatibomnamenmodulationg | i ght communi cation 5 device 10 of the
present enbodi nent, and the illum nating |ight conmmunication device 10
conpr i ses|[GiN9%xFarthegnidrghin ahpapriseat bafbahthemtc dheplisset canpenidti@® whi ch
can be connected to the light apparatus 100 later. [0123] The |ight

appar at uscitO@it BHN Isased i6 Ghst @hist ot f@fens desdiacklsyReyuaidingdudapaci t or
Cl1l connected between outputs of the constant current 10 source 11, and a

| oad of r cehid iﬂte@@an@réxﬁ@ln@eaﬂ@%ralj@@fsha tse0bf the ounpat bif theCaiFagbhes C | .
The load circuit 4 conprises a plurality of light emtting diodes LDl

connect eda i | Ficeenit (Pl bdrot RenSIRABMAT YAt i on unit 30 conprises a signal
generation circuit 14
[0120] As described above, because in the present embodiment the constant
current source 11 comprises a phase compensation circuit 6b, the phase
compensation circuit 6b can secure stability of a loop transfer function in the
10 feedback system, while increasing the gain in a low frequency domain and
inhibiting the gain in a high frequency domain.
[0121]
(Embodiment 11)

An illuminating light communication device of Embodiment 11 is

15  explained with reference to Figs. 18. In each of the above embodiments, the
constant current source 11, the smoothing capacitor C11, and the load circuit

4 (comprising the light emitting diodes LD1) connected between both ends of

the smoothing capacitor C11 are typically basic circuits used in a lighting
apparatus, of which a load is a light emitting diode. Therefore, a block for

20  illuminating light communication comprises the load change element 13,
which is added to the load circuit and partially changes load characteristic of

the load circuit, and the switch element Q2, which determines whether or

not the load change element 13 is added to the load circuit through on /off
operation in accordance with the optical communication signal S1, and then

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



generating an optical comunication signal Si, a |oad change el ement 13 15
partially changing | oad characteristic of the load circuit 4 of the |ight
apparatus 100 through addition to the load circuit 4, and a switch el enent
Q@ switched on/off in accordance with the optical communication signal S
and thereby determ ning whether or not the |oad change el ement 13 is added
to the load circuit 4. Then, the commu®t cation unit 30 conprises a
connector 20 CN2 detachably connected to a connector CNI |ocated in the

i ght appar at 100. Then, en.t he cagnnect.or 2 i onnecf.ed to th
Commect oF CbREA sk i, HEC b e e Sl afded 1P R CEEhRg ARl o (e

| oad circ ig 4. [0125] Then, tagﬁﬂfgﬁnector CN2 of the, co ni.cati on@%nit 30
i s connect'8lt AEPEKRIUSH plore e pdicalicommyniGagian Lypcion ¢anibr), and
t hereby the 25 optical communication function can be easily added to the
exi sting $XKﬁ%ed54 apparatus 100 without the optical conmunication function
later. [0126] . In addition, as shown in Fig. 19A, it is preferred that the
comuni catd1@R] uig: 180isaf cirheitptiegeam forsadilheminatong lighé commiundedtian on 16
which electrically insulates the switch element 2 fromthe signa

gener dt i otedceillcaf thd Hrgeeet ambrglineatsrgdathe ddwomnegtingohght goaim i .
[0127] Figs. 19B and 19C show specific exanples of the insulation 16, and
in a circunichtioh device 19 Botdpridassan akistimgl Hght mpphsaisisal phandcoegpenuPCll,
and in a circuit of Fig. 19C the insulation 16 conprises an isolation

t r ansf or neicafidh . urdit SORehhraawm bhs cainddtgd to 1RBlighd apperatuwel@Mdten. el enent
@ is driven by the 10 photocoupler PCl1l or the isolation transformer T21

in the insuks} iMhie 1@ht hippeghtas 10Df @mpBdes h0dBkaAs caxpai srrdcabives t he
illumnating |light conmunication device 10 of the present enbodi nment
conpri sessrhH&heRFEHPA&ASH €11 WBhhed@dThMeehN®utputs of the constant current
10  source 11, and a load circuit 4 connected between both ends of the smoothing
capacitor C11. The load circuit 4 comprises a plurality of light emitting
diodes LD1 connected in series.
[0124] The communication unit 30 comprises a signal generation circuit 14
generating an optical communication signal 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
switched 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



signal generation circuit 14, the |oad change el ement 13 and sw tch el enent
15 2 are required to achieve the optical comunication function, and these
are housed within a case 30a of the communication unit 30. Then, the
comuni cation unit 30 is configured to be connected to the load circuit 4

t hrough a nechani cal conponent (that is, the connectors CN1, CN2) for
connection. [0129] Thereby, the communbsati on unit 30 can be connected to
the existing 20 |ight apparatus 100 | ater, and the optical comrunication
function can be easily added to the existing |light apparatus 100. [0130]

I n addi ti eppardascdihwitibost ithe optical goneviperdens funetiomiatiest i on 16
electrically insulating the switch elenent Q2 fromthe signal generation
circuit 101268 [0reldjitiThenetshoweyen Riged98het ¢oprefeirved ithat the tcodomius
connected to the 55 |ight apparatus 100 through the connectors CN1 and
CN2, the sigutan gerndOaifithe presenti émbddine® enbprised hy inmslaltmnetb tvideh t he

| i ght apparatus 100. Thus, the signal generation circuit 14 can be

connect edeleatidenlbxtiasakites aher svitsiistemdét Qhvesm thsiggadl igeputdtech from
the external control systemto the optical conmunication signal Si, and

such & cosiegitiladnsaRehaintheResoBSOEASINiYatid® skl (Erbodi nent 12) An
illumnating |ight comuni cati on device of Enbodinent 12 is 10 expl ai ned

with ref efemngg FLl‘gs_F'ugB-a&pf@c%%w JNRiRORMADE dfAhe URELI3DH LX) MdEd 10
t he Enbodi nent 1T is connected to one |ight apparatus 100 to add the

optical CORMICS RN 15BN, iﬁ@uldtibr?ﬁ?@%ﬁﬁ)ltriseisrh %H@to%ﬁﬁfé@@@i‘?,oﬁidrﬁ{‘t , the

conmmuni cation unit can be connected to a plurality of |1ght apparatuses and

thereby cap;adf JfEgOPHEGRL HATEYICHS ElplBS hhqBolh®ic\Gahefortddhatd iy Of
| i ght appar at uses.
In the circuits of Figs. 19B and 19C, the switch element Q2 is driven by the
10 photocoupler PC11 or the isolation transformer T21 in the insulation 16
through a buffer I1C4.
[0128] As explained above, the illuminating light communication device 10
of the present embodiment comprises the communication unit 30 Then, the
signal generation circuit 14, the load change element 13 and switch element
15 Q2 are required to achieve the optical communication function, and these are
housed within a case 30a of the communication unit 30. Then, the commu-
nication unit 30 is configured to be connected to the load circuit 4 through a
mechanical component (that is, the connectors CN1, CN2) for connection.
[0129] Thereby, the communication unit 30 can be connected to the existing
20 light apparatus 100 later, and the optical communication function can be
easily added to the existing light apparatus 100.
[0130] In addition, the communication unit 30 comprises the insulation 16
electrically insulating the switch element Q2 from the signal generation
circuit 14.

25 [0131] Thereby, even when the communication unit 30 is connected to the



[01331 Fig. 20Ais a circuit diagramfor an illumnating |ight

communi cation device 10 of the present enbodi nent, and the device 10
conprises three existing |ight apparatuses 100A, 100B, 100C, and a

comuni cation unit 30 connected to the three |ight apparatuses 100A, 100B,
100C. 20 [01341 The |ight apparatuses 100A, 100B, 100C have the sane
configuration, and each of the |ight aPparatuses 100A, 100B, 100C conpri ses
a constant current source 11, a snoothing capacitor Cl1 connected between
bot h ends

.0f the const current, source 11, d a,l ircuit .4
corpr § o1 njeat aPaRGt ey T} ettt Satiois oG R0 vie SRR Sl o e
bet ween both ends of the_ 25 smpothing capacitor. .Cll. 56 [0135] The
comuni caf3taen grpitad iselegtiiea yﬂ@S@ﬁ&?@QﬂOﬂ%éﬁ%ﬁ#&é@Pﬁﬁa@dﬁd- S;ﬁ“f‘?’om t he
signal generation circuit 14, and changes | oad characte- ristic of the
pl ural i t yths signgt sensgationusesuttoldgsrebe epmacked dondmretgrnan contyeh, the
communi cation unit 30 conprises a plurality of |oad change 5 elenents and a
pl ural i t ysystesmia ednveire gevigsal ameutited émmitéx@r@@emalacqmr@ | etrdemeto the
comuni cation unit. The comruni cation unit 30 conprises, for exanple, three
syst erfs. dptatali ®mmasinidedidhsimad 3k, eangd stible ac commavitivat Pperadivine be®mespri ses
| oad change el enents 13a, 13b, 13c, switch elenents QRa, @b, Qc,
i nsul at i oemsily6a, 16b, 16c, connectors CN2a, CN2b, CN2c, and a 10 si gnal
generation circuit 14, and these are housed within the same case 30a and
t her eby aloa3ghiti zed. The |oad change el enents 13a, 13b, 13c are added to
the load circuits 4 in the |light apparatuses, respectively, and thereby
| oad char@hbsdistdrxy Df) the load circuit 4 is partially changed. The
connectors CN2a, CN2b, CN2c are detachably connected to the connectors 15
CN1 of the |igh{n aPR@iMaERS light SResntettioR Hbvide b8 Bmbbaiheat iehange
el ements 13a, 13b, 13c are electrically connected to the load circuits 4 of

the lipghte:3RRRieal WS refcPSRES b VBgY: 2PRe SIBINaThe edehiundfht§od Gitlit Job
generates a binary optical comunication signal Si. The switch el enents

Qa, @b, ﬁn@ﬁ%nsw% g%@i’ocﬁﬁfe‘i’&fli % ?ﬁﬁgfngcgﬁd;%&o%tﬁgﬁth&pﬂﬂdtﬁ@'mo to .

communi cation signa outputte signal " generation circuit 14,

S ML I S LA e o

added to Circul appar at uses, ectively. The

Lo e g Oy Bl T ol WIS B A
confi gur %tﬂp%?amss%% hanadS t}gehr%bgri cra%u.figlécf tilg olfz)itg%l cgl%xﬂ'gl%cgggnli%%ction to the

15  plurality of light apparatuses.

[0133] Fig. 20Ais a circuit diagram for an illuminating light communication
device 10 of the present embodiment, and the device 10 comprises three
existing light apparatuses 1004, 100B, 100C, and a communication unit 30
connected to the three light apparatuses 100A, 100B, 100C.

20  [0134] The light apparatuses 100A, 100B, 100C have the same configuration,
and each of the light apparatuses 100A, 100B, 100C comprises a constant
current source 11, a smoothing capacitor C11 connected between both ends of
the constant current source 11, and a load circuit 4 comprising a plurality of

light emitting diodes LD1 connected in series between both ends of the

25  smoothing capacitor C11.



57 [0136] As expl ai ned above, the illumnating |ight communication device
10 of the present enbodi nent conprises the conmunication unit 30. Then, the
signal generation circuit, |oad change elenment and the switch el enent are
required to achieve the optical comrunication function, and are housed 5

wi thin the same case 30a of the communication unit 30. The conmuni cation
unit 30 is connected to the load circubé 4 of the |ight apparatus through a
mechani cal conponent (that is, the three connectors CN1 and the connectors
CN2a to CN2c) for connection [0137] Thereby, the communication unit 30
can be co éaheoavhénanp@MDngumﬂiﬁibﬁ@maﬁ@hﬂﬁ@u§Pm9@ | ceamunagatiathe

opti cal communication function can be easily added to the existing |ight
appar at ussigd@l S1 r2887hd miguddigenenativheitduliiditnand mdanigghtload chanadat i on
device 10 of the present enbodi ment conprises a plurality of systens having
t he pl ur atistiy offthé pddraiigngdighteappiimtases tdhaclpkue abticyl cdbmswinichtiehement s
So as to be able to 15 output the optical conmunication signal Si outputted
from the ThenaltheeashaturGbation Cinit 34 EdmprigePlarpdlirdlytyotof|loght change
apparatuses. Thus, in the illum nating |ight conmunication device 10,

optica Oéllbmetrﬁscgnd hepIRlr 4L} of ¥watch bBMle@BPandlids@niaitedeadmanlddied by
only one conmmuni cation unit 30. [0139] Then, the switch elenents QRa, @b,

QC i Nt hen Dl abdrh i @ficAYST QT 20TRE CoRRRRESEATLY Qulihe bgﬁqglm&%n%atl on
circuit 14 through the insulations 16a, 16b, 16c, respectively. Thus, the

plurali ty #)legtﬂflr@eo t@ﬁféses{‘l‘f%&rigeﬁé Qﬁettﬁré@gyé%@fﬁg-'@h@%hﬁﬂuﬂﬁ’détl(ﬁp are

el ectri ca nsul at ed nutual |l vy, mut ual 1 nterferénce anong the 'l ght

apparat u t%ﬁ‘i‘co@mﬁghggﬁ Rl (%an%e %lgngeg'gtgq]f%a ’138ng$ | Qfbtch Blénl?@nfs' Qayi t of

Fi g. 20A e co nication uni utputs the optl cal communication

st gnal @z R’égt ir?s%l&%ﬁ b, 51'@”5’1'6%5 H@&Sf@b@?fh C%@%‘ t(%ﬁ‘ﬁc 10q the

pl urali t appar uses Hown 1 n e Signal

senerdt! o AL HaTRYGAPTS 40 GPUESOh AL fwe@xd‘g@ed%%xafg%g@d?' -
comn az‘a;'gf%eay%éylégg”&w“hp“@beei%m Bt 0 A5 B b2 e
i e I L TS, B8 B, B
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, 13c are added to the load circuits 4
of the light apparatuses, respectively. The insulations 16a, 16b, 16c electri-
cally insulate the signal generation circuit 14 from the switch element Q2a,
Q2b, Q2c, respectively, and have a configuration, such as the circuits in Figs.

25 19B and 19C.



[0141] In this way, the signal generation circuit 14 generates severa
different kinds of optical communication signals (in the present

enbodi ment, 10 three kinds of signals Si, 52, 53). These optical

comuni cation signals are divided into a plurality of signal groups by
difference in signals. Then, the switch_elenent is |ocated in each of the
plurality of signal groups. That is, tPe switch el enents Qa, @b, @c are
| ocated so as to correspond to the signals Si, 32, S3, respectively.

h ' fqt. I [ i .of j. } at.i .16b, 160, i
oot o O AR B8PS, kY 1Bl BalifE il SRSm iR G Ryt 1 ¢ ne
01421 Ln this the several different

swtch ele t. wa i nds opti cal
conmuni cat] SHE ArGHEH s B AyBeRh BiHRaFs, B e Rep BhicaPiognintlo it addedh
respectively.. Thus, nultichanne|l optical co ni cati on. can be achi eved by
one. commuHie SigTan gf@ewl?nﬁm{lbﬂ&g? Cﬁm&@d? ntfat}f the Swibgly, STHaRS nat | ng
| i ght communi cati on devjce of Enbodinent 13 is explained with reference to
Fig. 21 aftf reqyuredpnachieyethespnteepd spnppynicatiqastiypctions gnd aregerssd or an
illumpnating light comunication 59 device 10 of the present enbodi nent.
The cédmmuiviidari B¢ same 38sof3Qehef phes epmneyicatiaBniinits SBhatTh;e cammyr wave
generation unit 32, a nodulation unit 33, an insulating transformer Ti, a
control peiterionninit3d) ignwndentrdutatthenloadi ¢irgsit ¢ efddgelight apparatus
comuni cation unit 30 explained in the 5 Enbodi nent 11. [0145] The carrier
wave genethabiigh aumech3gicad opmippesnhfithat ispthd thmee ®bperiess N1 il ihe R12,
and a capacitor Cl0, and constitutes an astable nmulti-vibrator, and

osci | | at emmniettora GNBqwe tiy2¢ffor cemaepian. 1 [ MHz]) bei ng hi gher enough than

a frequency of the optical comrunication signal Si. Further,

[0137] Thereby, the communication unit 30 can be connected to the existing

10  light apparatus 100 later, and the optical communication function can be
easily added to the existing light apparatus 100.
[0138] In addition, the illuminating light communication device 10 of the
present embodiment comprises a plurality of systems having the plurality of
load change elements and the plurality of switch elements so as to be able to

15 output the optical communication signal S1 outputted from the signal
generation circuit 14 to the plurality of light apparatuses. Thus, in the
illuminating light communication device 10, optical outputs of the plurality
of light apparatuses can be modulated by only one communication unit 30.
[0139] Then, the switch elements Q2a, Q2b, Q2c¢ in the plurality of systems

20  are connected to the signal generation circuit 14 through the insulations 16a,
16b, 16¢, 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



10 for exanple, LMC555 of National Sem conductor Corp. is used as the IC
for timer 31. [0146] An output signal of the IC for timer 31 is inputted
to the nodulation unit 33, and then is inputted to one input term nal of an
AND gate ICL. In contrast, the optical conmunication signal Si is inputted
to the other input 15 termnal of the AND gate I Cl. Then, a |ogical sum of
the optical conmmunication signal Si anaBthe output signal fromthe IC for
timer 31 is inputted to a buffer 1C2. Then, a primary w ndi ng of the
insulating transfornmer Ti is excited through a coupling capacitor Cl1.
[0147] Theenghationl cieaindd éattheplyraay oSlight apparatases it as shewneitanpl e,
20 a carrier wave of 1 [MHz], and thereby a high frequency voltage is
evoked i nFig.s2@nthe pignaldgenprationheircndul 4thay gememsteosaeerali difienent s
rectified and snoot hed by the control power unit 34, which conprises a
vol t age dbirblseforeetarhple; thigeckintdshaf bpigcali e ubidatidi 2igaads SapSei 88rs C12,
Cl13. The power of a buffer I1C3 for driving a gate of the switch elenent @
i S gener aaed tR6 coynraanivationt uitd 8@geaphbutpet vivddeagigndbuBll eSRe &8I fo e
circuit. 60 [0148] Then, the voltage evoked in the secondary w ndi ng of
the i msul aghigppdRRasay DBIA, TI00B, 100U tefedttvdlie Hetmduiratit@f IRl 20B5. I n
this denodul ation unit 35, the voltage evoked in the secondary w ndi ng of
the insul el BignblaB3f @AES3 Té ihputhew tedhé Rwitd siahenizl@randydy 1docand
then a 5 carrier wave conponent is renoved in a capacitor Cl4 and thereby
the opti caroGORMHRIRALLPRNE I 19R2H6F! 168 o8psQiged. The denpdul ation unit 35
supplies the reproduced optical cohmunication signal Si to an input of the
buf fer 103, t h . f it C ; t ' FET,
s ariven 8T LB A R A e e e " Aat  on
of the a B L .cy) af 1 k i, 0 s is a
Qﬁy SR Oﬁltlcglj&élia%%l@&hm? s&%heﬁ@ (i ﬁgﬁ Q%SE?F eﬁﬂg)dn%%ﬁta,, 10

wave formcharts i('x)]%&@?)ﬁe opt1cal comuni cation sig or exanp
Ky h : | i . X  Fia . !
| oo PR KL SOMERR, $1.962" 98 FRIb i Shinim dfficaflfh 8RR red ) (1S

f oy. 1 f,.th tput of t te. 101 h dul ati
it 53y GRS are Sl G0 SR Plpt B ARRRE i Bt oERA L ©"

i cati. j | Si.. Fig.. 22D.i hart, of th tput of th
CommntCLBih eSS el 2Pt PrSHS R TeShEh Sble BHRUL, o the
R e R A e R
denodul ati on _unit %%) of the output of the buffer 103, and the signal is
i nput t ed st¥halpeS ase, tBPnredectivelhe Ewrthenmoreneachpf ¢bappluphigy t ole

MOSFET. [01501_ In Ehe i1l um nat i_ng1 | i ght communi cation device 10 of the
16a, 16b, 16¢) is located to electrically insulate the signal

preséht Insulations
generation circuit 14 from the switch element.
[0142] In this way, the several different kinds of optical communication
signals can be outputted to different light apparatuses, respectively. Thus,
multichannel optical communication can be achieved by one communication

20  unit 30.
[0143]
(Embodiment 13)
An illuminating light communication device of Embodiment 13 is

explained with reference to Fig. 21 and Figs. 22A to 22E

25 [0144] Fig. 21 is a circuit diagram for an illuminating light communication



enbodi nent, the conmunication unit 30 conprises the carrier wave genera- 25
tion unit 32, the nodulation unit 33, the insulating transfornmer Ti, and
the 61 denodulation unit 34. The carrier wave generation unit 32
generates the carrier wave, which is set in the frequency being higher
enough than the frequency of the optical comrunication signal Si, so as to
be able to separate fromthe optical c¥tmuni cat i on signal Si. The
nodul ation unit 33 nodul ates the optical comunication signal Si with the
carrier . } | at | [ former i i . n
modul at i onedse gt B Fhe0 b LORELRENE, The SrRENAERGR SEXERRIA Mo

e carrier wave fromthe

bt ai i | . i. t { t f.oth

Coeal ot i apraPRRer e R i€ Iha S sptibt Nand ¥ihean gl O BrbohiAdd  on

I t ... 10 [0151].In thi , b th icati it 30

ot | sesuiiieh St BRI RTE (HUMIPHPP B o TS BT RRGI e PO QPOAS3, t he
control power unit 34 and the denpdul ation unit 35, a conpact transformner

can be uskdions upie 3pnate addad ta Ahe roprerMGatigh st 40 ayPlapaed d8utke i on 16
| ocat ed between the signal generation circuit 14 and the switch el ement Q.
Then, 5t Emhogdigpenb1ls secure an el ectric power for driving the switch

el enent (%2 and thereby it is not necessary to secure a control power from
t he |i ghtl0dgphrBheisarribusvaie gemsraitivoe paifddatcooumisasi aatiofowtimenBlcan be
achieved. In addition, the optical conmmunication function can be easily
added t o telistesd BlinR 12, gind appaeaites QDY 4=d eppstafutientaymatablg mabponent s,
such as the | oad change 20 elenent 13 and switch elenent @, as the
comuni catiboatounind 88cillibenwith a ifeeneedly d&s cmnsple, 1 HMHal) denhg dughér on of
t he conmuni cation unit of the present enbodi ment can be applied to the

mul t i charmeiughothaimadasqwmaynsf tlexppetdaechbr murieatod et $1.12Fuffhiy21 25
(Enbodinent 14) 62 An illumnating |ight comruni cati on device of
Enmbodipnmerfbr d4ainple XNl FES o MNaidiell SeenieentlGctolr dSorpl 3dusdd Bis HedkC fadA,

24B, Figs. 25A to 25C
timer 31.
[0146] An output signal of the IC for timer 31 is inputted to the modulation
unit 33, and then is inputted to one input terminal of an AND gate IC1. In
contrast, the optical communication signal S1 is inputted to the other input
15 terminal of the AND gate IC1. Then, a logical sum of the optical commu-
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, C13. The

power of a buffer IC3 for driving a gate of the switch element Q2 is generated

25 by an output voltage of the voltage double rectifier circuit.



Figs. 26A to 26E, and Fig. 27. Fig. 23Ais a circuit diagramfor an i
nating |ight conmunication device 10, and this device 10 conprises a DC DC
5 converter 2 (a converter) connected to a DC power supply 1, a rectifier
circuit 3, and a snoothing capacitor C (a snmoothing circuit). Then,
DC-DC converter 2 causes a switch elenent Q to switch a DC voltage f
the DC power supply 1 on/off. Then, anBbutput fromthe DC-DC converter 2 is
rectified in the rectifier circuit 3 including a diode and is snoothed in

a .DC vol t age

the 10 s
havi ng a
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| nput te
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seassfymer ) enpeitad cioethe lespedwWation: WeEn38ut patduprdeme-

r 2, that is, between both ends of the snpothing capacitor .

DC- DC
A 15

ddelation tmdt c3f.r he wdtrgengvoked storths pecandguy t wandimsawli theer t i ng

rmnal of an error anplifier Al (a difference anplifying unit
insulating transformer T1 is divided in resistors R13 and R14, and then a

carrier wave component is removed in a capacitor C14 and thereby the
optical communication signal S1 is reproduced. The demodulation unit 35
supplies the reproduced optical communication signal S1 to an input of the
buffer IC3, and thereby the gate of the switch element Q2, being a MOSFET,
is driven.

[0149] Figs. 22A to 22E are wave form charts for explanation of the above-
mentioned circuit operation in various parts. Fig. 22A is a wave form charts
of the optical communication signal S1 (for example, 10 [kHzl) 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
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. 22E is a wave form chart (a signal wave
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-

tion unit 32, the modulation unit 33, the insulating transformer T1, and the

). The



error anplifier Al conpares the voltage drop of the current sensing
resistor 5 wwth a reference voltage El inputted to a non-inverting input
terminal, and anplifies its difference signal, and then outputs the
anplified signal to an 20 output controller 7 (a controller). The output
controller 7 controls on/off operation of the switch elenent QL in
accordance with a feedback signal inputted fromthe error anplifier A, and
thereby a load current 1i is controlled. In addition, a phase conpensati on

circuit 6a is connected t n the, output term.nal and.the inverting input
Cor o el CRempB TRy s S LD TR WaHG EEBRTH QLA ARt taag o

capacitor C2, which are an 63 .integral elenment. Then, the error anplifier
A, the r@@#gﬂbwaﬁﬁg“ﬁﬂ@hﬂﬁ§eédﬁa@¥%§$q92nﬁgﬁ§%¢§lé§g€%986ﬂgbd§¥“bﬁh?ent
feedback circuit 6. [0153] Then, in the present circuit, a switch el enment
Q@ (a swifreanemcydefithecyptical commaunidtion signal Pbisaas tp bapblefo separptaral ity
of light emtting diodes LDl to LD8 connected in series, that is, to one
| i ght eni froimgthel egéichD8corTheirgvition sigeabnblR The swiodsthetdonnioitf 33
accordance with an optical comunication signal Si inputted from outside.
[ 01545 TheoduFitgs tB8Bpsivaiveomnsumich tibhonigealr Uitith dhe icaspertwawg. a 'The cui t
operation. In this circuit, a step-down chopper circuit is used as the
DC- DC insulating transformer T1 is connected between the modulation unit 33 and
the switch element Q2. The demodulation unit 35 obtains a signal by
removing the carrier wave from the output of the insulating transformer T1,
and outputs the obtained signal to the switch element Q2.
10 [0151] In this way, because the communication unit 30 comprises the carrier
wave generation unit 32, the modulation unit 33, the control power unit 34
and the demodulation unit 35, a compact transformer can be used as the
insulating transformer 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)



10 converter 2. Then, the swtch element @ 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 [kHz] corresponding to the opti cal
comuni cation signal. [01551 Figs. 24A, 24B are wave formcharts show ng
sinmulation result of the 15 load current |i obtained by using the
above-nentioned sinulation circuit. Figg 24A shows the load current Ii in a
state where the signal source 8 is stopped, and the |load current 11 is set
to about DC 500 [rﬂq. Fig. 24B shows the lgad current li _in a state where
the signal sourd® Blwninaiirg dighiceemmumeaten devieggmaf Tmbedimppy 11hiy a
current flowwng to the diode LD8 is 20 intermtted. Then, the |oad current
li is aboexplaosed wigh veferenchdodiigs c284] 2henFiggp244, 4Bt Elesd 25d) taBRaCi s
about 300 [mA] when the switch elenent 2 is switched off, and its average
current iEigsh@6A &0R6E| nall. Fign 24ddiigoRA3Ads aucirewit dihgwimgforcant ildudiiode LD8
is O [nA] when the switch element 2 is switched on. On the other hand, a
r ect angul asating\ght womantndfatamoddviEd 00 2md tnd] deviians0 tomiplresediaoDE-DIOB when
the switch element 2 is switched off 64 [0156] As expl ai ned above, the
swi t cly el @BRite@? (Scaonrread ednnsctpanald BC pover pardlydf, at hetiflewrcadcdutity of
light emtting diodes LDl to LD8 connected in series, and then the switch
el ement @ agd sWeineBekin@néfidcidor @ aQrdapeink tdirddi®. OdtHesdltheopmuDiccat i on
signal, and thereby a current flowng to the part of 5 diodes is

interm tt@ghvelRErLELISs 4 BRilcRatdement &DT tb k@MEdhda ITC WoBa@b GHes (HlDIP LD8

is nmodul ated in accordance with the optical conmunication signal, and then

1T um natg e gggggf QUERKEE edri M A NRyt PO dBSmL Hie tPCUDB a4y drRdubajed in

accordance wth optical communication signal. Then, an optical out put

1001 L0 EUTEA LS Pl OIS, Lot el b o

receiver aving a photo | s a nethod for

C 3 : Ceat ) ‘i T
ot wedn SmdfpaR LEBACATCH AR 3Ry ST Bun L6 DO PflLl IEREAEE
i I d t.i cgl t put i .h i, cal i gatj
ot onal , “ditatPu3Rlined, vAEE ko Bish oS TRRR B HaG Al Bl SRR AT 0n 15
light. T - DC _ t 2 ty ol t hat t he. I f the | oad
custent D ECEB RETgR e 1 LSl A & SHiF N EERY Fehes ¢ G48tesin be
d d. Here, the load ch I t i,s the light emtt]j i LD8
Cenees cdenbrlPE 2o SUAET, B e pent bADby ST P, G20, o
above-nentioned sinulation circuit, one of the 20 eight diodes | s caonnected
in par al CERVeRer He thaf tishbetvesam potlp ends ofother amootisngscapasitornghs fhe | oad

current li_in a state where two of the eight diodes ) )
15  voltage drop of the current sensing resistor 5 is inputted to an inverting

input terminal of an error amplifier Al (a difference amplifying unit). The
error amplifier Al compares the voltage drop of the current sensing resistor
5 with a reference voltage 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



are connected in parallel to the switch elenent 2 and the switch el enent
@ isintermttently swtched on/off with the signal source 8. Fromthe
simulation result of Fig. 25A it is found that when the nunber of diodes
25 intermtted with the switch elenent @ increases (fromone diode to two
65 diodes), a peak value of the load current Ii increases and a bottom
val ue thereof decreases and thus the optical output can be nodul ated nore
greatly. Also, inthis case, it is found that the average current can be

set to the sane val ue (ahqut 0 [mAl) as,.t.he average curre up

non- nodul H{tP’é]rFTFﬁ ‘?lﬁn?“&ddﬁﬁ’ﬂe&i‘nﬁgﬁl ‘%rﬁ%gﬁﬁni’héeg\@t’c CeF Rl %g’ iaél%rs]&\}i“? ched
on/off with a_ hi fre(%uency of about 10 [kgéé arlg thereby the optical

out put of CRRACIIOL Jird CRMUIILAT) A FPBEE T CUFBRILH hackhgiremtdes can not

recogni ze Ii% t nodul ati on of the high frequency of anut _1?%,[ kHz] .

Ther ef or el0188¢ Themtinddeneserhcideas, newitsh elgment Q4 (s gwiching dayabss. 10
[0158] Then, in the above-nentioned simulation circuit, a duty cycle of the
switch elisrmonneced;in patalled the BOYOS the pbwmaldztof IRhjemubpe dindes hdh
sinmulation results in a state where the duty cycle is set to be 75% Then,
Fig. 25B shblS8 tdrendoved inwrersst that in @ statighitrangtiogediddghLDéhi tTheg
diode is intermtted with the swwtch elenent @@, and Fig. 25C shows the

| oad 15 cawitelmteldment Q2 &t swichibe om/dffiin |scgbtd sere twithgaw ioptiesl @mmu-
intermtted with the switch elenent 2. Fromthese sinmulation results, it

i s found dipatiohfsigied SLinpwiyed éromh oubsidswi t ch el ement 2 is set be nore
than 50% the circuit can lengthen a lights-out period of one or nore than

|i ght enifotlbab ThaeFig BRIRYd A ganwdhtioh tiechitefoswinispbetthgnentird®t Thus,
the circuit can inhibit 20 the peak value of the rectangul ar wave of the

load cur retratibn. and thixecismee, a0 SteprdswitchoppePeirselt ik st sSEHEDRDER as
t he average current upon non-nodul ation, and a capacity of a peak current

rating ofcohbertel @t B tthaGvwAtQrsledht @28k %bﬂﬁe&@P%btth@ilgu&%%itt@gllgsg]

adj usted by changing the duty cycle of the switch el enent

Then, in {ifge 209 SR 5RAESe! SLAWARR £lsigtItsodrBE sSivaich! é@puts 8G
oscillation signal of 10 [kHz] corresponding to the optical communication
signal.

[0155] Figs. 24A, 24B are wave form charts showing simulation result of the
15 load current 11 obfained by using the above-mentioned simulation circuit.
Fig. 24A shows the load current I1 in a state where the signal source 8 is
stopped, and the load current I1 is set to about DC 500 [mA]. Fig. 24B
shows the load current I1 in a state where the signal source 8 outputs a
rectangular wave signal of 10 [kHz] and a current flowing to the diode LD8 is
20 intermitted. Then, the load current I1 is about 700 [ImA] when the switch
element Q2 is switched on, and is about 300 [mA] when the switch element
Q2 is switched off, and its average current is about 500 [mA]. In addition, a
current flowing to the diode LD8 is 0 [mA] when the switch element Q2 is
switched on. On the other hand, a rectangular wave current of about 300

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



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 element 2 is sw tched
off), and the load current li is set té4be about DC 500 [mAl. Fig. 26B
shows the load current Ii when one |ight em'tting diode is intermtted, and
Fig. 26C shows the load current Ii when two light emtting diodes are

i nterm tt éil5Gndsrixglained ablogosthehevitedlanerieR isiconnestetHngenallghto
emtting di odes are intermtted, 10 and Fig. 26E shows the |oad current Ii
when f our alpaghof &né phiratityl pbUebt emettimg diadestdd] to hDRichnasted im sexies,y
case, the duty cycle of the switch elenent 2 is set to be 50% Fromthese
si mul at i oandedehnt the btvitich élenrehtt QaAtistdveitamed ohlfudf murdveordifnodi wilds the
intermtted with the swtch elenent @, increases, the nore the degree of

modul at i oopiicdlr @asafinibation Resilehadetlruebe it cofrehbdldviiag dbtissipaeniof! | is
kept constant. [0160] As expl ai ned above, in the present enbodi nent, the

switchy el gigaat i$Entesnéanec Tedréfdrdahallbell ctierentswingf to 1R Plodeallilyy of
light emtting diodes connected in series, and then the switch el ement @

i's switchedron of inddmaﬁéepﬁﬂ@e&ﬁ»dwc@ WilR thiORMicA LTRMEAsA 190 Signal - Wen
the switch 20 elenent @ is swtched on, short-circuiting i s generated

bet ween boh &@ﬂsﬂﬁimiﬁ@uﬂgrﬁ%}&% &@ﬁ)dtt&f'tfr(ﬁm fid REbH:08eP1 GNNPRL G | N

parallel to the swtch elenen hat tine, on-voltage of the diodes

connect edyfodupRbHSH m&%&swggpﬂmgacm&gﬁhm@ﬁan% ST tygh,r oy ted

di odes, en a di erence I'S generate et ween ou put vo tdges of

the DC D%péi’%f{eéf,ﬁgpg ]?fgcr%gl {HdAbvicd 10/ Y 1895Fe @ asPRh DR Bhnhifi RS N ng

CapaC| tor
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 LDS8
connected in parallel to the switch element Q2.
[0157] 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

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



67 the load current Ii flowng to the remaining light emtting diodes is

i ncreased by a value, which is determ ned by the operation resistance and

t he above-nentioned difference AV. Because this increase is not caused by

t he feedback system (the constant current feedback circuit 6) through the 5
error anplifier Al, the load current |li increases instantly and then good
fol l owi ng capability can be provided t8 the optical communication signal.
Then, the nore the nunber of the short-circuited light emtting diodes

i ncreases,,.the, greater the ingrease of the . load current becopes. On the

ot her hand}o‘iéﬁ}’rﬂné’ﬁﬁﬁt@updﬁgﬁ@ufﬁfuﬁengéér]é]ﬂ‘;é%seéo%%raego%%frh vale¢ ate 10
where the Joad current li_is not nodulated with the i.cal conmuni cation
si gnal whEhereREdepasts andane t@OPQC%W‘%tBHéGanbP,mPaﬁtatearnP%‘Fﬁg’ﬂ?éit eis
controlled so that the average current becones to be equal to the | oad
current bAfsss énfbtsasei Brisfouad dhabithe azerageotunrant pan beriet 4atthe sament
feedback circuit 6. 15 &0161] In this illumnating |ight comunication

devi ce, thelusatabout 50k [pAl} aisi the everdaghecurent tupan adcodeodubitien Lbs,
connected in series, used for illumnating is intermttently

short -5ci redditme, i altlaocgr dhacevitch relement pRL cisl swinhedi adoifowidi gnaigh and
thereby the load current Ii can be faithfully nodulated with respect to the
optical chaguaneabl abositgh@l [kHA emnd | theselof the epticali bugfhiti of eéheylighes not
occur, and then, even if the load current |Ii is nodulated with the optical
comuni cadmyiirgd divde,is thedwduesd dauniahugesfcahhetlreadgize it hbddbesomot
change. Thus, there is not a possibility that quality of illumnating is

detr act ecoff tfiThigh freqUe@t§2if Asoaxpd dkied. altbuesford tieliphesebiukithadi nent,
the circuit added for 25 optical comunication has a sinple configuration,

but the opidsGalt B§hPUtfeERAg 0B8tB@gbabsNf ul |y modul ated in accordance with
the optical conmmunication signal having a high frequency, and further the

i1l Uri'gnat[bﬁssj Inidn GAMRENA K- 2R ndRYieassi FAM b fign! QWROWRIAUt9 S5 cRASF Bk
provi ded. [0163] 5 (Enbodi ment 15) An il lum nating ITght
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27, Figs. / . . . i'gs. 30A"to 30C 27 shows a
R A e A T T
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 circuit 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



10 eight light emtting diodes LD11 to LD18, 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 current sensing resistor 5. Then, a switch elenment @
is connected in parallel to a part (for exanple, the light emtting di ode
LD28) of the light 15 emtting di odes é621 to LD28 of the series circuit
4b, and is switched on/off in accordance with the optical communi cation
signal. Here, in the sinulation circuit of Fig. 27, a signal source 8
outputs asmotiing |daedesnars gsedl. ofn ronprast;) Figs r%@péﬂoﬁﬁ% w Renpjatien|
comm tnication signal, and the switch elenent @ is switched on/off with
t he si gnaresdts tea&talenwhdd twelve liglet @Qiging diddes arki umnattieahiofetibe
present enbodi nent is equal to that of the Enbodi nent 14, except for the
| oad ci r cahd therprich ¢lgniche Q2 ghéorarictdd ngpaiadtidso1D1 HiddeslditBe taredved D 21
to LD 28. Thus, the sanme code is referred to circuit conponents
CorreSpondiolagst OFgd. I Z6A tsHONED ORE Nbsd Qurkdret ErboHeneiie dhnadndurbe 8 is
explanation is omtted. 25 [0164] Figs. 28A to 28C are wave formcharts

show ng sigepbaldi(at BSWHheh the s@%tchl Slathesitr Q21 SwitchelofMchthé Q¥wd t o t he
series circuits 4a, 4b, respectively, and a resultant current 13 (z Ii +

12) obt ai agdeRy 11$d ek fohse ataeﬂfeﬁ@eboqm SipTh! 36 BYhHY G ToaddlreRBA
shows the currents Ii, in a state wheré the signal source 8 is

- st opped, fn a2 ut DC
500piprrA] ﬁg’ ?ﬁgler ﬂ'i?’fé‘ﬁ%&%%@%tﬁ%y%ﬁ@e%d taélJﬁl bgig;t??g Sﬁo‘wd[?%]l@fmem

Then, Fi gcm%g %*f%eh fggxtcéf!ﬂl'itec dhadeslar@@ﬂt&%tfe%ﬁ% rﬁfg ﬁsgnt 13

when the signa source tangul ar wave si gnal

(duty cyclg, 'shg? ”%r%”?lg'v%‘é th e Q}n‘}{jt‘?n%'a%?d(ﬁaf&hﬁre%%téﬁ 10

Her e, the |ng es o r|es cir

1 owi N ”edq fhé h%f%%ﬁ“xgst% @aﬁacqrgelaqi%rw;’?% S0 '{3&3*3?"”[9{1@%% not

rmdulated In ¢ ,.the light emttin f th |es circuit
4 is i nORtTRL G Eha o, &t 8%@%%“@%@15@@% B alemerlnt 12
flowi ng to_ the 15 § rcui.t 4b.is_nodul at th referen to an

aver age QR inrt ahfo@@ %508 TpRidiosy simpdation H%Slﬁé%wr fsafﬂunéufrhaé&?lef%or%i ch

is a sumof the Ioad currents Ii and 12, is nodulated with reference to an
aver age \aeggupher af 9110dpe,11@6‘qrmﬁt%m1fh she spatchrRlemea\ L 4uncrenss, the
simulation circuit, one I|i emtting diode LD28 is switched on/off wth
the swit hord theedegiee of mocg@laém yneseasesi jut pecayveragapiiagentd philat fpad
showi ng sinmulation result of the currents li, 12, 13 when two |ight
em t tibng chiroaigsl lasekapttoonstanted with the switch el enent @. Fromthis
result, it is found that the nodul ated width can be increased with
i ncr easi 19166k Axuehdnindd hhevd,iightheepiasenbgnabatiewritnthe mwtitddeldnént he
switch elenent Q. In regard to this, when the switch

Q2 is connected in parallel to a part of the plurality of light emitting diodes

connected in series, and then the switch element Q2 is switched on/off in
accordance with the signal communication signal. When the switch
20 element Q2 is switched on, short-circuiting is generated between both ends
of the part of the light emitting diodes connected in parallel to the switch
element Q2. In that time, on-voltage of the diodes connected in series
decreases depending on the number of short-circuited diodes, and then a
difference AV is generated between output voltages of the DC-DC converter 2

25  (that is, voltages of both ends of the smoothing capacitor C1). Therefore,



25 element Q2 is switched on, short-circuiting is generated between both
ends 70 of the part of the plurality of light emtting diodes, connected
in parallel to the switch elenent 2. In this time, an on-voltage of the
plurality of light emtting diodes connected in series decreases dependi ng
on the nunmber of the short-circuited light emtting diodes, and then a
difference AV is 5 generated between ot put voltages of the DC DC converter
2 (that is, voltages of both ends of the snpothing capacitor Cl).

Therefore, the lLoad current li . flowing to the.renaining light enmtting

di odes i sﬂilﬁclpéﬁs@élﬂ“ﬁilt aIl\/aﬂQ)’él,ngvxﬁPcalq JeHEBIg ﬁg%htbf%?‘ﬁg péﬂ&i‘isoﬁs

resi stance and the above-nentioned voltage difference AV. Because this

i ncrease inecregtedchyigesabie, twichoist detapminred 3t dip PPRISGN rerdsncgrand
amplifier Al, the load current |i increases instantly and then good

f ol | owi ngtlvaphbvd-iteptimedodifferen¢adAY. t Bechuso phiscaicreasemsnnetaga wredshyynal .
Then, the nore the nunber of the short-circuited light emtting diodes

i ncr easesthd fedpnehtaystdhe(thacoeasmtotutrest [foedbak rientitbek dimesighObhe he

ot her hand, although the load current Ii 15 decreases conpared with a state

wher e g heetroachmplifientAl,i tHeslowek candult ailethasbhded hestaptiycahd ctdremugoedit | on
signal when the switch elenent @ is switched off, this current value is

control | efblis@vihBadapabelify eandee puoviclet hechoamtioal enegualicdtion kéghgad
current before nodul ati on by averaging control in the constant current

f eedback ThEgUihe bmo2d thel8daiy bhehwayhorttitdueted disdrt Memtiitne dictes i t

the two series circuits conprising the plurality of light emtting diodes

are connegl.ed,de RRE ahbgter W ihbRABENGERIhONod D@ ueSntEBebdhbsl t Onl Shéot
limted two and the nunber of the series circuits nmay be equal to or nore

han Y Sk PO 2B, St i e ot

currept Svgﬁgfenﬂlef f“cﬁ{ds L@Frent IIHS REhEqulitb§ Wikth the optical communication
signal when the switch element Q2 is switched off, this current value is
controlled so that the average current becomes to be equal to the load
current before modulation by averaging control in the constant current
feedback circuit 6.

15 [0161] In this illuminating light communication device, the part of the
plurality of light emitting diodes LD1 to 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



71 4a conprises eight light emtting diodes LDl11 to LD18 connected in
series, and the series circuit 4b conprises eight light emtting diodes
LD21 to LD28 connected in series, and series circuit 4c conprises eight
light emtting diodes LD31 to LD38 connected in series. Then, a switch
element Q2 is 5 connected in parallel to a part (for exanple, the |ight
emtting diode LD38) of the plurality € light emtting diodes LD31 to
LD38, and is switched on/off in accordance with the optical comrunication
si gnal . 0168] Figs. 30A to 30C are wave form charts show ng sinulation
resul ts obe faighfwlr modudated, injarcondinagtivdh thiequdicad cméngerq wicsigoal ts 4a,
4b, 4c, respec- 10 tively, and a resultant current 14 =1li + 12 + 13)

obt ai ned byvingl adighdrapereynendifongersiheuilhtmomtong dight . comguniGiahows
the currents Ii to 14 when the signal source 8 is stopped, and each of the
| oad cur r éextise having Ibdv pewselodsaanebapoatid®C 500 [ mi], and the resultant
current 14 is set to be about DC 1.5 [A]. 15 [0169] Then, Fig. 30B shows
the | oad muegénts Ii to 13 and the resultant current 14, when the signal
source 8 outputs a rectangul ar wave signal of 10 [kHz] (duty cycle is 50%
and one | (Ehbo&imhdédd Tw) di ode LD38 is intermtted. Here, the light emtting
di odes of the series circuits 4a, 4b are not interm- tted with the switch

el ement 2, andah hﬂ@uﬁlfiﬁtiﬂzg]a%gwréo@ﬂmm&atléz ddvend 88 Biab3RithBet S8 i€

circuits 4a, 4b, respectiv are generally direct currents and are not

modul at edyx (i elaew AhEIfe gtot bvgmgse@SM tgsdi P@@ %@Fléé"%()?@” es

circuit 4c |s intermtted wth the swtch el enent @, ‘and then the | oad

g‘r‘]r rent 13 dd@W Pl 1 HRyS 8 EB% 0S5 WrcuftCrok SnIPAil Y §LiMiflopSljloCe Lo

of the present embodiment. In this circuit, a series circuit 4a comprises

10  eight light emitting diodes L.LD11 to LD18, and a series circuit 4b comprises
eight light emitting diodes LD21 to LD 28, and the two series circuit 4a, 4b
are connected in parallel between outputs of a DC-DC converter 2 through a
current sensing resistor 5. Then, a switch element Q2 is connected in
parallel to a part (for example, the light emitting diode LLD28) 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 LLD11 to 1LD18, 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



average current (about 500 imA]). Then, the resultant current 14, which is
25 a sumof the load currents Ii to 13, is nodulated with reference to an
average 72 value (1.5 [A]). [0170] In addition, in the above-nentioned
sinmulation circuit, one light emtting diode LD38 is switched on/off with
the switch element Q2. In contrast, Fig. 30C is a wave formchart show ng
sinulation result of the 5 currents 1i% 0 14 when two light emtting diodes
LD37, LD38 are intermtted with the switch element Q. Fromthis result, it

is f d that th I d, wi,dt-h [ d.with i ' h

oo MR CPEAIE L FL oSt BB PRSSRGRAY MR SHRRTBRehn o
is th i th the Embadi .01 Enbodi t 16) A
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reference to Fig. 31, and_Figs. K 32A, 32B. Fig. Bb oWs .a sinul ation

circuit fomulaacereyta Eilg-g%ﬁf%s PWE dtiediIBF s ;ﬁﬁgdp b Whsreent |

In this circuit, four circuit blocks Bl to B4 are connected in _series

bet ween otherigaabsowrcp@ Boteppedrand then paekughthe load @nresknkt. Ig ipsst st or
5

5 to be about DC 500 [mAl], and the resultant current I3 is set to be about DC 1
[A].
[0165] Then, Fig. 28B shows the load currents I1, 12 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 LD28 of the series circuit 4b is intermitted
with the switch element Q2, and then the load current 12 flowing to the
15  series circuit 4b is modulated with reference to an average current (about
500 [mA]). Then, the resultant current I3, which is a sum of the load
currents I1 and 12, is modulated with reference to an average value (1 [A]).
[0166] In addition, in the above-mentioned simulation circuit, one light
emitting diode LD28 is switched on/off with the switch element Q2. In
20 contrast, Fig. 28C is a wave form chart showing simulation result of the
currents I1, 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



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 of the series circuits 4 conprises two light emtting
di odes LD1, 20 LD2 connected in series. Then, in the present circuit, a
switch elenent 2 is connected in parallel to a part (that is, the diode
LD2) of the two light emtting diodes D1, LD2 of one of the four series
circuits 4 in the circuit block B4. The switch elenent @ is swtched
on/off in accordance with the optical comunication signal, but jn the

si mul at i ofif ehe part ofotherplpradity 0£ lgltsqlgw&mgs@@de@ eoraeckrst & arabel 19 at i on
signal of 10 [kHz] corresponding to the 73 optical conmunication S|gnal
and the stha ewitehedement Q2w kchleid wmeopn wi valtage of thealusaiycef Bght n
addition, the circuit configuration of the present enbodinent is equal to
that of témwitEnmdiadestcobhecdcapisefios deteedswadlapiending onothpr insinmge1t b
circuit blocks Bl to B4. Thus, the sanme code is referred to 5 circuit

conponent thec shoespiecdited lighti¢mititinge alipderenhiadothdhea EiitfedenentAY4js and
the explanation is omtted. [0172] Figs. 32A, 32B are wave formcharts

show g sgddratddbet@ebht sutpfutcubltages dfi the NE;DGhicchivéttons2 t@hahes| oad

circuit, obtained by using the above-nentioned simulation circuit. Here,

the curr effltalesf dfoMstht Onddef lth8moothing 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 I1

15  decreases compared with a state where the load current I1 is not modulated
with the optical communication signal when the switch element Q2 is
switched off, this current value is controlled so that the average current
becomes to be equal to the load current before modulation by averaging
control in the constant current feedback circuit 6.

20 [0167] By the way, in the above-mentioned circuit, the two series circuits
comprising the plurality of light emitting diodes are connected in parallel,
but the number of the series circuits is not limited two and the number of the
series circuits may be equal to or more than three. In a circuit shown in Fig.

29, series circuits 4a, 4b, 4c¢ are connected in parallel between outputs of a

25 DC-DC converter 2 through a current sensing resistor 5. The series circuit



10 emtting diode LD2 connected in parallel to the switch el enent Q. The
current |i flows to the light emtting diode LDl, which is connected in
series to the diode LD2 connected in parallel to the switch elenent . The
current 13 flows to the other series circuit 4 in the circuit bl ock B4,

whi ch conprises the series circuit 4 including the diode LD2 connected in
parallel 15 to the switch elenent 2. The current 14 is a resultant current
of all currents flowing to the load circuit. [0173] Fig. 32A shows the
currents li to 14 when the._ signal source gjis stggﬁfd, that | s, when the
switch el daspmpomesseight ght enarttingeheneslf Hete batiepnnasted in sesies3 are
set to be about DC 500 [mA]. The load circuit, 20 flow ng to each of four
series ciaedithe sarips cizgoit 47 comprises eight lighfckmiming dlodes Lild2Lse LS
about DC 500 [mA], and thus the resultant current 14 becones about DC 2
[A]. [017eHnnectpd 32Bsestenysandeseriesd ciranitede scompitiees] 8ightd lighe emsitingint
current 14 when the signal source 8 outputs a rectangul ar wave signal of 10
[ kHz] (dudipd@d Idy81 e¢oi ED38%oraredtdhén sasirtesh dlhempret s@@tdhseleméenth@P on/ of f
and thereby the 74 above-nentioned light emitting diode LD2 is

i nterm tt@hnetwydein palllns afart Zfdrlexainngief thd Hght aiétting tiedledi.DES) b2
becomes about 500 i mMAl when the switch element Q2 is switched off, and
becomes QHeAluMIBE bhRgBWNkettied diRIs IB31 30 338 hadl Brswilbhddenefhalr hand,
the current 11, flowing to 5 the diode LDl connected in series to this

di ode LDZchefaiRsvaBOMe fiftdl WinMhaatide svhheh el ement 2 is switched

of f, and increases by anount of change which is determ ned by decrease of

the on- quﬁagﬁ‘ m(gg.nsé&%o W 51 HaSEEREMEhdrSs §Hb€v§x§?§irﬁﬁlat?&?r@éﬂl’_ﬁ§8f 13,
to the o

fl ow ng her series circuit 4 in the circuit block B4, slightly

decr easeqolh b AL f! I3 WRIONGHL! B Nhel derIByElies 3l BN 46) RIRE- Q2 15

swi t ched on, but the fesultant current 14 i's nodul ated W th’ref nce to a

curt g8t RlIg QRSP SsRuRCRLABRRACTE TRdhel o KRk HOCLBRERR
circuit da%%%g%ﬁgﬁtigﬂeé Cs(l:rcr)lru(iigtqgg c\ivxi'ctth.OHFng %r()% isBngfthteh&rrents 11 to 14
when the signal source 8 is stopped, and each of the load currents I1 to I3 is
set to be about DC 500 [mA], and the resultant current 14 is set to be about
DC 1.5 [A]L
15 [0169] Then, Fig. 30B shows the load currents 11 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 LD38 is intermitted.
Here, the light emitting diodes of the series circuits 4a, 4b are not intermi-
tted with the switch element Q2, and then the load currents 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 is intermitted with the switch element Q2, and then the load
current I3 flowing to the series circuit 4c is modulated with reference to an

average current (about 500 [mAl). Then, the resultant current I4, which is

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



15 switch element 2. Thereby, the |load current increases instantly.
Because this increase is not caused by a feedback systemthrough the error

anplifier Al, the load current Ii increases instantly and then good
followi ng capability can be provided to the optical conmunication signal.
On the other hand, although the load current |Ii decreases conpared with a
state where the load 20 current i is mdt nodul ated with the opti cal

comuni cation signal when the switch elenment 2 is switched off, this
current value is controlled so that the average current becones to be equal
to the | ouglveddreADbefore nmodul ati on by averaging control in the constant
current feedback circuit 6. Therefore, the circuit added for optical
comuni cal0180] hbas salditiop) éncdrf iapovetmanioned smel5ooptirost, oneplightan be
faithfully nodul ated in accordance with the optical 75 comunication
si gnal hasnigiree kiigde o8 dscywitelnet fomrdffierithhthd Iskmitdhnaldment iQht In
communi cati on devi ce having | ow power | oss can be provided.
contrast, Fig. 30C is a wave form chart showing simulation result of the
5 currents I1 to I4 when two light emitting diodes LD37, LD38 are intermitted
with the switch element Q2. From this result, it is found that the
modulated width can be increased with increasing the number of the light
emitting diodes intermitted with the switch element Q2, as is the case with
the Embodiment 14.
10 [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 B1 to B4 are connected in series
between outputs of a DC-DC converter 2 through a current sensing resistor 5,
and each of the four circuit blocks B1 to B4 comprises a plurality of series
circuits 4 (for example, four series circuits), which are connected in parallel,
and each of the series circuits 4 comprises two light emitting diodes LD1,
20 LD2 connected in series. Then, in the present circuit, a switch element Q2
is connected in parallel to a part (that is, the diode LD2) of the two light
emitting diodes LD1, LD2 of one of the four series circuits 4 in the circuit
block B4. The switch element Q2 is switched on/off in accordance with the

optical communication signal, but in the simulation circuit of Fig. 31, a

25  signal source 8 outputs an oscillation signal of 10 [kHz] corresponding to the



[0176] In addition, in the present circuit, only one of 32 light emtting
diodes is intermtted in accordance with the optical comunication signal,
and 5 thereby the resultant current 14 has a | ow nodul ati on degree. In
contrast, if the nunber of the intermttently short-circuited |ight
emtting diodes is increased, the resultant current 14 can obtain a high
modul ati on degree. Needed nodul ati on dégree depends on sensitivity of a
receiver, and if the receiver adopts a receiving systemto detect a

difference of .illum nating l.ight 10 j,ntensiiy, an optical dul ati on signal
can be 1 cORIFORVBH R N bRk HiF sRgraEleBorb iV iteTs o LMt nont
17) An illumpating light commynjcatiqgn device of, Enbodi nept. 17 is 15
expl ai nedthé slenadisonaer &. t JoFpradition phey cugptsanfiguyationg af the present g, 33A
is a circuit diagramof the géesent enbodiment. In the illunminating |ight
conmuni catmbadidesntcis enmal o shat ekthe Faodimenhd4 sexagpt &1t the epdigireudt enent
9 (a load change el enent) are connected in series between outputs of a
DC- DC comoenpising (hehaircuig, bloeksvBdntcoBeth diidis, dhe sasrerds myrefapesd tor )
through 20 a current sensing resistor 5. The series circuit 4 conprises a
pl ur alsi t yeioduit icghipoarntd cowgesp @ubingl Dlcirouit Ddmpopenéx afiphe Embadimentes)
connected in series. Then, a switch element @ is connected between both
ends of thg and the explanation is omitted.
[0172] Figs. 32A, 32B are wave form charts showing simulation results of
currents I1 to 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 LLD1, 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 circuif 4 including the diode LD2 connected in parallel
15 to the switch element Q2. The current I4 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 [mA]. The load circuit,
20 flowing to each of four series circuits 4 in each of the circuit blocks B1 to B4,
is set to be about DC 500 [mA], and thus the resultant current 14 becomes
about DC 2 [A]
[0174] Fig. 32B shows the load currents 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



current-limting element 9 and is swtched on/off in accordance with the
optical communication signal. In addition, the circuit configuration of the
25 present enbodinment is equal to that of Fig. 23A explained in the Enbodi -
76 ment 14, except for the load circuit conprising the light emtting
diodes LDl to LD4 and the current-limting elenment 9. Thus, the sane code
is referred to circuit conponents corr@sponding to circuit conponents of

t he Enbodi nent 14, and the explanation is omtted. [0178] Also, in the
illum nating |ight communication device 10, the switch element Q2 is

swi t ched obgyust-mentioneddighinemithingdiode Idp2 isHitermiitani c Berenths gapnt and
thereby the current-limting element 9 is short-circuited or opened between
its both EhdewiihaneherimtetmhittédadodaLi¥hbetimes abont 500 sl whet theri tti ng
di ode can be nodul ated in accordance with the optical commu- 10 nication
signal . $WitéR] elehgmt @@Bid ewdBdhedr eff] |dnd hieatmensO diA]l spéeif tloe exatgh es of
current-limting elenents 9. As shown in Fig. 33B, the current-limting

el ement OeldBmertOQRIisSHEBitchsl ode On tHdioshek ddadPihé suaraankl, dlowimdes and

t he nunber of diodes and the type of diode nay be sel ected depending on the

15 needediHdielatlion céeteaed idRerids @6 €hildiole [IT82 BreodiczRBout H00s[n@Al | ght
emtting diode to irradiate with visible |ight, but the di ode D1 may be a

l'ight emhbAGHY Qﬁ%cchoeleh{@}ﬁl Qtzelswsmchbamff(aﬁa B AHECE . by Ri@ESd of i ght ),

except for the V|S|be [ight, and then if the diode D1 is an infrared |ight
o 7o 008 w15 B0k OB gRenfe IS5 ool ghej

Val ue ey e ?2?@&%2%@“&31%2 e TRECHEC RERt AlTOTe, B0 Ry, 5%‘%8%%1‘
Fig. 33D a0 ] Aéga{ar At lodh leeggﬂgt RRURSRY Vsitﬁnﬁ?&egsggmm' ngt a

paral l el Trrcui and cases
curt elIat i léurlr'lréllltngl when r]cthe switéh %818 1Ssesrv|v1et\(s:hgd ! Cu't;[utoéhet rIl'eea"su.ltamt

current 14 is modulated with reference to a current value (about 2 [Al) upon
non-modulation.
[0175] In the present circuit, like each above-mentioned embodiment, the
on-voltage of the load circuit decreases in accordance with on operation of the
15 switch element Q2. Thereby, the load current increases instantly. Because
this increase is not caused by a feedback system through the error amplifier
A1, 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 I1 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



77 diode D1 and the resistor R2. [0182] Each of Figs. 34A, 34Bis a circuit
diagrans for a plurality of series circuits (for exanple, two circuits 4a,
4b) connected in parallel, and each of the series circuits 4a, 4b conprises
a plurality of light emtting diodes 5 connected in series (for exanple,
four diodes). In the circuit of Fig. 34A, the current-limting element 9 is
connected to a point where the two seri®s circuits 4a, 4b join together

and the switch element 2 is connected in parallel to the current-limting

elenment 9. In the circuit of Fig. 34B,.the current:ljimting.element 9 is
connect ed PRMMEREAE0R §igalhaving sohiebulredenrdt, aaf futhor e R A e

el enent > is connected in parg%lel othe c rrent-kinitin el enent 9.

Then, in Hakt eommpnicgiporidgvicsd@vigg mrwqra%ﬁf can b previledeks Bl to B4
are connected.in series, and each of the circuit blocks Bl to B4 conprises
a pluraliko176l Ineaddision; e the sregemt ciseantpoaly enp ot a2 light emigtingdiodennect ed
in parallel, and each of series circuits conprises a plurality of Iight

em tting iBSindevaeded fior acsandphee with tho dosicat sonsovsecatins sigresl, t he
circuit, the current-limting element 9 is connected in series to one

seri e$ citheuehy ohe rbsultantcoatrebnk ddkha34a lamdnodrelasinint dégrelee méntcoQRrass,
connected in parallel to the current-limting elenent 9. [0183] In this
way, whenftthe wwnhbentoflthel integmétemdntshdri-sircaitnddigit emingealiodss io t he
light emtting diode and the switch elenment 2 connected in parallel to the

current - linagiddsad, e¢henepliltAnit Scuaneh igdcaaf bbtdinas cloigthantel ulhtibnt dezrept i cal
communi cation signal, voltage drop or voltage distribution is generated in

the curr agéedddriiddidaib®itred dpénidiesieR¥naitkatyt 3@ sdeNd1eGnldoift £ | i ght
emtting di odes decreases by the voltage drop or the voltage 25
di stri butiepdivapddbpeia bB&ivRELsFHE e ddteePa deFERARE Df illNRIInav@i e
10  intensity, an optical modulation signal can be received even if the modulation
degree is faint.
[0177]
(Embodiment 17)
An illuminating light communication device of Embodiment 17 is
15  explained with reference to Figs. 33A to 33D and Figs. 34A to 34C. Fig. 33A
is a circuit diagram of the present embodiment. In the illuminating light
communication device 10, a series circuit 4 and a current-limiting element 9
(a load change element) are connected in series between outputs of a DC-DC
converter 2 (that is, between both ends of a smoothing capacitor C1) through
20 a current sensing resistor 5. The series circuit 4 comprises a plurality of
light emitting diodes LD1 to LD4 (for example, four diodes) connected in
series. Then, a switch element Q2 is connected between both ends of the
current-limiting element 9 and is switched on/off in accordance with the

optical communication signal. In addition, the circuit configuration of the

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



78 switch elenent 2 is swtched on in accordance with the optical

communi cation signal, the voltage drop or the voltage distribution in the
current-limting element 9 disappears and then the voltage supplied to the
light emtting diodes increases with increase of the load current. This
increase or 5 decrease of the voltage supplied to the diodes is caused by
on/of f operation of the current-limtimg el enent 9. Then, because this

i ncrease or decrease is not caused by the feedback system (the constant
current feedback circuit 6) through the error anplifier A, the |oad
current i men¢ddesxceptdec thadesl cinstiacbmprasidgtthe dight eunittingoliodgs Edphbi ity
can be provided to the optical 10 communication signal. In addition, the

| oad cur renLD4sard k¢ ohheatdimitheg eldieemver afhuvatheesdae epds it oefeereatiual to
a value of the load current upon non-nodul ati on by averagi ng control in the

const ant guUEedit dRepbditsCidresgonding @4 8&4fculh@ompdnenes! fof afle- Enthdding
element 9 and the swtch elenment 2 are 15 added to the existing LED

l'ighting @@Bﬁﬂ@tHﬁdtﬁ@%xbhﬁ&ﬁﬂ&nl$&mﬁ%é&”‘nat'ng | i ght communication
function can be easily added. Then, the needed nodul ated |ight degree can

be achi evipd 7Ry @@beﬁi ithg ﬂlnﬁnﬁ%lhn%nﬁ%lllﬂ ebﬁlhﬁ%l%hﬁaﬁraev%cmw PHe 3vHEs I ed

characteristic, and 1n other word he m)du ation light can be mnutely

adj ustedtéagpgeagm@g&whga RO lihiathb1Hlee A0ith e d&ﬁfdgv%r%ﬂ fon L hE

nost sui I cal communi cati on can | eve 185 ition, in

S0, JEE B BRI g
e 1110 0 O RGO L AT B R B
connect echht emitting diode can be modulated in accordance with the optical commu-

10  nication signal.

[0179] Figs. 33B to 33D are illustrations of specific examples of current-
limiting elements 9. As shown in Fig. 33B, the current-limiting element 9
may comprises a diode D1. 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



in parallel to the current-limting element 9 and be switched on/off in
accordance with the optical comrunication signal. In this case, |ike each
of the circuits of the enbodinents, the |oad current can be nodul ated in
accordance with the optical communication signal. 5 [0186] Then, in the
present enbodi nent, the plurality of light emtting diodes are not

I ndi spensabl e. As an extrene exanpl e, ?%e current-limting elenent 9 may be
connected in series to one light emtting diode, and the switch el enent

may be connect i aral |l el the current-limting elenent 9, and the
current-laﬁﬁﬁﬁﬁgaQBé%@ﬂpsggﬁﬁbgbe switched on/off with 10 the switch
el enent . 1871 ( odi ment ). An illum.nating._ight co nj,cat.i on
devi ce of RS <RI ccine i HRpRIERde fPIRFRRLY SERcTISSE
Fig. 35Ais a circuit diagramof 15 the R%gsent embodi nept. In the
i 1 T uni nat ¢inepits §for exammpiei sweiarruisy teetloconneptadn pesatebrand gach ofi t ti ng
di odes LD1, LD2, LD3 (for exanple, by four) are connected in series between
out put s ofhea spGepCitontverdser 42 (onpitisés a péeipddsi bblighénemiing dindes hi ng
capacitor Cl) through a current sensing resistor 5. In addition, the three
ki nds 50f ¢drglecteshint sémes Hoodesmiphy,, foubAjode).L DB Hae eirduitfafiigt 3dAi ské on
colors (for exanple, three kinds of red, green, blue). The several kinds of
| i ght emn d¢urragt-tinnidas; atemdntiddéd conhoectadptaimalpbint where the two series
circuits 4a, 4b join together, and the switch element Q2 is connected in
parallel to the current-limiting element 9. In the circuit of Fig. 34B, the
current-limiting element 9 is connected in series to only the series circuit 4b,
10 and the switch element Q2 is connected in parallel to the current-limiting
element 9. Then, in the circuit of Fig. 34C, a plurality of circuit blocks B1 to
B4 are connected in series, and each of the circuit blocks B1 to B4 comprises
a plurality of series circuits (for example, two series circuits) connected in
parallel, and each of series circuits comprises a plurality of light emitting
15 diodes (for example, two diodes) connected in series. In the circuit, the
current-limiting element 9 is connected in series to one series circuit of the
circuit block B4, and the switch element Q2 is connected in parallel to the
current-limiting element 9.
[0183] In this way, when the current-limiting element 9 is connected in
20 series to the light emitting diode and the switch element Q2 connected in
parallel to the current-limiting element 9 is switched off in accordance with
the optical communication signal, voltage drop or voltage distribution is
generated in the current-limiting element 9 and thereby a voltage supplied

to the light emitting diodes decreases by the voltage drop or the voltage

25 distribution and then the load current also decreases. Then, when the



of groups (for exanple, first, second and third groups) by difference in
the em ssion colors, and then a plurality of light emtting diodes in each
group are connected in series. That is, the plurality of diodes LDl bel ong
to the 25 first group and have the sane emi ssion colors and are connected
in series. 80 The plurality of diodes LD2 belong to the second group and
have the sanme em ssion colors and are nnected in series. The plurality of
di odes LD3 belong to the third group, and have the sane emnission colors and
are connected in series. Then, in the first, second and third groups,
switch 5 sWvinkrelemedt QIR sw@Z:hedrcm tw aeatdacice rwihrtdlel eptical quammsinif or
exanpl e, one diode) of the plurality of Iight emtting diodes LDl, LD2,

LD3, respetion slignalante arcdtaps tededr ahkeotbltage aistordenm e ini the Eackienitdual
optical comunication signals Si, S2, 53, respectively. In addition, the
circuit confitigdrdehntod dibgppsasemid albadilienbltage eqylliddotd the BEhEi g.
23A explained in the 10 Enbodi ment 14, except for the load circuit

conpri si ngmitifhd dBaks eMdrehbdOwsihoahRseddloftthe I6R cdhat. t MRiSAResQIE, | S
referred to circuit conponents corresponding to circuit conponents of the

EnbodizmendecldasfH6o18XR) &ailiQNtd ho@dde8ds ch@IRBBy barstt of)@ledtm beh

elenents QR1, QR2, 23 are swtched on/off in 15 accordance with the
opti cal caEuy heRSh éeﬁfs%e&{é‘{ﬁéﬁé 8ng ddigeR&l i of
the plurality o%ﬁf Qﬁl %#%%ﬁ&ﬁg’%uo eg Ldi ' a?g short - 8?rcd?ted

r espect i v Atycat@sgg ﬁj‘ﬁﬁeelf’é’e(ffbg‘éﬁesggpéﬂlc@luﬂng'%%‘éh? é:g%ﬁr;m Lol cidfiig) | as

t he Enbo elver or tenper at ures

Of i ght %ﬁs ‘%ﬁz erPor %apxﬁ)ﬂfl Aruﬂlnagh'engoe{éj %ﬁ%ﬁe(i&nm{:reg (?Q'o?a&éc(}@?gee vice

three si'ghal’s*can"be rece out ‘interference
f‘ﬁ‘r’?asé’fsm% ﬁhi'@ﬁ%@ﬁf? 0 4 BRSBTS B Bt
[0189] In addltlo in. th ove: J1ent i ghe rcuit, the sev klnds of
the 38 pltarRREYAion P et Ao BS IS Gt Lre S GHTER: BhtEd or s
and are the average value becomes to be equal to a value of the load current upon
non-modulation by averaging control in the constant current feedback circuit
6.
[0184] Then, the current-limiting element 9 and the switch element Q2 are
15 added to the existing LED lighting apparatus, and thereby the illuminating
light communication function can be easily added. Then, the needed
modulated light degree can be achieved by selecting the current-limiting
element 9 having a desired characteristic,c and in other words, the
modulation light can be minutely adjusted in accordance with sensitivity of
20 the receiver 20. Thus, the most suitable optical communication can be
achieved.
[0185] In addition, in each of circuits of the above-mentioned Embodiments
14 to 16, instead of connecting the switch element Q2 in parallel to a part of

the light emitting diodes, the current-limiting element 9 may be connected in

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



81 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, 4c are connected in parallel between
outputs of the DC-DC converter 2 through the current sensing resistor 5,
and then the di odes LD1, LD2, LD3 of the series circuits 4a, 4b, 4c have
different.em ssi.on colors (for, exanple,, three kinds,of red ree bl ue),
respecti v&t }’,arﬁ‘hﬁp ttﬁeld&‘? c?d‘&gel?tﬁﬁg’é 85 Blemantc O éﬁgt b, %WgtShﬁgc?lggfﬁ i
series. In addition, like the circuit of Fig. 35A _1Q the pluralit f
light eni 2¢GoRganroRad Hryopdra)fymmpugigation Sl@inégp %{hghlﬁ&?éet ke sagh of

em ssion colors (for exanple, red), and diodes LD2 belong to _a_second group
and have the caugmptsepf dbeopmbedonsnts othesteath|airrette 6AN, banarodndatgdoties LD3
belong to a third group and have the sane emi ssion colors (for exanple,

bl ue). Thaecordancehwitth thet optded othmupaicationdsignelips, switch 15 el ements @1,
@2, 23 are connected in parallel to parts (for exanple, one diode) of the
pl ur ald t y[03B6] i Ghen.em tthiengreticotiesmbBdimei, theDpluradgpecf ilighityemitsng i n
this circuit, when the switch elenents QR1, Q2, 23 are switched on/off in
accor dancéiodes lare mait \ihdisple negphlec alA scomenbitenad esangilgnesc@renb2imBang
respectively, the parts of the plurality of light emtting diodes LDl, LD2,
LD3 20 ardesteantt9 ehayg biet @hrackd hersebigsttoeomplichal ernittinng dicalee amadthat ed,

as well as the Enbodi nent 14. Then, if a receiver 20 can identify color

t enper at uWweisclfelbinglt QBt piHyt ®d Edm@Bctd® ikl paraliet ta1ghki ghiireaommitigat i on
device 10, three kinds of signals can be received w thout interference.
Ther ef or eslege@HY, £id tharsMddtabhetihB s mBht iyt Pe ARtit@RId 6R/BFIFIGAL I ON
can increases 25 threefold in conparison with one-colored light emtting

di odqy TheR.swifch BRm&% @pesent circuit, as explained in the Enbodi nent 17,
the current-limting element 9 may be connected in series to the |ight
emtting [ghgep and the switch el ement may be connected in parallel to the
current-limting elenent 9 and the |oad current may be nodul ated by on/ of f

operatio it{gh 5 element. [01901 ( Enbodi nent 19) An
i1l um na{{%b%d]ghet%wcfo%mni cation device of Enbodinment 19 is explained with

;,Sf(fr ence to FiAgls 'ill%?n%ha%i%Bg’ lilghgS(forr?I?nﬁntigat%JnC’de'\:f% y 0§ %Em%ggimlgnf il%s is 39A to
explained with reference to Figs. 35A, 35B. Fig. 35A is a circuit diagram of
15 the present embodiment. In the illuminating light communication device
10, several kinds of light emitting diodes LD1, LD2, LD3 (for example, by
four) are connected in series between outputs of a DC-DC converter 2 (that is,
between both ends of a smoothing capacitor C1) through a current sensing
resistor 5. In addition, the three kinds of light emitting diodes LD1, LDZ2,
20 LD3 have different emission colors (for example, three kinds of red, green,
blue). The several kinds of light emitting diodes are divided into a plurality
of groups (for example, first, second and third groups) by difference in the
emission colors, and then a plurality of light emitting diodes in each group

are connected in series. That is, the plurality of diodes LD1 belong to the

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



[01911 Fig. 36Ais a circuit diagramof the present enbodinent. In the
illumnating |ight comuni cation device 10, a plurality of series circuits
4a, 4b (for exanple, two series circuits) are connected in parallel between
outputs of a DC-DC converter 2 through a current sensing resistor 5, and 15
conprise a plurality of light emtting diodes LD1, LD2 connected in series,
respectively. Then, a switch element @ is connected in series to the |ight
emtting diodes LD2 of the series circuit 4b and is switched on/off in
accordance with the optical communication signal. In addition, the circuit
conf i gur aThemplofalityeofpdiedentl.R2tbetingetn the seepral grann had bdvaihe sagw 20
expl ained in the Enbodi nent 14, except for the load circuit conprising the
| i ght em ¢hidgordicoldes diddl aré E3nndtted, int berisaneThedduralityeb€dietkst bDS r cui t
conponents corresponding to circuit conponents of the Enbodi nent 14, and

t he expl apglbh8ntd $honiHit®dEroup, and Wk92] theé Gand6Bisiveivm aokiraubadi are
circuit for inspecting an operation of the 25 circuit shown in Fig. 36A 1In

this circiyinecB SIS RedRAN dRPDEH Ehé Tt &@conﬁsﬁﬂdaﬁlii@?mf)@,cs@@wherter
2. Then, the series circuits 4a, 4b are connected in parall bet ween

out putss Oéleﬁﬁit%ﬁ?mmé Qe 20hHEQEANNIIE a8 E6 Phr&eds) BRam@®d Sy S,

and conprise el ght di odes LDl connected in series and ei ght di odes LD2

comect SublLe g SIRF A e el Uy, B0 SRl

series tot _ _ dis swt on/off wth the 'signal solrce 8
communi catichae FERicht A phAGER B rafhon il AR O Bl AN g
oo o SR S0 S0 SUITPL o haglp, M SRR RSN
and the AR BRR Y die Sa5RT Rl Seotervbaias S obtalitd 5 e 11 gn
oad 10ur rgPedimens 34 (geny T fhe 30 ShniEl enBrEin FEnet Fen 3 nsen « ne
cur' ent & pdees Bt B, o i idie e 50U (AT rEHI ¢ KO HUs GrPRRR R r ent
when'  he CSFGRRPIGEE de SUSHt pUOS BONGE aRbLIE HRPEISTGRAl Lo 40l (] (¢ he
duty cycle is 50% and the series circuit 4b conprising the diode LD2 is
i nt er m t reaplanadien it ormitdedi es circuit

[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

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



20 4a is not connected to the switch element @, and the current Ii flow ng
to the series circuit 4a becones about DC 700 [raia]. On the other hand,
the series circuit 4b is connected to the switch elenment 2, and the
current 12 flowing to the series circuit 4b becones a rectangul ar wave
current having a peak value of about 700 [mA] and a bottom value of 0 [A].
Therefore, the 25 resultant current 138%s oscillated to plus and mnus wth
oscillation of about 84 300 [mA] with reference to an average value (1
[A]). Then, Figé 37C shows_the current Ii to éﬁ whe th%~reqtan?ular wave
signal i scOurested sy seriesn t Hecanigast asothaven andiig: ppk: allypraliey ef pargso, | f
the duty cycle is set to be nore than 50% the peak value of the resultant
current 1Grewits Be, daclemsrdonmrpser 2 plukality #f disht emiting diadedlDL, ¥2e i s
set to be 50% while the average current being kept constant. [0196] By the
way, in thP3cromusdted dir Beges, BEMecB6aly, tansl mnay Ser icesne¢teduin patallebb are
connected in parallel between outputs of the DC- DC converter 2, but the
nunber of bétheeemevugsutsi bt whesDIGs Diibtconvarteed2t o Ihwohis Asirstiywthensdiiigs 38,
10 for exanple, three series circuits 4a, 4b, 4c may be connected in

par al Isel dHetwieeraoubput sirefcohhectod CpaediVer berive2n auichutsyoickepDICGSB (Bi ght
light emtting diodes LDl, LD2, LD3 connected in series, respectively. In

this circigniverte?® sinolugh Bleaii@pén{Ferising @BEIEEI1ES] Al slgsn €be HivddReLBEl | es
circuit 4c conprising the eight light emtting diodes LD3, and is swtched
on/of f i nLBS BEFPHLACEebd BirkhiRs ORL ibal4cARPRIMRAbHOBNEEERA! colors (for
example, three kinds of red, green, blue), respectively, and the diodes in each
series circuit are connected in series. In addition, like the circuit of Fig. 354,
10  the plurality of light emitting diodes LD1 belong to a first group and have
the same emission colors (for example, red), and diodes LD2 belong to a
second group and have the same emission colors (for example, green), and
the diodes LLD3 belong to a third group and have the same emission colors
(for example, blue). Then, in the first, second and third groups, switch
15 elements Q21, Q22, Q23 are connected in parallel to parts (for example, one
diode) of the plurality of light emitting diodes LD1, LD2, LD3, respectively.
Also, in this circuit, when the switch elements Q21, Q22, Q23 are switched
on/off in accordance with individual optical communication signals S1, S2, S3,
respectively, the parts of the plurality of light emitting diodes LD1, L.LD2, LD3
20 are short-circuited and thereby the optical outputs are modulated, as well as
the Embodiment 14. Then, if a receiver 20 can identify color temperatures
of light outputted from the illuminating light communication device 10, three
kinds of signals can be received without interference. Therefore, amount of

transmittable information with optical communication can increases

25  threefold in comparison with one-colored light emitting diode. Then, in the



[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 Ii to 14 when the signal source 8 is 20 stopped (the switch

element 2 is switched on), and each of the load currents IL 12, 13 is set
to be about DC 500 [mA], and the resulgant current 14 is set to be about DC
1.5 [A]. [0199] Then, Fig. 39B shows the currents Ii to 14 when the signal
source 8 outputs a rectangul ar wave signal of 10 [kHz] (the duty cycle is
509 and phesedb dwdutithaelcapbaine@Rin nherBibsdithent dii, edeccnoent-14giting
conprising the light 85 emtting diodes LD3. Here, the series circuits

4a, 4b ar eledgdntconnagtied coonddted Sw tatieckenbatliglht, eanittirgchodd atdetleair r ent
IL 12 flowing to the series circuits 4a, 4b, respectively, becones about DC

600 [ M . s¥itchge@bhemang cohh6ctedringsar@ilet Ub théd euiemtdiveshedlémehhe
swtch elenent @2, and the 5 current 13 flowing to the series circuit 4c

beconmes agrfft angy-Al cMPr‘é%t %%%t nfRAVLANG deb P Sakof¥ 8hbeatddn aPeHE KAGH DI A
and a bottomvalue of 0 [Al. erefore, the resultant current 14 is

oscil lategiohugtl us and minus with oscillation of about 300 [mA] with
reference to an average value (1.5 [AD. Then, Fig. 39C shows the currents
li to 14 [’éﬂ the rectangul ar wave signal 10 is outputted fromthe signal
source 8 an |ts duty cycle is 75% In this case, the current 13 flowing to

the serie Aggbecomes a rectangul ar wave current having a peak
val ue of gybrﬁb{)g]g%%m[ ] and a bottomvalue of O [A]. Al though the resultant

?Eééﬁgt 11§ [ D AT RUEE ”f?d”'hileé%?cfn'r\%%u%%%% ieéflﬁ%%??#ﬁﬁdﬁﬁ?% G S
h d
about 1. 6SIARE rrarh‘i?e"r%éceré o Bty St s S Do PG kDA i oo

t he peak al u t ec';:resultant current 14 can be decreased conpared with a
st at emv\/n ’ést ycle is set to be 50% while the average current bei ng

kept constant 20 0200] In addition, n,nore than t circ
conpri si n@ hb o & é Eléﬁn’écé’é‘(grﬁﬁl 5] rtQPI Rresget gocgmeﬁrh S Bf ilehe
DC-DC converter 2, the switch
illuminating light communication device 10, a plurality of series circuits 4a,
4b (for example, two series circuits) are connected in parallel between
outputs of a DC-DC converter 2 through a current sensing resistor 5, and
15  comprise a plurality of light emitting diodes LD1, LLD2 connected in series,
respectively. Then, a switch element Q2 is connected in series to the light
emitting diodes LD2 of the series circuit 4b and is switched on/off in
accordance with the optical communication signal. In addition, the circuit
configuration of the present embodiment is equal to that of Fig. 23A
20 explained in the Embodiment 14, except for the load circuit comprising the
light emitting diodes LD1, LD2. Thus, the same code is referred to circuit
components corresponding to circuit components of the Embodiment 14, and
the explanation is omitted.

[0192] Fig. 36B shows a simulation circuit for inspecting an operation of the

25  circuit shown in Fig. 36A. In this circuit, a step-down chopper circuit is



el ement 2 may be connected to a point where, except for one circuit, the
other circuits are lunped together. In this case, the swtch elenent @ is
switched on/off in accordance with the optical conmunication signal, and 25
thereby the other circuits are intermttently switched on/off and the | oad
86 current can be nodul ated. [0201] As_ expl ai ned above, in the present
enbodi nent, the plurality of |ight eni 8 | ng di odes are connected in

paral | el between outputs of the DC-DC converter 2 and the switch element @

is connected, in ri a part of, th lurality .of |.ight emttjng diodes.
Then, the% de@@ngﬁ%nﬁgdbﬁeﬁf’g?’%ﬂ%s%d ﬁ‘rb%flhet?}?r 5%?133 (Elﬁ‘gfl%? hlgg"p%lhr gf‘? ty of
light emtting dj odes connected in r.al ) reinafter, th eason i s
di scussed‘?oqr@??ﬁi I%agaﬁifamtweﬁwutws gfa%}eubg Pﬂy—‘ce%’fveff?“dqi thrAug di odes
LD1L are connected in series between outputs of. éhe Bﬁl DC converter2, and a
swit ch 10cWETreResRNSipS resiskmird anskcqmpriee paghtidedet L sanpegted 1ysrriesi t ti ng
di odes. Then, Figs. 41A_ 41B show sinulation results of the |oad current of
the circuind sightrdipdesid2 amnacted imparishovesractivaly clbeantiteh elamenn
out put voltage VI of the DG DC converter 2 when the signal source 8 is
st opped (RBas sannetted| imnsariesP the dindesHel2oand iamivitdhed emwefowithethe 17 is
about DC 500 15 [mA], and the output voltage VI is about DC 26 [V]. [0203]
On t he otdignahsndgce B eutpdtBnghbwssciatian semal bf 181§ HAeomespunding tage Vi
when the signal source 8 outputs a rectangul ar wave signal of 10
the optical communication signal.
[0193] Figs. 37A, 37B are wave form charts showing simulation results of
load currents I1, I2, I3 obtained by using the above-mentioned simulation
10 circuit. In addition, the load current I1 flows to the series circuit 4a
comprising the light emitting diodes LD1, and the load current I2 flows to
the series circuit 4b comprising the light emitting diodes LD2, and the load
current 13 is a resultant current of the load currents 11, 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, 12 is set to be
about DC 500 [mAl, and the resultant current I3 is set to be about DC 1 [A].
[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 I1 flowing to
the series circuit 4a becomes about DC 700 [mA]. On the other hand, the
series circuit 4b is connected to the switch element Q2, and the current 12
flowing to the series circuit 4b becomes a rectangular wave current having a

peak value of about 700 [mA] and a bottom value of 0 [A]l. Therefore, the

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



[kHz] (the duty cycle is 50% and the series circuit 4 conprising |ight
emtting diodes LDl is intermtted with the swtch elenment 2. In this 20
simulation result, a peak value of the current Ii is about 6.5 [A, and the
out put 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 184by averagi ng control of a constant
current. Therefore, in a case where the load current Ii is interrupted, the
25 DC-DC converter 2 outputs the highest voltage.and the above phenonmenon
is 87 caledmAdywithizsferemcede an peapgscielnadddidn ofhen, dfigt 8¢ hoWainct i on
of the output voltage V1 is added. Thus, it is necessary to avoid an

unl oaded tlenditreoh I1 Hatl3twben ¢he recteaguiai wayerspgralasyutputieduiosdthg 0204]
From such a point of view, when a plurality of circuits conprises a 5

pl ur al i t ysighal sgintceeSrahdiitgyddiyodede and5%4r. e I€ thadotedytle ipsehité ble ante only a
part of the circuits is intermttently switched on/off with a high-speed,

the | oad thud &%, the grealke valiid alfl thenpellladed cuareaitt I caeabondéceaxql ai ned
as below. That is, when the part of the circuits is switched off, a |oad of

t he DG DGappy@/d @itk 4 stardudrgde #hed dubgreyicle iheet ansban0% uwhelat tlgont r ol
of the 10 DC-DC converter 2 is nornmally perforned, a feedback control

shoul d beypauberciBtbitbhasskept 06h&a%e. the | oad current flowing to the |ight
emtting di odes. However, when the part of the circuits is switched on/off

Wi th a highosPesthheSHE] iASheQiddaiizl of Begaben Cf6B et Plerddbivbhies 441 can
not be obtained’by the PI control of t ﬁe constant current feedback circuit
6. As a rgsuld cohticted in parallel between outputs of the DC-DC converter 2, but

‘ the number of the series circuits is not limited to two. As shown in Fig. 38,

10 for example, three series circuits 4a, 4b, 4c may be connected in parallel
between outputs of the DC-DC converter 2, and may comprise eight light
emitting diodes LD1, LD2, LD3 connected in series, respectively. In this
circuit, the switch element Q2 is connected in series to the series circuit 4c
comprising the eight light emitting diodes LD3, and is switched on/off in

15 accordance with the optical communication signal.

[0197] Here, Figs. 39A to 39C are wave form charts showing simulation
results of load currents I1, I2, I3 flowing to the series circuits 4a, 4b, 4c,
respectively, and the resultant current 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, 13 is set to be about DC 500 [mAl, and the resultant current 14 is set to
be about. DC 1.5 [A].

[0199] Then, Fig. 39B shows the currents I1 to I4 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



15 load current |i decreases and the output voltage V1 increases. Next,
when the switch element 2 is switched on, the | oad current increases by

i ncrease of the output voltage V1 during the above-nentioned of f-period of
the part of the circuits. However, when a time axis is extended, the
averagi ng control of the constant current is perforned and the average

val ue of the load 20 current is contro?®ed to be a predeterm ned current
value (a target value). [0205] In this way, when the switch elenent @ is

switched on/Qff wt Loh frequency .of about 10 [.kHz] and thereby. the
art of 1B diodes LDBOr FEa T AlriBh SRREM ARk ML GRE B SRR et an
current feedback, circuit does not function d t e .hi gh frequency
donai n. switch QISEJ(?HELFS?E?WS ?@Chs‘)fu e??ﬁrﬁgg‘iby?%ﬁgwlpﬁgﬁoeg?es%ﬁs
decrease of the numher of the light 88 emttjng di ode and the | pad
Curront CBRCWHES g bt edPactivelve Rppumes ;ﬂi}ﬂ“ﬁ hbgpégg. gﬁ'gr]ar e&Br ghe johene
illumnating |ight conmunication device, a circuit_added for conmunication
has a si npded.corr peieacitstit Bats sanpeetedt toethe pyRichcelemantt @2 wing the

nodul ated in accordance with an optical conmunication 5 signal having a

hi gh for equumeyt IBnfladding i ton the heeridd giricndt dagbedogirs compeiingalanrwalesi ce
havi ng | ow power | oss can be provided. [02061 In addition, in the present
enbodi menturrent havirg a peekseduy dfetoud G810umAl apdod boitym valie of AgAdi odes
are connected in series. For exanple, each of a plurality of circuits may
conpri se Bherefoightthentdsultntdcadent aidd i4 ecilitpd woaplusy anfd aiincsi withmay be
connected in parallel, and the switch elenent 2 nay be connected in series

to one ofosclitatidrt ofiabsut [I0RO0 kAl Bnvhdidferinca0o an averagdvalhé iisndaj)ng
| i ght communi cation device of Enbodi ment 20 is explained with reference to

Fig. 42. TRD81isFBIC.dhdwisSthr @irrentd I 10ty wiehheactddgiithfatavegsibhaht

communi cation device 10 of the present enbodinent. In the device 10, a

pl urabi t Yis Qhits&ftb8From the signal source 8 and its duty cycle is 75%. In this case,
the current 13 flowing to the series circuit 4c becomes a rectangular wave
current having a peak value of about 550 [mA] and a bottom value of 0 [A].
Although the resultant current 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 I4 is also
inhibited to about 1.65 [A]. In this way, if the duty cycle is set to be more
than 50%, the peak value of the resultant current 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 parallel between outputs of the DC-DC converter 2, the switch
element Q2 may be connected to a point where, except for one circuit, the
other circuits are lumped together. In this case, the switch element Q2 is

switched on/off in accordance with the optical communication signal, and

25  thereby the other circuits are intermittently switched on/off and the load



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 conprise several kinds (for exanple, three kinds) of |ight
emtting diodes LDl, LD2, LD3 having different em ssion colors,
respectively, and three light emtting diodes in each series circuit are
connected in series. Then, switch elengnts Q1, QR2, 23 are connected in
series to the series circuits 4a, 4b, 4c, respectively, and are sw tched
on/off in accordance with individual optical 25 conmmunication signals Si,
S2, 53, respentcaebyg. mitieldedt ch el ements @1, 89 @2, @3 are controlled
not to be swtched off at the sane tinme. In addition, the circuit

conf i gur at(20n] oAs tkplained abbve ninodienmrtenisemdodiment, tthatplafalkiygof Bt
expl ained in the Enbodi nent 14, except for the load circuit conprising the

li ght eni émiittthgidostkss bR cohPécteDh phhaiBel bbwvsaiuepdss of thef BO-BE to 5
circuit conponents corresponding to circuit conponents of the Enbodi nent

14, and thmwe¥RiranahiQRel switkh bidfent §92292nhBctbRaneefan £phedbnan . when

the switch elenents Q1, @QR2, 23 are switched on/off in accordance with

the opfi Cﬁﬂurﬁﬁ%f‘ﬂ%ﬁ%'e@&t&h%gﬂoﬁe@ , Thén, % {)f‘@s%ﬁ%céﬂlﬂ&hheﬁth% bhadhi

emtting diodes LD1,” L] 32 are interm - ttently swtched on/off and

thereby the {Q@%glﬁs@w;m upaaleyogphghﬁg @ﬁngf'dlbd?s; abf€oRAR0MRA in

Enbodi ment mvm M| r tenperatures of

l'i ght out a‘ilatll%? fem %xg?te'rlﬂh‘é”} %hq% s'tcguﬂé gommuni cation device 10, three

ki nds of ‘signal’s c¢an be recel ve erference. Thus, anount of

transm ”[%Ebﬁl IA‘S %flg\%tnl 2 Pt gt DLOOpt I uralﬁ?rng?"ﬂgﬁ\? teﬁ@t1%§“d1odes 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 intermitted with the switch element Q2. In this
20 simulation result, a peak value of the current I1 is about 6.5 [A], 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 I1 is interrupted, the

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



15 increase threefold in conparison with one-colored light emtting diode.
In addition, in this case, it is necessary that the switch el enents @1,
@2, 23 are controlled so that all series circuit 4a, 4b, 4c are not
switched off at the sane tine and so that unl oaded condition is not
generated. [02101 In addition, in the present enbodinent, it is not
necessary that three 20 light enitting8diodes in each series circuit are
connected in series, and as an extrene exanple, each series circuit my
conprise one |light emttjng diode. [02111 (Enbodi ment .21) ) An

i 11 uni nat faRpad gmthé%nwh%ﬁéaﬁ if@ﬁ@%i’éifi cEronsp, GPFRIRELION funchignegh kb ned
with reference to Figs. 43A to 43D. In the above-nentioned 90 illum nating
| i ght conpimudavelsreal &l de added. svlihush 1b1iemenesepy o cywid e diilnaged al | el
or in series tothe light emtting diode, and is switched on/off in

accor danceonditinntthat ope lowl cicomtus compiletelsingaatuptedd t her eby the | oad
current is nodul ated and the optical output can be nodul ated. Thus, it is 5
t hought t 0041 hEremiswwh 2 Ipenkindf @w,swhdded plurality efxdistuitg chBDrideghd
apparatus and thereby the optical conmunication function can be easily
added.s | nplagdlity of ligharemthiizigy diddesi sndl@se rcahhectelain pacalleluandforlyld ghti ng
is electrically insulated froma circuit for generating the optical

conmuni capa@nofSitgnaireuitd iy 0Rbednibichtlyt 3hitched dai/6ffurithdk agghwpbed, e

illum nating |ight comunication device which is provided by addition of a
conmmuni cabh@ncudéht 8P chd bOeuepabsy im@ddlagdd, apPahateasdAs dxplagddtaon, the
same code is referred to circuit conponents corresponding to circuit .
conponentisu]ofy. t Mhak ik UiHRA {phHIBE tieO I DIts Ak Qritdedd 6ff, KOloaloynthd Fi g.
23A, and the explanation is 15 omtted. [02131 The |ight apparatus 10A
conpri sespa. J5eneGhPler Gk Jeﬂu‘é'F&,CQn& Pﬁ%&%@ﬂémo%EéM‘chht 20nird] 6PFHIECT ed,
and then the connector CNl is [ocated between outputs of a DC DC converter
2. Then, rali t ght it i Ldes, iy I

di odrelg) a]?gq%gngéeﬁc‘%e\e%&lf r%l %%P)loé‘g{%%{ :ﬁ%gfr?q?%e?% conk%{e% Sgﬁ%ﬁ? Sgrr?alﬁ(glrfgeout put
of a high-velt ide, of th ny . ' i ah- age
side of &% r%'g?%fﬁé %Saﬁ%é?%rggsg%‘%q?%gn?lﬁgggﬁrfﬁ (ﬁbgg@ng}?ené%rhgsﬁqgf%g i's
connected,.i n series between {,he can tor. CN1 .and . ut put. of. . a ..

ow vol ¢ dBees qd 6T evie SR BAYARALE Srptinde rar e Giblarihgebiste of
E“h :gfggqoé?)le?tﬂ,e&g&a aﬁcﬁllﬁﬁggﬁl%ha ?&%1115 %%Jc'ﬂ& exEllro 'arﬁ%ﬁﬁ%g WP e %%%%Bfolb%aﬁllerdc uit

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 [kHzl and thereby the part of the circuits is
switched off, the feedback control of the constant current feedback circuit 6
does not function due to the high frequency domain. Thus, the load current

25 is determined by only increase and decrease of the number of the light



91 30. This conmmunication unit 30 conprises a connector CN2 detachably
connected to the connector CN1. Then, the current-limting elenent 9,
expl ained in the Enbodi nent 17, and the switch elenent (2 are connected in
paral |l el between termnals of the connector CN2. In this comunication 5
unit 30, the switch element Q2 is switched on/off in accordance with the
optical conmmunication signal Si inputtggl froman external conmunication
circuit 40 to an input termnal ti. Then, the comrunication circuit 40 is
electrically insulated fromthe Iight apparatus 10A through a transforner
Ti built emigingdicclesnamdche ileard cwirenBoan be mpdulated ehangixteemely-high C f or
timer 10 31 (for exanple, L1VIC555 of National Sem conductor Corp.),
resi st or ssjiRet, Rldrefind, in chpadiumina@hg logristom muescadmradewiosbea circuit
mul ti-vibrator. The astable nmulti-vibrator oscillates with a frequency (for
exanpl e, 4ddéddr) cdieimithication has a simple configuration, but an outputted light
can be faithfully modulated in accordance with an optical communication
5 signal having a high frequency. In addition, the illuminating light 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 light communication
device 10 of the present embodiment. In the device 10, a plurality of series
circuits 4a, 4b, 4c are connected in parallel between outputs of a DC-DC
converter 2 through a current sensing resistor 5. The series circuits 4a, 4b,
20  4c comprise several kinds (for example, three kinds) of light emitting diodes
LD1, LD2, LD3 having different emission colors, respectively, and three light
emitting diodes in each series circuit are connected in series. Then, switch
elements Q21, Q22, Q23 are connected in series to the series circuits 4a, 4b,

4c, respectively, and are switched on/off in accordance with individual optical

25 communication signals S1, S2, S3, respectively. The switch elements Q21,



hi gher enough than a frequency of the optical comunication signal Si. An
output signal fromthe IC for tinmer 31 is inputted to one input termnal of
an 15 AND gate I Cl. The optical conmunication signal Si is inputted to the
other input termnal of the AND gate I Cl, and then a | ogical sum of the
optical communication signal Si and the output signal fromthe IC for tiner
3l is inputted to a buffer 1C2, and t héh a primary w ndi ng of the
insulating transformer Ti is excited through a coupling capacitor Cl1.

Then, a cali 0 frequency of, 1. [ MHz] i uhated with the opti.ca

conmuni caézgn%%ﬁ’l Coﬁgr@?e%r}%t T%?—éf@%hﬁaf)ﬁ%%e SCRE GHOS eﬁ%gﬁgiﬁl%l t age
Is evoked .in a secondary w ndi of the insulating .transtaorner Ti,..and is
rectifi edt}éf’nﬁlrgﬂ’tﬁo‘i%g%‘%§tlan\f3{] ggr%abﬁﬁb RieRt G&Wﬂﬁﬁpﬁﬁéﬂfn‘e}gdi odes
D11, D12 and capacitors _Cl2, Cl3. The power of a,byffer . IC3 for driving a
gate of t%%g %ﬁeéllén@mE@’oﬁSmP§tg}ég§¥%ﬁI@ Owhaﬂ%@tcbr&ﬂuma@maa@l%g ? he

vol tage double rectifier circuit. The _
the light emitting diodes LLD1, LD2, LD3. Thus, the same code is referred to

5 circuit components corresponding to circuit components of the Embodiment
14, and the explanation is omitted.
[0209] In the present embodiment, when the switch elements Q21, Q22, Q23
are switched on/off in accordance with the optical communication signals S1,
S2, S3, 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 without interference. Thus,
amount of transmittable information with optical communication can
15 increase threefold in comparison with one-colored light emitting diode. In
addition, in this case, it is necessary that the switch elements Q21, Q22, Q23
are controlled so that all series circuit 4a, 4b, 4¢ are not switched off at the
same time and so that unloaded condition is not generated.
[0210] In addition, in the present embodiment, it is not necessary that three
20 light emitting diodes in each series circuit are connected in series, and as an

extreme example, each series circuit may comprise one light emitting diode.

[0211]
(Embodiment 21)

An illuminating light communication device of Embodiment 21 is

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



92 voltage evoked in the secondary wi nding of the insulating transforner
Ti is divided and shaped in resistors R13, 1114 and a capacitor Cl4, and
then is inputted to the buffer 103. The frequency conponent of 1 [MHz] is
removed by this waveform shaping and thereby the optical comunication
signal Si is reproduced. Then, the gate of the switch elenment 2, being a
power MOSFET, is driven. In addition, 9@ is also thought that the
insulating transformer Ti is driven by only the optical comrunication
signal Si _and the switch elenent 2 is directly driven by the output of the
i nsul at i ndlumanaging heht THmmuynichtign slegice, thesvaiemelemant G ismonmggtedqui res
upsi zing 10 of the insulating transfornmer Ti and a device to obtain a drive
wavef or mishpatalied drairt bdnids to thddighpteansdtingodnode, aad ilosvwatgreal osioff 10215]

By the way, in the above-nentioned circuit, the comunication unit 30 is
appl i ed taccoh@amder eith thieowptical FommABidatibn signhl,ashd theeebpnthenileadati on
unit 30 may be applied to the illumnating |ight comuni cation 15 devices

in the abaueenEl hiviedatoibead thBtdptichl batpdt cam beumbdalatede, Tanss, of is
current-limting elements 9 shown in Figs 33B to 33D may be built into the

comuni catHodgh¥Nitat3the aRdtdhelansne®? lik ridddid t6! theeskistingal.HI® kehnect ed
in parallel to the switch element 2. Al so, the comrunication unit 30 of

the presefl, f50QdI RN EhERYYPEhERR:IRY dothhBRidationTiraattiong dadhb Sdkily
comruni cation devices of the Enbodi nents 19, 20, and in this case, it is

not necesgffoy. t at a&@%%sgerf?g%tff%ﬂyﬂg %gﬁaeﬁkgm%néha% h TifRRNESE BdhikihPR al | el

to the swtch el enen 6 his way, the current-limting el enent

oS ST B U o B OO ARl ThED,
connect ors§g1%\ﬂ and CN2 of 93 nechanismel enents for connection
10 [0212] Fig. 43Ais a circuit diagram for an illuminating light communication
device which is provided by addition of a communication unit 30 to the
existing light apparatus 10A. In addition, the same code is referred to
circuit components corresponding to circuit components of the illuminating
light communication device 10 shown in Fig. 23A, and the explanation is
15  omitted.
[0213] The light apparatus 10A comprises a connector CN1 to which the
communication unit 30 is connected, and then the connector CN1 is located
between outputs of a DC-DC converter 2. Then, a plurality of light emitting
diodes LD1 (for example, four diodes) are connected in series between the
20 connector CN1 and an output of a high-voltage side of the DC-DC converter 2
(that is, a high-voltage side of a smoothing capacitor C1). Then, a current
sensing resistor 5 is connected in series between the connector CN1 and an
output of a low-voltage side of the DC-DC converter 2 (that is, a low-voltage
side of the smoothing capacitor C1).

25 [0214] Fig. 43B shows a specific circuit diagram of the communication unit



[0217] Thereby, when the optical communication function is added to the
existing light apparatus 10A wi thout the optical comunication function, it
is not necessary to add something special to the existing |ight apparatus
10A, 5 except for installation of the connector CNl1. [02181 Then, the
switch elenent 2 is electrically insulated fromthe comunication circuit
40 generating the optical comunicatiofl signal Si through the insulating
transforner Ti, and thereby the insulation between the comrunication

circuit 40 ang the |ight. apparatus_10A can be secured. 1 n.addition, the
power forgﬁri&%HbCP Wi 3WneP8Hé§b %EnPQS%%6bPP%H&%PBHS§%%dE Xation
circuit 40 through the insulating transforner Ti, being.the insulation.
Thus, it ¢annpste é@efslseaﬂynpectadggdﬂet%% dhes cugrentsligitiag ele@epings f or
driving the switch elenment 2 is located in the existing |ight apparatus
10A. 15 [oglgjnadimie Himhodiment ¥Brhbhe safnmhq@henwmcaﬁtawmm@t@i t he
comuni - cation unit 30, and the circuit is configured to comunicate the
optical cionpardltdthetwesn geahimgils iofipue tedndatormCha oln shigeconmmunacatiomput
termnal of a gate element 1C3 with a photocoupler PCl, and to drive the
swi t cls el enign30,Chanistviitdbhelegadret @2eneptvitcGdd d/bffouglccordamics withctihd , it
is necessary to 20 receive the power for driving the gate elenent 1C3 and

t he phot ogstig] edonBGlinfi¢aaion bRaC-FICimounted tteom2an extdiamali @i mappeatadnis, the
circuit configuration of the comunication unit 30 can be sinplified

conpar ed sikddit Uets ahCiiputCieRinigal 1.1 Ohshovie commhgnicd8Bn dikewmit 40 §s 43D
shows yet another circuit exanple of the conmmunication unit 30. The circuit
is configue@gidally insulated from the light apparatus 10A through a transformer T1
built into the communication unit 30. In the present circuit, an IC for timer
10 31 (for example, LMC555 of National Semiconductor Corp.), resistors R11,
R12, and a capacitor C10 constitutes an astable multi-vibrator. The astable
multi-vibrator oscillates with a frequency (for example, 1 [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 signal S1
of 9.6 [kHzl, 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



25 communi cate the optical conmunication signal Si into an input term nal
of 94 a gate elenent I1C3 with a pulse transforner T2, and to drive the
switch elenent 2. Also, in this circuit, the circuit configuration of the
comuni cation unit 30 can be sinplified. [0220] In addition, in each of the
above-nenti oned enbodi nents, a light emtting diode is used as a |ight
source, but instead of the light enmtt9ng di ode, an organic
el ectrol um nescence (an organic light emtting diode) nay be used. [0221]
Al t hough the present invention has been described with reference to certain
pr ef er r edvelthgelemelidin buerseauslany di iniding o6 tke amsilatingaraoaforoer Toive made
by those skilled in the art without departing fromthe true spirit and
scope of thiided mndnshaped nanediytork &R 185. R195n0LAlckBacitor Ahl4, |dndrilnen iing
l'i ght communi cation device, conprising: a constant current source; a
snoot hi ngirgiutesd to tigd baffephOBCct FthedineQuirpytconfpdreat obisiMHlz] curemated
Ssour ce;
by this waveform shaping and thereby the optical communication signal S1
5 is reproduced. Then, the gate of the switch element Q2, being a power
MOSFET, is driven. In addition, it is also thought that the insulating
transformer 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 is 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 is not
necessary that the current-limiting element 9 is connected in parallel to the
switch element Q2.
[0216] In this way, the current-limiting element 9 and the switch element

Q2 are built into the communication unit 30. Then, the communication unit

25 30 is connected to the load circuit 4 through the connectors CN1 and CN2 of



a load circuit conprising a light emtting di ode and bei ng connected to the
out put of the constant current source; a |oad change elenent; and a switch

el enent, 10 characterized in that: t he | oad change el enent is
configured to partially change |oad characteristic of the load circuit when
bei ng added to the load circuit, wherein the switch elenent is

configured to deternine whether or not9%the | oad change el enent is added to
t he | oad circuit in accordance with a 15 binary optical comunication

si gha The urri tin ht comruni cati on device as clained in

cl ai m 1, W& %’P]ﬁnﬂﬁ nfg’ﬁélﬂ ’@e@?%’nent is a resi ster which is connect ed
In series ta | tlng di ode 20Wner he switch el enent

connect ed[q?ﬂrﬁ)hﬁ]a?lleg the optica Fommumé?a h}r}qtm n%lafiﬁﬁ I ogﬁ}ge
conmuni cat i on device as clalned in cla rein the | oad, change el ement
conpr i sesedsEBAdight arRATehRe 1@1ArYYEﬁhl0ut ‘the 0P§€é‘f commupication neon. 4t | east

a constant voltage el enent connected in 25 series to the light emtting
di ode, whHermsitmechesagwito elddejospething spedahtctheriiptipglightapnegatne 188nst ant
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



96 voltage circuit section. 4. The illum nating |ight comunication
device as clained in any one of clains 1-3, 5wherein the load circuit
conprises a plurality of load circuits, the plurality of load circuits
bei ng connected in parallel between outputs of the constant current source,
wherein at | east one of the plurality of load circuits is provided with the
| oad change el enent and the switch el epent. 10 5. The illum nating

| i ght communi cation device as clainmed in claim4, wherei n each of
the plurality of load circuits conprises the switch elenent and the |ight
enitting digate ¢tlaviemg ECHiwitkrapulsrissisdormer di2, i te abpec the sveidel | oad
circuit. 15 6. The illum nating light conmunication device as clained in
claiml1, ehkaienQZhe Alsadircthizucircuwionphie sasuitheorfigyatom of the cdivode-
conpri- sing a plurality of light emtting diodes which are connected in
seri es, whémeion tine ¥edriche elrephfiedi s connected in parallel to a part of
the 20 plurality of light emtting diodes. 7. The illumnating |ight
conmmuni cafg22n] dBy iadditen ClidicieH ofhtled albdvd-mentioned embodiments, a light

5 emitting diode is used as a light source, but instead of the light emitting
diode, an organic electroluminescence (an organic light emitting diode) may

be used.

[0221] Although the present invention has been described with reference to
certain preferred embodiments, numerous modifications and variations can
10  be made by those skilled in the art without departing from the true spirit

and scope of this invention, namely claims.



wherein the load circuit conprises a plurality of load circuits, the
plurality of load circuits being connected in parallel between outputs of

the 25 constant current source, 97 wherein each of the plurality
of load circuits conprises the light emtting diode conprising a plurality
of light emtting diodes which are conpected in series, wherein the
light emtting diode has a different i ssion color with respect to each

| oad circuit, wherein the switch el elmAIMS h each of the plurality of |oad
circuits is connected in parallel to a part of the plurality of Iight

em tting di odes; Ay illuminatin@lighf@otinh #AicABoh b viddgRbnRETHB Cation device
as clainmed in claiml1l, 10 wherein the load circuit conprises a plurality of

| oad circuits, t&?lsyg W bkt Qb ytRad circuits being connected in parallel
bet ween outputs of the constant current source, wherein the switch

el enent is conne j. i t. re i j t
except for onen‘j‘lSg}ég&élllﬁgEﬁcpﬁztfelgﬁggﬁ{l%%ﬁ%nf%¥) %lqgghﬁgyélté%ﬁap gtcu% erein
t he Iﬁad charge elenent is the one or nore load circuits to which the
switch el"®NEMY is connected in series. 9. The illuminating |ight

icati devi .as .cl ai med.i .0f clal 1.8, .furth
Compri i ng & dd RGN PORPERTS colehanguunt SR Fa ek ORRERisdor 1 ne

optical co ni cati opn signal .
P to Qﬂ‘é output ot the cgonstant current source;

a load change element; and
a switch element,
10  characterized in that:
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

15  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,

20 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

25 series to the light emitting diode,

wherein the switch element is connected in parallel to the constant



10. The illum nating |ight comunication device as clainmed in any one of
clainms 1-9, wherein the constant current source conprises a
constant current 25 feedback system which conprises a converter generating
a DC output, a 98 current sensing unit generating a voltage drop
depending on a load current flowing to the load circuit, a difference
anplifying unit, and a controller, 96 wherein the difference
anplifying unit anplifies a difference between the voltage drop generated
in the current sensjng unit and a predetermined 5 reference voltage,
wher ei n t Kelt88HEFEMSeClBRt rol s an output of the converter so that an
average value of the |l oad current becones generally constant in accordance
with an output of the difference anplifying unit 11. The
illumnating |ight comunication device as clainmed in claim 10,

wher ei n t he conédtBhe ilkumieating dight sernmysicationsdgyies aselpimedinaphere
conpensation circuit including an integral elenent, and adjusting a phase
of the oubpelbims ItBe difference anplifying unit. 15 12. The
illumnating |light conmunication device as clainmed in any one of clains
1-11, Hurther cehprédisitlp abrirnitcedmprisasia plurality of loadhewreuitsatlsé gnal
generation circuit for generating the optical comunication signal, the

| oad changhliralieyrefiioadbitctitte ihg chbnrtasdnn pa@lR0 beowsend dutpiiteofitiease of
t he conmuni cation unit, wherein the comruni cation unit is connected
to the | ogghsthficemirehbeougd, a mechani sm el ement for connecti on.

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

the load change element and the switch element.

10
5. The illuminating light communication device as claimed in claim 4,
wherein each of the plurality of load circuits comprises the switch
element and the light emitting diode having a different emission color with
respect to each load circuit.
15

6. The illuminating light communication device as claimed in claim 1,

wherein the load circuit comprises the light emitting diode compri-
sing a plurality of light emitting diodes which are connected in series,

wherein the switch element is connected in parallel to a part of the

20  plurality of light emitting diodes.

7. The illuminating light communication device as claimed in claim 1,
wherein the load circuit comprises a plurality of load circuits, the
plurality of load circuits being connected in parallel between outputs of the

25  constant current source,



13. The illum nating |ight comunication device as clainmed in any 99 the
swtch elenent fromthe signal generation circuit, for generating the

opti cal commrunication signal. 14. The illum nating |ight

conmruni cation device as clainmed in claimb513, wherein the optical
communi cation signal conprises several,ﬁifferent ki nds of opti cal

communi cation signals, and is divided to a plurality of signal groups by
difference in signals, wherein the insulation conprises a plurality of

i nsul ati ons, wher @i net i.teh e t 4 C . hy. t he
plurality of si‘a}nl%ﬁ"euglr%%cgls ,O f tﬁl‘% 8 mra{%ﬁ r(lef?%g%gagﬁﬁgiftgt%§§f1ﬁ€%ﬁ§§ yh%‘t
insulations.is located to el.ectrigally insylate the.signal, generation
circut PRI A Camariiag s plaratty of diche emitity Hhades ich are
comuni cation device as clainmed in any one of clains 1-14, further

conpri si nignnected in serigsyrrj er wave generation unit generating a carrier
wave, which is set so as tq have a higher frequepcy than the optical

communi cat i on sYhersin thadigheempiping dicde haga ‘533 EeRhATHEsIgB Rl Wath r om

t he optical conmmuni- 20 _cation signal; a nodul ati on unit nodul ating
t he ofti cspednmaicbdphdfizsiugihal with the carrier wave; an

i nsul ati ng transforner being connected between the nodul ation unit and the
swit ch el enent :whenrgin the switch element in each of the plurality of load circuits is

connected in parallel to a part of the plurality of light emitting diodes.

8. The illuminating light communication device as claimed in claim 1,
10 wherein the load circuit comprises a plurality of load circuits, the
plurality of load circuits being connected in parallel between outputs of the
constant current source, |
wherein the switch element is connected in series to one or more load
circuits, at least except for one load circuit, of the plurality of load circuits,
15 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

20  duty ratio of the optical communication signal.

10. The illuminating light communication device as claimed in any
one of claims 1-9,
wherein the constant current source comprises a constant current

25 feedback system, which comprises a converter generating a DC output, a



25a denodul ation unit outputting a signal, obtained by renoving the 100
carrier wave froman output of the insulating transfornmer, into the switch
el enent . 16. The illum nating |ight comrunication device as
claimed in any 5 one of clainms 1-15, wherein the light emtting diode is an

organic light emtting diode.
98

current sensing unit genera;cing a voltage drop depending on a load current

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

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

5 reference voltage,

wherein the controller controls an output of the converter so that an
average value of the load current becomes generally constant in accordance

with an output of the difference amplifying unit.

10 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.

15

12. The illuminating light communication device as claimed in any
one of claims 1-11, further comprising a communication unit,

wherein a signal generation circuit for generating the optical
communication signal, the load change element, and the switch element are

20  housed inside a case of the communication unit,

wherein the communication unit is connected to the load circuit

through a mechanism element for connection.

13. The illuminating light communication device as claimed in any

25  one of claims 1-12, further comprising an insulation, electrically insulating



10

15

20

25

99

the switch element from the signal generation circuit, for generating the

optical communication signal.

14. The illuminating light communication device as claimed in claim
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 device as claimed in any
one of claims 1-14, further comprising:

a carrier wave generation unit generating a carrier wave, which is
set 8o 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



100

carrier wave from an output of the insulating transformer, into the switch

element.

16. The illuminating light communication device as claimed in any
5 one of claims 1-15,

wherein the light emitting diode is an organic light emitting diode.



