7 August 2003 | | NFRARED REPEATER The present invention relates to an
infrared repeater, and nore specifically an infrared refeRigust 2¢03ch
remai'ns 5 operative in the presence of interference caused by conpact
fluorescent lights. Current wireless renote control units for consumer

el ectroni ¢ equi pnment, such as television receivers, video cassette
recorders, and cable or satellite receiver boxes, operate by 10
transmtting an infrared (IR) |ight §ignal, representing a coded signa
nodul ated on a nodul ating sig fromth pte control unit to the
consuner el ectronic equi pnent. FEdRaEac | i ght signal is received
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decoded, and the ap ri 5. action taken. IR remote cqontrol units are
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whi ch is i3t mopadsRecifichllye apednfraved heepertarn grhichememainsi by the renote
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to the cogﬂand. In additiion, R renmpte control units 20 have a limted
oper at i onal"UPERGENt WHiBES-i s sufficient for use within a room but not

sufficient for use b@uwean wimless GemicBt LyntrodVaNRAE , fHORHMTBME! ect roni ¢

equi prent | ! l.aced .inside of pieces of furniture, such hone
entertai eI SRR o BooPleViin EscatiPls: “¥iad disfin, 2e
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room but STl B prestvet by & i Jepeivesi W she (eRRSUAST i n a bedr oom

The IR |i gHectrohiguequizondnt, demodulated, decoded, and the appropriate

15 action taken. IR remote control units are line-of-sight devices,
meaning that any consumer electronic equipment which is in a
shadow with respect to the IR light generated by the remote
control unit will not be able to receive the IR light signal and
respond to the command. In addition, IR remote control units

20 have a limited operational range, which is sufficient for use within
a room, but not sufficient for use between rooms.

Currently, however, consumer electronic equipment is
being placed inside of pieces of furniture, such as home
entertainment units, behind solid doors. For example, a television,

235 cable box, satellite receiver, etc., may be placed in a home
entertainment unit in such a manner that, though the television
receiver is visible to the viewer, the cable box, satellite receiver
and VCR are placed behind solid doors. In addition, consumer
electronic equipment is being distributed among different rooms

30 in a home. For example, a satellite receiver might be located next
to one television receiver in a family room, but may also coupled
to a second television receiver in a bedroom. The IR light ‘




2 generated by renote control units cannot penetrate through solid doors
or pass fromroomto room so the hidden or renotely | oClAglse2@i3pnent my
not be controlled. To provide the capability of controlling consumer 5

el ectroni c equi pnent within cabinets or in different roons of a hone, IR
repeaters have been devel oped. An IR repeater includes an IR receiver
section |located where it can receive the coded nodulated IR signal
generated by the renote control unit. For exanple, it may be | ocated on
the outside of an entertainment 10 unit or in the roomin which the renote
control unit is being used. The IR rkceiver section is connected to an IR
transmtt egesemtédnby | n@mbmﬂ odrErel tmﬁts:czrmmmr 6h@l@hf60rthi‘30|§5ghli faTEAMt  Whi ch
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135 electronic equipment is located. The IR transmitter section
includes an IR light emitter which is placed so that the emitted IR
light impinges on the IR receiver in the consumer electronic
equipment to be controlled. More specifically, the IR light emitter
is usually placed directly adjacent to the IR receiver in the

20 consumer electronic equipment. The IR receiver section of the IR
repeater detects the coded IR light signals produced by the
remote conirol unit and transmits them to the IR transmitter
section, usually via a wire. The IR transmitter section generates
an IR light signal which is identical to the IR light signal received

25 by the IR receiver section. The consumer electronic equipment
receives this IR light signal from the IR transmitter section, and
performs the desired function.

Different manufacturers of consumer electronic

equipment use different modulating frequencies for modulating

30 the coded control signal onto the IR light signal. In order for IR
repeaters to work with the respective manufacturers’ modulation
frequencies, IR repeaters use an IR detector in the IR receiver
section which has a relatively wideband frequency response

characteristic. That is, it will detect modulated IR light signals for
35



characteristic. That is, it will detect nodulated IR light signals for 35
-7 August 2003 3 which the nodul ati ng frequency can var y7 Awesst 200! ati vel y
wi de range of frequencies. For exanple, IR repeaters can generally detect
IR I'ight signals which are nodul ated at any nodul ating frequency from
about 20 kilohertz (kHz) to 100 kHz. Any 5 nodulated IR signal in this
frequency range 'May. be detected by the IR receiver, and when detected, an
IR signal mmcking the received signal is generated at the IR
transmtter. Recently fluorescent lights having electronic ballast, terned
conpact fluorescent lights (CFLs), have been devel oped as 10 a repl acenent

for incandeddeht the ghodulatifigs fusqudrrss canengyy t sy ianqgmia@q?nwiugght s, and

have beco r tr n.....Ho er, CFLs produce | i ght which
has char a(r:Tt‘13 aeﬁ%gﬁfggmf&% %HF%%' tlg&ts%&?glpol?yﬁ#e TEBHIS S ﬁeé'ﬁraﬁh’l i ght
signal s prgatscédfylighemigralsomivioh anei msodilated ias, anpemmidadatingi ¢ bal | ast
in a CFL céugeendd frbm falﬂéggequﬂ}oﬂdfpze (@ezzrﬁ)dq%. kﬁinl gmlp{si gnal s whi ch

appear tgQ bhe dul at.ed. by .a, nodul at i ng uency . in e range of 20 to 100
kHz, andgsﬁkqvq'ﬂg@gll ﬁ@‘ ﬁ&gélf F%q‘gé?]cftye%e‘l?d’odﬂﬂg% may. bendgtreited oy the IR

li ght prodteedRoye¥iverhaadawhcnt desdctad,f an meﬁtg%ltrhmicﬁihgt tlgf oduced by

over pover o 1 Re S8 Bnab by pebBBE 44 30 OF RARSBGBucLa by a rembte
control unit. BecaysBe@Qnﬂyn_ﬂumﬁsmewghts lving ehectidhisi patlast,ecei ved by
1?&32&2&@?5;%5%%‘&%%5‘5%&{ BRRRUCRID, SRR belh JeBbEIEY M Tr 25
repeat et V¥ ftTIPIACEMERt fonacandescenh lightspr dsBhe cusst loys energy thepeat ers
have seri oirdapddeggmadeighps’ hadmhace Becemen pBPaRITE fof OfHAk eilsyni Noperati ve.
caused by PRIReR, &Ly PR RS TRANSRE Bhiy Bas: ehctagreryiee simhar
repr esent.i Hy thos®ddd the diddede snaxiiated IR dightt §igoalsa produced by
remote control units. That is, the electronic ballast in a CFL causes
15 the fluorescent tube to produce IR light signals which appear to be
modulated by a modulating frequency in the range of 20 to 100
kHz, and specifically by a frequency of about 56 kHz. In addition,
the IR light produced by CFLs has an intensity far greater than
that produced by remote control units. Thus, the IR light
20 produced by a CFL completely overpowers the coded modulated
IR light signal produced by a remote control unit. Because current
IR repeaters mimic the IR signal received by its receiving section,
any interference from nearby CFLs picked up by the IR repeater
is also mimicked in the IR light signal produced by the IR
25 repeater. It has been found that, in the presence of CFLs, IR
repeaters have seriously degraded performance or even become
completely inoperative,
IR detectors have been developed which are resistant
to interference caused by CFLs. These detectors can receive an IR
30 light signal representing a coded modulated control signal from a
remote control unit in the presence of interfering IR light from a
CFL and, and in a known manner, cancel the interference from the
CFL. The coded modulated IR light signal from the remote -control
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renote control unit in the presence of interfering IRIight froma CFL
and, and in a known manner, cancel the interference from7AggustBbos The
coded nmodul ated IR light signal fromthe renote-control 35 7 August 2003 4
unit is then denodul ated, and such an IR detector produces an electrical
signal representing the coded control sjgnal. An IR repeater which can
operate with renote control units from many manufacturers, and which can
operate reliably in the presence of CFLs is desirable. In accordance with
an aspect wfitihéhemem ¢briatedernd sych pmolR diede eioriprodaces anepeat er

conpri si ng.1keGeMi AGnIPROSrds@htinteaRl ¥bAN&d 3BntR11dIPHLI.Si gnal conprising a
nodul at ed data si gng{#{p%’é a fi q’@é arrier frequ_egcy and provi di ng an

out put signal; transtittefeRiZdR% ﬁglcé"dl‘ PBEHF JVHBIEMA R MRk U aHE
responsi vefrbm saing oahpdicsirgnglanel whatll chacepatiang rekabsy frotherovi ding an

| R out put psijeggl%e ‘o'?fdlb'ﬂ'ﬁk, ng d%@lr%b‘flé‘ta signal and having a second carrier
frequency;” salrd recei ving neans dénodul ates said data signal to provide a

det ect ed data si gnallnwge¢dradenge caithiaar aspeitd f thensmeantern.nidene isonpri ses a

fixed freqigrReded @RCinlflAle@r rdye@¥d diddan fricAd k&eitign@lcaMst fbra frequency

i ndependent of . that gf. sai d.nodul at ed, data si gnal ; sgl d osci hl ator carrier
si gnal bei"i§eHOA8 %t & BY Wl g alieeBOr g alosdiugﬂ%ﬂd HE 88 MRS an IR
transm tt diirsftararpicoVirdguneney andpeatvédidgRanuhpptt sigrdt having a carrier

Sl gnar . and wher oi n afni S8 AU GALR (B sA HRINENAN b RR A IR
the nodultasPensiaE G seid guipdseanabal saidireeivimamedngniar, provigimgrL

resi stant JRIReHiRpLOK]FBallisRIndThd BSidr 86Q1 ¥ighal SRAth M Ingtheebhct of CFLs
can be mnij mze(c]i%‘aand t he operation of the Treceiver portion will not be

seriousl y ‘@eHFAdEEIBS " CELs. The receiver section is tuned to respond to a
nmodul ati ng signal centéreteiequenoyans demodulates said data signal to

provide a detected data signal without a carrier;

said transmitter means comprises a {ixed frequency
oscillator providing a carrier signal with a frequency independent of
that of said modulated data signal; '

said oscillator carrier signal being modulated by said
detected data signal and coupled to an IR transmitter for providing a
repeated IR output signal having a carrier frequency independent of
said given carrier frequency of said IR input signal; and wherein

said repeated IR signal includes substantially all of the
modulation originally present on said IR input signal.

If a CFL resistant IR detector is used in the receiver
section, the effect of CFLs can be minimized, and the operation of the
receiver portion will not be seriously degraded by CFLs. The receiver
section is tuned to respond to a modulating signal center frequency
about in the middle of the range of frequencies used by the respective
manufacturers, and the frequency of the modulating signal produced by
the oscillator is also about in the middle of that range of frequencies.
Because the frequency of the modulating signal in the IR signal
produced by the transmitter section of the IR repeater is about in the
middle of the range of frequencies used by the respective
manufacturers, it may be detected by the IR receivers in the consumer
electronic equipment of any such manufacturer. In addition, the

transmitter modulating signal is a clean signal produced by an



about in the mddle of the range of frequencies used by the respective
manuf acturers, and the frequency of the nodul ating signal7 Miqdue®is by the
oscillator is also about in the mddle of that range of frequencies.
Because the frequency of the nodulating signal in the IR signal produced
by the transmtter section of the IR rgpeater is about in the mddle of
the range of frequencies used by the resSpective manufacturers, it may be
detected by the IR receivers in the consuner electronic equipnent of any
such manuf@aetilagyr. id theadeh daten, néhsindit ROS it bineth enbebiel aéd pectsognal is a

clean sig r G "7, August, 2003 4a oscillator .in the repeater,
ot i m oka P g8l bedivede QYT IR RIS SRR TG RidSebE Ey an i R
repeat er dogentiongwild nredupe eselean inedahatednl Riilightpsigdatefrae cife@F Lnodul at ed
IR I'ight she\@kbreddece of CFL interference. -7 August 2003 5 BRI EF

DESCRI PTION OF THE DRAWNGS In the drawing: FIGURE 1 is a bl ock di agram
illustrating a renote control systemincluding an IR repeater according to
the present 5 invention; FIGURE 2 is a waveform di agram useful in

under standi ng the operation of the present invention; FIGJRE 3 is a

schematic diagramillustrating in nore detail the IR repeater illustrated
in FIGURE 1; and 10 FIGURE 4 is a schematic diagramillustrating an
alternative enbodinment for an IR detector illustrated in FIGURE 3. In

FIGURE 1, a renote control unit 10 provides coded control signals nodul at ed
on an IR light signal to an IR light detector 25 of an IR receiver section
20 of an IR repeater. In the 15 IR repeater of FIGURE 1, the IR |ight
detector 25 is illustrated as an IR phototransistor, although any IR |ight
detecting device may be used. A control output termnal of the IR receiver
section 20 is



coupled to a control input termnal of a signal gate 30. A fixed frequency
oscillator- 40 has a signal output term nal coupled to a 2 AgustZoos i nput
term nal of the signal gate 30. A signal output term nal of t he signal
gate 30 is coupled to an input terminal of an IR transmtter section 50 of
the IR repeater. The IR transmtter section 50 is coupled to an IR |ight
emtter 55 which praduces an |R light signal corresponding to the

el ectrical signal received at 25 the input termnal of the IRtransmtter
section 50. In the IR repeater of FIGURE 1, the IR light emtter is
illustrated as an IR light emtting3diode (LED) al t hough any IR Iight
emtting dBRi[EEDESl@ZRmI‘IﬁNd)FTMBDHAWINM}S emtter 55 is placed so that
the IR Ii gy %m&ra%énpl nges upon an IR light detector. 65 of a piece of
30 consuner eﬁ ectronicC prment 60. In FIGURE 1, the IR light detector 65
is illustrated is anFI® U&E}tthSamsblscbrdlagramoﬂbtstmnmgl R rémgtet det ecting

) ustr o o e e e ML ad IR SERRMGT acERBRE 0 IEMAREE che 1

|IIustra§ed as a felevisionr ough the IR
repeat er of HETLRR | will work with any consumer el ectronic equi pnent

whi ch can be renpt el yFIGURPI2 ¢l a yavefioddr diagPdf @Fal @h unit. In

operation unit roduces a coded nodul ated IR

li ght si gnaﬁﬁﬁ&s{ﬁ{zﬁhgl Itf(% %’bgﬁaé n%%otlhﬁrsrwcseqthénﬁ?)‘lfé‘ana gnal (descri bed
in nore detail bel ow)FIGURE | d& & edhematidutmgeam( Hmetmtu?ah freype esent i ng'
a command danilt b IR eubalten HIBSHAUR iR OFIRE Sj.0gay | s detected by the IR

phot ot ransi st or 25 enera es an signal 10 representlng
the codedl nodul at ed SFEF’IH ghds susghematichdiagsamn Hilustrasinghanl R r ecei ver

section 20altdimative eamteidigfens SR an B deReRstuliBh&gadcle 11‘?|FFGU'R3§| si gnal
the pul ses. making. uptt RO RE 31 ghaFHorh; Cordrelndnitn 1Q Bripides corgde i
r epr esent i ¢Rptrdle sigrademedtbted omdml ERelghR sigmait tatant BR 1iht
phot ot r ansi¢ibefor225 &f In R! Rletverl section 20 of an IR repeater. In the
15 IR repeater of FIGURE 1, the IR light detector 25 is illustrated as
an IR phototransistor, although any IR light detecting device may
be used. A control output terminal of the IR receiver section 20 is
coupled to a control input terminal of a signal gate 30. A fixed
frequency oscillator 40 has a signal output terminal coupled to a
20 signal input terminal of the signal gate 30. A signal output
terminal of the signal gate 30 is coupled to an input terminal of an
IR transmitter section 50 of the IR repeater. The IR transmitter
section 50 is coupled to an IR light emitter 55 which produces an
IR light signal corresponding to the electrical signal received at
25 the input terminal of the IR transmitter section 50. In the IR
repeater of FIGURE 1, the IR light emitter is illustrated as an IR
light emitting diode (LED), although any IR light emitting device
may be used. This IR light emitter 55 is placed so that the IR light
emitted impinges upon an IR light detector 65 of a piece of
30 consumer electronic equipment 60. In FIGURE 1, the IR light
detector 65 is illustrated is an IR phototransistor, although any IR
light detecting device may be used. In addition, the consumer
electronic equipment 60 is illustrated as a television receiver,
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signal; and a second state representing the absence of nodulated IR Iight
at the IR phototransistor 25, e.g. a logic '0" signal. ThHAugust00sl is
supplied to the control input termnal of the signal gate 30. 20 The
fixed frequency oscillator 40 produces a nodul ating signal having a
frequency of around 47 kHz at its output termnal. This frequency is
selected to be close to the mddle of the range of frequencies (from
around 32 kHz to around 56 kHz) used by respective manufacturers to
nodul ate their PCM 25 signals on the IR light signal fromtheir renote
control units. This nodul ating si gnél Is supplied to the data input
terminal otlthough shgnkl rgpeatescof FRGUREBnAI wijdtwol0 withr atips as a
control | abdghsuiiét 1 theisi | St | Mer [ 20 is a
rogic’ "1y S1anal g@fféﬁﬁnf‘flﬁ’g‘ﬁ#ﬁé@pr@é@&% bolrAGHE PRARCIRR 20 1 he
30 IR photl@fr s tT§03&) contrel amifaal gate 30 is conditioned to pass the
\r/rv]odul ?Li ng signal atln topesadon) theprméey fébﬂ%'é:)ltﬁni'tt iOFiﬂ'@&ﬁceost gr m na: )

en S recei ver .secfi Is a ,logic /.0 signa
(repr esgjnté%bﬁ hntelf)(g‘gisag%{eﬁgfh bt Hq ICJtFQ 3B‘§hﬁ1‘%ﬁtr3§§d'9§‘m&ﬁ§‘9“2003 7 the
| R phot ot rthesreded sighal (desaritypehlingatoee 3detadl behuv) iipnedpilee dddick the
nodul atin ' atpg I ) so.Ihe e} from si gnal
gate 30 igm%rtlie.ue?égt Efi)ga SSQ nall tr?%fpg,rsggielﬂfi Egcﬁﬂ@ﬁ%c@rv coded si gnal
modul at ed GrPVISIOR7 TRGGIVER, AU at THES sign#hl is detmstedsibyhdheilym the signal gate
30 is suppplcdttansisier | 25, twhidbidehePftesethi BlectlcallNgohd] transmitting

ot oduced) ASPPRAIY the; Ghded BRABAGIERalo 194 cSummlisatbat gl . The 1R
light sigrial thodBdueesivey sebtiohRROEDTHS, IR hreeiver téaign2e coded signal 10
rodl at1 neraRalate g 8L LG Slaned (0, RO IR“UEn Sl Re Aedndon e 1R
phot ot r ans"od8ressa | bistate sianali seasentieg vihe gatlsemanakisigewipsitha recei ver
60 responddCM gifigalnor This BBSHM hd at FRst state representing the presence |
15 of modulated IR light at the IR phototransistor 25, e.g. a logic '1"
signal; and a second state representing the absence of modulated
IR light at the IR phototransistor 25, e.g. a logic '0' signal. This
signal is supplied to the control input terminal of the signal gate
30. -
20 The fixed frequency oscillator 40 produces a
modulating signal having a frequency of around 47 kHz at its
output terminal. This frequency is selected to be close to the
middle of the range of frequencies (from around 32 kHz to around
56 kHz) used by respective manufacturers to modulate their PCM
235 signals on the IR light signal from their remote control units. This
modulating signal is supplied to the data input terminal of the
signal gate 30. The signal gate 30 operates as a controllable
switch. When the signal from the IR receiver section 20 is a logic
'I" signal (representing the presence of modulated IR light at the
30 IR phototransistor 25), the signal gate 30 is conditioned to pass
the modulating signal at its signal input terminal to its output
terminal. When the signal from the IR receiver section 20 is a
logic '0" signal (representing the absence of modulated IR light at
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recei ved nodul ated coded IR Iight signal by executing the 15 command
represented by that coded signal. FIGURE 2 is a wavef or midhagusapoassef ul in
under standi ng the operation of the present invention. The waveforns
illustrated in FIGURE 2 represent the coded nodul ated signals as produced
both by the renote control unit 10 (of FIGURE 20 1) and the IR LED 55 of
the IR repeater. The differences between the signals produced by these

respective sources will be described below In FIGURE 2, a series of code
pul ses are illustrated. In FIGJRE 2a, the pulses are arranged to forma
pul se position coded signal. A seried of clock pulses Cl, €2, C3, ... are

produced witht % pledtatmankisesr Di5), Be signal f“gzﬁésmrﬁegoﬁéfﬁ/}ﬁﬁﬂkttgem The
tinme positjQh Otfhet %%@ gulises D, .D2 ... betwee tJiLS-c ock pul ses O,
C2, C3, ..., determ nes PR eyiEga] dyi U§ nput grmipal.; SThei QYLPULr ansni tt ed
during the Sighadr {rom piignekergateici@sisi ur eleotticglubizeml @Bbreshtin the. . 30

e LLE; e §ouat ok Mo A PR ity Siggg™ °

represents a data bit a'\?ﬁgr’l’@ drpayithe ' signalagate 3Reiesupptiedote tthe dRock

c rLiﬁspﬁﬁsg’:g;;‘gg%?@*ﬂngﬁfﬂ & %‘geﬁfjﬁi‘*ﬁ?ﬁ‘é‘ SBskiey 36 epgigods 11 Lo

represents a dafa’ bi \Gi j'SFl:]c? & SQ 4Nfe] yaes 2n IR dighdt a pul se

e b s vy 8 ot i, bt Ry g
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oo et s gyl 1

B:‘Mbglrogk ﬁHl ﬁgeag%ii ?llggst'rat.gtd idB gf!&:ﬁg(%dt%%téd&algﬁ I%I'ﬂ'séfgnlaﬁ U@E@%gg in 10

FI GURE 2a has PEPLPHANRIS B P S e1ithe htelavigions reepiyss edS of The
television receiver 60 responds in the normal manner to the
received modulated coded IR light signal by executing the

15 command represented by that coded signal.

FIGURE 2 is a waveform diagram useful in
understanding the operation of the present invention. The
waveforms illustrated in FIGURE 2 represent the coded modulated
signals as produced both by the remote control unit 10 (of FIGURE

20 1) and the IR LED 55 of the IR repeater. The differences between
the signals produced by these respective sources will be described
below. In FIGURE 2, a series of code pulses are illustrated. In
FIGURE 2a, the pulses are arranged to form a pulse position coded
signal. A series of clock pulses C1, C2, C3, ... are produced with

25 data pulses D1, D2, ... interspersed between them. The time
position of the data pulses D1, D2 ... between the clock pulses Cl1,
C2, C3, ... determines whether a logical '1° or 0 is being
transmitted during the interval between successive clock pulses
C1,C2,C3, ...

30 Referring to clock pulses Cl and C2 and data pulse DI,
the data pulse D1 is closer in time to clock pulse C1 than to clock
pulse C2. This represents a data bit having a logic '1' value.
Referring now to clock pulses C2 and C3 and data pulse D2, the
data pulse D2 is closer in time to clock pulse C3 than to clock pulse
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2b, shaded areas represent the presence of I'R 1ight, and’ Aqasnk2@ieas
represent a lack of IR 1ight. The envel ope of the IR I|ight pulses,
repeating at the nodul ati ng frequency, defines the 15 clock and data pul ses
‘illustrated in FIGURE 2a. For the nodul ated coded pul ses produced by the
renote control unit .10 (of FIGURE 1), the nodul ating frequency is that
used by the manufacturer of the renote control unit 10 (running from about
32 kHz to about 56 kHz.) For the noqul ated coded pul ses produced by the IR

LED 20 55 &? tgﬁ_gtransrﬁtting section 50 of the | R repeater, t he
modul at i ng Tt eqUBRCPIESeOLs dcdath P# Bavimgoat logic kP vaket erladghagai n t o

{:I %JRF 1'& ﬁsstdel_ac.e_r i]i_nﬂdeab@aae,tr?m?itfédf lait Otte rﬁ&ﬁlﬁRﬁ{I}a s,ﬁl:i{é q:gl%%o-ﬂ E d(e]s:i_gned
o detec e . ur.i ous T, mtt'ed by S.
The IR Ii g%{aﬁéﬁ ﬁ@d%—gg}%gnﬁi{é ?3?‘%&’:1{ §P35FH§UQ:CIQ§§‘F v gj’l"’g\!ﬁ)s agd | R Iight
pul ses havidfy the tseegqndndgtaqulee nbedipura®dniteetl 100 thétzaltdhtivieght pul ses
have enyetiarepBef {n sypplied:teo the CFL. Wthin each
hal f cycle ‘of the AC anmg l{l{% é&ﬁggﬁ%‘}cgsaéﬁgg&ugm&ng ® Ir?glﬁhtl pul ses.
The envel oﬁ?&‘eof ‘f‘h&ogFr\é\Ep%lgﬁalléfﬁnEﬂG@G ¢y @iredetermined oundbBp%fand t he
groups occdataatbigs.f requency of about twice the AC power frequency.
Specifically, it has nd,that one type of CIL produces IR |ight

pul ses at around 56 E@ﬁ%?‘ﬂb PR5EptsSew Hﬁélp%éle&al’f dpet Fempesitiamydncy i n
the Unit eccleekt pelsef C21iluskated dn aFHEUR E ). e Bdchd 9¥iseTibu@thaeacier i sti cs
of thesle)3PIF 0 r ff. el ent different,fromthose
of the pul se Uﬂi[?tjuz;%th%,g gdﬁﬁerqeﬁr@aﬁa_ﬁuﬁﬁa{‘}l Wé ?’F@lrléc(é‘?lvgps%c‘?f?on 20 is
able to o‘@f@%ﬁ PR igus t RiIseS QeARrTingt e dhe ahedulating fréqeneyd cincel or
m ni mi ze tFEGURE 1315t shddes ak@sC b eﬂleH@,pﬂeE@né‘eD%?deﬂghﬁt 8@6' R 1ight

2 Todul ot SR s APrefian 199 ek IRcHeht nadhenevelops ‘of the IR ¢

light pulses, repeating at the modulating frequency, defines the

15 clock and data pulses illustrated in FIGURE 2a. For the modulated
coded pulses produced by the remote control unit 10 (of  FIGURE
1), the modulating frequency is that used by the manufacturer of
the remote control unit 10 (running from about 32 kHz to abdut
56 kHz.) For the modulated coded pulses produced by the IR LED -

20 55 of the transmitting section 50 of the IR repeater, the
modulating frequency is selected to be about 47 kHz.

Referring again to FIGURE 1, as described above, the IR
light receiver section 20 is designed to detect and minimize the
effects of spurious IR light emitted by CFLs. The IR light emitted

25 by CFLs consists of successive groups of IR light pulses having a
frequency between about 20 and 100 kHz. The light pulses have
envelopes defined by the AC power supplied to the CFL. Within
each half cycle of the AC power the CFL produces a group of IR
light pulses. The envelopes of the groups have a duty cycle of

30 around 50% and the groups occur at a frequency of about twice
the AC power frequency. Specifically, it has been found that one
type of CFL produces IR light pulses at around 56 kHz, with
envelopes having a repetition frequency in the United States of

120 Hz and a duty cycle of 40%. The characteristics of these
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expected by the television receiver 60. However in an IR repeater
application, this in not a problem A renote control unit7 A@up20g3er at es
frombattery power and, thus, produces IR Ilight at a relatively | ow power

|l evel. In addition, a renote control unit is generally operated at a
relatively large distance fromthe television receiver, e.g. on the order
of several feet away. The IR light receiver in the television receiver is

sensitive enough to 15 detect the IR light signals produced under these
circunstances. But IR repeaters are generally coupled directly to the honme
AC power source and, thus, can prod@ce IR light at a relatively high

pover | evepulsgssate anffiemmtiybetiffebeme fréme thtde P Be Qfulkle | R transmitter

section 50 F r y_physical l.y 20Q.pl ac in close
proxi ity Lo Haey i FEBCAVET 20 AP UG reReK e etiber dR"1Cable . e

rel ativel ya¢iegh Boviéghy @udsesomhaying | these gtharastegistics pandiuced:ebyot he | R LED
55, and cl pgeimizexithelry effedthe | R LED 55 and the | R phototransistor 65,
nore th over conmes I st uni ng between the 47 _kHz nodul ati ng

ksle sl Lghciq , |
frequency 25 produce@SbfeIHLIGGR Fhayeat ie” saded nmodudated: IRglighgnal
frequency sigrpkqredutsd the thel BViISEDN 55e0fi ther I Orafsmitesic sbdiesh dtpve, the
whi ch i m 2y e a0 mBlRling® thed RSP SHaRER RBRHAT B, fhand'r ccelved
IR |ight 3expsicged by stheotelapiséan wieckive® 60ghtHomewen i@Flan TRerépemsim tt ed
'R 1oht shlfciio, thidGinS kit | Ao RAAT URk BmdBCHRLLCRING® Of such 1R
repeat (;Itrja éﬁﬁﬂ%g‘%atflgﬁ/ dbm ni s.hedwén the Fresence 0 s, and "~ sone are
render ed” ¢ e L[OHIn OBHPEY | RRWeRnANdR Huiseaproduges IR | light &ted i n FI GURE
1, hoveverrelatheslyalowcpower Reeli ofin WiddifionS ®Servote ALEisd] 498 140
ect i on (riderelty, BREHEI"RECs AtttV dhes¥ idiames “Fom uthed (o moculate a
cl ean oscieleMisions regriver,r eug. aon gbei brderoof wevbial facdbeawRys efRigt ¢R. Thi s
clean, newiyht ged&vet o tHROMIBV KT BBBIver is sensitive enough to
15 detect the IR light signals produced under these circumstances.
But IR repeaters are generally coupled directly to the home AC
power source and, thus, can produce IR light at a relatively high
power level. Also, as described above, the IR LED 55 of the IR
transmitter section 50 of the IR repeater is generally physically
20 placed in close proximity to the IR phototransistor 65 of the
television receiver. The relatively high power level of the IR light
signal produced by the IR LED 55, and close proximity of the IR
LED 55 and the IR phototransistor 65, more than overcomes the
slight mistuning between the 47 kHz modulating frequency
25 produced by the IR repeater and the modulating signal frequency
expected by the television receiver 60.
As described above, the transmitter section of prior
art IR repeaters produces an IR light signal which mimics that
received by the receiver section. Thus, if the received IR light
30 signal is corrupted with IR light from a CFL, the transmitted IR
light signal will be similarly corrupted. The performance of such
IR repeaters is greatly diminished in the presence of CFLs, and
some are rendered completely inoperative. An IR repeater as
illustrated in FIGURE 1, however, uses a receiver section which is
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5 controls the IRIlight emtter in the transmtter section. The IR I|ight
generated by the IR emitter in response to such a signal ldaesist 2083 i ncl ude
any CFL interference, and its operation is not degraded in the presence of
CFLs. FIGURE 3 is a schematic diagramillustrating in nore 10 detail the
IR repeater illustrated in FIGURE 1. In FIGURE 3, a source of operating
power (not shown) produces a 5 volt power signal. Aresistor R is coupled
bet ween the source of operating power and a collector electrode of an NPN
transistor Q. The signal electrodes of an IR detector 202 are coupl ed
between an 15 emitter electrode of e transistor QL and a source of a

T ST Chee fesiai k) CB ohdfloreddle | TdebEEhRToifliAl G LEEEIYSS Goer i N0

power by being cou soyurce o TR detector
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bet ween t ha ti&s r&m&r@ﬂe{:msthe transistor and t he coll ector

el ectrode of the ”aﬁﬁ'ﬁm andha c?. paci t or S cougl ed between the
base el ect rode of th i stlﬁ)ra(ﬁc 13&5?‘%&‘(15?“&%@ Me89§de of the
transi dt@rdegail mer&lmpeatemlllustratﬂnbhmtf‘ﬂﬁﬁﬂﬁﬁeﬂ t e BI@!UR@ &, a operating
power and | §€ Ng r re Lstor R7 is
coupl ed bess)v\ug@én antcgfmrfﬁtlgg %ﬁ@gt rqnéﬁl IJP‘IE%L ﬁ&?g%gs% or ?4 ‘% found A
resi stor FB8R&. cofipresisies: Rdets ouplesh betwranuthe soumel o @mnamgor

el ectrode ptfwérh(antlr anseldcnor Aeansde dfagr NPOT itFAfestef G0e The

signal electrodes of an IR detector 202 are coupled between an
15 emitter electrode of the transistor Q1 and a source of a reference
potential (ground). The IR detector 202 also receives operating
‘power by being coupled to the source of operating power. The IR
detector 202 is tuned to a modulating signal center frequency of
45 kHz and is a model GP1U78QG IR detector manufactured by
20 Sharp Electronics Corporation. A resistor R2 is coupled between
the source of operating power and a base electrode of the
transistor Q1. A resistor R3 is coupled'betwecn the source of
operating power and a collector electrode of an NPN transistor Q2.
An emitter electrode of the transistor Q2 is coupled to ground. A
25 resistor R4 is coupled between the source of operating power and
a base electrode of the transistor Q2. A capacitor Cl is coupled
between the base electrode of the transistor Q2 and the collector
electrode of the transistor Q1, and a capacitor C2 is coupled
between the base electrode of the transistor Q1 and the collector
30 electrode of the transistor Q2.
A resistor R6 is coupled between the source of
operating power and a collector electrode of an NPN transistor Q3.
A resistor R7 is coupled between an emitter electrode of the

transistor Q3 and ground. A resistor RS is coupled between the
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transistor B. The serial connection of a resistor R8 and an IR LED 55 is
coupl ed between the source of operating power and a col [7esugust 20@Ect r ode of
an NPN transistor Q4. An emtter electrode 5 of the transistor 4 is
coupled to ground. The emtter electrode of the transistor @B is coupled
to a base electrode of the transistor Q. The IR LED 55 may be connected
to the resistor R8 and the transistor 4 via a long length of wire, e.g.
meant to run fromone roomto anotHel. The transistors QI, @, @B and 4

o por Bt gt o oot o aotansisRe QB MIEAl Vase AboHBAE S She
i |l ustrat eg aln[sll E?‘JG?F?E g?ﬁ'(% ﬁseg%érc&ningﬁ{w? h%PPRret?ésct@Et g ap R dtBDx he
presence 8P IRoouphed heiweanetheatsoubhee e dptratin g qsbwddwndt iang si gnal 15
center frequlsetor(&ledirode &fizn Wit h8isPa A1 t et Qe SRurious IR
li ght frgm gFths as descrj ped amﬁétﬁhg{ﬁ%ﬁ%g%at 2‘31 %Pﬂ?ﬁefgﬂle‘:?rgaﬁet ect ed,
the IR det 86t'0F B85S0 Gifuile i enpled otoc aremmd.  diber emittbetelesmods soft wo
si gnal el ethe duasistendQ8hin coaptadiubahelasd Riddtsdde it Hed Etférﬁg%to he IR
det ect or 2%4 | sngé)q&ﬁ}dw% g_%)pz}%orre e2 g‘%ntontonductlvgg 25 0 S TABLE i
-7 August 2003 1 s 1 he MRaeretPBesse tosheo fesisiat &8 \and itheli cat i ng no
modul at ed FRO$iSEN Q4 viei mdongtleogd)of wirmse.gt anefiit ité fuar fRsn 6&é. and
bot h capactddihStor@hoftier OPqheCH ] e AqS l.egt nade of .. the transistor
@ is pw Sﬂ%ﬁé‘%&tg@ rghq?lgs%?%irs'{%ﬁ,égh n&% 4if 04 Q%Pll@?@ﬁtur ned
on, pulttn R g{ Hangistorsomamtfactured e byr ddetarolgrGorpbmdioant i al .
The base eTeabler ddeoataihs apsifefqied SBmpdnd! ovhy LHEO esistor RS,
turning trﬁﬁﬁitr%tté)(f iéBFgf}{Jp Trrlh.e base If’el ect rggglegf‘ﬂﬁatﬁéi gﬁg}l{t@ is pulled
down t hrough resistor PlFU ing transistor Q4 off, and preventing current
from fl ow ng In operation, the IR detector 202 detects the presence

of IR light modulated at the predetermined modulating signal

15 center frequency (e.g. 45 kHz) while minimizing the effect of

spuri.ous IR light from CFLs, as described above. When modulated

IR light is detected, the IR detector 202 is conditioned to conduct

cum?nt between its two signal electrodes, and when no modulated

IR light is detected, the IR detector 202 is conditioned to become

20 nonconductive.

Component Values
25 R1,R3 1 k0
R2,R4 100 k0
RS 10 kQ
R6 1 k0
R7 10 kQ
30 R8 100 0
CLC2 180 pf
IR DET _|GP1UT8QG
1,02,03.04 |MPS-A20
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10 through the IR LED 55. In short, when no nodulated IR Ilight is detected
by I R.detector 202, no IR light is emtted by | R LED 55. 7 Avgust 2068 | R
detector 202 is conductive (indicating that nodulated IR light is being
detected), the emtter electrode of the transistor QL is coupled to
ground. The conbination of the 15 transistors Q and @, the resistors R1,
R2, R3 and R4, the -capacitors O and C2 and the IR detector 202 operates
in a knowmn rmanner as a nultivibrator oscillator (40 in FIGURE 1) adjusted
to oscillate and generate a square ve at about 47 kHz. The signal at
the collector electrode of the trané\ilftor @, thus, is a 47 kHz 20 square
wave signal producedWhan rihepBRi datscidbre2020ds| abecoddictivegindisadagect ed by

the IR deteetgoda®idedT : e I r S wi.tch tyrning the
mul tivi br aéﬁr 8 %réghoﬁ.h%g%cg%@fgnggfegﬁg@g @h@#"%@ﬁﬂ& l"@&and A,
the resistors aﬁ% 1 GRPACHAES REL asn@PERmeCrRitED Thefbases eldneradeansni tti ng
sep“on éa@l)s Maaismonlr@fzaisepulmdahig}pwﬁrapgmt QESﬁ&@I%M?aﬁ&Z%I% Cout 1
emtter- : responsive to the oscil]ator output, to
drive the Ithﬂyiﬁ@[S yéén tgglée%f?n’aw g ééﬁeﬁ&l}agﬁ R 71K 1 5ONRAPRG peri ods
when nodufleeERAERQ igRun spatential ed The thase | Hedatodet of #Rsistthug3 the IR

LED 55 geny i ght Sigpal 0 f 47
KFz. The I8 82??2?%‘?‘“’%%‘“2? hi 8 isrdk ORS, (Rt helsBlo Ot roff i e °
transm ssi PHCFIGHERdR @) Fansistan Qi ist psHed hdowss shidugho resistaro Rhe

Lransm t{itmenigeutamsiior Qff -dif Auads préblifid® bk NIdwhghemll ©
di agran I%‘yéﬁrélgéb%rlﬁbt ﬁéna&z‘l"\é& enbodi ne E). for ant et ector 202
il lustrated | ““THe: | bt Yhepono; modylate Ko Jighteis
i | 1 ust r at elptesied FbURE dbtéaton 20ghe TRR lijgieist emiftad! by dRed Bpdssuned to
e T U T
t hr ough tﬁgabe{pgflp ted cHhelighbris obeings idetecte®, the euniter2elecarate afecond | R
detector 206.transisfdrr §f1 iR ctalip?ed %o ground. The combination of the
15 transistors Q1 and Q2, the resistors R1, R2, R3 and R4, the
capacitors C1 and C2 and the IR detector 202 operates in a known
manner as a multivibrator oscillator (40 in FIGURE 1) adjusted to
oscillate and generate a square wave at about 47 kHz. The signal
at the collector electrode of the transistor Q2, thus, is a 47 kHz
20 square wave signal produced during periods when modulated IR
light is detected by the IR detector 202. The IR detector 202
operates as a switch turning the multivibrator on and off. The
combination of the transistors Q3 and Q4, the resistors R5, R6, R7
and R8, and the IR LED 55 forms the transmitting section (50) and
25 operates in a known manner as a two stage emitter-follower
amplifier, responsive to the oscillator 40 output, to drive the IR
LED 55 on and off at a frequency of 47 kHz during periods when
modulated IR light is detected by the IR detector 202. Thus, the
IR LED 55 generates a coded IR light signal modulated at a
30 frequency of 47 kHz. The IR detector 202 acts as the signal gate
30, controlling the transmission of the modulating signal from the
oscillator 40 to the transmitting section 50.
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204 is tuned to a nodul ating signal center frequency of 38 kHz, 10 and is a
model . TFMS 1380 IR detector manufactured by TEMEC Tel ef unfiégust 2003

M croel ectronic GrbH The second IR detector 206 is tuned to a nodul ating
signal center frequency of 56 kHz, and is a nodel TFM5S 1560 IR detector,

al so manufactured by TEMEC. An IR repeater as described above provi des
reliable 15 operati-on'in the presence of CFLs and operates with a variety
of manufacturers' equipnent. -7 August 2003 14 CLAIMS: 1. An infrared
repeater, conprising: receiving neans (20) for receiving an IR i nput signal
conprising a nodul ated data signal ldith a first carrier frequency and
provi di ng an out put FEGYRAE ;4 tis ansrhehenicrdadizand QdHr 2 g caypl ed to said

Lal ! ) ; o BTt g 4t to

roans 1 op MeeiaE et SERMEY fof P T ORI 208" Lprasd dal gnal and

having a s]gkgﬁ -ri EhefiRedlatertpr 2Qhiin thec BR viepgaterailhust2@e®5h

denodul at eBIGHRE dnitig Hisaigk 0 d&é@%&dﬁbﬁcqrécpﬁgﬁduﬂlaetdatéit%@? F‘M thout a
i xe osc

carrier 5 srgi g ﬁrtansm.t t eL neans conprises a f requenc | I at or (40)
provi di ig ROCHIHRE Yehah ceRiteh frequengye fespansge péndleont ¢5 kifla. of said
godul ag eg data si ggaln' HGURES di gﬂate@nilt&grélbefroéég@talth@qmgsi%ii ted)(fo)
y sai e i.gna nd, cqupl e an IR transmtter , 55 or
provi di ngiﬁ ?Jé ed eg[S ?Q%lugat BH{%“&Pgﬂhﬁp pr‘i’ﬁ%litl%gcﬁn’é?ﬁti“i’%roénﬁe @n&?
i ndependerftete¢tos a2@t gandra sacondrIR fdadectencIO6f ThedfirR IRpdetesignal ; and
wher ei n° s&igh rigpaead ' i nCl }%ﬁﬁ | el 2 @f e
nodul at i(?n (fr.li g‘i nal Ig%%hagﬁgggﬁfﬁgasl R@*ﬂ%ﬁfﬂé@gﬁﬂ% %5 3g«nki{2f rared
r epeat &V 4nd; ds. i3 apodle] - ilaPe R edeteatoramangfacnred &y iBEMB@quency of
sald IR | falefunignalMidroslestidnio GuitHge THe fs&f&%wrm WarecBPBERI carrier
signal o i | xe NCy. OS¢l tor 40 a requency.
subst ant i atPE,%g'%} ;ﬁhg‘lﬁlﬂgﬁﬁgoﬁgggfcfepgq{ggr_c Cngy P fﬁarkﬂ?,ré%‘éaltseﬂ as
recited i-ineiel REM&S66i BRsdewcyiryealso manufactured by TEMEC. |
An IR repeater as described above provides reliable
15 operation in the presence of CFLs and operates with a variety of
manufacturers’ equipment. '




carrier frequency of said IR input signal lies within a range of
frequencies having a |lower end frequency and an upper erddidgustR@3icy ; said
recei ving means conprises a first detector (204) tuned to a frequency
substantially near said |l ower frequency and a second detector (206) tuned
to a frequency substantially near said upper end frequency; and said
carrier signal of said fixed frequencyiascillator (40) has a frequency

subst anti al txAﬂqgway bet ween said | ower and upper frequencies of said IR
I nput si gnar—= FRARED REPEATER Abstract An infrared (IR) repeater is

di scl osed which is 1, peshhRatrebOateP MRt risidgior escent |ight (CFL)
interference. The | R repeater |2 J{édes a .receiyver section (20, 30) for
receiving an IR | igHEvep figans g % ERRS'YG9 ENdBdRrrtsignacompasingtad by a
modul at i ng Megated datd signal with edirsheartibefrequirty singabyidifg arP6Giolt at or  (40)
gener ates ajghansmi tter nodul ating signal, and a transmtter section (50),
coupled to the receiver .fect I on 2823)&%(1 the oscillator (40), generates an
IR I'ight signal replPosEfiarMFpansd oYPledda gail graivingonaras eddby t he
transnitt errespahsiv tongaid sutpuaiignal of said receiving means for providing an IR

output signal including said data signal and having a second carrier frequency;

said receiving means (20,25) demodulates said data signal to
provide a detected data signa! without a carrier;

said transmitter means comprises a fixed frequency oscillator (40)
providing a carrier signal with a frequency independent of that of said
modulated data signal;

said oscillator carrier signal being modulated (30) by said detected
data signal and coupled to an IR transmitter (50,55) for providing a repeated IR
output signal having a carrier frequency independent of said given carrier
frequency of said IR input signal; and wherein :

said repeated IR signal includes substantialiy ail of the modulation
originally present on said IR input signal.

2. Aninfrared repeater as recited in Claim 1 wherein said given
carrier frequency of said IR input signal lies within a range of frequencies; and
L ' " said carrier signal of said fixed frequency' oscillator
(40) has a frequency substantially in the middle of said range.

3. An infrared repeater as recited in Claim 1 wherein said given
carrier frequency of said IR input signal lies within a range of frequencies
having a lower end frequency and an upper end frequency ;

said receiving means comprisas a first detector (204) tuned to a
frequency substantially near said lower frequency and a second detector (206)
tuned to a frequency substantially near said upper end frequency; and

said carrier signal of said fixed frequsncy oscillator (40) has a
frequency substantially midway between said lower and upper frequencisas of
said IR input signal.





