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) light §|gnal representing a coded signa
nodul ated on a nodul ating sig fromth pte control unit to the
consuner el ectronic equi pnent. o | i ght signal is received
by an IR receiver in the consuner electronlc equi pnent, denodul at ed,

decoded, and the apppRPr 5. action ta ntrol .units are
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control Sthbﬁer\MllvE 'i‘l‘i’ttlféelﬁ%k&léeo dre ey ferb e | Budse@nty 'c% a@hd respond

to the cogﬂa tion, TR renote control units haeallmted
oper at i onaltuf 8*“ Sis sufficient for use within a room but not

suf ficient for use bEuwnean wWIMIess @emcﬁet cyntridpdVWenaE , fEoRDNIBMes! ectroni c

equi prent | ! Iaced I nsi de i eces of furniture, such
entertai eI SRR o BooPleViin EscatiPls: “¥iad disfin, 2e
cabl e box,resardds| tand eoz@lweo: satellite meceimeetplbaxed, iopezateory  ent er t ai nment

uni t 'qe%gnﬁgf@%e dfttrardd ¥R Hihe! SBd) S rOfresbRAfE /8 c|oa ey sible to

t he vi ewer sa te*recei aced behlnd
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receiver Tﬁg@t be Ilocat ed nex b N
room but SIS cb%ﬁf’%‘i} ed y &n recetver in the “Consumer
electronic equipment, 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 ‘
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to a second television receiver in a bedroom The IR Iight 7 August 2003 2
generated by renote control units cannot penetrate throughAgnist 2003doors or
pass fromroomto room so the hidden or renotely |ocated equi pnent nmay
not be controlled. To provide the capability of controlling consumer 5

el ectronic equipnment 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 entertai nnment 10 urﬂt or in the roomin which the renote
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controlled can receive its signal. For example, it is located inside
of the entertainment unit or in the room in which the consumer
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



30 the coded control signal onto the IR light signal. In order for IR
repeaters to work with the respective manufacturers' nodulAngusn2003
frequencies, iR repeaters use an IR detector in the IR receiver section
which has a relatively w deband frequency response characteristic. That
Is, it will detect nodulated IR I1ight signals for 35 -7 August 2003 3
whi ch the nodul ating frequency can vary over a relatively wde range of
frequencies. For exanple, IR repeaters can generally detect IR light
signal s which are nodul ated at any mpdul ating frequency from about 20
kllohertz (kHz) to 100 kHz. Any 5 nodul ated IR signal in this frequency
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. to those of the coded modulated IR light signals 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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25 repeater. It has been found that, in the presence of CFLs, IR repeaters
have seriously degraded performance or even becone conpl®aedystooperative.
| R detectors have been devel oped which are resistant to interference
caused by CFLs. These detectors can receive an IR 30 light signal
representing a coded nodul ated control gignal froma renote control unit in
the presence of interfering IRIlight froma CFL and, and in a known
manner, cancel the interference fromthe CFL. The coded nodul ated IR | i ght
si gnal fromit e thenses ebried, 35 FuaigwsiR 2308c 4 rrioduicss tamen denodul at ed,

and such @eéﬁléﬁtﬁghgr r@%s&%uﬁﬁ%ganle @é&@& tbidlolSigRAl. representing the
coded control si gna repeat er ch can operate with rerrf)te contr ol

units from many marf gt{ﬁlberas‘fer cWﬂa@hOE%‘ﬁtﬁﬂ’é’f‘ & MHEE| O 1 RttRe
presence dﬁoﬁ:hﬁirﬂySmdﬁ&IﬂiﬁhllrEIS lah daebiocl @aaeo périabe asliabpedd thé t he

i nvention, &Q?ﬁ&: o§ Cﬂ?“f%‘&%@lﬁ'ﬁlé nfrared repeater, conprising receiving
means for P receirv ut” signal conprising a nodul ated data signal

with a first car r| glﬂ #?@:{déﬁ@? valill oy awpaiitrgf Hre uteniiorsi Gieak istransmtter

means CouR&id&d %ﬁ'ﬁffz?&%' ﬂ@;ﬂ’éﬁtéﬁe%ﬁnﬁﬂgm BSRAR i ¥ %éeﬁlssﬁird OUt put si gnal
of said receivi.n prOV|d an IR out ut naI ng said

data si gnanecsh‘fdn%a%n @3 Ié'Pé‘ééb&’aa EOMPrINDE & 96%% ¢ 1“&51@ Areans
denodul at frsaiadridatfacguegnat ahd prpvodirdean dapeckeghalat a si gnal WI t hout a

carrier; said transiiiie #BANS.UWILAET @ 4iHSL LIATUSNEXn, agal L alor

prOV|d|ng a carrjer si uency epend hat of said
nodul at ed '§apPansivgnial salgiawtmgcﬁlgnak of seut re@frlvsm@marwefqrgpmdn@g ed by

said detegi eRl dlapat signal inrMed GUPiiRddia agnhRahdansilst £5eé@fd providing a
carrier frequency;,

said receiving means 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 1ndependent 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



repeated IR output signal having a carrier frequency independent of said
given carrier frequency of said IR input signal; and whefleAmgusageby epeat ed
I R signal includes substantially all of the nodulation originally present

on said IR input signal. If a CFL resistant IR detector is used in the
receiver section, the effect of CFLs n be mnimzed, and the operation
of the receiver portion will not be seriously degraded by CFLs. The

receiver section is tuned to respond to a nodul ating signal center
f requency oszbdutor in t}hfre’p'diidbﬁ 0t inhimitReg&r o tflfeeﬂatb%nﬁéle%(tﬁ@ﬁi by t he

respectiv f.ac he f uenc of th na
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signal prigeugegdpe. the transmtter section of the IR repeater is about in
the mddle of the range of frequencies used by the respective

manuf acturers, it nay be detected by the IR receivers in the consuner

el ectroni ¢ equi pnent of any such manufacturer. In addition, the
transmtter nodul ating signal is a clean signal produced by an "7 August
2003 4a oscillator in the repeater, not m mcked fromthe receiver section.
Thus, the signal produced by an IR repeater according to the present
invention will produce a clean nodulated IR Iight signal, free of CFL
interference. -7 August 2003 5 BRIEF DESCRI PTION OF THE DRAWNGS 1In the
drawing: FIGURE 1 is a block diagramillustrating a renote control system
including an IR repeater according to the present 5 invention; FIGURE 2 is
a waveform di agram useful in understanding the operation of the present

i nventi on;



FIGURE 3 is a schematic diagramillustrating in nore detail the IR
repeater illustrated in FIGURE 1; and 10 FIGURE 4 is a ST t Zood agram
illustrating an alternative enbodinent for an IR detector illustrated in
FIGURE 3. In FIGURE 1, a renpte control unit 10 provi des coded control
signals nodulated on an IR light signal to an IR 1light detector 25 of an
| R receiver section .20 of an IR repeater. In the 15 IR repeater of FlI GURE
1, the IR 1ight detector 25 is illustrated as an IR phototransistor,

al though any IR light detecting device may be used. A control output
terminal of the IR receiver section 20 is coupled to a control input

t er mi nal oBmﬁlmRmmmemww@wency oscillator 40 has a signal
out put terﬂ} #'erut? toa 2 0. signal input termnal of the signal gate
30. A signal outpu Tmnal of the signal gate 30 is coupled to an input
terminal of an IR tFHAYRE tkrissedilock diagudmt HiustfatinpeatanoteThe | R
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Iu$ght Sltﬁ corresponding to th ctrica |gna Ri8FVed at 25
the |np YRS gp’of the IR transnitter section 50. In the IR repeater of
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IR |ight det ect or 65 BIGHRE etdsof sehematisudmgraie iflusiratingdni proeat 60. |1 n
FLORE 1, adill fhd i180tre ﬂa&#qi%uﬁ&d in' HIGBREIRIahG a0 | R
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control signals modulated 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 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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In operation, the rempte. control unit 10 produces a 5 coded nodul ated IR

light signal. In the illustrated enbodi nent, the coded SiAmmktZ@isscribed
in nore detail below) is a pulse code nodulated (PCM signal representing'
a conmand for the television receiver 60. This signal is detected by the IR
phot otransi stor 25, which generates an el ectrical signal 10 representing

t he coded nodul ated.signal, and supplies that signal to the IR receiver
section 20. The IR receiver section 20 denodul ates the electrical signal
fromthe IR light sensor 25, and pr%duces a bistate signal representing

t he pul ses making up the PCMsignal® This signal has a first state
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25, e.g. aY gt dR demQtgregnirghugit.sj gnal is supplied to the control input
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the range e m:g@@ﬁlmghds( 68a1ibd®i dunmo%a_&d:%ilt bekowrigl ?ﬁﬁllkw%odsfgdl _byh
respecti veanga t t r n the i ght
si gnal fromlt Ee.itfeergpng'?@ cé%i@o#ﬁ%??éﬁﬁ#h?s%ﬁ?%%%g?%‘?gnal is supplied
to the dat'@*SWHen fersheniolor This smnghais datestesb byribesiRnal gate 30

e s hatotamtiabi . wbit! enchbes wieoRaipl (gAI1e L1 e e
R 1 om O aePir@nsBl Ah Godfy SRGAIED §jENelnond tulpligs dhab Signal
condi ti ond@ the JRsgecainer medtibat 209 ThgndR edceiver sé@iwl dput terminal to
L, o pulderhGaaiel N AEIoLgia AT AR R Yl 5L, 205 ®,°
August 200%¥oduces a Dbistate signal representing the pulses making up the .
PCM signal. This signal has a first 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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7 the IR phototransistor 25), the signal gate 30 is conditioned to block
the nodul ating signal at its input termnal. The output “sAgnat26030m signal
gate 30 is an electrical signal representing the received coded signa

nodul ated on 'a 47 kHz nodul ating signal. 5 The signal fromthe signal gate
30 is supplied to the IR transmtting section 50. The IR transmtting
section 50 conditions this signal to drive the IR LED 55 so that it
produces an IR light signal corresponding to this nodul ated signal. The IR
| i ght signal produced by the IR LED 55, thus, is the pul se coded signal 10
recei ved by the IR phototransistor 25/ but nDduIated on a 47 kHz

modul at i ng teé giihlphdtbt[ansmd@d ZIﬁ)sthét §ignhR gdtghfﬁ() Sis0B8hdit éEE% on the IR
phot ot r ansiygs Qe tﬁ dﬁﬁ m&g receiver F{Q g VI sion receiver
60 responds.in . the nor nﬂSPa t’rfé mrFE’éeFe\?EHn dultheequiitied IR |i ght
si gnal by signalt frogn t vignab g&&nﬁ@mﬁsreprebenﬁml bmgﬂafllaiepiestﬁﬁuﬁg gqRal . FlI GURE
21is a V\ﬁveéﬁl%dl u a ration of the
present i.nventi on. @@dﬁns&l e1 (lr)?dr’rclishlla ust rgt Qg i %:qﬁfﬁ%@e %r?elnt t he
coded nodul ated si g e sighal 1zap dhe tﬁéghalbgatehéor mupphadttcolthurﬁk 10 ( of
FI GURE 20 tanamditime dedtioRD 586 OThthER | BaneReat se-EFi%gd'SQf g&@mbet ween
escCr |

th [ | b t bel
e Fr e S AEHEFYe NI aRE AERIEE' ¥ cq A amcbxcepnanﬂ Ralightoa, the
pul ses ar eSkEnahnepraespondingn @ ehiss enquh ateidosigreded Tfﬁel dRallighh si@hags of
ol ock pul spgodiboed By El\-%erInR Irg%essorﬁﬂfﬁg ! Bui2 A84& e S PRI

|ntersp sed bhet tie positi | ses D,
bet ween hECCETY ?ﬁll@@s IRy photsgransastor . 25,d@ﬂlérm0|da§;atwhebhea 47| kizcal ' 1’

or '0' is heididatihgagigiil.t edThyrdgiedt '?ﬁodnfl‘élf‘éd’ Eﬂﬁ tiih"i’ecgfénﬁi‘cl‘égﬁﬁlﬁég cl ock

Bﬂ: :2SD1C1OPC§1 d% pﬁ'ﬁltgéotﬂf’?e{c’gr rébogb tgf’ ?Yﬂéqub rereiyvier pbd se The t hgﬁt ?o
cl ock 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
35



pul se C2. This represents a data bit having a logic '1' value. Referring
now to cl ock pulses C2 and C3 and data pul se D2, the daflaAyguss200X is
closer intinme to clock pulse C3 than to clock pulse 35 -7 August 2003 8
C2. This represents a data bit having a logic '0" value. Had the first
‘data pul se been transmtted at the alternative tinme Dla, it would have
represented a data bit "having a logic '0' value, and had the second data
pul se been transmtted at the alternative 5 tinme D2a, it would have
represented a data bit having a Iogi% 1" value. A control signal

conpri ses F’\:zpr et ermi ned nunher %t data bits. FIGURE 2b illustrates in
more det ai [t he' EOMFEETIeNEh doflata: PycRapmigsa lozic I'Duyalugt edHad thEGURE 2a.

Each pul sefirstl data gieldei beciD rakitan dather AHRHSLEE rféiﬁﬁed I@P%S wi dth, and
I S conpose i.ght l.ses occurring af, t nodul ati ng

frequency. @Ioglfld Fﬁ%ﬁRﬁéaﬁéseéﬁéid@d%géiﬁr t“é%e?'ntlokgg‘é éré@i‘t‘fbeaﬁﬂ IR Tight,
i’ipdh bl fgkh%sl etlte rssppadedatan pulsk bier Rram?htttedﬂ‘eﬂ ehwdez#l@ma@fvﬁt hi5| Rl )
i ght puf seéme TERELALL QB g uenc efines the, cl oc
and data pul,ses il ust ra@%dﬁ% EP%&E}I%Q aFgg&t E@ éﬁ&{ﬂgatae O8¥oded pul ses
produced b‘{/alﬂ']ﬁe r 8mSPBIS nt1gaAl HImpmeey ¢f predeRANidgd numabepdef ati ng

frequency datat tdts,used by the manufacturer of the renote control unit 10

bul'ses produced by tHEGTRE 4 SH08kalss  imanpiea detil (thagcoBpoGIPEor t he
| R r epeat eflockhpulserdd| dhistrgtéd enuUBIGYRE 2sel didodd pulsebal@dipatbd 4h kHz.
Sect | on 90,13 0t gnaet & eCSEeriangh, DERCMRE, Anlfip ombrba i Toue v
i ght e 19Ieh,PICERs lighh oulse’ jogiurking t atedhesmpgulaing dospiesicy. of In
successi veFYURE 26, sihddddareAUsmesBaly tR fresEAGAWENRY REht'egRgabout 20
and 100 lfff;lan-k[hgrelakgrrétpré)sueln%ez% B %f R light. The envelope 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
35



envel opes defined by the AC power supplied to the CFL. Wthin each half
cycle of the AC power the CFL produces a group of IR [|i@ghAugust 33 The
envel opes 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 CIL produces IR Iight pulses at around
56 kHz, with envel apes having a repetition frequency in the United States
of 120 Hz and a duty cycle of 40% The characteristics of these 35 7
August 2003 9 pul ses are sufficient l9¥ different fromthose of the pul ses
illustrated in FIGURE 2b that the | R* eceiver section 20 is able to detect
| R |'ight ppukses #amevisudfitiemsly aliffeaeiite fremhi thosNbfcane ghulges m ni m ze their

by the | R [RsHRREd IHCRIOPIYE. 20 Miaf WBF ACreR Eochiop Avis Bbfode ht ing.
frequency ‘Ftieﬁht]i%/ light pudsas haxing Haese ecipﬁactadlsmstmndt@drmalsopn recei ver

60. Howevemihimbie ltReireREfdcer application, this in not a problem A renote

control nit 10 10 oper fr battery power and, thus, produces IR |ight
at a atively Iovﬁﬁ %?Cfﬂ‘é%ﬁ&abqw Jdigi crdad modiahated ERnlighf unit s

gener aI I y sigeahtprddatedh tryeltht i lReIVEDasgeofli thtaIR etrifgiitidie seét?dr?\ﬁ(ﬁ' on

receiver t Qe f receiver in
the tel eV|lzl| n (raggelgvg?&ﬁg 5@ sﬁf¥ﬁe%§ﬁoé§@ﬁwaﬁf@é?ﬁkfhﬁﬂe R |ight
si gnal s protReséed byether klewision crecsivarc66. HowewvBr riapaat ERs repeatgener al |y

conp e dmlkiaice e RO C OB, SO ERdECof e wiEnpro00e T

ove, the IR

| i ght a]';)arelatl légﬁ& evel
LED 55 of 9Bafas n Fﬂérp%‘é‘ﬁ iand, sthuss  praduces r By ligt atsageneral | y
physi cal | yremlwlycwlwn poslepskevel OX I Md:h@ntfwrb%cﬁb%&h&@mrﬁi s 65 of the

televisi on LReeIYelopeddted" &l ! V?aefvglygrfalpge Lista2le! fom e R ITaNt

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 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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signal produced by the IR LED 55, and close proximty of the IR LED 55 and
the IR phototransi stor 65, nore than overcones the sl i gRtAugust20di3ng

bet ween the 47 kHz nodul ati ng frequency 25 produced by the IR repeater and
t he nodul ating signal frequency expected by the television receiver 60. As
descri bed above, the transmtter section of prior art IR repeaters
produces an IR |ight signal which mmcs that received by the receiver
section. Thus, if the received IR light 30 signal is corrupted with IR
light froma CFL, the transmtted IR light signal will be simlarly
corrupted. The performance of such 1I0R repeaters is greatly dimnished in

Lhe bresenesistiniClb SCFRN nchUEnaL.e. TRROGHGMH:CORRLP LY gpeall ve. An IR

repeater as illustrated in receiver section

which is §§°31?’ETA§58§PH2WTWMP%|%kearﬁiem@d'dﬁted reetedersdgnal) The out put
si gnal framesuth modudatei uecleaﬂCbsamlaééxel@i?%nfﬂdﬁﬂ érh%éé@llﬁ’@#' 4@dncoded

| d | | at
wt ohin s rbe) BRE soedtBEY Bk Eaf hefG) peRtBiied, Faituighll 3808 Si gnal U
control & t‘HléltICFlSI t tRethghtte@mmelt lip theatramisntitter seectioan. The IR | i ght
gener at ed Jpyhd %@nbﬁlt@ﬂ‘ Ef{ et'he' TR' BFRARP Sin! ?esﬁ%b?n@gatog' g@gl dﬁ%flﬁl Wes! NC! ude

any CFL mtertereg &E operationis egra e présence of
CFLs. FI Uit #gladg apye AN I EBER Iapdsitﬁaﬂpﬁ@lﬂ(w Adreot degoaded | t he
| R repeat én thd psésenicedof CFALEURE 1. In FIGURE 3, a source of operating

et ucen the sour ce drtEpREact b & PoREmatsa A JUBFEaREcE deor an PN
transi Jt@rdegnil thheIRsuegnaﬂera[lletstmc&ﬂeﬁn FIGIRER1delrcFIGURR 3are Cou]pl ed
P e s SR M G oM ok A BTS00 RUEF 0L 2
i1s coupled between the source of operating
power and a collector electrode of an NPN transistor Q1. 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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power by being coupled to the source of operating power. The IR detector
202 is tuned to a nodul ating signal center frequency of 7&uddsr2@0sd is a
nodel GPIU78(QG I R detector manufactured by 20 Sharp El ectronics
Corporation. A resistor R2 is coupled between the source of operating
power and a base el ectrode of the transistor Q. Aresistor R3 is coupled
bet ween the source of ‘operating power and a collector electrode of an NPN
transistor @. An enitter electrodd bf the transistor @ is coupled to

gr gund. bA zolleewirselectidei of ctheptradsizes 4 aS BHEE Sel0birORE" G itH? gower
an a bas ; Si st or A capacitor I'S_caouple

bet ween th%aglggg&%ggjgt ??)Iaée%gpta! %Emp,egﬁgps a ’@mﬁﬂﬁ lifﬂé‘ ppelt deED

el ectrode 35 theoupledibatpecn theasduace afacperatify peveowpded between the

ransi St gt g s oo arae ot NI, AR, S R e SECREr o0) g

transi stgr A resistor 'S cqQup

power an§ 8?(2:%'& gapysioy &‘Fgéo@'{ﬁle@ntq\lgﬂpw%nsiﬁmom@cr cdectradstafr R7 is

coupl ted bethﬁ_aetmrmﬁsterri@ﬁefs eloap!deQGBgf b%ilﬁelédt?ét tﬁé@%foﬁh&)?tr st@%ound' A

resi stor i s e e -7_Augu col ] ect or

el ect rodeR?ﬁ't,h’gﬁ%”rﬂa{nsh%sﬁ oﬁ%@aﬁaﬁ’& 80%%%%*‘3@@(:3%&%91%;9%%% ang 4hei stor 8.

The seri al T@BHSEQRT Qﬁn"@@ & longilength RE svitk,ae.gl Rnk&M t65runs fRSAIPHEE bet ween

transi of éf;ﬁtmogﬁ%ﬁéfq‘éﬁ%??%é@%@m 2 RE B Y s, A el ea o

ground. © PhMisa #Q, ctrapsisteys mamnufactreds byr Motdrsla optmarationa base

el ectrode Thblehd toarndnst pérfeRed o 0 ed to the ,

resi stor Rﬁllﬁ%té@% #gﬁ@%&’t}r @] viﬂaﬁﬁgﬁlgﬁegﬁg?ﬁqgg \E/!vlﬂ-r%gt e.g. neant to
0 &

run fromone Troom The transistors QL, @@, B and 4 are all
nodel 10 MPS- A20 NPNn repegationy stheniRf deteoted 132 Métec sl ah&opRAEBAEE ON.

Table | cogt ARSI PR TROAEMALER RS p¥dlle&findi¥d trrqu&fartﬁlljg' tsignal
15 center frequency (e.g. 45 kHz) while minimizing the effect of
spurious IR light from CFLs, as described above. When modulated
IR light is detected, the IR detector 202 is conditioned to conduct
current 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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illustrated in FIGURE 3. In operation, the IR detector 202 detects the
presence of IR light nodul ated at the predeterm ned nodul Augusy2883nal 15
center frequency (e.g. 45 kHz) while mnimzing the effect of spurious IR
i ght from CFLs, as descri bed above. When nodulated IR light is detected,
the IR detector 202 is conditioned to conduct current between its two
signal el ectrodes, and when no nodulated IR Ilight is detected, the IR
detector 202 is conditioned to become 2 0 nonconductive. 25 30 35 TABLE i
-7 August 2003 12 Wen the IR det egt or 202 i s nonconductive (indicating no
nodul ated IR light is _being detected)s transistor QL is turned off, and
bot h capacitors act X\Q'lftipégecmcdbtes:torﬂﬂﬂ?bdseneilaﬁxtdmﬂﬁrd)f(indibﬁtih ansi st or

@ is pulled kiodhliitbgopmhy; 19t Qi R4 e I ansi-st ar i ur ned
on, pulli nﬁg the v Itltegggga{l,giﬁfﬁcg‘lé]lngctdg?é&q_eeyé]_&r?%%fg&{}o@r o‘ﬁn@erSaent i al .
The base ePHetIGHPOMH GaPaRktPEY @ft @ open gircuits.dobhet assugleatexsiesofr R5,
turning trédesismeist@B @2fis potedbhigh ahpnigPdesRior W@flséﬁaofhe@ is pulled

oo, RS, ek g i ol i el o) £ o
is det ectf*eléCBS?dﬁ Rajegrevndr poGtiaho (The ibghe ¢lscanidet eﬂ|tbamdia|d|§EQ33ﬁi Wen
S e et L L Lk I
gRr2 ougg. TE% (soﬁ{ﬁ:r%qeor?fofrapﬁ’ét%S Q4 %lﬁspgllédsdg;rnarmr%}mh trigistarsiRst or s R1,
R2, anduRding heansisyacQUoreff Clandn Gréve itigle t SRCL oper at es
L a ke SRR She AR AEH 55 *iﬁaéhOJn,O%v%'ea'g%%%ot%até&‘ﬁﬁt%ﬁ%% A usted
detected by IR detector 202, no IR light is emitted by IR LED 355.
When the IR detector 202 is conductive (indicating
that modulated IR light is being detected), the emitter electrode of
the transistor Q1 is coupled to 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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oscillate and generate a square wave at about 47 kHz. Thﬁ( signal at the
coll ector el ectrode of the transistor @, thus, is a 47 KHURBtkre wave
signal produced during periods when nodulated IR light is detected by the
| R detector 202. The IR detector 202 operates as a switch turning the

mul tivibrator on and off. The conbination of the transistors B and 4,
the resistors R5, R6, R7 and R8, and the IR LED 55 fornms the transmtting
section (50) and 25 operates in a known nmanner as a two stage
emtter-follower anplifier, responsive to the oscillator 40 output, to
drive the IR LED 55 on and off at & ¥requency of 47 kHz during periods
when nodul ated | R | FEBURE éﬂakeo:tsedematichﬂld afeiRG§@atigP%n Thus, the IR

LED 55 f. f 47
. Thge{‘%*g‘%‘?{m SRRl 98t JLIE el 2%33af1u§r5ﬁ&qdo|l{l.eﬂ3et” he
transm ssi %% nbhe| By idegectoy 202 fmolthetlﬁ repeatdr| dhustradéd tia t he
transmtt%\&ﬁR@ilﬁﬁs@sﬁ@a IR Atstor 2ichibd Bhif-Rined 14 h3CRCMaL!C

di agram 115‘% [attl ng..an ernatjve enbo t8r 202
illustra 3[ ?H A& REN c—ﬂ%eq Fﬁrwe@@%ﬁwsﬁnofh@bqﬂﬂ “ép&dizmr

ihl | ust rgt eddl n Fl GIEFIGURE i tlgif %nhﬁeﬂeél@éiréﬂef@@&h&%&%lf&'&gSler_‘;d }0
ave a g er quen response o n

FI GURE 4 gﬁ%ﬁk@ térﬁ% %b Fogﬁlo&ght ‘?Cg‘?lsf:BE fion s°fa ﬁF@d IRo ground

t hrough t @4 ahreeserond ofR adeftemt 20%. ddthecfiost IR4daredter second IR
detector X id r d g signal
center frequ &cgﬁlg;eu glé%‘]‘%gégﬁ‘{ﬁ%f Slsgrpﬁ b%gfgyzﬁ%ﬂsﬁecl}fg’o Rggat‘ggtor

manuf a(,lt(?J BSHF Eﬂ/@%‘ \SJ RAnl 1?\/I doteetasc maswifactangsH byT IENME®Nd | R

det ect or beﬂcflmkdmmdttrbelemlfmﬂ@'@mm S"Hi@'se@@ﬂﬂ%%eﬁ&%%f‘% d 56 kHz,

and is a IRdetetor al.so manuf a An IR
repeat er as escrl bea&gtﬁgvggpfl&l}ﬁ &&nter ftgquency of l:{?(Hz and 1is
-model TFMS1560 IR detector, also manufactured by TEMEC.

An IR repeater as described above provides reliable
15 operation in the presence of CFLs and operates with a vanety of
manufacturers’ equipment.



15 operation in the presence of CFLs and operates with a variety of

manuf acturers' equi pment. -7 August 2003 14 CLAIMS: 1. A August2idd
repeater, conprising: receiving means (20) for receiving an IR i nput signal
conprising a nodul ated data signal with a first carrier frequency and
provi ding an output signal; transmtter neans (40, 30,50) coupled to said
recei ving neans and responsive to sai dgout put si.gnal of said.receiving

means for p idi.bng an IR output signal including said data signal and
havi ng a seEBX H rrier frequency-, said receiving neans (20, 25)

denodul at es sai d dat anshggal rbgeatgf'cegnq?isﬁ-,gqa ected data signal w thout a
carrier; said transnitter nmeans.s ' a fixed frequency oscillator (40)

S ri ses > S
providing a carrief “ST'YARIMSA H2§%?é%ﬁ?é¥|89 an i dpriiFégnal 6empRsingod  sai d
modul at ed dRedulsteghdata sigriaiiwdb @i firsatariectequarcy singnrbvibivighth soigut at ed (30)
by sai d det £d data signal and coupled to an IR transnmtter (50,55) for

providing a repeated |R. output signal_ having a carrier frequency _
i ndependent of sai g'aﬁﬁwwré'ﬁqqséﬁb%r@l@%?d& s3igl @ceiRinaypeansagdal ; and
wher ei n sairdspermive BosditRostpyhaignahof saie secaivisg m’etahakéﬂprabihirg arh (¥

dul at | i Nl R | i Lanal. 2. An infrared
ropoater ad PRHGRACIRGAS Ak Gila3rk Rt haRHG LiPa cafier MgksatEncy of

said IR input signal lies within a range of frequencies-, and said carrier
Si gnal of isai d fi xedidfreeqiuif@wemdﬂd.%mmmdd@@te@§§Efda:!aft:§ g@;‘fﬁ%l"&y
substanti a 4l At ' ' .3. An infrared repeater as
recited in d&é{‘z’a’?ﬁq"“ﬁb\e}ﬁg‘?gfyﬁ%g‘bﬂgg‘%’@%‘ﬁ%’%@%’ér frequency of said IR input
signal |ies withinsaldieagaider means eemopuses afixethijequaropmscilatbri(d@juency and
an upper epovidiegupoayier sgRbDWtadteqUBBCTTRRIBBERASHOF BRst o?s%i'dr st detector
(204) tuneqncé&lgt f ?QE%HSV substantially near said | ower tTrequency and a
second detector 89(5{% o .
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.



tuned to a frequency substantially near said upper end frequency; and said
carvier signal of-said fixed frequency oscillator (40) has‘“\légusfg@&lency
substantially m dway between said | ower and upper frequencies of said IR
i nput signal . | NFRARED REPEATER Abstract An infrared (IR) repeater is

di scl osed which is resistant to conpactsfluorescent |ight (CFL)

interference. The I R-repeater ieﬁkﬂggﬁ?qﬁésgg&ﬁgr section (20, 30) for
ing - aco

receiving an IR Ilight signal répre ed signal nodul ated by a
modul ating signal, and for detectingAtbergeded signal. An oscillator (40)
generates a transmtter nodul ating signal, and a transmtter section (50),
coupled to the receiver section (30) and the oscillator (40), generates an
IR light signal repredaninfrgrachdIR}atepentd indiisclosedawhietdulsat ed by the
trangm tt erreRREM b NSomphdN Huorescent light (CFL) interference. The IR
5 repeater includes a receiver section (20, 30) for receiving an IR
light signal representing a coded signal modulated by a
- modulating signal, and for detecting the coded signal. An
oscillator (40) generates a transmitter modulating signal, and a
transmitter section (50), coupled to the receiver section (30) and
10 the oscillator (40), generates an IR light signal representing the

detected coded signal modulated by the transmitter modulating
signal,



