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BULB TYPE DETECTOR FOR DI MVER ClI RCUI T ND RESI STANCE
AND SHORT ClI RCUI' T DETECTI ON BACKGROUND OF THE

wO DMBNA40EN Thi s application relates to a |i ghtPEmUS2008/055769

control systemincluding a dimer circuit, which

uLHORlE! b@kckrbe ptoxpsnm‘mbé&&ug@ NRBCEEL sk ondd sl HRE crrcurT
pEGkE&EMt . I N addition, the bulb detection circuit

relies on a separately i nventive method of determ ning
a resistance, and a separately inventive nethod of
determ ning short or open circuits. Lighting contro
systens are krihMiKGzROUNiy OMTHEIENVENTON i rcuits. As
kno a dipgmer circuit limts the |] i nt ity of
if ADRRTRUORHAGT. (0 b IHGHEE FOBLP g&fﬁﬁf‘@% melpdng s qrjmmer
é?lecuitn%fﬂéjle%%ﬂﬁe@ ‘tﬁeb%lp%ngf Bhl"éoé(ﬁﬁ@@c@& t§ utlhpsdlrnrner circuit. In
Hi storically, residertial I'ighting was provided nore
dolitiome dhel dsitle detebidb sirchid weliesr on fd yepasatelyninvionfives method of

BRoBER e RS AP SrER REHA e e P gt Yot or

wratehenit bulb in a particular outlet is an

incandescent or a fluorescent bulb. In addition, while

severlightitg pede! sysemnumkrayn, @aed arayi inchyge dipmer circuits. As

%1%%\}@5 Ml élr lﬁ‘{‘ll?s tht '11%31! 1n%85fgp %ﬂulb ﬁ{]%nfmi fhanner,
etermning a s a portion of

ci r cuintmoddn® deildingsmthai® trag s 1ﬁ1@‘ﬁded@€1ﬁrbulllﬁs| aatdi fU@krdscent bulbs.

ex ensive, .conpl ex, and not necessari|ly effective

Y. i) Kefsieron nr%VléWemage&éyCmC%ﬂemmsbulbs however,
%ﬁb‘f@é&%ﬁt%lbsaargbémg InaGlfCd'bY ﬁ%v% Ol gﬁﬁtmnml g bul b

etection circuit? I'n one effoodi nent,
det ecto date,che puot art lnsk®t ptovided arreethed afidentdiying wiedltbr a bulb

en a low voltage is applied_to t d. By
af*b%ﬂhaﬁgm{lﬁtéw s sRERahts RO Red Py cutt i n the
bul b gefiaffonOWhak rs@\"é'rell’métﬂ@dscdré RHbWn ‘f&r‘dét&hﬁﬂuﬁ% ki¥e resistance
identify whether the bulb in an electrical outfet is

ofi doedlgetiiend anaipenant andrfor Heteiniathgtrashost eriapen cocwie an fa. portion
%ﬂ e‘flﬁcél}%cﬁ’ﬁée Ftﬁ)oevgﬂ nggmds aveubeen qgl%tlve%? gxlge%ts%re cornplex and not

necessarily effective.

SUMMARY OF THE INVENTION

In one aspect of this invention, a dimmer circuit is provided with a bulb
detection circuit. In one embodiment, the bulb detection circuit looks at the
resistance on a load when a low voltage is applied to the load. By monitoring the
time constant of an RC circuit in the bulb detection circuit, the circuit can initially
identify whether the bulb in an electrical outlet is likely incandescent or the load has
a short circuit. In a second step, the circuit may then determine whether the load has
an open circuit or is a fluorescent light by again looking at the time constant of the
RC circuit. The results of this determination, which can be performed each time the

lighting circuit is turned on, is provided to a control for the dimmer circuit. The
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an open circuit or is a fluorescent |ight by again
| ooking at the tinme constant of the RC circuit. The

w0 e®ahi®9df this determ nation, which can be peCT/U820881055769

each time the lighting circuit is turned on, is
rovided to a.control, for the dinmrer circuit. :
PR FHEVI By bGioPeRisT WD 8 aPRIPREE eIl ﬁv%?ﬁﬁ}% gFpsiding on

ﬁggh%qymglgorithn1depending on the bulb type. The

met hod” of utilizing the RCcircuit tine constant to
meas uFle methed io§ thhoeg itte RCswpait aiel gonstanienthsguigayregiftance

mmeasuri resistance for any appl,icatjion. Further h
e SR B REaRy obMeafihedPRutig ) vy apftisgtes. Fiigher.
tRE dblcBBort 808 Aokt ok Dpa SRFEPRNGHLY atl th¥ &I e EddktadN also
application. These and other features of the present

sengretely et heayepplicaipar st ood from the fol | owi ng

specifi cat | . . Coh
= bri G T A e R BB e o
frorguthe fdllowsing spedificaionCand érawdigsartheofdloatidg bf @iidhn® a brief
system Figure 2 is a schematic view of a dinrer
dSSFHUIN. for an el ectric light. Figure 3 illustrates a
circuit under one enbodinent of this invention. Figure

4 is a flowchart of a nethod of identifying a bulb

type. DETAI BRYHPESERCRIPONOSFOFHEH ERHRANANG §VBODI VENT
Figure 1 shows a lighting.contral .circuit 20 for a

put ! e TAS SSBm o T S bk eed 0 528,

et C. GEMRWIL GRERANCHEN 0P WriRb RS RuR INELIIEQAC fighid

mul ti-channel receiver 24. This receiver may be as

avai | lburs 3 itlostra&socaemit vadd eaneainibadinecrt of thexamngiton.
under_.its Product No. . ~.Lhe.use af .a wirel ess
Fece DEPE AT AR o At Bater BPEHEE Al by on

this invention, but only nentioned as one possible

type of system The receiver 24 communicates with a

m cPEIMLED DESCRIPTIAN. OF, FHERREEERRED EMBODIMENT

0 Ty 2205 OB AR B AR, 8000
B0Blityedfswitches 22A, 22B, etc. communicate through a wireless connection to a
multi-channel receiver 24. This receiver may be as available from Enocean, and
available for example under its Product No. RCM130C. The use of a wireless
receiver and wireless switches are not limiting on this invention, but only mentioned
as one possible type of system.

The receiver 24 communicates with a microcontroller 26, which in turn
communicates with dimmer circuit 28. The dimmer circuits 28 (only one of which
is shown) control the intensity of lights 30A, 30B, etc.

Figure 2 schematically shows a dimmer circuit, such as the main circuitry 28
as shown in Figure 1. A pulse width modulation control from a microcontroller,
such as microcontroller 26, communicates into a dimmer circuit 28 to control the
power supplied to an outlet line 35. Outlet line 35 communicates to a load 36. An

inductive load sensing circuit 34 also communicates with power supply line 35. The

dimmer circuit 28 may be any appropriate circuit, or may be as described below
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Figure 2 schematically shows a dinmer circuit, such as
the main circuitry 28 as shown in Figure 1. A pul se

worash4qgeesiul ati on control from a nicrocontr ol | BET/US20081055769

as mcrocontroller 26, comruni cates into a dinner

circujit 28 tg contropl th sup |ed 0 an

i ne Qee Ceynleen Oﬁgn%% o SRir ISR BLCHirg liua%?ae g ‘E%ﬂre
Tﬁkdﬁlﬁirbéb%tﬂoﬁédz@ﬁr%%ic{él actirﬁlﬁglcbn% S50 iR fHeCtﬁhfi% portlon

w th power supply |'ine di mer circult
1. arhe tarpmgapntralt egwil icong ¢xaopleraympascas m@@omdﬁemodulatlon

bel o e aml enbodi nt of the, di ircuit is
LR &4 The Bl P Heo®l s SisahiThs St poron 342
RAOMeHER MOIFRTNGVERE 132k oFithd ?bwem&{h postidh 844 tcmscnﬁrol the
portion 340. The timng contro i n one exanple

et o5 pewer ppEed Wi dtaadidd ulhst mmﬁocmﬁpﬂw 26sdgeraringzhow to

050 G040 O 1 908L RLSGRI SINED 108 ST 18,

cpﬁmﬁﬁg tlé\&ll ﬁs pesitddpn 1B4dne examgilé,r thk rhikkeocanmolidr 26 updWetown
plied to a load 36. The mcrocontroller 26

ta@tnéq%ﬁ res Prifing theuissewidthimpglulasiony igputs fogAghicysas elgsired
§ﬁ£ﬁ r selects (e.g., what dinmm ng
#ﬁ%@f ﬁ% eS|rg§€ ﬂmhllﬁne exanpl e, the mcrocontroller
26 usﬁs; KIQAHE TsedHningores eXaniplp operiati mgomdlitg fouh s@owndtyerse
e B S SR S o S e RS Sutricien
RREEATE s QUEONDIIE 0348 {KROM o BHBRISLatP t@% € nfeR Mn? lon) so that
strategy when the gate and source of each is coup

they bllaw pawel Eomrat sourdet3dgdego lisgetAG)e bVSSHETY t@ﬂlﬁt lpmd 36. In

A SOPSHEE AR S5t 0= SBREL TR, Bdd ] o G5

tatHReRlofest 4 Kigh Relt '_géaQn%ﬁothbﬁeialﬁq;lé gv¥efhaed pas @ot@dltst@legy is
exanpl e, the MOSFETs 346 are turned on at 0 volts and

ysgd m\él@reomﬁ MOSEERs g0 ton pagea high valeghard @fi ahPivelty Another

t
SRR BB Ry SRR MOY Lo bF SRR FoLE apa cmine
themtost atAnothbetiorexaopbadencl udes turni ng the MOSFETs
346 on at. a non-zero_voltage and turning them off at

anot hE HEHVREMETR B2 Eontithe VAPPSR o F31B pogien 344 is on
nﬁ{ géférewe&ﬂr&l% PRIt nggﬁtepgrowa%a 134t load A, a@&momng

ere ore, contr power provi
ﬂlh emooaidof3woCpnaviddd forgglight bulb controls the intensity of hght emitted
by the bulb, for example.

In this example, an isolated DC voltage source 360 is selectively coupled
directly to the gate and source of the MOSFETSs 346 for setting them to conduct for
delivering power to the load. The isolated DC voltage source 360 has an associated
floating ground 362. A switch 364 responds to the timing control signal input from
the microcontroller 326 and enters an operative state (e.g., turns on) to couple the
isolated DC voltage source 360 to the MOSFETSs 346. In the illustrated example,
the switch 364 comprises an opto-coupler component. Other examples include a

relay switch or a transformer component for selectively coupling the isolated DC

voltage source 360 to the MOSFETSs 346.
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t he anmount of power provided to a light bulb controls
the intensity of light emtted by the bulb, for

wWex@spie9s I n this exanple, an isolated DC vol t BCEUS2008/055769

source 360 is selectively coupled directly to the gate
and source of MOSFETSs 6 for setti t hem t
conddetorﬁo?xaa@ﬁq VRS 1SR t%@ vliges RUeHAR0 PIAdeSs b dpley Tn

RouePLagpIeoRW 68 b AouRR. anRoiALedr iR DC voltage
gr ound A switch 364 responds to the timng

sooreer36l issderadd forfpuuificiete hen whchoMEM S 6 8 26 shdation

Ehls%] QR e ERTE WAl SR Gt sk B ARk ES Rihue the

ikdlateBeDd VeghgatseehceX36m| eAnbiier bl FRAude9NPTdcs@8d-stage
an opto-coupl er conponent. O her exanples include a

tmsa)ymgw Thescokilieds inathe fagrwea havniberhenefit ofr this description will
ARLE L R ARURL LB, LR B AL B X Q9PDERUIEE: s

mmhﬁﬁg&u&ﬂunﬁﬂmﬁﬁﬁmnrOV|des 12 volts I n anot her
exanple, a |ower voltage is used. The voltage of the
i sol athed ibestipgnd: sgamalsuriedudsso Wliagso|copwaking o cgmponents for

MEbiG g%ﬂé v619a L{ﬁaﬁr th%bﬁhe% Esso% JrQnd MROSFETS 346. The

saturation re e exa I ncl u es using an
1illﬂ$1faa¢dedxdh€pla(mdodnse1reslelors 36@chd 368 drhleaizsodradiede BZ0. The

e S06 St SR P pABRE B (o Y EHMOSFERA6
TRVRsikhes deneld 3683§etttﬁ‘é furfl %ﬁcﬁie% bP ﬂlev‘ﬂlﬂné it aRdl téecuﬂp@ftf the

conponents w || best for including an isol ated
MeISFéde %%ur be ong elxamplne ﬁwr tasstdr a6 8ehdsodl inmesht h1g1T¢rer651$tance
illustr e.in o age con 1.4 n

st 6% B AEBRE BT Bhh g i, BTG yERE RS Pllfipny ses the
tuReo iR BN theMOSEETORA46 N8 cIvERipEabsofB4focd BRE on speed allows for
illustrated exanple includes resistors 366 and 368 and

gyophng osellatien 9f ghe MESFESS 6rambevaiding gensrating nhagh if the
' FETs 346.
SRATE 1245 Werd ey b o' B orkeartolf0aif B TSEETS 8

t he tThee zehert diogls BP0 tpronided foviehevdapEEHisteddén ton skl the

exanpl e, the resist, r 368 has nmuch hlgher resi nce. .
Ts frarB oliaee shikenand aeisat F o36@PLychng ﬁﬁ?ert‘ﬁ%(? 370 is

¢ f |
ARl I AL Y B e MOSHEE L8 g s

ail drobeotothe diode’s reverse breakdown voltage in a known manner. One
example does not include a zener diode.

One advantage to the disclosed example is that the MOSFETSs can be fully
controlled during an entire AC cycle without requiring a rectifier. The disclosed
example is a more efficient circuit arrangement compared to others that relied upon
RC circuitry and a rectifier for controlling the MOSFETS.

The inductive load sensor circuit need not necessarily be incorporated into
the dimmer circuit. If such a circuit is included, it may be any type inductive load
sensor if one is included. One reliable circuit is described below.

The output 35 of the dimmer circuit passes toward the load 36. The load 36

may be a lamp plugged into the terminals of an electrical outlet. On the other hand,
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avoi ding oscillation of the MOSFETs 346 and avoi di ng
generating heat if the MOSFETs 346 were to stay in a

WO poveas40eper ati on region too | ong. The zener dPOHESBIL055769

provi des over voltage protection to shield the MOSFETs

r mvolt g pi ke nd. noi se, for exanple. The zener
t&? Earéaqu uﬁbﬁ‘dl Eksctwa.lﬁ%da%eﬁsqr cyies geen something
(Rﬁ&vthg@g 1Bt the NMORERT 9alueh /s S lr'ﬁa%/ebé ARUhBlcab p‘?é’vent any
bel ow t he di ode' s reverse breakdown vol tage in a known

dremmieg.. One exanpl e does not include a zener diode.

NCBFET S8 3h et 4] §rEARE FOT T AR BTG e n anile A0 arate to
l@é(@B@ Whi TSt 4308816k dbNhak 4 Bighiip8dancd Niitiflh 36 98RELe limit is

exan‘g e is anore efficient circuit arrangenent
hedow yobagreHmit may beedtt 88 egenoRE wiltschowewerasy ather

ogtgigé gﬂa rbef 19[{112%8 n tIrh%I ”J!‘V@ 9sb Iillgs glﬁlgﬁ%beidﬂ?% utﬂg Lilcltﬂhgl? higher

SOr CiIrcuit need not nhece

volage mmamdlet rinothte e deh efiBuindeddscafl Yolts) formhlpae Again, the
circuit is included, it may. be an¥ type inductive | oad
Desib8r volatsnshquld | a| heclmiiinge opelhinbRECTsoRs (lowever 1n one

R Pt MG o R 0 O R & e

pl uggidlonpte theneistnervoltagd silaf reesived ek nipstadanofromehe lodd 36,

o ie e AS Gt St Ml ed Red o S e i gy Line

48t®aéff&t1kiélgmlaﬂ1p°s @t pober.! ‘Piaéh 1ﬂdﬂc‘§\¥écf3)a& aseR -as atva@ﬁlymbﬁeaner
desirable’to prevent any dinmng. A pair of diodes 450

ranir,45 DlYgpedsitoghe lqpdsib, ithameticrsnwil b¢ heckaBBIFopulsds) e«ihen the
d 36.,The TVS 450 refg(gably has a hi gh

|
b isg Afmda. s g NP UBeEREES T M t b s ot The 1 ow

vol t ag@ch Nﬂltiger@;[l)ﬂ(el@%x@ébdtth@ s@MAsTth®oRageOlithiis o WETES 1450,
any other voltage nay be utilized. The TVS 452 has a

%mdgl%VS rﬂé%d%meléag@rﬂfu the yalyn of thi §NErdSPovilblresunphied dpynstream
ﬁﬁ)t theosnglﬁtﬂ ec‘urgﬁlgj dotinrg1 %Fdar € cgf Fécl}ﬂollér 4561f Qrfd 1%51?%'&3 The
edl e Vol ages t be lTimting on

Iidﬂp@sel dﬂ/tfhetdapmtoh ehse Vi episton elsertbod ipt@vitle al lbwvms i ﬂntermg
the area of 200 volts for. 120 volt AC pqwer..
Besi9ed, resisty 4081 and@pagiiok &9 dessithes d’“b‘é@% “Hlﬁsctofl%%% Tcontrol

JvePmd aﬁpllltot@ddn%’tput indicator line 460. A resistor 461 is provided to limit
the current.

The voltage from the TVS diode 450 is coupled to the resistor 463, and
creates a signal on the line 460.

As shown for example in the box 340, the line 460 can communicate back
into the intersection of resistors 465 and 467. This is but one way of achieving
turning the dimming circuitry off such that full power is delivered to the output 447
when a signal is put on the output line 460. Any other method of using the signal on
line 460 to stop dimming may be used.

The load 36 may be a hard-wired light socket, or may be an electrical outlet
that may receive a plugged in light. As mentioned above, in modern lighting,

incandescent bulbs are often utilized but so are fluorescent bulbs. It may be that the
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the di mm ng of the power directed through output 447
shoul d occur normally. Line 480 effectively clanps the
w@omen440pd an i nductive | oad, such as a vacuunPCl/Es2008/055769
notor, is pI ugged into the load 36, then there will be

back ENF es, the load is d," i ch .
naeEgoatrol rt & gm&@@ Wi éﬁp%tﬁt%ggOL -‘%%Sﬁéaﬁrqlhag the
cﬁHﬁﬂ&% ofhg ﬁwinfd@&%nd bﬂbta%doaf ﬂh&%saé}{tsb&l%o TRRI 2 THH ﬁét%ctlon
a voltage of the value of the wi || be supplied

Cdmun§t8rle aravildedgo tdhtecsthgpalb twm ouu rthe loa¢h d6 t Ahowgipuaaf the bulb

463... T f
FRER SRS HesdS AR Hals BedhRlnsa s 38 Lot Paetal ow

pass mhi bh&rprofesclRe dinstiig éﬁ&rolr esi @ifeen? 28n@61d algorithm and
capaci tor 456 together provide time constant control

vaERctetyan dist sedivaromay be ysgsuior divami: ae typhel lidprelative to the

SR SUQo:A 8L e PUOVIAIRIOCLLIT furh 1 GURERDE 0 Bilise width

tage Trom s"¢oupl'e

rhemlstb@mgiﬁl% ma3nbe corddlRe & Sagnalrtinh voheed ame ed@Qy if\high
shown for exanple in the box 340, the |ine 460 can

GOHE Hiak atvgllb%%kthew t soj for @Fligeing safton resftwfbagdifferent
S%E 3f gllﬁ% é&%tan?labﬁtrdls%ap&%l?tgﬂgﬁrgw5ﬁ ngt?&la &Ydng ffu?fe@&é’ﬁg bulb

nmng clircuitr power
Idaetis vdpmgbrttond e s@ctt gndt a MVgemﬁtmm ® shaggalfrans Opeltllghh level to

ADRlLRUL LLne 00, At oLher L fod of el g (He o

i*oP adu3fesBBY b, ﬂlehﬁ’%lﬁ 1Mel ﬁﬁylﬂegﬁémﬁﬁféh%& a l@xfze%&n}ﬁﬁe@[bvel
el ectrical outlet that may feceive a plugged in |ight.

fas atrﬂveﬁtau m:nled oabmedond secomd é@rnexlan@lﬁt) iang then nheamfegm giatts. The

bu bs ofte but ar uor

B e P bt et el R PR TRl B 16
rﬁ@ nﬁrlahgercmt edmsieNeMegiou® rbr&ist 60 FlubRgcdnh&utbsMiafithave a
of an i ncandescent bulb and a fluorescent bulb. Thus,

rgcasumBndpdtmpimem eicrpuicyelagnd ¥ maowicldy they dmmieg belew that

@H]tl I{hy 1RGe19y! an % d ﬁlqls shgn S ﬁ‘xﬁﬂé 418% gWSﬁPHé kalat the pulse

Ion CI I‘CUI goes

widett modulttiod Vetag2 @ orln dﬂmﬁecb d@m scedl lodv RN INQ2%0 fdrreghmpla)
di fferent control al gor.i t hm and paramster? in_th

sof t waymicaliy thselighd sassngily de bei Hgmsemey, el %lmrﬁscent bulbs
! BVE YRt vt Bilast. However, it may be that a ballast is incorporated into the

control circuit of this invention.

As shown in Figure 3, one sample bulb detection circuit 38 includes a
resistor 44 and a resistor 46 positioned with a capacitor 42. A diode 48 ensures that
only positive voltage will flow through the RC circuit. An optical coupler 50 is
shown for coupling the signal from the RC circuit downstream to an outlet line 140,
and to a control 126. A resistor 52 is positioned off outlet line 140. The control 126
and a load 136 may be the same load 36 and 26 as in the Figure 2 embodiment.
However, the present invention is operable to detect whether the load 136 is present,
or is a short circuit. Thus, loads other than the light bulb load of Figure 2 would
benefit from the circuit 38. That is, while circuit 38 is called a bulb detection circuit,

it has benefits far beyond the detection of a bulb type. Further, the resistance
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other. As an exanple, should a fluorescent bulb be
identified, the pul se width nodul ated signal nay be

weomwsnolobed so that starting voltage and ener gRCT/BS100§/055769

enough that it will start the bulb. A'so, for

achi e oft-on or sqft-off fferen set qf tine
ROHEEd At e e 0 Bar eefP%aSHWafB]é YraEERIS Uit circuit 38
fﬁ@%ﬁ%@@%%&&ﬁ%@éb@uﬁéang%( smﬁaﬁ&l start and a

| onger tine to change from one  evel to anot her

i ghtTheeuﬁ@IofctmmuetoB&t@ 1d¢nt1fm@d1m¢lesf®em1llbmhbbe @eplained. The

f f t hi fl t bul b
S DRy, ainiisd B hhafhok: “Ihe S8R upnppidiied o o
di@dhﬁf%ef @he dheak@®Sedt B WL Qirchit. ™R MARE apFle@ndns, fs@éh as the

exanpl e) and then the soft-on starts. The tine
donyr gcuft oyt Bigere i @th’fenlt @y apsigtandenty didfqultote dirertlyf measure

t shart 6
SRS RSP SRRy ave
a r echordemdeide Mabutb rm@enem the loay @B6, @y vbltagey coidilcdy a
that dinmm ng below that m ninum | evel is not advised.

mlﬁfsvvl Hﬁ)ﬁiuk@%aw@t spgh Ayt Hbiis aprlicdrgithe fpadpuf lseevoltage is
t |
e ?fdglzagsg{bﬁ]&ﬁﬁéor T g%p@%%a ;‘%?C&W gﬁdﬁg?ﬁléﬂ Wghﬁlf&céht bAW will
ras sgeitriskayteti oatba ! dbiymimesd VQMgel Atk uajn@hédl urottegfc énthdoutussoff, and
t hat. h their bal | Howev be t
Grdiioe 02 kit b ARty TR e e 2% Vgt BfberThan

thBk&idkdNE BF }RfRtor A2 3(@ Q i> n O’FR%r ghddthe %?steﬁl@érﬁf thebMidor 44
detection circuit |nC udes a resistor 44 and a

isagmlb’rardlﬁldpﬂ@sémlbimdhwth a capacitor 42. A diode 48
ositive e hro

h |
e HE e lae ™ i Gospuleeo AT ol ahghuBl R cHa be

@Mlﬂl%l}’t Jq%alst'oim‘?* C.f 66 Ries BERG] dndlR, Ecanﬁié%é/}mﬁ kkep to
an outlet line 140, and to a control 126. resi stor

52 i sif gssiopd srreluasescersrulleer ifithpse 54, logthat aélo Hherdischarpg time
gldla:bé %?gro%ﬁgar‘%gigyR QC% he S Iﬁgdsht?ég t%n dln 9e§1s{aﬂce of a

wever
ﬂlmtesmt:mtdjulb svhigehabie teon gatted tis ek ﬂh&geﬁ ﬂhen IRaad Bgzaﬁttmg a
IS present, 64??12 is a short circuit. Thus, | oads oth

TR SORYE | ArgdReTBEaY e¥Elcoro rqshﬁlgr@t‘ﬁe%ﬁﬂﬁcb?eﬁéif Res"Can, the
cgfcgp‘ecﬁﬁ qd@'ﬂff)‘é WhkthaB an T@hddstent Wald £ 1%&519 t?é I(l)a%l 136 The

eteCtlon circurt, 1t has ene
denad ichassed ddetnstreano throdghathd upthncai yqng)lerthrthh eontra hé6
resi nce t. the.
oas i o ransyer et gt o eiergte et fa dgmine whether

there is no load at all or a fluorescent bulb in the load 136.

A voltage is again applied by the pulse width modulation signal 30 to the
load. This voltage is high enough and applied long enough so that a fluorescent bulb
will begin to light. The applied voltage is cut off at a peak value, and the capacitor
42 starts to discharge. If there is no load, the discharge time constant should be
approximately R46*Cy,. If there is a fluorescent bulb in the load, C4, will discharge
much faster through Ra4 until the fluorescent bulb becomes shut back down due to
the low voltage input. Then, Ca4, will discharge through R4s. Therefore, the overall

discharge time in this case will be much shorter than R46*Cs;. By setting a time
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Thi s resi stance neasurenent can be used in any
application. The use of the circuit 38 to identify a

wheios/144p Wi I | now be expl ai ned. The bul b typRCT/ES2008/055769

di stinguished by its resistance. The resistance is

transl t.o a.dischar me neas

OnPED reSFwdﬁ%ﬂw dp o %sonesca% A tﬁ%ﬁﬁﬁﬁe 1$ an open

GEdift ohithOfoal b8 HlSredoenfMIEENt OF Tesistance is

difficult to directly neasure during the circuit

oper aTheocvptlcalr@upbu laald b@lse)qﬁértmnvl@tet the drspha;g@ ntne igasurement

det er he n.th ad 136, a

§ot rubeSickmapatided SHT03iarE PR merSeRe Hromsp e be

1%&'[%5'56@%}atpuﬁfﬂg 4 3ar@d Hleélﬁgr RO it @@raluelaebuhm@a@ﬁwrt@% bSR >
gél ed for a short time T (T > R44 C42) and | ow

gh that a fluorescent bulb wll not get started at
I I
a bgl}]l% IB%SEC \ge% f%‘%ﬁl&)ﬁbﬁ 1@19£1la e%dialtﬁé Elggf%ha{r? ?.ﬁgfgﬁreclf'.t While

dIﬁS¢1Edu&tn£SEd1@Cflos’ed$ sy @ﬁetH&i laﬁd reiretit |far gelb dhenionhwould come
resi stance of resistor 44 (e.g., R4 > 10*R44), and the
Vil dhcairene of thisiaverkonst or 44 is normal |y around

sever g & hlc)jl? <8 E(fﬁ?t dfectidle do Sr#l Eff C}Jeb s@fmaRcaNdesie etﬂE follolwmg

bul b, ge tinme e approxi mately equa
doscriptbnCAZhai abbed shiosted, tRd dapmndorRiPGanidescegdt chargtd B, or it

ibhdisere (rosperedeioE HAr bt FHRESLHO Frspan il volfugd Bt the

RO IO B BLdont4 shédt. Wik$a 'V§lt5grel-i§ aﬁilfé@@o Hﬁ%é(ﬁ Bi¥e should
resi stance of a fluorescent bul b whi has not been

st alogedchigls SIguairappaa;rglgrat theaoutliRid 140 B%ergemmmgnadﬁtlm@f Rys*Cap.

B30 Pl 25t ST RE oS o SRdEART g AE HE S Fohstant

Rpje@N e sikantirdiid dnite id@aHEIcdeBypéclddiag Iﬂe@ehlaé’sﬁ)f Rif@nd C,, so
signal is passed downstream through the optical
thefupicetimet ¢onptaat sophartsr thars thg fimgnperindaeess celch |4 gratected

o DAL e B Pob k5 LR i

dolmliolﬂentlsoaldasla?»MOSQFBﬂQlchlag@eff&tﬁg@ImoﬁﬂﬁhI ed by the
pul se_wi dth npdul ati on si.gnal tg the |l oad. This

vol t a&1lf <hidgpeled ip b Oaﬂefﬂ a‘ﬁt}P]ieéc?Ol HHlgdiedeudh &0 Sh%l@ for
&t{cltlﬁg e[?d‘sﬁme VtHH g \é‘%&lb &%%ﬁuﬁ Qaﬁ g I}Ever etoat[%%dt %dne ative
s cut of

a peak value, and the capacit
voltage cycle by reversing the directions of the diodes.

A circuit like circuit 38 can be utilized to measure resistance, for purposes
other than bulb detection. Similarly, independent of what is at the load 136, a circuit
38 can identify the presence of a short circuit in any circuit application.

As a method of measuring resistance, the circuit provides an indirect way of
measurement where the direct resistance measurement is difficult or expensive to
implement. As a general short circuit detector, the response time can be much faster
than other methods, such as fast reaction fuses. This method may have wide
application in situations where direct resistance or current monitoring is difficult or
expensive, or response time to a short circuit must be very fast. One example might

be a MOSFET short circuit protection such as in a dimmer application. Even fast



42 starts to discharge. If there is no |oad, the
di scharge tinme constant should be approximtely R4 C42

WO 200B/1340e5 e is a fluorescent bulb in the | oad, PCABS20$/055769
di scharge nmuch faster through R44 until the

fluorescent bul b becones shut back
TGRIORGUSSS TPE SOMHIRSS Rs490 QW t%P@éW&FW@{}Q Wh?ihthere 15 a
s_ﬁhﬁrc%ﬁ?ﬁ eWﬁhhﬁl Y6t %hbul%éts&ﬁ)'h% céﬂtfm chilsHu b po@2€to protect

be much shorter than +C42 . By setting a
thﬁnm@ohwumﬂmaﬁhmﬂgﬁbld that is close to R4 C42, one

can i Yy t her t en, ci rgui.t
and SRR F S inenBie PRL bRl EREbsEng Weiker of
dr@miast §l€111518 thisaas hafudd tré't@ fliz8 Ghar @eainl ABJTRABHEWBHI come
to a pul se width nndulateg out put signal. The
Wiblig (he pone o4 dlis inieptiemn Fpethiahreseps def fwlomng ¢laignsgshould be

r 42 (e.qg.
RS R R BB A Eom TR BRI, et Tl
in the flowhart of Figure 4. Wile one circuit is
di scl osed, any nethod and circuit for bulb detection
woul d cone within the scope of this invention. The
short circuit detection could be summarized with the
foll owi ng description. Wien a load is shorted, the
capacitor 42 wll never get charged up, or it wll
di scharge through resistor 44 if the capacitor 42 had
an initial voltage at the time the circuit becones
shorted. When a voltage is applied to the |oad, there
shoul d be a logic high signal appearing at the outlet
140 after a maxi num delay of R44 C42. If such a signa
is not seen after applying a voltage to the |oad for
the time constant R44 C42, a short circuit can be
identified. By selecting the values OO R44 and C42 so
that the tinme constant is shorter than the tinme period
under which a protected conponent could be subject to
damage fromthe short circuit, the electrica
conponent such as a MOSFET, can be effectively
protected. While the diodes in the optical coupler 50
and di odes 48 are shown for detecting a positive
vol tage cycle, the circuit can be reversed to detect a
negative
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vol tage cycle by reversing the directions of the
diodes. Acircuit like circuit 38 can be utilized to

wore@s4495F esi st ance, for purposes ot her than bRCTUS2008/055769

detection. Simlarly, independent of what is at the

| oad 136, a circuit 38 cqﬂ iq ify the presence of a
short circuit in any circ L@‘ggilication. As a net hod
of nmeasuring resistance, the circuit provides an

i ndirect way of neasurenent where the direct

k.esi shdighengreadiof emant inlgdiaigf fi cult or expensive to

inmplenent. As a gengral. short circui ect.or, the ..
+ eopohgipgrigredis AR P Sl BE HErRlton i uit: ana
such asylhastecti®P6iréudNfol USREMinidY the TRINGTLUIRYt DR AbSeated
application in situations where direct resistance or
il thertimmsareting is difficult or expensive, or
response tine to a short circuit nust be very fast.
One exanple m ght be a MOSFET short circuit protection
Kuch B lightiag dont@rciepipbs satfbdnin dvien fwisdreiaald bylb detection
fuses may sonetinmes be tog slow to protect the MOSFET
GiraH comisdeatifysif an dsandesegnt Hahtis ragpivd ghipedomsl t cir cui t
detection, a control can shut off power to protect the
circuit or any part thereof. Although enbodi nents of
i hi s Theiggitingrohtadecidoeit s skt Sadtlo sedaina woltdcan tiof bulb detection
ordinary skill..in this art would recogni ze that
St Sn LB lenliBLt pesh hlrer G bR Rr e e of
this invention. For that reason, the follow ng clains
shoul d be studied to determ ne the true scope and
4 ont ehite bghtingi eniml emeuioas it AbS il claim| 3, gihdreig aperifrapbhort
circuit including:. . a.dimer.circuit for dinmng a C
fichfiend ooBE G o el T Ft obpdioc! dhatefgpyient s
idedtgtddi on circuit for determning the type of bulb at
a load associated with the dinmrer circuit. 2. The
lighting control circuit as set forth in claiml,
er 3 s : Cul . . .
S cantBe o OB EhEnh 2% SAFH A ER iR 46 el time
dv?llhnglhﬁﬂ 9 gn@@ﬁh lfebd l@]étegh volthde @appkéd footht Hodd) laﬁdl ﬂ:ldJRQ, c:il;cuit time
erein_ the_ bu detectjon circuit can also identify
omeienidieing yilizse & idenity|theyype pEbylbagseied m e lﬁéfw oad.
4. The lighting control circuit as set forth in claim
3, wherein one of a short
6. The lighting control circuit as set forth in claim 5, wherein a voltage is

initially applied to the load, and the RC circuit time constant is utilized to estimate

the resistance of the load.

7. The lighting control circuit as set forth in claim 6, wherein a short circuit is
identified if the capacitor cannot be charged up after a RC time constant; if the
capacitor can be charged up and the discharge time constant is identified to be below
a threshold, the bulb detection circuit determines that an incandescent bulb is

received at the load.
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circuit and open circuit is identified if neither an
i ncandescent or fluorescent light is identified. 5.

wab@shiqgi i ng control circuit as set forth in PCHUN0§/055769

wherein an RC circuit tine constant is measured after

VOI i@}ﬁq]éghés ap ‘%rﬁl)ﬂgcq{?%l}otlalts g@ 1P § I#’ )W%teﬁegn %%‘SL@ circuit

thfHé Roh&&R1 1Y %t ipR1ck ﬁlel &%geteﬁmn&h ek, 1tRéh ﬁofﬁ%ﬁé?lvo_ltage is
circuit as set forth in claim5, wherei’n a voltage is

dpplied &l thy lwppandetdie gcuihdetbrozngs almthar e RC tina eaistant is ntéove

const tlllze to es e.the r |st f

SRR Phroyioud g & Hg R T i RSB RY pehiree R
&GhcditMife d@h@tﬁﬁt‘ I3 BeloWOiht Selebdithredtivld, dgiat b iopen i dirchifteing
capaci tor cannot be charged up after a RC tine

lé@ﬁsﬁeénf theiRC eiauitctipaeonsimnt tsaafbowth@ﬁamédhnqgimﬁd t he
di scharge tinme constant is identified to be below a
threshold, the bulb detection circuit determ nes that

E&n | Meindgiatgndontyl birtuit beseifsall idtcldhes, | volaaeil. thd R circuit
htlng control circuit as set forth in claim?7
1§

1\%‘&%% thiiyst rﬁtsw@)rm@sl&op%mtermeﬁ@tec% foad anel ai capRior, k?é‘ld gsecond
ap p oggl?ﬁcgez{ E" H{l %ﬁglo[hg firdt A&t atﬂggt%%?ac}{tgﬂ age is

e circult determ nes
whet her the RC tlne constant is above a second

re d, with a fl.uorescen ul b, bei identified in
ﬁqil f‘@&dhgmngwenﬁ@ %Wmstseftf ﬁ@ Ip ST eE B S iace of
tﬁ@%&'&ﬁd Eé&[s%‘rh@k&ate@ﬂﬁn@ﬁb RB8AnEd 6fCtHé Firdedsigorl denti fi ed
RC circuit tine constant is above the second

threshold 9. The lighting control circuit as set

orth,in.c wher ej i Fcui i ncl udes a
for e e S pE bRhire bt ot de bRRYOE S o
capagily or , appRn@ SeeRiEt teSd 6, ndr BrBEA an RC circuit, and
T-connection with the Tirst resistor and a capacitor.

identifying Whefheti Ay ewneifas cagi bewhereed upetftdror ttimg qomstagitnnd
ﬁent}’i?fﬁr edl oﬁ'&fr ﬁl?ﬁ*lts’fé anee of the second resistor is
grea ef ‘than t Re

resistance of the first resistor. 11.
A nethod of identifying a short circuit conpr|S|ng t he

t f | t t | oad,
f%?gﬁﬁl?? raﬁt%m%a%w é%rﬂ%n% i | ldg%l%rﬁ rh%gﬂhaﬁ @trﬁ@? idepgfication is
8RR bRt GadnBRnGRALEEHYEC L&Y iPddsigiBd $0 PRIV suff&iCntly

fast detection to protect the component.

13. The method as set forth in claim 11, wherein the RC circuit includes a first
resistor positioned intermediate a load and a capacitor, and a second resistor forming
a T-connection with the first resistor and a capacitor to pass the time constant signal

downstream.

14. A method of measuring a resistance comprising the steps of:
(1) providing an RC circuit associated with a load, and applying a
voltage on the load, and measuring the time constant of the RC circuit, the time

constant being associated with a resistance on the load.

11
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identifying a short circuit if it is not. 12. The
met hod as set forth in claim11l, wherein the short

W@ 2008044093 dentification is used to protect a CPCPUSI®NG/)55769
and the RC circuit is designed to provide sufficiently

Cothe@oetl ot ot Rt iy 1 DoGHBAE RC R uRercludes a firs

I%blgt%Hb6SIﬁ&féhq%§n&hEttb 5$$adr£1%' alaPhicifdPSinliiaQRE8hd resistor forming
internediate a | oad and a CapaC|t0r and a second

g Esosnastioh ovithi thy fisst Teseshomandta epagiiar o pars the rime constant signal
éesiﬁtor and a capacitor to pass the tine constant

VgiaF* Bownst ream 14. A nethod of nmeasuring a
resistance conprising the steps of: (1) prOV|d|ng an
RC circuit associated wth a | oad, and appl yi ng

ol t abfee rthodes| sshdritaidclrimd dr phgreith et teﬁaéta@mwgf ghet second
r%£1§t|tglp% %R&téﬂtp&ﬂh% ’restltgfr}c ' ?91 g?rn?%ﬁ bei ng associ at ed

esi stance on e met hod as set
forth in claim1l4, wherein the RC circuit includes a

first resistor positioned internediate a | oad and a
Jcapactetﬁthodaqfd)paraélee arighties pantipl CFerlhmﬁlgldalg the steps of:

T-co ct [

o padd t Haoy i Ul bt B B B SRR e
mnmhmdnastaad forth in claim15, wherein the

resi stance, of the second st or ater than t
oot Seine i P EPS pEEb wsacias TR Fubitoraputd By e
aARsrati-pgta lighting control circuit including the

steps of: (1) providing a dimmer circuit for dinmng a
| i ght associated wth the dimer circuit; and (2)

ter n|n t,he t f | b ate load . .
ey i ol SR8l e 77 ST ol RetyO8Eh circuie
igedtiffe rnt 4h inBarlegdci oht bWIbEE edcBivefen thell&dd etection
circuit identifies it an incandescent light bulb is

received in the load. 19. The nethod as set forth in

| d e nt | %8 wﬁ e? ﬁ& bl F E!Ja?%lgl %te ﬁ?{e < gh & gu%J Idgte‘%&o%‘rcmt also

recel ve
idaeifled a\@hether a ﬂuorescent light is received in thc load.

20. The method as set forth in claim 19, wherein one of a short circuit and an

open circuit is identified if neither an incandescent or fluorescent light is identified.

21. The method as set forth in claim 18, wherein an RC circuit time constant is
measured after a voltage is applied to the load, and the RC circuit time constant

being utilized to identify the type of bulb received in the load.
22. The method as set forth in claim 21, wherein a voltage is initially applied to

the load, and the RC circuit time constant is utilized to estimate the resistance of the

load.

12
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20. The nethod as set forth in claim19, wherein one
of a short circuit and an open circuit is identified

WO toosaidober an i ncandescent or fluorescent |i ghtT/US2008/055769

identified. 21. The nmethod as set forthin claim 18,

ere n C|r uit.time constant is nmeasur.ed. a .
Zfe‘h vol %@eﬁhgg abitiath nelame s 8 rel%ahqrh@r% i3 Meeufl?({ if the
ctab%?to? QAR tn%moe Qﬁhr‘tggd lﬁ?}' dfict %CR@ Qinhd @c%s'tafny 1tfri§e Eéﬁ%@lt&f can be

b received in . The method as set forth
qhnargskialpmnﬁ the Roenrginm tlale\p@hstalgtes ideniingd fodicl ly:l(a)pplthlredmﬂct the

o) d. t RC ' i
i Bt RE 0Pt A bpiidieoRplRb S ectiRat hrubs bad
as set forth in claim?22, wherein a short circuit is

identified if the cagamtor can not be charged up
t t erThe Rethod pe setdgh anelaim £3t weerelpiddha BE wrghit m@le constant

1 4B RO LI TR RRE VBl Beomted g e

load, Canidt thel &hemmdﬂeﬁmtdéatwlﬁﬂldr neaRdedme "donbtahtisi #ove a second
recelved at the | oad. he nethod as set forth . in

tareshold pwith \m#hwéc?Sﬁemfbuémbem&:l(&nﬂﬁsﬁ in thedeadcifdag Ritcifeyit time
&)ﬂﬁtaﬁe& %‘fomﬁe éc%ggiﬂﬁé [qun& gl{ 8%4?1 d;!lfémttoleﬁ‘l I@CIRling &fthe RC
voltage Is applie tot "|'oa he ci cw
c:ifm&rtmermmsmhalslabmvetthesmdthreshohhst ant is above a
second threshold, with a fluorescent bul b being
identified in the load if the RC circuit tinme constant
15 bef%%ﬂﬂ%d%@%&%ﬂhhﬁ REMAl 1, wARELIRhORE kit Ghblddes a first
being identified if the RCcircuit tinme constant is
Iﬁb@!@ép@ﬂh@omécmnunetdmgg hesldcand25capatier, rmlﬂm@cqgi rggistor forming

RC ci.rcuit | udes a
t ripnpdichs PP o< GhEl™ s meuipE ity BEGYREReor the
LoRRLictiOtor is3dichtér tAAL MR Gedi RS 8 lo@ Ehef fakiMetigtod
T-connection with the first resistor and a capacitor,

and the resistance of the second resistor is greater

6h an ant{roqscl Jb?@?leld l}@y f éhofs[;cnrgﬁ g 'r (?&]gﬁmn

control capa irc

conprd siltage irpuvi@ntiage |nput and an RC ci rCU|t a

charge or discharge tinme of the RC circuit. being sent

to a ®ok fir%lrcults%ucgarge)ﬁf ichargmman Hgthe e cirpet P%lna sent to a

50E[r8§ NAlf cotffl dodfatihg ¥hO%ind 89" thr&h1AVhhd BAGEF iHP W short

e conpari son.
circuit based upon the comparison.

27. The control as set forth in claim 26, wherein the RC circuit includes a first
resistor positioned intermediate a load and a capacitor, and a second resistor forming

a T-connection with the first resistor and a capacitor.

28. The control as set forth in claim 26, wherein a short circuit is identified if the

capacitor in the RC circuit can not be charged up after a time constant.

13
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27. The control as set forth in claim26, wherein the
RC circuit includes a first resistor positioned

w0 niognewel ate a | oad and a capacitor, and a sePONUS2008/055769
resistor formng a T-connection with the first
iesns or and a rOgacitor. 28.. The control as set forth
- cl At ARl MFasiT gt PR AT IS edent | 11 ed |
the capaGit ffput;nfihe RC circuit can not be charged up
after a tine const ant.29. A circuit capabl e of
meas um R@ cacni¢gpwriatedevitioapoads rhlgne @nyioht efgbe Repertuit being

it associated wth

EBhTRr . wibtaedT ARG AT s RS i i Rgnce on the
Isad.d control associating the tinme constant with a
resi stance on the load. 30. The circuit as set forth
in claim?29, wherein the RC circuit includes a first
§EST SHRLRAR &Y QO Rl I AP b feitid BBRAMeflt includes a first
fEs@t@ﬂp@sﬁﬁ@r&d ifetrhedidie afld)edeatndraﬁ&deltM aanﬂdl @cc&lﬁiﬂ%ﬁls%@formmg
to pass the tinme constant signal downstream. 31. The
e rconnectign waly the Girst fesiforcangi ansapacitaffie passihg e constant signal
d&sisgtance of the second resistor is greater than the
resistance of the first resistor.

31. The circuit as set forth in claim 30, wherein the resistance of the second

resistor is greater than the resistance of the first resistor.
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