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DI MM NG ALGORI THVS BASED UPON LI GHT BULB TYPE
BACKGROUND OF THE | NVENTI ON Thi s application rel ates

W 0008/1569ght i ng control system i ncludi ng a di MBCT/US2008/065247

circuit, which utilizes different al gorithns dependent

on the f b that is ' i | [ '

cont TR AR TERBS Bk RRAVTI e Baf e
circuits. As known, a dimer circuit limts the |ight
intensity of a bulb in some manner. |In nodern

bui | di ngs, t héBACKGROIN EHNTEECENY EDTIION and
fluorescent..bul bs. Hi storically, residential |ighti

wais. pl 0V i-HBHCHHSP el oo dtiDbng el BOerh Jugy ¢ dnmer
ditcdfr e@:edntitilpask Reffaest RRbAGINYBNGRhEHt R BHOUEPNGEBUIL that is
regul ati on. Fluorescent lights are different than
bonemdigusesent | i ghts. As an exanple, they |ight up at

di ff erenpt e other differi . o

char soeaind BER At BRI ik e gt sigguis. As
laysing ARlihavecirait 1iitd thz éightdinfchsityesita @llpar sdnfymanner,
dependent on bulb type. SUVWARY OF THE | NVENTI ON I n an
aspech 18pdarm puildinge Hare may pednopgescentiithsianddlygresgent dylbs.

G T B TRl Bl O, MG hopger
fhudréscentpalbsl ane beidg swhdsted by gyaatnmenttregitliteme i s a

di fferent di pmi al gorithmuti.lized when an

| ncanduSieTn BaNS 41 BETRY iRt IeSRYa g G A Sl
thby QERSGLA i BUER s RRNEYE bIRREiffelile S Rarditei Qi8S However, to
featlres of the present invention can be best

datel digdtiog doftralnsystesnst lmivie owit nigilisgsie differenatal gomitlams dependent on
dr@ i ngs, the followng of which is a brief

WERPE Dt on. BRI EF DESCRI PTI ON OF THE DRAWNGS Fi gur e
1is a schematic view of an overall |ighting system

SUMMARY OF THE INVENTION

In an aspect of this invention, a dimmer circuit is provided with controls
which are able to provide a dimming control to a light which is different dependent
on the bulb type. In a disclosed embodiment, there is a different dimming algorithm
utilized when an incandescent bulb is being dimmed, compared to when a
fluorescent bulb is being dimmed.

These and other features of the present invention can be best understood
from the following specification and drawings, the following of which is a brief

description.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic view of an overall lighting system.
Figure 2 is a schematic view of a dimmer circuit for an electric light.

Figure 3 illustrates a circuit under one embodiment of this invention.
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Figure 2 is a schematic view of a dinmer circuit for
an electric light. Figure 3 illustrates a circuit

waopasns@ae enbodi nent of this invention. DETAlI LIXCX/US2008/065247

DESCRI PTI ON OF THE PREFERRED EMBCDI MENT Figure 1 shows

nobBT AT St PRschrdnofpl e S3aPellis S sl obivent

co mﬂmgﬁ@t e shdw o Qfghﬁng\" c6§ﬂr§15§ir&ﬁ>cnﬂ? 63 #Bull®nd  As shown, a
mul ti - channel receiver . This receiver nmay De as

rlvialityads @ﬁch@&ﬁ%&@&ntc andmamaaﬂeahiloeglﬁ owiskaspdmection to a

Pr odu . RCM.13CC. The use.,qf W rel ess
FRRE o RN, o bisaireignt ot PR SR Eitftle Frof, EGREAR, and
4vai1gble YL BkARle dbr @B ProdRAINOMRAMASOONETRO%SE BF & wircless
type of system The receiver 24 communicates with a

rﬁv@mj@@dtwmﬂkrsg switehes\gg 10t liniting on this ivgnatiembasonly ipentioned

[ he dimrer circuits 28 (only one of
a% WJ% SS%IE O)f%?? rol the intensity of lights 3QA

308, Ete:recavgu e ébm‘arﬁhlﬁﬂaési edthl y siteosdntolthrn®rwhich in turn
circuit, such as the main circuitry 28 as shown in
qonyyrcates with diramenrigtt HbdihafingncearuHeRY f(%vhoale of which

1%%\9@%5&81' th@fnterﬁﬂ?%fﬁ%%t%@A()ﬁ:@‘te&@' ler 26,

conmuni cates Into a r citcuit 28 to control the
poverFigup scbematicadly sbows etlithmoeciBait, @ehlastthd mal Gsuitry 28

co ni.cates to | oad 3 An_inductive | oad sensi
1 Yeunt nALursh AoRbln v g@légowlﬁtwnpemol &ﬂsrbwmcr%@gtm”er

steh ad BSicRICBRBSI1E ID6C HbhnkBicaRY RS @Hﬁfnrﬁ&p&%'it' Al ‘e:‘o control the
circuit, or may be as descri bed bel ow One exanpl e

mdumlwd tofan oy etdiinends: @wﬂeidmte J5sconrhwuseatest toch foad 36. An
Fi, gur The m crocontroller rov'des atim
RS I GRI RO TSRS bRl fss. mhe
diMR Gir6@inL 8 May b @RPbpprop@ae cﬁze@am@k ﬁlaz ®ERL dsREbed Bilbwe

wi dt h nodul ati on control signal 32. The tim ng control

si gnaPne examplF stblediment @f dherdimigepeireuibis Bastraied iny Higsse 2.

'{’Igéemw ﬁoﬁ%\d i()c 1%%71(%‘1@1 t%lngggn@&mﬁ natl u@ tcp oarg%éﬁﬁltlon

con of power supp to a
3Hoe Thed[rﬁmgrtbh@bﬂ $gnal tn oed etamiphe SOIhpl\MetS @ patse wideh modulation
timnpg ntrol si gnal based upon what seLtl ng a user
@@rrelﬁlgnag &2g.The g apnal agnplespstrolssvigadng duymingpogiien 342

LGB! the MORHETCLORAMRE Rak! ?rthgﬁo%éleﬁalh%\f’ﬁbn 344 to control the

amount of power supplied to a load 36. The microcontroller 26 determines how to
set the timing control signal based upon what setting a user selects (e.g., what
dimming level is desired). In one example, the microcontroller 26 uses known
techniques for providing the pulse width modulation input to achieve a desired
corresponding amount of dimming.

The MOSFETs 346 in one example operate according to a known reverse
phase control strategy when the gate and source of each is coupled with a sufficient
voltage to set the MOSFETSs 346 into an operative state (e.g., turn them on) so that
they allow power from a source 356 (e.g., line AC) to be supplied to the load 36. In
the reverse phase control example, the MOSFETs 346 are turned on at 0 volts and

turned off at a high voltage. In another example a forward phase control strategy is
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techni ques for providing the pulse width nodul ation
i nput to achieve a desired correspondi ng anount of

walRewsitsg91 The MOSFETs 346 i n one exanpl e oper aP€I/US2008/065247

according to a known reverse phase control strategy

when 't he rce of each is coup|e 1th a

e mh@feeﬁh? %@ﬁ?ﬁgﬁ%t%fm e DBIORPES SHEON B Ve Another
QREHAL in¥RIdSS AlRinG/hIMOSEETS 8480h Abh RB-ARAokdpeYand turning
all ow power froma source 356 (e.g., line AC) to be

theppifif @dnotbet ham-tawado®e. I n t he reverse phase control

exa e, .the MOSFETs,346 are turned on at, 0 volts .
ur nebogimigpton v il MR T bR it s on
dnal wRFdoRN 8RO el Phoudt LAPEGYr poWaRE tWHIRY Balil¥®. Controlling
MOSFETs 346 turn on at a high voltage and off at O

the pmeuntrpfopdesr pexadgsl © 4 Helt cenfrals Hyg intgasiyosiHmhy emitted

4 a zero voltage and turning them off at
%ntg?ﬁglrb’ ?105%3(% 1'8. vol tage. The di mmi ng portion 342

cont rial thiswhamplid) enpRulatedt DA vol@age sowde 344 is Scloctivahd coupled
therefore, controls the anpunt of Eomer grovided to

qisstly dutheamte ashiopre qf e M{SE foF sgsin thepy 9\goadect for
e | t bl ! _

Pkl AL B RS DO Yl MO0 o s

flsating teeaindC 6201 A agicls dH mep@6I6 td shestehmgtdoudlysi gl pdpad from

irectly to t ate and source of the MJSFETs 346 fqr
e e FREORHAT C30 SBRGUEE FbPDHBNTS e SpdHEP 8 1t Keuple th
ik(‘ﬁ@fc{d_ﬁ@%olﬁ%éI et 3%9 fboﬂhg@%@SFE’%*‘ﬁ 386 36R thafnRRated example,

t
associ ated fToating groun 62. sw tch 364 responds

the switteh t36dAi qomprisert amlopi-grigler icappondntorfthiie examples include a
jcrocontroller 326 and enters a erative state

r(e y gsvxflpcguorrnas trgmfg’]inber C@&mogelﬁﬁér isgig(?[gvte A %\I}glt S ésglated DC

voddEE Soud®D3 0o tIEMBIPETES4846. I n the illustrated

exanpl e, the switch 364 conprises an opto-coupl er

conpoiiehitc. cxamps: ts atassDCnealizge sauree 389 psqyideshlDolgs. In

r f r | egti |4
hoRRE RATRE. £ RPN OHael I uRf Ol Wftake FPHRARRISC, voltage
DO Phadectédi® besuffidiad t&OGirk oh kg GIHE 3834860 the saturation

provides 12 valts. In apother exanple, a | ower voltage
Tegiofs dane THENRIG RAYESS gFsinghan isgat%nﬁg-%@ GPaVeTERgeo achieve the

isolated DC voltage source 360. Another example includes a second-stage
transformer. Those skilled in the art who have the benefit of this description will
realize what components will work best for including an isolated DC voltage source
in their particular embodiment.

The illustrated example includes voltage controlling components for
controlling the voltage that reaches the gate and source of the MOSFETs 346. The
illustrated example includes resistors 366 and 368 and a zener diode 370. The
resistor 366 sets the turn on speed or the time it takes to turn on the MOSFETs 346.
The resistors 366 and 368 set the turn off speed or the time it takes to turn off the
MOSFETs 346. In one example, the resistor 368 has a much higher resistance
compared to that of the resistor 366 such that the resistor 368 effectively sets the
turn off time for the MOSFETSs 346. Selecting an off speed and on speed allows for
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source 360 is selected to be sufficient to turn on the
MOSFETs 346 to the saturation region. One exanple

WO p@Basiws1 usi ng an i sol ated DC-DC converter toPEDOSEOE065247

the isolated DC voltage source 360. Another exanple

i ncl. udes seco S sforner hose skill ed

PREling tOS %\9 P%é\?ﬁgﬁéi 8¢ al%‘*lw?%mér’é‘gcg?nﬁf%“&ﬁ et |1f the
M@adwf@ 3\4@@&er&far§%mﬁrat1ﬁlew &ﬂermkegsﬂo&eﬁ i ncl udi ng

an isol ated DC vol'tage source in their par icul ar

enbodleemenerTHede | Bt pravidds ewanpmétagﬁcpmtbesowdbt algeld the
onents for con t vol t age )
RS it o SRHES SERE® aif o fok pmPRe | TRkt i 370 s
cHasighiel WS ifaditgid (BX apmpige 1@@@&@@%& RBOSIET $aR60daB6c3buts
and a zener diode 370. The resistor 366 sets the turn

Brorspdew e dipde’sirgecrpe breakéewn groltagh v kpevivosEEFs  One

%éﬁ?ﬁg %Fﬁéékﬁﬁ?5§Z%%§dﬁ?Q 368 set the turn off speed

akés to turn off the MOSFETs 346. In

one eQrdTpdwantagbeo tigsiis¢losed3b@mpasisahatbb MOFRETS can be fully
resi stance conpared to that of the resistor 366 such
cmgpﬂ% uiing pi egire388 Gfcteithow] faisng & restitigy nThg fisclosed

R S et R R b S T
B@@Hmmdyandadﬁngkgﬁnemawmhggﬂe@ﬂOSFEﬂhe MOSFETs 346
wer e

o stay.in a,linear. operatjon reqgion too. |on )
The e igtysdods (oPb i Uoh RO { Sy R gPEGPYghed into
th@ dﬁﬁﬂn@ff er&ﬂe MRRE] $irfdiP1g 1\’191'115@(9 8t SBY e Ind %&QH§&IVG load

for exanple. The zener diode is configured

sensartibone is h@luﬂ@ﬂt Sye rgrabld Qi@dlttIS)dQShEbWbSﬂ'@'\r gat e and

sour in pr belom1th di od ve

br ook TG4BT ATt rmma o VIR 30 Thgdeed 36
RO bé E]@eldé@ plugg@Ehes thdittkeinal Oo e ameéaticalgfutic® ORehe other hand,
di scl osed exanple is that the MOSFETs can be fully

the fadanebe @%rdrvwgeda nTWﬂu@IVA@%y@méorvdetqﬁ@mes Me§aispingthing
cﬁhéretﬁzlr%fa 11%:11‘[ 1sTQe[h9;lc§a%ll ORE cﬁé?ﬁ‘gg 1? rﬁa 5 E&grgblgftg év%m any

Clrcul enen conpared her's t
dipoiinRC circuitry and a rectifier for controlling the

MOSFETs. . The. i hduct | oad sensor rcuyit need not
neces@%ﬁmo; dtgléieﬁ ﬁé(}) Iﬁ%cgfl%& glaV $S§ta?p pos?tlloneg Ion a ltlane 480 parallel to

load 36. The TVS 450 preferably has a high impedance, until a low voltage limit is
met. The low voltage limit may be on the order of 5 volts, however, any other
voltage may be utilized. The TVS 452 has a high impedance until a much higher
voltage limit is met, on the order of hundreds of volts, for example. Again, the
specific voltage should not be limiting on this invention, however in one
embodiment, it was in the area of 200 volts for 120 volt AC power.

As long as there is no voltage spike received back upstream from the load 36,
the dimming of the power directed through output 447 should occur normally. Line
480 effectively clamps the power. If an inductive load, such as a vacuum cleaner
motor, is plugged into the load 36, then there will be back EMF pulses, when the

load is “dimmed,” which create voltage spikes.
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the dinmrer circuit. If such a circuit is included, it
may be any type inductive |oad sensor if one is

wo paBusioot One reliable circuit is descri bed brtDUS20081665247

out put 35 of the dimrer circuit passes toward the | oad
36. The | oad 36 may be a pl ugged. i nto the
ter m‘\%fi% veHagensp eémff%&ke Stinf ol eRltigrel BN EF theaRS 450,

dnervg @@2,”@3&01@%6@&6 Whiu &f tHNEVSHHACK IV E: L%ﬁeé fBwHEtream
det erm nes when sonething other than a light is at the

inwathe dignas wobuit amdsthraugh rryosadesiplaid @ argl psetoemto3. The

di ] . A.pai f .di od Q d 45 TVS )
Rtof e LntiRF 1456 g5 RaEE P81 28 e S8 fisrine
K&t £f3e kot 458Sand d&kla_ﬁlé'itolr A6 d@%%r pedMtilid timhel @Wktant control

voltage [imt is net. The |ow voltage limt nmay be on
qvee ther eleputgp ap apdput sndipioielies 46(Gand 1gsipter 40 blis pigsided o limit
tggcﬁ&%hized. The TVS 452 has a high i npedance until a
nuc I'gher voltage limt is nmet, on the order of

hundrBets veltage ofréra, thé oV xiiodel 450 Agedupledt toeths pesiktbt @63, and
vol tage should not be limting on this invention,
Heateseyignd) op e W% nent, it was in the area of 200

vol tsp{ Qﬁov%ﬁgorv&laﬁlpégig Wehx 3. HANhMo0t BRI & .Iﬁuﬂg’%‘% back

vol t age spi ke rece ack upstreamfromthe [oa
ihtvethdi intersegtiaf of hesigpaweit S dindedi7e d Thisrie bgh ooeitvayt ofddchieving

shoul d occur. normal | Line 4 ef fecti,vel | anps t he
B0 hefSifing SadRey Ui et Bbr4e 8 0o Retrsioa P e augm: 447

WRLOS siﬁ/ﬂllzeﬁ iPhHIAGHe bithet fifre1d00athy3Rherih&Rod HEEEnMhk sidh8l on
back EMF pul ses, when the |oad i's "di nmed," which
loreei0do voptdagmingpinke b¢ Wesn vol t age spi kes exceed the

sum t he l[tage |jm.ts. of.the TVS 450, and TVS 452

S Vor Tt B 8 k%t et i SadiiB st B0 Silp R Gy
tHoWReY readvd At Slughdl B gpidl  @lsr @bihtioned ol I AUABIERA lighting,
optical coupler 454 and resistor 463. The purpose of
1ﬂPFéldé$§|§afcbltlg9r arg Hften Hlizasshus so praabgressentdublsoi aey dethag the

SRAEh O EACH pERRCE Ol SiPual e hBO L LbpR 08 septraing he
dimneing o€ aalihpditdegoentbuldbuindut flucdbe@at dulbl | Tieusd @bullA detection
el koL oo vt B bt e 3 S8 TR0 utput of the bulb
detection circuit 38 goes to a line 40 to the microcontroller 26.

In one proposed dimming control, a different control algorithm and
parameters in the software may be used for dimming one type of bulb relative to the
other. As an example, should a fluorescent bulb be identified, the pulse width
modulated signal may be controlled so that starting voltage and energy is high
enough that it will start the bulb. Also, for achieving soft-on or soft-off, a different
set of time constant control parameters may be required since a fluorescent bulb
needs a longer time to start and a longer time to change from one light level to
another light level compared to an incandescent bulb. As an example, for soft light
for a fluorescent bulb, the light level may be maintained at a lowest permitted level

for at lest a period of time (one second, for example) and then the soft-on starts. The

time constant for each light level during soft-on and off, can be relatively short (16
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The voltage fromthe TVS diode 450 is coupled to the
resistor 463, and creates a signal on the Iine 460. As

wW@E bwsnsdoor exanple in the box 340, the |ine 46BCT/HS2008/065247

comuni cate back into the intersection of resistors

465 and 467. This s t on achi evin turn

QT Prs’ﬁrnéo YR ’?)ry Girious 336?111%'%%{ ﬂPﬁWeﬁc%‘b\kg‘ s way Have a
&%ﬂﬂﬁ%ﬁ&éa ﬁlﬁuﬂlﬁﬁ éﬂ&@ufevé‘l‘qnd’mqﬂa}aw%llg{éafhat' cﬁmﬂﬁﬁ% BBlow that
the output line Any ot her ngt hod usin

mingmain lovelli met akB@setdo Btuspasjammamg)lemynme w]@ibue thpihghe pulse

| oad 3 b h d, i gh ket o b

RBE P, T 1Re Nt Yoy ol bt BR Ry 2ra Tt ergmpr:
As merygiened t@b@gtﬁ,asse@nmpd@rbe dlm%almgy indNERNMBRFERBt bulbs
bul bs are often utilized but so are fluorescent bul bs.

thet hegg theér ewmballane Bewessdhmepbe ghat 2balilast jsriaserprdtediintp the
&ﬁﬁ%{g&%u(g@hggk@ﬁﬁﬁgnes for controlling the di nm ng

ncandescen ulb and a fluorescent bulb. Thus,

a bul ks drbwatihOfigaier 8Ubiic 38mples PulbVdetetioh aideait E‘Iﬁ idhedes a
bul b t¥ pe on the Ioad 36. The out put of the. bu
8

Tg¥tIeE T aRd & Ws&g(prt%g@)sgt@@gd Mathzp cpqpﬁ@towzt A fiwée 48 ensures that
cglllﬁa%ﬂ% LBl ﬁﬁ ﬂol)vnthﬁj&%h%gg%%ﬂcﬁ't.mﬂt{lgpl)tgé%?tﬁé%ler 80 is

erent co al gorithm an araneters
shofvnviar eoupliyg hie: sngr&xﬂ fibar thd IRTingpidwviisytpam ab at obithet line 140,
| ative to . the oth

B SORHE 20y Rt dars P it diRestsis? BES Lty phe control 126

ARl ALeBeShINBL HBYaRE 164 hd @d 239n ttﬂ@hg%ﬁr@ Qténﬁlgadlment
vol tage and energy is high enough that it wll start

Honecvsnl the praised 1n\fe®t10mﬁrw@vab&ﬁgtosimct phetber @@ﬂ@adolf% is gresent,

s iR adSh; oL Re L MR Bk Fo Teb B 3T Blefie® Yould

BonBBt frémShditcudB®. AHaORGRAilé LidRit IR i6 RaNGe: huTp aLedeon circuit,
light level to another |light |evel conpared to an

i hearbgeeftteder beyand ths detecarargdl @ bulbotypsof Furtheghther igpisignce
gro ALE ﬁft%@tloa%.uf?% C BQ?soeq %éashree\def{rle f c@rgtem%ﬁglﬂ% %‘Cﬁﬁ 38.

OV\BS perm

Th:m&ssmoadmeasfwdsmﬁxaambehseamd ahﬁ&ppltcbﬁorsoft on st art S.
The tinme constant for each |jght |evel gurl ng soft-on

and ofte ussar threcirqtatl pdhntdn griull wppevigmopobiyerplaipgg: The
@ff@r{%@hs ML RELHENES rQfstddcHOT RE &BListRPR MBYIEY &0 a

discharge time measurement of an RC circuit. In many applications, such as the
dimmer circuit of Figure 2, current or resistance is difficult to directly measure
during the circuit operation, and could be expensive to implement.

To determine the bulb type on the load 136, a low voltage, controlled by a
pulse width modulation input such as at 30, is applied to the load. The voltage is
applied for a short time T (T > R44*C4,), and low enough that a fluorescent bulb will
not get started at all by this voltage. The applied voltage is then cut off, and
capacitor 42 begins to discharge. The resistance of resistor 46 is much larger than
the resistance of resistor 44 (e.g., R4 > 10*R44), and the resistance of the resistor 44

is normally around several kilo-ohms.
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recommended m ni mum energy level, and it may well be
that dimm ng below that mninum | evel is not advised.

wabews/15681 an exanple, it may well be that the PCi/BE82008/065247

wi dt h m)dulation voltage is only di nmed down to a |l ow

| evel 2% for exa pically, the Ii
assen11§| %t 0o ity 4fird C%’i‘ﬁﬁsCF b&@b ?heu&f%lg%rg ttﬂalm prould be

Jpﬁs?dxn%eéfy dfa8i o FOMT @hk@ﬁsg is HQR@M%‘H RmCTndemnyls he ghat a

bal l'ast i’s incorporated into the control circuit of
t hi s lif theelnad ore. ﬂlka“e@hm\mlbnrlrﬁrtlgm@@lomhet aélaﬁwl dasotliatg@ time

etection C|rc 8 «j-ncl es 2y resksto
PR PPad ity Birabies HhES S uhESiRb s ook Ffigmog of o
RILTEHCES BulibwHadH NasPestiveby @tth@Jl i8R cMIdrkerf ﬂh@[WREJ"r By%ttlng a
the RC circuit. An optical coupler 50 s shown f

t&ee ﬁpn&ﬁ@ttm@d%@rgmd velnert theesiRaldchateednt R@é@msmdeam*fien, the
@%uguctah %e ﬂ”}pgv é&l%¥ ]ar‘?ou : %gﬁs@?n%%mt{ Oret}%ﬁ ed 4 t[l a]%it %%6 The

OSI I'one I ne e COﬂ

Agthl & ﬂa@@d db3mstidyn heoddheths apiical cagplaHroahel c&ﬁro&is 26.n
the Figure 2 enbodi nent. However, the present

i nvenltf ppinceadespl dighiis pet wdicated, Rhﬁ@f:ﬁeﬁtept inéo igggningghether
thrcRL Fd'éfi’at Qi of #AB00RA! b iFthkloadlfaes, 1 0ads ot her

an t gure 2 woul d benefit
f rom Ah@ltager muatgauBSpphEkidiy the pul\m Wweltle mo@iulattloﬁ&lgrml 30 to the

cal | ul b ectiqn circ it has bepefi
158 oFs Friad BEARBAVErr AT kyisnorderB » fgesCent bul
WEShSHPRCE R Q‘hb dppliaf VcHﬁge i0af o438 GRAKILRE, BRI the capac1tor

nmeasured fairly accurately using the circuit 38
4o stags amdgclnmg@suﬂ%tm'fﬂ iscem ldad, d@e@isc;har@nsrmampmt@rat shonld be

T R B 5 AT B P LR e

thtich f8&t SHraNGER 4, TNRil HIRSI8éragtedt bilb theadthidadhRe bhdk @own due to
di scharge time measurenment of an RC circuit. In many

thp v vakiagsrisputs (ddknaSetnd dischaize thiopghy Rec. oFhampfgres éhGZOVerall
dé%c{h%%t ttnﬁé i) ?tﬁk %E%n&zﬁl be BféhSH%;I th%r?lfg' gt l%’ensﬁ%\éa ime

e Clrcul operatl cou be ex

do@sﬂaﬂ‘nh&l@ﬁ(ﬂti thatds cledcetorRpeC 4 Nneluah bddnyipewbethtih@ededadn open
a | ow vol hage controll ed by a pulse width
%&Hloatt]il%waﬁiﬁb porgyrent Bdbat 30, is applied to the

| oad. Tﬁrel'](ﬁotl\égll 60%9?& bRd resistor 52 translate the discharge time measurement

to a pulse width modulated output signal. The measurement accuracy can be
increased by putting a large resistor R in parallel with capacitor 42 (e.g., R >
10*R46).

While one circuit is disclosed, any method and circuit for bulb detection
would come within the scope of this invention. In addition, while a bulb detection
circuit may be utilized to detect the type of bulb, an operator switch as shown
schematically at 200 in Figure 1, can be utilized to identify the type of bulb to the
microcontroller circuitry 26. Alternatively, it may be that a more sophisticated bulb
would report to its controller its bulb type.

The short circuit detection could be summarized with the following

description. When a load is shorted, the capacitor 42 will never get charged up, or it
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applied for a short time T (T > R44 C4 ), and | ow
enough that a fluorescent bulb will not get started at

w@bdoshgeovhi s vol tage. The applied voltage is tPENUSMDS/065247

off and capacitor 42 begins to discharge. The
S|stance of reS|stor 4 nmuch I gr% t han
3=

vk fliseapEe therughpisop A4 ﬂzﬁ‘ecag)wt% mw}lal &‘ﬁ&lgﬂ% the

#RS IRl ARER b@éorﬁéﬂ%h&@&i S&V%n Qf@ol‘ta%eriQ BpMeh Yo 81eQ8Rd there should
several kil o-ohms. load is an i ncandescent bul b,

tichrelogicsupla SIgealtapmrmgcan Itlds deleabm oxdr man@ilmueqdféfiy QﬁZR44*C42

HFicn L SeBug® RoSop ey SolaRe | sETTRRGP TR b b Stne g constan
RQe0,,24 s cirduitecadi RGhaitIRd! IB¥Escht@Mb dhd@alues of Rus and Cyz s0

approximately R4 *C4 . This is true since the input
thatsthet Bime econptant 9 eﬂmr@édbm thyy Fimeonpgredd hader nshich e protected

4, By s t
BohSHl, LSuTUED kECTo [AReEdromPhed Sidel, Whefio ! W glegirica
dotpoasit sRéh WMOS@E |cal¢be tffeainclydeotictty. whet her an
|ncandescent bulb is received at the | oad 136

si gnalVhilg thadiadgs do\ihe Oplerh OHPISUGR dedigfes é%|are ‘Shown for
&?&Bh?r I’%Jgﬁnxe ﬁg@tcg&lle ﬂng‘ll‘C{lift cQﬁ‘ b'e qg@é?geﬂsﬁe({gteét agtmgatlve

'S no I cat e next 'S determn

Whmgdﬂeyclet hyereezersmgnhe Hoedioas oﬁlhle dmdea fluor escent bul b

in t . oad %g Ita e iﬁ.a%ain aﬁgl ed QY F

pul s \)&“&‘c“ﬁ &Eflc‘é‘ﬁ rFaB' Gri1Z8% 1Q FICAHEC FRYANCen{oL purposes
(%R&%ﬁﬁﬁbM§d@kaﬂnﬁQHHQBﬂ?Wﬁd&EBH&ﬁ@f&@Q&s%P@M%ﬁmﬂ@6tQ@ﬁmnt

fluorescent bul begi'n to l'ight. The appl i ed
iﬁmaulag@tnfs thctnre&@flce @fca @omuwm uw, clend aphleca@ap aci tor
S no

42 starts c ar

di sc Sr&énett‘k?‘%‘?go 68?%?%‘ reS%aﬂilF%r tﬁ% CILppk %%?Vﬁﬁ% &t %d#{z?c‘c*)&‘/ of
medshirdn¥@f evhiefe thef dittRt esGaitte Bvtdaburemehthe diffaght &Ackpehdite to
dlscharge much faster through R44 until the

1mmfé§c énita dsapel geeiorieyitghisetonaby respoise dines ¢ad tieraughofaster
T}éger er or e ?é]s SEQI? rll’s re\ﬁﬂc A %S% haﬁgIg n&l%}h(?s Caa};gia% wide

overal T disc arge
apiplitation imsirhatiinemitere dineun rédstded2 or cBiyrcrgahdnid@ing ii 'tii’fﬁcult or
constant threshold that is close to R4 %4 one
SXREMTYS §F TAIBRPINEHMH@raesho ciicuid matt bs ¥eifestoPne r?éamalsdmght

&r a MOSFEP SR CRHLEJP grojt—&%oﬁ RhiE & iCQURhREr ich€H. SEQLn fast

52 translate the charge tine neasurene
reaction fuses may sometimes be too slow to protect the MOSFET when there is a

short circuit. With any short circuit detection, a control can shut off power to protect
the circuit or any part thereof.

Further, while the invention is disclosed for controlling dimming of
incandescent and fluorescent bulbs, other bulb types may also be utilized with the
teachings of this invention. As an example, light bulbs utilizing LEDs have recently
been developed. The term “bulb” as utilized in this application and claims, would
also extend to LEDs, used singularly, or in an array.

Although embodiments of this invention have been disclosed, a worker of

ordinary skill in this art would recognize that certain modifications would come



to a pul se width nodul ated output signal. The
measur enent accuracy can be increased by putting a

WO 200856951 stor R in parallel with capacitor 4PCT/8SI08/065247
R > 10*R46) VWhile one circuit is disclosed any

and ci.rcui.t far | b_det ection

Witk fe S8 S TprentieR- SEorpahtseo et ; giAmsghopld be
fuditd %@s cfie?érﬁﬁﬁe! A8 b @@dﬂetanmnt@ﬁ ik hx%v%ﬁ’n&f) detect the
type of bulb, an operator swtch as shown
schematically at 200 in Figure 1, can be utilized to
identify the type of bulb to the m crocontroller
circuitry 26. Alternatively, it my be that a nore
sophi sticated bulb would report to its controller its
bul b type. The short circuit detection could be
sunmari zed with the foll ow ng description. Wen a | oad
is shorted, the capacitor 42 will never get charged
up, or itwll discharge through resistor 44 if the
capacitor 42 had an initial voltage at the tinme the
circuit becones shorted. Wien a voltage is applied to
the | oad, there should be a |ogic high signa
appearing at the outlet 140 after a nmaxi mum del ay of
R44 C42. |If such a signal is not seen after applying a
voltage to the load for the tine constant R4 C4 , a
short circuit can be identified. By selecting the
values OFR44 and C42 so that the tine constant is
shorter than the tinme period under which a protected
conponent could be subject to damage fromthe short
circuit, the electrical conmponent 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 voltage cycle, the circuit can be
reversed to detect a negative voltage cycle by
reversing the directions of the diodes. Acircuit |ike
circuit 38 can be utilized to neasure resistance, for
pur poses other than bulb detection. Simlarly,
i ndependent of what is at the load 136, a circuit 38
can identify the presence of a short circuit in any
circuit application. As a nethod of neasuring
resistance, the circuit provides an indirect way of
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measurenent where the direct resistance neasurenent is
difficult or expensive to inplenent. As a general

W@ h@Btsedr cuit detector, the response tinme canP@EUN0$1065247

faster than other nethods, such as fast reaction
fuses. This nethod may haéﬁﬁ% application in
situations where direct r ce or current
nmonitoring is difficult or expensive, or response tine
to a short circuit nust be very fast. One exanple

i ghtA bhighanguasmEeT cishor incloidlmgui t prot ecti on such as in

a di r application. Even fast reaction.fuses may ..
z ometd aur e g r it puP asoebRel Wt e CE s and
i's a $betiol GbF ewtfouir\g e @mmish OTtth€ bubyivkithdedi® ebhted], being
a control can shut off power to protect the circuit or

reayidpdirwith weresst twpudiffiseant alggiritiems Hbatj sroewrcilote flisn the bulb
[ f t.0ll g di mm ng of incandescent and

%rpglgdreg%@[goﬁ]ttﬂégﬁ%&?t%twég bul b types nmay al so be

utilized with the teachings of this invention. As an

exanple, light bulbs utilizing LEDs have recently been .

Zevel Bselightingecangiopcirgyjf B8 sefsfogihi inj dggn il nwhgjegn the control is
4] 410 ckal . I ] SO e

BN R < Mo S e K sk By and

lodst & ke ®nid nigenithro fortAmenibg e Mludresadnobell, a wor ker of

ordinary skill in this art would recognize that

certain nodifications would comewithin the scope of

3.his v BPh RN corfrR dikalt d5e@sI0rth tihec1difl bOWHRE:€ iR BBnmer

shoul d be studied to determ ne the true scope and

awnitentizofa piiswiddventiloted GigakMe dim tie bilyht i ng contr ol

circuit including: a dinmrer circuit for dimring a bulb

associated with the dimmer circuit; and a control for

gont rotd ligginghéoniomairb@t af séth@rthuihbslaid BNwhadeth GOMer Rkond
bei n% provided with at least two different algorithm
algerithay @ siadiag o wligsmand enpigybofd dsepiden tvidfp onodeted yspamal is

. T i ght i ol circuit as set
%%Lerct %(l) ﬁgégﬁ%ﬁoﬁgmgﬁ{&g}iﬁﬁsﬁﬁeﬁ% rol is provided with
at least a first algorithmfor dimm ng an i ncandescent
bul b, _and at | east second al gorithmfor dinmmng a
3 uorfglgeclgghtlngtﬂog‘grol c?irculet as set ?ort in claim 4, wherein at le%st onc of a
soft-on and soft-off is utilized, and different time constant control parameters are set

in the first and second algorithms.

6. The lighting control circuit as set forth in claim 5, wherein in the second
algorithm, a lighting level is maintained at a low level for at least a period of time

before a soft-on starts.
7. The lighting control circuit as set forth in claim 6, wherein the pulse width

modulated signal has a voltage dimmed down only to a particular low level in the

second algorithm.
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3. The lighting control circuit as set forth in claim

2, wherein the dimrer circuit utilizes a pulse width
wore@shstoed signal to dimthe bulb. 4. The |i ghe@€nys2008/065247

control circuit as set forth in claim3, wherein in

he s cond algorithm a star ing.v |.t age and e

The p qmnamnw%ﬂr% taiy 61 (i ) oige | EhEEIn PR feetion

didh r@ﬂ&%gﬁ fhB %nir&l Wt peSBﬁBﬁlbttBeoeb&'llerne(g’ and hﬁe control then

l'ighting control circuit as set forth in claim4

sehetsdhmapropréeds elgonidnof a soft-on and soft-of f is

utilized, and different tinme constant contro

parameters are set in the first and second al gorithms.

®. Thend lightingh oMt difbit Cds §di fortRSinS@4inf T thekdin Gl &wvikth is

5, wherein in the second algorithm a l'i ghting I evel

ytdizadfnidantifsdhatype of bulbbeipgidimaedat | east a period of

time before a soft-on starts. 7. The lighting contro

circuit as set forth in claim®6, wherein the pul se

MJ dt mnmldgﬂtﬂlg&dnﬁblgdiﬁﬂulthasetafoml1t1 agemdi, mreekinl @l tordpyrts to

particular low level in the second algorithm 8.

ﬂFﬁéOIFtlfQjﬁl%q trpe elobrlp grhidyis éubg diggnedkt forth in claim 1,

wherein a bulb detection circuit reports to the

control the type of bulb to be dimed, and the contro

then Aetetioidsoftdimnamppa bpllbican@)riaingcbhé stpwof9. The

lighting contr.ol circ t .as forth in claim1l,

wher IE (ge\F\?CPEﬁ AP hu tk‘@d’et immgdntify the type of

bul b (bei ngap‘ﬂlﬁﬁ@ d. ﬁrg-toalga-tli‘tﬁd foﬁ}%h{}&hﬁg fifBling iff @'ﬁ'ﬁt tffe of

set forth inclaiml, wherein a b reports to

leghting ¢ deténted; ype of bul b whi ch |s to be dlnned 11 A

et oct g ArEybe?aftoftl ol BTRE SoRReME (B FRF yisney i ore

&ﬂﬁ&tmakg@&ﬂthn1for control ling di mm ng |f a flrst
type of lighting is detected; and (3) applying a
second al gorithmfor controlllng dinming if a second

t/P€ The method as set forth in claim 11, wherein the first algorithm is used for
dimming an incandescent bulb, and the second algorithm is used for dimming a

fluorescent bulb.

13. The method as set forth in claim 12, wherein the dimmer circuit utilizes a

pulse width modulated signal to dim the bulb.

14, The method circuit as set forth in claim 13, wherein in the second algorithm,
a starting voltage and energy of the pulse width modulated signal is selected to be

high enough that it will start the bulb.
15. The method as set forth in claim 14, wherein at least one of a soft-on and

soft-off is utilized, and different time constant control parameters are set in the first

and second algorithms.
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of light is detected. 12. The nethod as set forth in
claim1l, wherein the first algorithmis used for
walpowsitfg9an i ncandescent bul b, and the second BECTUS100$1065247
i's used for dinming a fluorescent bulb. 13. The nethod
forth in cI m 12, wherein the dinpmer circuit
fﬁsi | i Assmgthod ases o 1%3%%i§dwg?rﬁﬁa’|n thg sgropd plgorithm, a
g 1441 isHRginAEtdaod aQb'&zqg‘betl f@rsaﬁ@atst § Otk btk BefBrd 3 soft-
ereln in the second algorithm a starting voltage
Qnﬁmgamergy of the pulse wdth nodul ated signal is
sel ected to be high enough that it will start the
bul b. 15. The nethod as set forth in claim 14, wherein

Bt | ensd nRiRJOLs st TBfth iR Rt1AMA1 S Of herbinf the ulkle! Widke thodulated
and different tine constant control paraneters are set

signal thes fai YaJtagartimssd odvialogbr for hrmsrticglar taw leselhidthassecond
ﬁg&nﬁ rth in claim115, wherein in the second

orithm a lighting level is maintained at a | ow
Ievel for at least a period of tinme before a softon
begins. 17. The nethod as set forth in claim.1

Wner el b mpigosas set Totlyimelaimy L ayhsacigithmdstoqiios 1%[%161: pugdulb
th
S et ng CgPle aflf h¥n0ﬁt? Eﬁh Iécfsl'[h@gpﬂr 1¥¥1a{t§§{gbn{ e

as set forth'in claim
11, mhereln the detection is nade by a bul b detection

d a contr hen, sel ects .t ropriate }
B porTameBiel SR Hom AT SEERID eiRia Sy @ switch
1&ﬁﬁ%@hﬁu&ﬂ@&Q§$@%EbPBmB%@ %%nﬁﬁmé switch utilized to

identify the type of ei ng di nmmed. 20. The net hod
as set forth in cIa|n111 wherein the detection occurs

%’qj ein 'hpeerne I0 ag %gtofrortﬁ IItl %latlrgel lC gvrflte{e%ll thethetetc¥18§ oggur? Wh%n the

bulb reports to the control the type of bulb it is.
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