THERVAL PROTECTI ON FOR LAMP BALLASTS CROSS- REFERENCE

TO RELATED APPLI CATI ONS [0001] This application clains
wonrbwrougesot o U. S. Application Serial No. 10/ 708C®/182004/037921

filed Novenber 12, 2003, which is incorporated herein

by reference in its entirety. FIELD OF THE | NVENTI ON

[0002] This invention relates to thermal protection

for lanp ballasts. Specifically, this invention

relates to a ballast having active thermal managenent

ggge}o;ot ection CI r cui tmgé(mt(g&\: (illlsi{%mg g Sééigt to

condi tion has been detected, allowing the ballast to
safely continue to provide power to the | anp.
BACKGROUND OF THE | NVENTI ON [ 0003] Lanp ballasts are
devices that convert standard |ine voltage and

CROSSIRERERENCEX@ RELATED APPLICAJUONSY sui tabl e for a
specific lamp type. Lbuallﬁigballasts are

[0001] conpdﬁempmlfcatgpn ¢lglms| DATLY o APRREPB A Na A 786,677, filed
h
NoverntE % 2R AV BRE o BB GG Y AN B WGl TV

designed to operate within a specified operating
FIELD(H?WHIEBINIVENTI@N maxi mum operating tenperature of the

bal | ast. can be e eeddasthe of .a..nunbgr .
[0002] 7 5t ot AR AArmer e 15 P CRUSHED Sy this
inventioh h&at!egﬂng Ballasl ergoﬁz'hvg ARimal Iﬁkﬁdg@meﬁ’trh@ld ﬁk@ﬂﬁﬁbﬁlbﬂcultry that
ventilation of the lighting fixture. If

allows thﬂ/b&llastdnpeﬁehst Qreate M/rlndn aibehast everdemperARIEe @endlflﬁ@ hag been detected,
nd/ destroyed.
allowing B e iy caf e gy R IDaeAE, 7y Tha

shuts down the ballast upon detecting an

BACKGROUNPORTHRINVENTIONoONn. This is typically done by
means of a thermal cut-out sw tch that

[0003] b | sk BHSEIEE A IcNHEH COErHCEH] Kt EATage A4 Trequency to
voltage %ﬁ’c?fretg%?ﬂ?ﬁ LtapleTof @ cﬁﬁcq]'amg gpes Ridh A1y 8WMadtl ﬁreQﬁJe'c@ﬁIponent of a

g I1ts sup a normal bal | ast
lightingtfiemre et tsceivies osm&maqmefmdrqscauﬂmapse dhe tightiggifix¢yre may have more
restore the supply voltage to the ballast. The result
ﬂmnon?gaf%hp flickering and/or a prol onged | oss of

[0004] ' ' ghtBélgastsTd?é bk aledds e @itfogepds within d glbﬁdlﬂi@i @;waathg
noyi ng. In additi'on, the cause ]gqﬁnot be appar ent
temperaand Theghambmrmmm[ramftemmran: piihe brlbaskc am be eReseded as the result of

a numb%rvﬂ%ﬁgqrji%rg ainglls ﬁSt ﬁ{rrrl%gq,pégﬁlg tcBth Jﬁhé f)aqa{;qqtggthg ?ﬂﬁ%@ 1mRroper heat

rs, r even

smkmg, aﬁﬂ%ﬁ&fueﬁf véhtiatl MG @ht[r@&@&ihreAIﬂ aim)vé:rabh‘@etatdrasondmon is
mper ature sensing circuitry and contrql cirguitry

not remﬁ@@@dh@i the balast Aed/Pielapplsd miayeesmaged ‘Plh‘g?sqqy ts the
[0005] out pug Gyt ng‘&n %ﬁXétQﬁ&’veQXm&% thalsh&s Yo Wethe BRIAY 8pon detecting

an over-temperature condition. This is typically done by means of a thermal cut-out switch that
senses the ballast temperature. When the switch detects an over-temperature condition, it shuts
down the ballast by removing its supply voltage. If a normal ballast temperature is subsequently
achieved, the switch may restore the supply voltage to the ballast. The result is lamp flickering
and/or a prolonged loss of lighting. The flickering and loss of lighting can be annoying. In
addition, the cause may not be apparent and might be mistaken for malfunctions in other

electrical systems, such as the lighting control switches, circuit breakers, or even the wiring.
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tenperature condition has been detected. The contro
circuitry actively adjusts the output current as |ong
wagodshasa@ver -t enperat ure condition i s det ect edPeD/UA2004/037921
 UPﬂI§Ei e ﬂﬁ?O@ﬁ accept abl e operating tenperature
S Dﬁgﬁggﬁ?%nU|%g O operate the ballast (i.e., wthout

[0006] shut t A hgnglbaiiest hes teaptratitg sending Clmmplytand@bntﬁeoitcmcmtry responsive

mai nt ai ned at a_.reduced | evel until %P?
to the tefgFBFa FEAsEr et liFHe e CHEEH QB %ﬁ?ﬁ&ﬂﬁ?ﬁs e an over-
temperaEuQ—Q Qgrldltyaf ﬁé%g:%eﬁrﬁétgﬁg§ THRlcoRFbILS S, 488 cRUHdREs the output current
current are disclosed. In one enbodi'nent, "t he out put
as long authe emdr-tempbiangacoydiao) wsketediedsp iantp atfempt to restore an acceptable

over-te ure condi tion t nt
overatingjeeRso ¥ BHt eruraujate cBerere P o AR B g the
ballast). e%?ﬂu’t E@ﬁ‘&ﬁr@hﬂfrﬁmﬁ&ﬁﬂ'a&b&&ed ey @htilAhd 8nsed temperature returns
odi'nents, both linear and step function adjustnents
unhaa@mp@hbp@hpauMm@nt are enployed in differing
conbi atlons be
[0007] | ep) & %%OWP‘FF’%W‘)’E 8@ tﬁﬁetﬁe &(Il} %Jréeugl;%i% g]alfe US%E:(%S&T e

ernbodﬂn@ﬁtI th@'oﬁlg)dt cheait 1§Fﬁéaﬂ2 Adjustea dorihg ae bivérﬁﬁmpa’aada abndition. In
| i near adj ustnment of the output current tends to

another grrxwdmena theepuphienipnt irpdivsiep in pFieD dwatige duRng AR RYFrgTPerature
nt ensi a Vf
cond1t1on in g}? o[ﬁéf gl%bgdlgl?e%% {)c&fﬁ?%@%rr ggtstée\ﬁgﬁﬁ% Iagl L&hﬁ ng)ZwStput current
are emp&t@eti@n aiffefing memmaﬂoﬁsh & prangiplethe hnbarsutezn may be replaced with
encount ered and/ ar co rect.ed. 8]..The.in ent| n, has.
any conRpeys AGPTERSI BITOESR S it b arfnets firelgny 5 Rl finear
adJustmghmFtﬁ‘@oJRg { c%?xteﬁt @Bdsttti%r&li@@a Ifé?ﬂiveﬁf ﬁnﬁe@@a@ﬂﬁ&' c‘h@néeQn fthghtlng
ntrol to dimfluorescent |l anps connected
intensity trea &mhalaﬂ)servé'y pqh@mlas y stegmsg @ﬂmmer@maymg ugedhie qepte an obv1ous

contro lters rrent d

change FR er narvar el Bl gt Plasgp Erie b IR

[0008] CYC!| eThd IS emtesCyas Partiula$ apprucdtl&l &f (b&t/\istn@)h lifngted It(QI’IﬁIlnﬁnng ballasts
delivered to a oné or nore switching transistors in

of the tyeshaswrersspasishiedd @ dimmingcaniiol wdim fysesseriipmpneengected to the
ballast. \Xﬁ{é?;lpé Sjufinm“&X oft I}%%ll%ﬁlfllgéoqlr[ﬂb? Qltérg %lﬁsouﬂgﬁt Hfrgrét dglivered by the

outpu
ballast. tThay1s t&tied ouN\lﬁOﬂ&:rﬁigttbe (0147 bﬁcla,rffﬂqoencgmrtpmﬂﬂen@dth of sw1tch1ng

frequency is varied tq control the output curre
signals i 5t 14 ORRCER RV G IR G255t 18 UL GO ol Paliast. These
switchif &gﬁs ‘?c'r:ty a a%bt%grfefe?%dtt &s ﬁ% t(‘sbﬁt%h&so AN QM HRwAch is a switch,

nusol ut vol tage and current
such asta(Irdnhletoi' ;s YutyTdyelechmtlfor swtttlsng freqapnepids/ vastedgocerirol the output

curent B B R e SRR sebile Sl g sviches o
providd '@&dnef28G /Int8Sidal M@Qﬁtﬁ@ Rblidel 88 chfertithMIGMP(YTBHe duty cycle,
provi ded by the dimmng control. The output of the

frequengias pulsewiith sorpnénotled by & cwtmcgp@hmat isaosnegsiye to the output of a
phase tggﬁﬂ(‘éongaggrﬁg éeﬁéﬁ glsphase &S@ﬂﬁ%%’ﬁl}% & gﬂa'l o}%{'oﬁ}ﬂ&l ﬁy the

dimmineQlohBge Tt 8t (hithe haesdo DOVcomertaliaam) 81gﬁald1a8mg81&ﬂagmtude
in the phase to DC converter for the purpose of

that variestia mqogqlﬁnﬁg whthghdwy aycavalne of A dimminghsend) Yeipdya pair of
voltage ctfaqneé C{(Y)ﬁg%'ﬁ%dﬁ%\g :Eﬁd %ﬁhﬂ)\/\%ﬁ %15‘30%%1"% eﬁbﬂa@é‘ to E@fcroﬁ%rtm for the

ast ilet clanmp sets
purposé dfSestabKhinigrhiphtepdtand low end intensity levels The low end clamp sets the

minimum output current level of the ballast, while the high end clamp sets its maximum output

current level.



current level. - 2 -[0009] According to one enbodi nent
of the invention, a ballast tenperature sensor is
woaugsloasbev o a f ol dback protection circuit thatPCT/US2004/037921
[0009] dynam E@Arh \%ﬁglﬁﬂéﬁrﬁb&ﬂﬁmﬂﬂ &h {h@eﬁﬁ(ﬁﬂ'ﬂﬁﬁas\{ Bl udeensor is
accor ance e sensed ast teénperatur en
coupled the fekibsa@dpibctias t:lrdlmrtmmmnam&:aﬁy adpdss the hilgh esdclathping voltage

in acco%ﬁ@?%&gégéq&iaﬁ%éhg hltgqgfwelge%éﬁ %é{l &ﬁlégt! ttpﬁgera;cure exceeds a
threshoﬁle‘?ﬁg gmgﬂtlbg%hﬁ:}?m%% & eI Mfink %ltﬁé‘lﬂ! i@%ﬁﬁlkl‘éd depends upon the

Accordi ng to anot her ‘enbodi nent, | ow en
differenct betpsen ﬁ@d;enmi Habast thqyhpeyasuret andi th@theq:@pld Aheordmg to another

embod1#g§te %ﬁ%ﬁ { ea%tq%atlrggsréﬁ%%i %g r oL e(f Ollo rf)lleglh ! Hletinvention.
Instead GRETOIBb£R pESteM dnftidctiR n?a@r%ﬁfhllurﬁd:dt& Whth -a ﬂqﬁltlbf'érsthat in turn
enbodi ment, the control circuit is responsive to the

commupigaigsiwithfthe, ¢antuel Py, fethis @nlzmilmgnt theecogiiphcireyis isresponsive to
the outpfug Bﬁgﬁev}ﬁxﬂé&ﬂ Qr g];]atr gﬁ ﬁxﬂ;déty {yc %I%\émr\%t]? (tr;xl)?g greaueq'ﬁ?lof the switching

signal. connect ion with a non-di mm ng ballast in accordance
h the foregoing. Particularly, a ballast
[0010] {'¢ npe?a@ iventaEBaY alsnhe FEPEE K1 (ATmeeiiqn With apen-dimming ballast in
b
accorda%é)%('!itg?l?eo%% B%J ?@%ﬁﬁf ntl?gaallltagtrs}gl\}lmbgﬁufrﬁ g&ggﬁ%ﬁrdofoldback protection
are pro‘ﬂded:aﬂ dbove dedctibed, bhe thetubldbeskcprefection sicuid atimuanicates with the

t he one or no switchin nal s when
control b s he gt ange BB tLeupey Bf DR 4! goTThing
signals Wﬁeﬁ ?rferbaﬁgstttaﬁ &Q@f@éﬂ@éﬁsﬁhc fdrdsBBRIEr at ure cut Of f
swtch may also be enpl oyed to renove the sup ¥
[0011] vol t a@eea.cb of Hetenthwdimertia attamp@rgtur@ outpifetick n(aa@ jorbetemeployed to

remove%g‘(?l}p@ (ﬁ%%} ! %]151; ggxlfvh 3)1? 25, aﬁ)e%zl?/ (%eix 1ﬁ %{taat if the ballast
temper@ﬁretesteeddw@rmxhxﬁamweﬁlbela@r@mr@ﬁmu fromthe fol | owi ng
detail ed descrlptlon of the S&eferred enbodi nent s.
[0012] BRI EFOtEsERtETs oithemvepgomrAVPNeEdemdion theifgliowing detilgd
m of a prior art non-di mm ng
dawnpé%? ?Bﬂ#ﬁg%ﬂ%ﬁ?ggﬁggez is a functional block diagram
of a prior art dimmng ballast. [0015] Figure 3 is a
BRIEF DESCRIAFION OEKHE DRAWINGSne enbodi ment of the
prese ent on.as in connectlon
100131 §i ooy Bigubn fotbtoncin Btk AE e Bt S BRaCH] Ral giphhing altast.
[0014]' ' | USH@}@@ i DRINBHGRE bIoER Hia@ldne 8t Qﬁﬁ&uért &hnﬁngml&al
ng control. [0017] Figure 4b graphi cal
[0015]| | | usﬁgmrfe% ist m@nomra@bblogk deagrapppeie m@y@m@m abthe present

0018 [ [
1nvent1(l)rh%s %ﬁlgietd %fcogn 181?] tﬁ G cfl{%ﬁ gerﬂla}sgn'pyc: ; CSIS: r gtnes

[0016] Figure 4a graphically illustrates the phase controlled output of a typical dimming
control.

[0017] Figure 4b graphically illustrates the output of a typical phase to DC converter.
[0018] Figure 4c graphically illustrates the effect of a high and low end clamp circuit on

the output of a typical phase to DC converter.
[0019] Figure 5a graphically illustrates operation of an embodiment of the present
invention to linearly adjust the ballast output current when the ballast temperature is greater than

threshold T1.



the output of a typical phase to DC converter. [0019]
Figure 5a graphically illustrates operation of an
wenhsdusment of the present invention to |inear PgTASRWSN37921
the ball,asd, gutmulnGHGEERS WMREMOh R aRBlbBSment of th t
[0020] tenmperature %f’gregﬁer thasndﬂt%hrgsho?d T, - eél (-)[OE’:)%G]SE:n
inventidhi tq uedcB thegvadipstiongdul yurirdrit irs & stap ésnctipe t@d leyel bt waan the ballast

N IR T e —
100% V\Jthﬁﬂ“&?erbélltﬂ& tBApéradte 4QPRBEAOU Rl @fdx?&taﬁfre tfhan

reshold T2, and to increase the output current in a
[0021] st ep Fignot SaographicallyOlinsiraées apemtionlof as embedipent oithe present

. .decreases to.a normal tepperature T3. [0021] Fi gur

inventi TG AR YOI DOP P DA PE SR SRRy G A and TS,

to redudeiBe PAIRSEAIphtRVMEBLI AR step fadtithtfrdrh GveRl b &5 levalll P temperature
current linearly between tenperature thresholds T4 and

thresholfisl'5 is geached erexchedetatriddetineeasp the euipwienirenting sigpefgnction to level
funct i fromlevel t if tenperature

L4 Whe{l eé%%l%%l&e gerflésu?er (gez%‘#ée tgrthlgglgdé%ggd, and to increase

[0022] t he oBightd S&araplEbally illustraéSgpetatioatof an etnbolidval of the phesant

_ “the ballast tenperature decreases to_ thr esho{nngog.

inventiqnoig 2djustihg st uighpricaBn YArions eps for ¥aigsdpeshads, gnd to

further %ﬂ ﬁrﬁgﬁggt it QlerehPEnd2i 5 BB ecn TARIN 1.6 Bnd P7 #AhY $tepW A8 reductions

T ast “out put current Fn various st eps for vari Pc)>us
in outpitionaeitcirel aot saffiti¢n td rastonethedd]lass tenhzeirhtarst to motipalt

[0023] g? reLe égéllre%. ggﬁé{rgtsggﬁqmﬁrecglﬁltlgﬁ I1 Sﬂlﬁggﬁ@ggr:f gorlﬁ%e( gnqgodiment of Figure
3 that exHithils GheeiphiQuist PaclcRgtialfimsie bemperat ure to
nor mal . [0823] Figure 6 illustrates one circuit |evel

[0024] i npl eFigwral isonfubetionezhblogkhBisgrameaf anstheriembpdingent phthe present
. " exihi bits the out §Hﬁ}1 c&;l;r{n%nt b%{l]a%[ acteristics of Figure
mnven l(glc.orflﬁfdﬁlzﬂonﬁ%ﬁl? FY 8 Ret6nal bl ock di agr am of
[0025] anot hefouedd ackindifiput @lurbiiecpyue s@ffjerttneatiponse fop theusebddiment of
_ connection with a dinmmng ballast. [0025] Figure 8 is

Figure ‘Bn out put current versus tenperature response for the

enbodi f. FlLgt ' oy - -
10026) £00% FIFRE o B Ok Biock BHiehim bt @ fioctidnénof th present invention
that map be semployied weith 4 non-dibahingdyllise. enpl oyed with a

non-di mm ng bal | ast. DETAI LED DESCRI PTI ON OF THE

PREFERRED EMBODI MENTS [ 0027] Turning now to the

drawi ngs, wherein |ike nunerals represent |ike
DETAREPDESCRICITON OF ToH PREFERREDEMBOUIMENTS t | onal

bl ock diagranms of typical prior art non-di mm ng_ and
[0027] di ni Agridng hew testhe gt iwheirsin like pemeialigepigst dike elements there

: a.typical, nons di nmn al l.ast_in . frant er

is showgin %%ué%sn]v%r}c{lzé?unng]%a? Rg’tc k it Ehaenfrl %tg%g% p21 rlalgnq’é) ni/oi { a%aﬂd
dimminbdBast), redpppli el RefekAfg ¥oOFietre 1, a typical non-dimming ballast includes a
front end AC to DC converter 102 that converts applied line voltage 100a, b, typically 120 volts
AC, 60 Hz, to a higher voltage, typically 400 to 500 volts DC. Capacitor 104 stabilizes the high

voltage output on 103a, b of AC to DC converter 102. The high voltage across capacitor 104 is
presented to a back end DC to AC converter 106, which typically produces a 100 to 400 Volt AC
output at 45 KHz to 80 KHz at terminals 107a, b to drive the load 108, typically one or more
florescent lamps. Typically, the ballast includes a thermal cut-out switch 110. Upon detecting an

over-temperature condition, the thermal cutout switch 110 removes the supply voltage at 100a to
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AC, 60 Hz, to a higher voltage, typically 400 to 500
volts DC. Capacitor 104 stabilizes the high voltage
woub@uuse@n 103a, b of AC to DC converter 102. Pae/us2@h/o37921

¢ at
oSSBT L 1 4 ot s

toa norriiﬂ%rtame?%ldkehipe%re ut put at 45 KHz to 80 KHz at
term 10 b.to drive 0ad,108, tynpi
[0028] of nﬁﬂ@ a?’PES? é?&@ﬂ?or} léﬁB%llcal?i?Bng 151 2 PGRP tbtéﬂﬁgye& sSROWs
addition ek HAS? 1 BREARIDCClet AC YNt ¢66, hAQ incHRTRs cﬁ&ll&?Qll 8220 and
an over-tenperature condition, the thernmal cuto
222 thatspaitbitshtht ballase oieepondrie aglippiing sighal 34 figm ?1@@%(11{116 CDHT401 216. The

cimming porfo) Igeae a0 aure onaeRRRinte YOE AR iy bF S it

An exarf1E BRh cOMnREGAB} Ml@olé airRamaiballest o[fo&a@be Fheigateds model
escription is ap&pl cable to Figure 2, except that

number FD@jTéSﬁElg%@m&Vde tflioﬁhh‘lltl‘@b?]ép‘lf%m%% Condng, @ROF@H@“}XZPA the

g RSBSOS R LR AL Yo RAB Rl ac

dimming 6IFAAINGS Gk @j‘t&J shawh nﬁ Figiilreaﬁlzd unahi thg the diluy@:lyc]zbﬁ theTdimming signal

di nm ng control 216 b [ 1
and heng TRAGS OURESTRRIFR IS SERE) Yoritd GA AN BN L pEing
actuatoroﬁ)lﬂm‘ﬁﬁggpgﬁd&l' A7 divRY ﬁgbé’s@ k& éﬂﬂveﬁerbﬁ@tﬁﬁtcoﬁf/eﬁshﬁe phase

ure 2 1s nunmber FDB- T554- 120-
controllai/amﬂminlgmgnlabmlmtalbﬁ vBltagstsignal 289 hasang a magnltude that varies in

accordap(ﬁav ﬁl{l ? Hrﬂ%f’ %\Rﬁ > Wﬁ%l%g |Sl‘r)%fthal:f E&)ﬁlz(iaﬂ& shown hn Flgure 4b. It
will be &Qﬁ‘ a9 tﬂees‘iigrﬁf:ﬂb Féﬁeﬁﬂﬂyﬂhﬁéﬁﬂl traés theh@lrﬁmmg ssgm@v\mm rHowever
Fi gure 4a, such t the duty cycle of the dinm
clampingiogaait 230, mr?defrﬂséhls IsencRNEY st eefdionship pe d@ﬁcmﬂ%ergmeﬂaw
varie u t t
[0029] il& % %qb 5_33?”? %s\})ggasg Hﬁwg l:ﬁrgﬂt [921%28 ngﬁ%/rgf;etaé }eaitloéle

swuchlﬁgtaim@pﬁgﬁaltzg% he Nekaaet the mﬁdilhngMIMgngls SD#m &l shawi in Figure
DC vol tage signal 219 having nitu

2 are typiascseiasn 1@&@@ataawwopwvaswlvsmw G RO iR o AC) in
I I R ¢
Ll o o P
frequenty BOlsied hf:‘ccﬁltmlnhegnmp@ nadrer b7 theHimilest€The s¥itapiggpntrol signals
circuit 220 {g‘;dl fies this

control eicpePoR SRR 6RO SERPbEY S8 2] 5] SHPEB 28k it 212,213,

Althou%f 180ale 1c°t§ h g&ﬁ 3t eitdhdld @ntroféibNAs, 2B W, bn ég@vilent function that
rate at t one switching control nal 223a,

uses only, oﬂmmmchmgtmgmbmwbc o$idng cvoeny wmsesdqym @%ﬂs‘&d%an output

s SRR 48, R BTSSR e O B B oo

frequentdebf e svi@hRackn@oldi ganMeviresd ik Qecor&amce u\tmuﬂhe mt afhthé signal 219
a swtch whose duty Si/c' e and/ or sw tchi equenc

(subject to olamping by shecdrmuta0} red Bgtpebagl ?1%4%22&‘ toydgiermine the output

[ ontrol signals control the
VOltageoaBgﬁgrﬁfémd-ggser? ‘rﬁ%% éc:%ut put sw tches 210, 211

[0030] C oupl gtgh Q)n(Blotx&ﬁkl ddaniye cirduit2DB, in Zl'if‘Sphaéd: tdﬂb@g:bn%@m tignit@ the output

ot G St e SR GBSy B S o on
phase tg' !lﬁln@d vER%: 1Q%udt15§§:qﬂy oMl QRS FRBRSA. ABUAIE Be 428 that the high and

des an
low clamp c1rcu1t 220 clamps the upper and lower ends of the otherwise linear signal 219 at

levels 400 and 401, respectively. Thus, the high and low end clamp circuitry 220 establishes

minimum and maximum dimming levels.



(load) current feedback signal 226 to the ball ast

drive circuit 222. The duty cycle, pulse width or
wonemwaswy of the switching control signals isPeamisem4+/037921
[0031] i N acsasdpieRredudts shc eEMe(Figire 1he fdognrahliydifiployed. All that has

(subject to clanmping by the circuit 220), and the
been degcaibgéh Hog (271 REPT D6, t 0 deternine the output voltage

o031 20 SRS S i e 0 oo

In partldullem ths dtrhmmgbliaﬂiait of Feeuné 2hd11ﬁo¢1lﬂﬂdeo tmhﬂ@adxaﬂyse ltehﬁperature sensing
The effect of the high and Io 8 ?{@Fmrcwt

circuit 3&9 thai ereyides AT THRRTYR S0 3 ar»odbfﬂ K pratefding qlrﬁmt 310. As

descnbéd%lfw gllﬂf {c‘::’o&cﬁ:%écli g%ot%ﬁtlg{&ﬁggl%l 3310 Itgg?ﬁeg tﬁﬁ' gﬁ)ﬂ} V\EH t@ﬁ ggtygnt signal

315to thehm gb tahétow sl dlampaircsit §A41T to’zaﬁghsathel tEghectus;oﬁﬁ Oeh#0D. 4Binctionally,

clamp ok REaL i3 Sl Wit app P A o e n AR O E iyt 220'is
further ﬂeﬁ%ﬁs'sﬁle to acﬁusth@Q@sl dnaf31% Wé@&*ﬂa@fu@éﬂﬁd}us&%& aleneh clamp

gew is also usuaIIy enpl o t hat has been
voltage tiess ﬁb%l@)t hus far is prior art. [0032] Figure 3 is a

bl ock.di el
100331 0 2 RORT Rl kiR B 00 p TR el mopgermisirs
with a d@fmeﬁl 1@sik@nck tbSelﬂpéihﬁuteﬁébefﬁblérﬂ chadetedisthhabt @sther type of temperature
nperature sensing_circuit 300 that provides a

sensing gmrmggtgt ({eé(}fsﬁé)g gtrq;}p Fgldbaclt p@@tlp@ cicyipt lPgemgrates an adjustment
signal 3?5 FH d]%gﬁ(t@@ tdh iSorbdte 2 g‘%?_g QI%SSSB%SHO'P& The foldback

protection circ rovi des an

protectmppr@mtrmajt proautie eiheremnlinest guttght (3915gtadmbhrere$pogke gmerdtaor a step
circuit 220" to adjust the hi | evel .

funcu"%@tﬁpmrf% % P SWRITSYONEI SERT A B{Jf‘ fomtpati Ofsl? ’InghetcE?mPa“S"n

determifdsanR aﬁ'o&@#ieﬁp@?a%r@%ofdlﬂéﬁ 8xidis. IAPMRERo, tﬁehﬁeﬁ}pﬂ{{‘? linear function
circuit further responsive to adjustnEn

shown ig Fggva¢ 3 3(12’6/ bewhple@ddyu&ammnltlyuw fyseteontihduding fineardind non-linear

. cl vol tage (i.e. .l evel . 400) 033 e

function AiHbe BurpBSCossun b st bte Hagrt et gr St rample wil

be used. ks 'i:ﬁkﬁbéfhﬁir&ﬁﬁe&\fcﬂahotﬁeld(ﬁfnhﬁ@&lsriﬁﬁdztﬁin@ B§ eh@ivalently be used.
enperature coefficient characteristic, or another

Regardl@gsﬁ thest exahiyaetian ised.dbebigh gne Blampoley 40 és iedecegyfrom its normal
operatmg dé\%lll When IR fgﬂtﬁﬁ{ﬁ( @ffge‘cﬁ&’i LR 1r001Hp‘cath SENG] s %elﬁﬁeramre

ust ment SI gha In response 0O conpari son
conditiohemw Reediicingihg high 3dx14mmp RevehOdsdiphsts thd bevd dkadi@dR’ to the
rotecti circu rOV|de either. a linear o
ballast §.0Hf§u153£% PR to @Lteg*gﬁé ygaRier BYlss yvlfisb 0%1}%@@30} aﬂ%? syifching
u
control QU fiEaiB o oS Bk PRAANGR BB FbABY bphedallast o load 108
Reducingroutiwes K:ultrerrph«mddundenmat cigningstarses, redune e adlagsitemperature.

th I f h [ 3
Ay decrie SR Eos e e LS YL ettt 5t et 400
is mcrea@&ﬂiaﬁw&-ﬂehtﬂfé@ftoh&iﬂ&.ﬂl&6§rd1 . the pur pose of

simplicity and clari t I near continuous function

[0034] exanpFiguigs bp —5d gnaé@pa¥lsuﬂustnate eaioup exappeseefiagdivusting Hgtoutput
current gﬁ&egr a VY- lté?ﬁt%lf&ulfe%%ﬁ&lugg STHSYY e}?ﬁﬁlﬁlgg grg H éé(hgl‘::[sthl% %ﬂd other

functions or combinations of functions may be employed.

[0035] In the example of Figure 5a, output current is adjusted linearly when the ballast
temperature exceeds threshold T1. If the ballast temperature exceeds T1, the foldback protection

circuit 310 provides a limiting input to the high end clamp portion of the clamp circuit 220°so as
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Regardl ess of the exact function used, the high end
clanmp level 400 is reduced fromits normal operating
woOevwslo4gdsen t he fol dback protection circuit 318CT/US2004/037921

to linearlynghidoeet the htghaand&ilmnp/ el 400parchtthet eheconphittdugren b b reduced

Reduc] t he hi nd cla | evel 400 adjusts the
tinearly dhorm, L00GF ihixpresel e BEFWY e Sesepeaiiiret b ey e presobbgeslecting
the appr@?ne{tﬁ tifbdhBlds 11'5‘ theddidbally ﬁo?ectl&‘t‘ Er?@mﬁ@ @R d%ﬁcngeﬂ%‘ gﬂ:%yer detail

e swtching controlf signals 223a, b an

below. Madingghe becrdemnperatucelcomsitionp t}mwutp.uﬂ cluyeritiven baldly@shichldy adJusted

in the lll!]ﬁ%?d 198 ngagllIl &Fzg%x&lg%tt Utgergtlﬁ;qr sgg{lh%seg%gg ?Sa? ok d %erdAg&e restored to
normal. Otﬁﬁéeeﬁﬁﬁedcﬁnthﬁlhb@ﬁﬁe dfé%ﬁéﬁie‘dﬁﬁ tﬁessaﬁﬁ&thcﬁﬁteg nldf iR d@ﬂ@' (where
5, and the high end clanp I evel 400 1s increase

an lncremavabcchans@ tnolapg cuoreniomanhot peduse ducng‘cgponmm]angé igUighs

mtensﬂyggﬁh é gs hl gﬁptﬁ}el oléllﬁﬁ t&rlll%t: g};/q%{plgqsgﬁh R resultlrflg change in

intensityo @élaﬁ%l@ﬁﬁ@rwpﬁbmﬁdﬂ dabi obsERRS € FEXSIRIES, 2208 Ruction in output
exhausti ve and ot her functions or conbi nati ons of

current (Whea theolagpriafatyatedypayypseuce 0ols] 10% rqdwén@mmmr@elwd intensity.

00561 % 20 B 0S80 429 B 0o v o

to the hﬂmir tegfin S1Omven ﬂ’(thé eupycagctat iklless tid the hdRankm (100%) value. For
tection cirgcuit 310 prowd s.alj mtlng i nput to
examplet CIRNG O EigdrecPa s ‘%BFW‘% RoRFo tslgéa‘c:ﬁaYﬁBaBb § %‘?Iil“i’ operptedie lamp
load 108%?( for ExarhPle! 4096 BF It hBGHER bREclHBP ehd t&h@%ﬁtdr@ﬁ?és to above a
400, such that the output current nay uced
temperaturqealng ¥1fa mmanﬁo%ng)reapqms@seioe e¢tbited umruhtlm tefperature reaches a

value of;[Sl %&ﬁ}t gyagu? Ag]gaﬁ&?%gpﬁxﬁﬁ z%lyocfc’cghgg/blcﬁ% IEI&]EJIt the output current

to the lin®af fagidn SADOTRS all6®§ idaskitnin0(1004%8 lingBtRhitinP 9&&% to be utilized
Dur i ng the over-tenperature condition, the output

even if the,prigingl setimetnd thrylaenm was 1psp thatj 100 tpail, ﬁuﬂh@t As mlmment limiting
action of l%g ng%né&g) a]ﬁ{?{/é t(lg;e E%%%%Legt?tg?lgg [ at 1Hr§ HV& é%gg’e again

return tofthel Oﬁgmabﬁ setlBampevelre 1efd ﬁﬂh@@lﬁﬁﬂér&:dntrﬁl sﬁgm sa&f wnalch@iged.
region of the la % (where an increnmental change in
[00371 | anp I8 dhe @nmpiagt Hgtremboaupat aingsl may beFrdiuaey Brasireiungtion

when the b&iHst ﬂeﬁ%}aﬁﬁlgé X)\(ceegyﬁuﬁés'haﬁaﬁ A S B R e é‘ergdﬁ?e QUEBHIT, then
current e suc at the resulting c I n
the foldhank @rnztecttmnlcarcmeBh@ 'pma'lldes |ari1;matmgpipubﬂoethé bigh emdtpuﬁion of the clamp
, _Observe 4 uct i n i n_out pyt )
220°s Wﬁ&ﬁtéowﬁﬁ h&ﬁﬁ&“ﬁ&fﬁ&ﬂﬁa@ g‘ ’gliséﬂﬁu 5D 2p Rl BtegtieR down in
supphedfbulﬂﬂ%ﬁﬁ%(ﬁdn@ P00 tHBVRELY. Qﬁhde R ERtiatMem F)Qﬁ?h% reTtE}%s to an
nbodi nent of the invention of Figure 3 limts th
acceptabé@ vmmm@mm@matm TBhide If@ldbaoﬂ@r@th@udm qugsait 3r1@gilows Bmowtput

current t?%xglg'%d atel{/] Fer 8 lib(ézgé%}euggs 3 %F%f H%n ?\qux_;l gﬁr{gecggeryttﬁ@perawre

T3 is lowkthan g2, Cihuk rtﬁé fellgRal prétdatiditcirchie 33@ ExRiBitORBicESs. t Tl use of
| a | oad 108 at, for exanple, 80% of the maxi mum | oad

hysteresis ieinsyie preventiaseillatiomahont 47 éVhepélé@sbatU@Stab sgevering from a higher
temperaﬁl%m?ﬁ@&b%altﬁeﬁﬂ Lﬁqég nir Butﬁﬂt élfnréﬁ%a# Jeufk § rpgoJ1§L§spc%g§/§eis % 1i ght

not activ e tenperaturée reaches
intensityHo*as té\nlett Imtson@tha&a ptabhea has:iw‘en endouhteféd dndigorn@yreced.ur
whi ¢ he o current
[0038] r}n\/\flxe exampﬁne of l£1 gure 5% got}l linear and step function adjustments in output

current are employed. For ballast temperatures between T4 and T35, there is linear adjustment of

the output current between 100% and level L2. However, if the ballast temperature exceeds T35,
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to the linear region 510. This allows the maxi num
(100% linear limting profile to be utilized even if
woheosonsagd nal setting of the I anp was | ess t harCTAB2604/037921
then theteniadn Gimmediate stéysddveincsupplst odtpuri ket @@hil@m Dﬁ td heel L3. If the
invention allows the tenperature to fall, the

ballast tprgperauys FBHRS (fan) aCS‘?RS@S%\@%ﬁfﬁUffgefﬁmpﬁf&F‘&e iieths rfPléPﬁ*Féﬂ prgtection
circuit 3;512 tablﬁ%ﬁ aﬂﬁg)e géut @ﬁrrérﬁrﬂg Ireﬁﬁ;nﬁg ?eev)%gnpl égaﬁ‘?'ﬂ: J &l @\h%g@, aftd the output
current v agpintdyoamicaly adyagtecﬂ)en ¥ Bghac ethnner. N oﬂtemaf mncvdry) tenwld‘eeznure T6 is

lowe g s s i tbEHR BolseRabHEs oo LB SRS PP BARo reventing

oscﬂlah@ﬁ %cﬁﬁ tisOTHE! 1l Sdﬁ@tﬁleﬁtr &‘(héj&i i édrf@nE b&Ged P% b1 1.2 may be
hi gh end portion of the cla so as to step

such thad dmefeui@lgnlgmg@mdampampml@ve Irelat()@:iy IIHHJQSCQPQQISH to @ casuahobserver,

st t, fr
whereas S bt hafies i PO, itk BB 5P L pnf frsBas e af fegesuts in
obvioustcﬁa s ACRENABhLyRPB Rk 8 AlBA pRBREHAE 4 pRbleta hidWen encountered

ack protection circuit 310 allows the output
and/OIC@UWtéfht to imediately return to 100% again as a step

o029 20 30 Bl ESRT LB, Tl P

output ceﬂhlhtbiet\sedn}tsmpﬁﬁmir@ TThel T& Q’aﬂfcutaylglt tHe@sis 2 sieplpise terrease in
revent oscillation about T2 when the ballast s

output cligERH e B0%r Brievel kSt ek / andrARathar se: Witheecaiase i output current

from le\féhﬂﬁ %&vbﬁ@b{tﬁmp%ﬂf r16ifperdRYe A&34HsL ah(‘i‘reQQ‘Yér? Yhere i is g step-wise
changes in light i'ntensity so as to alert persons

increasedn pntplul eurrdna froyeleveldricto v E.8 dt Fihtl/and anonhmestemmse increase in

output cg{r % %2 veﬂ)ﬁS g)df(g?f ﬁ%’ﬁ QSéIa%‘u%fR E‘WFU n élﬁin?) yéngahysteresm to

prevent emhamchboﬁon Rl THS Bt e afhdt t@apH8lRT THnaNd 0 Rowever,
there is linear adjustnent of the out ut current

linear adj@itmé@trpfm@%tamun@vb betmen layals\JLér and; 17, ihemplayé¢da &mnce again, step

and l1ne£re Q? % %fa%or% gg%%nbed bekbwrﬂ in tgeefg)lcﬁbpa% p(r:cﬂ%rue 1rf:\#ig%310 of
Figure 3| o8l the 2etting bﬁth@éshbﬁis fdrfthé beidwliérapdratuedeftistk U ORe or more of the
returns to an acceptabl e oper ating tenperature T6, the
step-Wisp GFIS RN SLERYE PRAFoRS Ay IPYulEE EbRIONS BanaRR indighb intensity, whereas
the hnea?r 4h u@ﬁ]ﬁen'i Hla g)te lf%lgtl‘;eq rﬁ%fe%e Lifle. agal n as a step
ction, the outp rrent is again dynamcally
[0040] ad] usﬂn@zich af the bxareples, metheraral citott swatchhaty beanpleyed, as illustrated

ture T6 js | ower .than T5. Thus, f ol. dback .
at 110 5, R LB Fereq el punpicr Ll B ok VB s Pllaslppstanial over
temperaﬁﬁ@y@r{glﬁ&glsgggbﬂehatl on about T5. The linear adjustnent

of the output current between 100% and L2 may be such
[0041] t hat Elaere §u$trat¢$g3n@r¢anglelqvnl 1hmi@n¢mam¢ftsylept9d portlons of the

Figure 3Bty TRCRREEER biovsFioh Gt TR R BT f b ro by Rorator
610 andnamelbeeswcse gbﬂ@htot b@cy Tﬂﬁ%ﬁ_‘u&tnhd’mt QipMAhIoIS dvengRdutput stage 660 of
i nt ensi t% SO as to alert persons that a problem
t

the phasg é‘g Dbecanveiircilnt vieder bigh roq clemprdOrad dhe ¢lapgircyin2ie A low end

aFigure 5d, a series of step functions is
damP6%?slrgggoegl%§Vo adj ust the out put current between

[0042] t en‘péf‘eiﬁpﬂrﬁare'l'sZnﬁmgi cif@iit FBrrhaychd &t inyegritb@ tiecuitsderice that exhibits

vinse decrea}sle in . T
an 1ncreasm voltage output with increasing temperature. The temperature sensing circuit 300

feeds the linear response generator 610 and the step response generator 620. The step response



out put current from 100%to |level L5 at T7 and anot her
step-w se decrease in output current fromlevel L5 to
woevslsggoat T8. Upon a tenperature decrease aRdT/US2004/037921

generator 620 »samp,araﬂlhbwﬂh ke lineat eppotiss genenatoeGiBaridbail b@tih a temperature
current fro L6 to | eveI L5 at Tl 1, and anot her
dependegt @anngr é%PﬁOH?& e‘é% adjustmsnt $igral 3dPrent from level L5 to

[0043] 100%’1‘5}{6 tdrhPerbRACHhr&hER Jriine l?ﬂe%‘ réspgi%o %tgﬁ’éfg%g ﬁgo HSSS)GF by voltage

hysteresis to prevent oscillation
divider BB tRep end theltémperatuesihessholdrod sheoftepl@sponde gedratboé@VBrset by voltage

. ' r.,adj ustnment of the o ut current, betwe
divider ng\rizga }Leg'lygtﬁaesgf a)["agteélﬁtbcf %rjjtb stebg%sgogﬁageﬁeragqr@gOésh%chwved by
means offe@@@dckrﬁﬁp%ﬁ%G%Qﬁﬁ{e%ts (described below) in the

dback protection circuitry 310 of Figure 3 allow

[0044] t he sfl%hetthmghqbql of lemeertiodlatap 640 1stsh9vmarwo&1age dmdaememldslmply
f ts i
vorv 1. 3 ph S o iy E srel 117 iShTR i 1EARIngSt P songator 650

The othdr MR 8 Edmpatkter 65Freifed 4 m&ge @dﬂm@b dirﬁmembeled VDIV2. The
relatively inperceptible. 40] each of the

output si@gfRft @isthe ahaspée cczayﬁmﬂ[ 1§\Ap1to<yrdeﬁﬂy: qeatrehgigent@d9’. as
[0045] il Uil 1 1n]tﬁ9a1't Qvﬂ? hg&%aﬁ%’th%t%% t%gl%éxeab&r? ghr{géf%{fc&syof the

vol tage an ut down
linear ami\smptrespmﬁsagameﬂitm 6d0,t620mdysbedet awheahat thdfMddackipgite®@ion circuit

e L IS bl £ o LT B o
Sequentih PSP AGKL MHsQhSFbd &‘Pnéii'eﬁ 99 'uhhgﬂi tvBSle E‘i@sﬁyg géeﬁ@ﬁ[ors 620 (See

response generator 61 and ep re ener at or
steps L5@n0 L6 &igud¢ G@)t Indmwm gsmabntm &ndarl regmmdsenmqmmmbagy

replacing il sl Safe R BT Sogar ey gt s only o
linear fuﬁc‘%ﬁ)nl i gdrs GaphOMly a E@? 44ctide PLRL 3Y) & &RNEd %I}Cih%“aﬁ%)fopnate

00 may be an integrated circuit device that exhib
responseag@nﬁﬁa&r exanplgysdb Tha deldoaskpueteqi anrcircni Bd B shayge designed to produce

more tha%ﬁ% ec‘#;&g WF Bunc O go N gn%[hat‘hg gdlﬁgll éf nrg)é eHPéfJI ]te]eg{age %or example

near res enera

the functli(ﬁﬁcﬁfd?i gtﬁe @dmﬁ}ﬂieodbtﬁﬂéﬁ wikth éheSih@PducEioR @N aotherd g 1R EFIneE
ar allel with the linear response generator

generatog 46D knihe B RGFOIPFHOR AEHIS S Etiag Semprone: tanmprbTe iresholds.
0046 P' odygg,d hgs & ﬁﬂr esgﬁgg}ﬁn §f Qﬁl%?ﬁ%%au&sq Q8:dihb %o another.

tenperature t ear response gener at or
embodin@h0 of the smtentign. idairagiee diniidg balRdt oRBigumrtlistrh@lified to include a

te rature thres d. of th ste res onse ener. r
+ ballast SRR stisTug SR B0 hngs i i ep g Rera o S oo o
foldbackGlteteaedritcaiti3¢0 0fhd ﬂ&ﬁib%&l@ ofeREBR 61‘%@1119?[0‘3 rp%d%l'be@ 30 béi%re an
achi eved by neans of ack, as is well" known in

adjustmegf signgl Gd 2400 mpdifyt tlhr: é@p@ﬂ&g ofthd B terzi’df bamdaﬁé in gn smr-

temperaﬁﬂea('to%d lghgﬁgl%n%lﬁ Ipaalisg l%gl t%gle%l {}g/ glggal 2&;3&53 p%;cg{rurﬁng
control 206, éhdaberpapag cifrtheﬁﬁ@h ahd) VO EREElamPP BL0, At ©PIBRICB 1R cB@] signal
recei ves a voI tage froma vol tage divider |abel ed
219 that {grysea forgzample, in the dimming ballast of Figure 2. However, in the configuration
of Figure 7, the control signal 219 and the adjustment signal 315’ are combined via multiplier
700. The resulting product signal 701 is used to drive the ballast drive circuit 222’ in conjunction
with feedback signal 226. It should be noted that ballast drive circuit 222’ performs the same
function as the ballast drive circuit 222 of Figure 3 except that ballast drive circuit 222° may

have a differently scaled input as described hereinbelow.
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out put stage 660 of the phase to DC converter 218
provi des the control signal 219'. [0045] Those skill ed
wonodsiasaant Wi |1 appreciate that the tenperat uPeT/US2004/037921

thres 9 |
004y L1 RSl A0 bR P SR s
controll@d ﬂl@mhing%ﬂ@am thithespleris¢ treDCaconiverea 218 Ultet ptr.aﬂe fodDC @oeekrter 218

a step function (See ure 5c or . the,
prowdea@w@m to&wu%twhé ?%E’h?ra “ltcnheé\lf@alt éJP%t%eﬂbmgnal
315>, two step response generators 620 ( See steps L5 and L6
" of Figure 5d). Likew se, sequential |inear responses
[0048] may bEnderhiogualdemnyernwpd emidittgmshtéle studiiplieas §@6 msi@fluenced only by the

signal 28 BECapte Beiags o SRR s GTIeq 19 SRS T dy mGED B ) 1
Functloﬁ'eﬁ a{igﬂ&ﬁ{ehf)ﬁgl(a!f BYLHi€ slar t® 3 B 6f e ?éﬂc)éptt fofthe effect of scaling.

riate response generator is enployed. The
Under owm-mmtm@o@twmn thei folsiback proGectiey cisenit®l)’ geales the adjustment

s PSSR BB 4% 2B or e

signal 219'@nd HRG Rt sfchalB18° Halll dRyefbe Béklés%ltl‘izﬁﬂl Diahb VMII ¢hus scale back
i ntroduction of another step response generator 620 to

the drive Bignalol0d btk dprrensiethe Auipnt ewirent todaad bYS-set ti ng t he
[0049] pr 0 p eﬁl &Lgenér) gﬁl?stt%{eg tﬁ(fw n_ﬁq%'?@é gﬁ?lftg@?ﬂglgrétg \tegws %elz%érg’tu?e for the
embodlmeﬁxt df&ﬁgxﬁ'ﬁ‘ﬂods ivethe rcisfpohd&ﬁhbwnem Figoe SaAgail@Q%tolﬁ &ad current, the

dinmm ng ballast_ o e 2.is nodified to in
current jgping nF*é?Pp‘é‘ﬁéP%L’ée%]g(r%’F’ﬁ’@%g Py ademPeiagie Eﬂ 3@?\@%@ in
conrusoebesh BETRERE b ifbabp2Sy . o il s
is more mmmedwte 34 ¢ie rmlupllmremboslsn@ébﬁF%ur%ﬁ} cad]eutslmrémg bgglgs] ahce the
0. nod t he r onse he DC.to AC
thresholfSgmpHALE oy LY scRFLPEIR ExamRE: P G RBRF RIS Nepatp 108 may
be set tPPESE P 1EWE Bsh AbXFAuM 8§ 8N80% 24d 9Bt édnerollsige] 297 which

control 216, and the output of the high and I ow end
results mlaamp@ltzgnal 2rtomanlfiplisa T0Q. Asremigithpbihe serpprapturepises iy level of

T1, the Emlttﬂ@ 31rgnc)tit%ﬁ’l \?8% ?Ié‘%r%gl aqélggboélg'r_.g ﬁ!eér@:fs% t& {3 he’fllapl%l&v 1.0

thus prdéBing @l re&dc@ﬂ alitpdd fr aiddrieasi g 0ST. mhetechrlegmallOG%Enurmntehnntmg
conbined via multiplier 700. The resulting fglie,%%

responsg PEHe 811 diferggclatm ohe:§1 surrarl TgBibing SePaRIeBOIdE A2 beyond

unction with feedback signal 226. It

'threShOl%ﬁtgmlp%ﬁBegﬁ%t ed that ballast drive circuit 222

+[0050] per f oftroan bhapracietefl byone ofiskil in ﬁm aptethhtatbe murtiplier 700 may be

circguit, 222 of Figure 3 exc ast drive

implemgie i 053 3n Spplge it @ Bl e Ao S £dPs SHbiR Sepels for the

multipli3€ ﬁﬁhk %Qldhﬁ%rc%hﬁﬁﬁh&\ﬂgly anlo g[&Qﬁ‘;fzial HSn41@de@b @ccontinodate the type of
nor mal operation, dinmm ng contr 216 acts to deliver

multipligr @%g@llzcdntrol | ed d| mming signal 217 to the phase to

[0051] FI?E OSIO er t %ﬁth 105%69}}5 ﬁf thg qunt(f on‘[\é)ear ﬁ](%bdlgr}]t%ng b?]%ast e.g., of

the typdoH Flg@ﬂelzeﬁ/hhdhm&s hét dnfifopHigh Shaand 16w @ﬁtﬁ&laﬁxﬂ)&lmulﬁ@% 8]phase to
Under normal temperature conditions, the multjplier
DC conyger; As heforgetherieds gtmvydeg@ hafast temperature sensing circuit 300 that

provides a ballast temperature signal 305 to a foldback protection circuit 310”". The foldback

protection circuit 310° provides an adjustment signal 315°” to ballast drive circuit 222. Instead of

adjusting the level of a high end clamp, the adjustment signal 315" is provided directly to ballast
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signal 219 because the adjustnment signal 315 is
scaled to represent a multiplier of 1.0. Functionally,
wadposgusmnt signal 315 is simlar to 315 of Fpguius2®4/037921

drive o O I i e o o PR iop o spgfion o igore 3,
and the ek#rapiket of3Hi@ures Sal-Sel, tdea@ppli¢abdt nent si gnal 315" to

represent., a nul tipli of less.than.1.0.. The. product
100521 of P hERGFRHGY Hessh i hssfind RS GHGINE 136 T4 HLs preferably
packag@diwﬂﬁ,_toﬁ'%ﬂ&aﬁ%m%aIwiaﬁé,'therAﬂastt ipelrelitioagh SudteSRulthpdbuld B

and will thus scale back the drive signal 7 thus
separatelg prakagedfyomh er wutopefromuthednatlasto | oad 108. [ 0049]

Figure 8 illustrates, the respopnse out.put cur.rent
100531 ;oo Y0l s AP RTERoT o KL Ca N BB e O Bf e tongand
variation§ mla Be HERB N &R 2pPAWhsiald MethbdeoraRe pratent RGN a6t departing
current, the current limting function may be linearly

from the epiribasicape bEie meveation fioe exaruple, athouglogkinearly dagreasing function is
. cpontrast t.q Fiagur. the, r [ -

sclos P BER Ty B RH o O R3PDES Ok PR IR S Bpcimoonsty
- decreastigranitRing, even nbhiginsat detRbsing fipictiony, RRthe akedhguE@reat limiting

current limting begins once the threshold tenperature
'mechanggm Withpat degaiding 3!0111: spigd 9h the inyensloppBiust it ayintsrdedhat the present
inventiH ek &Rk R v b R Ty A oR E R Bl Al fications
and varwdiondcones withs the sa@pe iofi hetappegied|cla@h? andequivalergh itereof.

700. Assuming that the tenperature rises to a |level of

TI, the nmultiplier input signal 315 would i mediately

begin to decrease to a |level below 1.0 thus producing

a reduced output for the drive signal 701. Therefore,

the 100% current |imting response profile 810 is

different fromthe 80% current |imting response

profile 820 beyond threshold tenperature [0050] It can

be appreciated by one of skill in the art that the

mul tiplier 700 may be inplenented as either an anal og

or adigital nmultiplier. Accordingly, the drive

signals for the multiplier input would be

correspondi ngly analog or digital in nature to

accommodate the type of nmultiplier 700 utilized.

[0051] Figure 9 illustrates application of the

invention to a non-dimmng ballast, e.g., of the type

of Figure 2, which does not enploy high end and | ow

end clanp circuitry or a phase to DC converter. As

before, there is provided a ball ast tenperature

sensing circuit 300 that provides a ball ast

tenperature signal 305 to a fol dback protection

circuit 310". The fol dback protection circuit 310

provi des an adj ustnent signal 315" to ballast drive

circuit 222. Instead of adjusting the |evel of a high

end cl anp, the adjustnent signal 315" is provided

directly to ballast - 10 -drive circuit 222. O herw se

the foregoing description of the function and

operation of Figure 3, and the exanples of Figures 5a

- 5d, are applicable.
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[0052] The circuitry described herein for inplenenting
the invention is preferably packaged with, or
wenoe@pgsdeat ed wit hin, the ballast itself, altheaghsswaia3792l

circuitry could be separately packaged from or renote

from the ballast. [0053] It wll be apparent to those
What 8lGlhineell isp t he art that various nodifications and

variations may be made in the apparatus and net hod of

the present invention w thout departing fromthe

dpiritA @rcusfcf@peordfolhﬂl‘goutput@ni‘remrfrorﬁ@fbaﬁmm@Ia‘?am comprising:

%éthou h a |linear decr.easi ng. function is disclosed
ond Rt e oAy sapladn b bdlacigp provide a
temper@iufe ggtal [Hafinlg eﬂﬁagrﬁiu‘a@ indk@RE BEOKBLYte 81[a9.f}§ I-Ag anﬂ,a

functions, even non-linear decreasing functrons
& usé&entsy cgc@l@yrcgpablb phdausing theetsdilas to nisk b kkottent limiting mode

|r|t of .t he ntion. Thus, it
s SRR TR L b S5 h BT g3 proccmmied
max1m1nmdie£1radaialllaﬁ?¢elﬁp€€fam% |’[ﬂt ions of this invention
s)ﬁr ovi ded those nodifications and variations cone
hetsithe [enigRlaiis ity Ileﬁ@eaﬁ}@mm cmtrantrm r@spdnse to the temperature

| _
sgnal ERHNEEPAS oL 1FH BB furcudi o (NF colrbihiPnr sivp S apaupus

functionso whilk aomimmimgtol cpie e tha))alaast en”per ature sensing circuit
thermally coupled to the ballast to provide a
tenperature signal having a nagnitude indicative of
bal | aghe tiesREs , Lrcuitr .
capabl e of cauf?flér%le% r@% en?P]q'scto H%%&Oglﬁtfér?éugﬁés gﬁge]aﬁfunctlon.
limting node when the rragnltude of the tenperature
§|gna%hé ﬁh&at es .that Th. has eded a predeterm ned
rraxi mumy deetr a1 + whereing %9“& Fizcuttry, WW@P@FW“@H@ ballast in
the curraﬁﬂiﬂhﬁhg @dode Uik tré oﬁﬁd@fb@ﬁd&é?ﬁm?dﬁ()ﬂ What G435 gﬁﬁal kdlor Jess than a
sponse to t he enperature signal accordi of
thresholfiltemgergtpg‘pT$ thigerease e ogiphy cuarenty mitienaih (Tris td’Ss Eﬁaﬁ [Tlaﬁld:h that the

Ie con 0 operate the
output EERRU RIS hE bl AT Wl Sy edifeder " o
continuous function is a linear function. 3. The
ircui,t of claim1 wherein the control circuitry, when
per a lFerﬁjrCPHé’ B&Pma’»sqomwsmg@lréumryetmt prowdt:s mfjrsthriulesholdssignal
h af \2t:] e Q t
aving Qfﬁﬁﬁe Yifdid 2 v@o@l g4 %ﬂﬁt RO olHR do&lreisglo@a%@all ﬁ%vmg a

| ess than a threshol enpera ure 57%°

*ngﬂﬂudeNMWﬂampfﬁht, wherein T2 is less than Tl, such that

the output current profile exhibits hysteresis in the
current limted node. 4. The circuit of claim3

3. onpritel d@ul iof ldirh rﬂwﬁéﬂﬁﬁ tlfé"c%}ﬁrg?arc%ltfr ! eagegrtgé Q@put current in

si gnal having a magnitude 1 ndicative

a step fupgli:  anot her, second, threshold signal having a
magni t ude |nd|cative of T2. 5. The circuit of claim3
wherein the control circuitry increases the output

6cur r diite cituit of claim 3 wherein the control circuitry both reduces and increases the

output current in step functions.

7. The circuit of claim 1 wherein the current limiting mode has a first state that
reduces the output current in a linear function and a second state, following the first state, that

further reduces the output current in a step function.

-12-



a step function. 6. The circuit of claim3 wherein the
control circuitry both reduces and increases the
woubuusasar rent in step functions. 7. The circBCT/US2004/037921

€| ai e MRAIRF BlatR g whbiiBNthe LbiikdlicRguitiydaudes shecballiagtab enter the
state that reduces the output current in a |inear

first state wh ctirent hamingm@é@ when theanagnipde phife deppgigiure sighal indicates that

Tb has eg(lc%%faﬁ L”[fJ[ calnfi piex enterh tfla séc%qa %ﬁaf‘e \%F%C %E%ﬁ’é#ntﬁ{lg 5fetﬂé7te'n{bef’ature signal

indicate¥H2F Thhas éf&e&é&@t&@be@tﬂr@ﬂf 2] thyit i€ FuEDes thdneTbal | ast to
enter the first state of current limting node when

t he magni tude of the tenperature signal indicates that

b h last i
R
the secohB sfh&Soi?ﬁ@ elﬁ(deﬁtﬂ hﬁnﬂixq?lmedatmreepdi%wettb atdetm;mglat-lam drat ﬂ"b émas
e circuit of cl

decreassd] PAFTDGAITN S, S BEMED ThenEaRy HUpbieA heOUBELsirent n a sep

functiost at e of the current limting node, is responsive to a
deternmination that Tb has decreased to a tenperature
T3, that is between Tl and T2 to increase the out put

Wg Sﬁ\e {ilﬁ‘élltc%,cf flu“r\)ﬁt I o h%c eaxlﬂﬁggr'léﬁxf%ld? }SI%S a rs st@ejthat
reducesttlli@éutfaﬁtddﬁﬁ%ﬁt ﬁﬁﬁcc‘éb&%@tep?ﬁfnbﬁms in successive st ep

functions. . The circuit of claimconprising circuitry
that provides a first threshold signal indicative of

H}SI ﬁﬁf? l/ltécl“ll]g#eo c& 'Tl c'n&?l%p%éﬁl%c ?ﬁgu{ enpﬁéé}gltzigersszé %@lhﬁeshold signal

indicativé ofthe dthith dest T and\MI@f:@ndlthtdSBold&[gmbindmanmﬁthg magnitude of a
when operating the ballast in the flrst state of the
temperagre ik thal i gregfer ghapdde WP b8 §EREPLALy, When operating the ballast

in the flgs%ts&'&{%ﬂﬂé L@k BitidPmBaS 1§ ggcﬂggre-% tc@te‘f‘x%ﬁféﬁ@ﬁ that 8 has reached

current in aTirst st uncti on, to a
Tl to daeéeee mhenattpuarcutrb@tin 3 irftateprieadivad aﬁmtota)datmnﬁ@pn that Tb has

decreas ‘EF ouﬂgut current in a se functi on.
CiFRec

reached B2 toygh § OpiDAf HTRIEIER SFDRESEP FRDYy
provides a third threshold signal indicative of t he
magni tude of a tenperature T3 that is less than Tl and
azf ou F[’hh cirtwiesfnddith Kl whetbini thel tieeuiiry proyides pabing gigshalgesignal

T4 t hat |
in d1cat1\xﬁ 8? g{eﬁ’ﬂ er a@%‘ﬁfﬂ* tgfnp%{a ugﬁ ﬁ?,rté)g,ﬁ eggthg% g?gdﬁd 1 f(')ltlrﬁ{]ﬂreshold signal

indicatiR@ bl 8Rtmidhithdeof 4 efipetitdt T4QhattifiBetdien €D tand ThH) ztﬂdnglerem the
node, is responsive to a determ nation that f
control @@@lﬂl@raswdelt @peratmgdhcr billastigdhe Hest gatenithearteah mﬂtﬁlgdnode is

; responsrl've troda c? gl%ﬁ @ q‘béﬁ? gectfgas@d Qf'li‘ﬁ H?e HRAbiO e BH@E‘% c;?é?rent in a third

ecrease I ncrea _
step furdtibn) uztndOtu rardemrnnrtanan fauTb hasfusthef dovetadsedto T3Bto ftker increase the

circuit of claim 10 wherein the current |imting node
output giEens 5 EWHE sigpdtraction.

13. The circuit of claim 10 wherein the current limiting mode has a second state,
following a last one of the step functions, that further reduces the output current in a linear

function.

- 13-



following a | ast one of the step functions, that
further reduces the output current in a linear
woéuaosiougso - 13 -14. The circuit of claim 1l fuPChIS2004/037921
npr I - Gl , .S,
o TR oL SRR TG CHyBlin o Ellpbali® RO By wor snurung
down thewxilasu ih Tierpaeabtiexetdedn ursafprreatiapnt thaperfiture (Bt isToreater than
circuit of claim1 wherein the control circuitry
Tl.  generates at |east one swtching signal for driving at
| east one output switch of the ballast, and is
responsive to a difference between Tb and Tl to alter
bhe dTfhakitopitof clagn lpuhareinthelcontiol cifeudigy geeyates attlpast ape

.. .. least gne switching signal. 16, e.circuit .of claim
switchings b1 R E BT OB AL (B dat P issfRg o
different@bAwRERTE a8 @ @bk Gnbef dhiTBydI8, Sl WdtPéOREGRECPYS the at least

dimm ng control, and the control circuitry conprises:

one switthpigasségnat.o DC converter that converts the di nmng
signal to a DC signal having a magnitude that varies
in accordance with a duty cycle value of the dinmm ng

56.0nalhe @Rdhiteof @liMe 4Gk eteintthd balastde ndimings adllabtaagionsive to a

one swtching signal for driving at |east one out uﬁ ..
phase canijallef ASf diaingaianabprodussd hatdEIRNE FRNEN W e pedifal cireuitry
compﬁsie§- responsive to the DC signal and to a feedback

Ssi'gnal indicative of the output current to alter the
a@phdse as D rvavantdriticdticogvesisghatlimmiing sipnel toiarUisignef having a

. claim15 wherein the control circuit furt her .
magnitul A VaRES 18 AEFOIBCEHELE SUPRAIC Sl ahine PRIV HgATYLEY
?ﬁn’%‘&r&ﬁ b PR rafel AMett 06 divitthiAg BioRalT6} @6¥iaS atiBRElone output
evel , and wherein the pre-selected upper level is

switch gfdhe/balladt;iand accor dance with the difference between Tb

and TI 8. The.circuit .of. clajm 14 [ .
BAPreupe fBva ik RoPhby e DB BT Bl hek siena
indicati 6961 the Lt Afereiil fo11RE tHel 4Nkt eashiBihgignal. di M ng
control, and the control circuitry conprises: a phase
to DC converter that converts the dimmng signal to a

Si l. havi . ' i: '
. S0k 54 SR LB ML 0, PRt
circuit tHad prévtintsethe @laghitide oitioyDAi signahfromudxpeddingia peeseiedtadapper level,

with the DC signal and a scaled difference hetween T
and whefkip 9 PreaiP A dqPOobT e s G RHGIEeh e  Gpee between

. Tband §9€ SW tching signal for driving at |east one output

18.  The circuit of claim 14 wherein the ballast is a dimming ballast responsive to a
phase controlled AC dimming signal produced by a dimming control, and the control circuitry
comprises:

a phase to DC converter that converts the dimming signal to a DC signal having a
magnitude that varies in accordance with a duty cycle value of the dimming signal,

a multiplier circuit providing an output in accordance with the DC signal and a scaled
difference between Tb and T1, and

a drive circuit that generates at least one switching signal for driving at least one output

switch of the ballast; and

-14 -



switch of the ballast; and - 14 -wherein the drive
circuit s responsive to the output of uic muupiier
wanenstoasao r eeaoacK si gnal indicative of the ouPpUAUS2004/037921
%g{efe’::f‘lg tne dre UGk ﬁx@?poﬂglvla BAGRE oAt StVLE GG 11&'499% a 1eeanack
e circuit of cllaim1l wherei'n reducti ohs and
signal indicatiaesefehe outputt uiten & aléan thecailsmst oredund tohorgssigmad
increases in illumnation provided by the | anp, and
wherein the reductions are abrupt and perceptible to a
hgman. 720:irchitRAL] A% WRIBhirSdueBonPandafcreieR i ogthliCdtirfent cause
that provi des output current to a | oad and havi ng
reductienwg atndhncngascq; rrnﬁunmyatlon)prwlcﬂ@ﬂm thp &egin}g ané werain the reductions are
vidin ref rence i nformation concerning a first
mmuptlﬁf ﬂ%F31 ﬁg@?gpure, TI, for the ballast; c) a
tenperature sensitive device to provide ball ast
operating tenperature information, Tb; d) conparison
@Pr cui/s ballateompsising des a first signal having a
magni ude 'aﬂ%hg)% 1¥&11t0ti1%1 ?Jlldgsegﬁpl?[%uHXnt%!agBa&r Qnd having
excee ry providrng a
swﬁdndgbﬂan&ygnal to the switching circuitry, the contro
C|rCU|try re.§0n5|ve to the sjignal provided by the
conpa™ son 2dFiEESHCE g?lqrﬁowu@engaqefqr@zggﬂnfeﬁéat&n eRRegrning a first
thresho‘fd/féh‘gye JeS'Pl %Idﬁlgbgﬂaftrequency of the drive signal so
er t’he output current provided by the ball ast
accor @) ng tdgemperawie {enpitize dedpe foumavide haldast Oparitigg temperature
conbjination of step and continuous functions, while
1nform?gmtl“ﬁui ng to operate the ballast, when the conparison

cCi rcuigyry 'cﬁﬁll aRdcifchRdy thix pr§v1ﬂésecﬁfn%f sibh@having-a Mdenitude
The bal | ast o claim 20 vvherel n the reférence

indicatiye o€ p diféarenpedyi witish iThfeseards Tdnangoncer ni ng a second
t hresh Idte rature T SS e .o .
€ r@vﬁ é:rlrgmrt]rytpﬁgwd %p drN%%%nI to tfmg W}talﬁrrl% \0/111%%’%% the

bal | ast, afd e compari sore cil rcui

control&:u‘é@@@l’iﬁspi)hgﬂato iha\¢ignal Froded by tdeontpdiics ¢ivmitdf todadjust at least
di fference by which Tb exceeds T2, and wherein the
one of dyncyee. Rilyecvidih gr fraqueaafibe ddve Herah 60 £5 fosalies thepytput current

proxlldé::dl:I %nt Qltlacs%%?fdlﬁgfb Gile!dF xit)tarsl’e\?gﬁn&ﬁﬂ%?nf QS?IHH%QH& of step and

Irst curre n a ste unct
continuT)hs fiaetonss whéls pomtiuwies tompetaee the baltabt smlgmahe tomparisos 01rcu1try

g tgg ison circuitry to increase the output current in
indicateg tglzpllslﬁﬁfi?tt‘?rélﬁanto a second current |level greater than

T1. the first current level at T2. 22. The ballast of
claim 20 wherein the control circuitry is responsive
to the signal

21.  The ballast of claim 20 wherein the reference generator provides information
concerning a second threshold temperature T2, less than T1, for the ballast, and wherein the
comparison circuitry provides a second signal having a magnitude indicative of a difference by
which Tb exceeds T2, and wherein the control circuitry is responsive to the first signal from the
comparison circuitry to reduce the output current to a first current level in a step function at T1,
and is responsive to the second signal from the comparison circuitry to increase the output

current in a step function to a second current level greater than the first current level at T2.

22.  The ballast of claim 20 wherein the control circuitry is responsive to the signal

from the comparison circuitry to reduce the output current linearly between T1 and a second
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fromthe conparison circuitry to reduce the output
current linearly between Tl and a second - 15
wothrsagswbd t enperature T2 greater than T, an#Cras2004/037921

[ j T
treshol3GHEEARACTS Sy (G TR T RASCARe CUBEL bitfntin o fop ficuon o
T2. increases the output current in a step function at a
third threshold tenperature T3 that is between the
threshol d tenperatures T and T2. 24. The ball ast of
QB ai NTRObathet & dlait22 Wwhadin the sorteotpiranitryahdredsas thersitpud current
tput current cause alterations in_illumnation
ina stem)qurl%at puirel fereshokdh termpsErtipgg et?lﬁ if hetweer diednregheld fraperatures
Tl andq?r upt and perceptible to a human. 25. The ball ast of
clfaim 20 further conprising a tenperature cutoff
circuit for shutting down the ballast if Tb reaches or

cee
FH oo e DDuMPSS IR TUAY SERAHS Uit 9Ll AR G
current balsb aftbratisnsindiluminag ol prdvidktl byelsplng, ued tvhe@intha akerations are
control | ed AC di nm ng signal produced by a di mm ng
abrupt gngriieEspliblgie ahH®2Bont rol circuitry conprises: a phase
to DC converter that converts the dimmng signal to a
DC signal having a magnitude that varies in accordance
@6t h Zhebalastcyidlain/20 frethof cmnmismgm@mg)esatgna;mofmmua for shutting
dri ye C' cui t_that erates_at |.east one
downn g T B Mg xEEOF BELESH o i ¢ 0tar sl Gt if fgater than
T1. ballast; and wherein the drive circuit is responsive
to the DC signal and to a feedback signal indicative
of the output current to adjust the at |east one
2% ?#1 g?ﬁ ?”Pclaﬁzr%z(mﬁel%}% thg Etha%g f:s'ta: cgi ntuﬁg ba]?%t relgcﬁlswe toa
phase cbhii61RrAC difpmigesgial plalipedhy £ dinimingaionpole wediths cbimﬁol circuitry
~magni tude of the DC signal from exceeding a
compriggse- sel ect ed upper |evel, and wherein the pre-sel ected

I
JFRESs Lsel g AL RO SRR S Bt by
magnitwdeathan v%ﬁey\m@rcemﬂandmiﬂah Hatytcycle valui afthendjailng aghal and
responsive to a phase controlled AC di
,dslga eganbgha%\gealﬁ%%e S G e g iching Sinel b Ay e 4 east one output
sw1tch the Bhiidsy sn@NPri ses: - 16 -a phase to DC converter

at converts the dimm ng signal to a DC signal havi n?
zwherem the drive circuit is responsive to the DC signal and to a feedback signa

. indicative of the output current to adjust the at least one switching signal to the switching

circuitry.

27.  The ballast of claim 26 wherein the control circuitry further comprises a clamp
circuit that prevents the magnitude of the DC signal from exceeding a pre-selected upper level,
and wherein the pre-selected upper level is adjusted in accordance with the difference by which
Tb exceeds T1. |

28.  The circuit of claim 20 wherein the ballast is a dimming ballast responsive to a
phase controlled AC dimming signal produced by a dimming control, and the control circuitry

comprises:
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magni tude that varies in accordance with a duty cycle
value of the dimmng signal, a nultiplier circuit
weonresiodéasy an out put in accordance with the DCreT@Isaios/037921
alfhade ®BECRMAnMirfel G126 B&R/cRE IRBAMIR: §Bfal Th o TROE gﬁalcﬁa'vi‘ﬁ% a
_circuit that generates at |east one sw tching Signal

magnitpgy that yaries gn ageordaase withe dui giele wakie ofhtho flimengosgrahst ;

and wherein the drive circuit is responsive to the

output of the nultiplier, and to a feedback signal

iarnavlgiatiencircait poemiging ao wotpahin acterdaatjeusith thedD@tignelasid a scaled
. on W t Ghi n jgnal to the switching circuitry. 29. A
dlffere?cr?goreﬁﬁ?qrﬁ}b?&ijcggg bal | ast conprising: (a) a front

end AC-to-DC converter for receiving a supply voltage;

b). a back .end DC-to- AC converter coupled to the front

Sl RETEO B SO Eeabme i OAh N T 5 i et s output
switch 8f tHe@ddlladtCandd tenperature sensitive device adapted to

provide a signal indicative of a tenperature of the

ball ast, Tb; (d) a current limting circuit providing

RV 1h; 0 . CJ it

B PR Sl Sio AR o U Phert b reedback
signal ipflicetive of autphtdnirentny adiest theck leastthbnEEwitohiAE sipmaV@theswitching
._..in accordance with the output of the current limting
CITCUIHTY | o t; wherein the current Iimting circuit causes

the control circuit to adjust the output current in

response to a detected over-tenperature condition,

38cor dt hgrmalvpretested(tallag cemppsifginct i on or (ii) a

conbi natio i near. functions, whil.e

cont1 R ng 45 s AFRERERL RERHesoHGhoEie o YeplS yppace

bal | agb) of adagk BaPDC 1ok AORONCREP EhiFléDtoahé BOREIHRAAL §o DC

cutoff circuit for shutting down the ballast if the
converiep iy PFQiding oytpuf AETALe 319307 eaches or exceeds an

unsaf e.ymaxi AL . ' .

26 ahePei n P e AR KRN derife odljbd1B ohtile Flighy fhdltaive of a
tempergureradribe ballasaflby when Tb is between a first threshol d

tenperature TI ar]d a second threshold tenperature T2

that i gr d&PEEntIHERng CIeyh proviing @ oytRy 163Ropsive to Tb; and

curre in i ; e e

o cat & ¢ oo BRI Byl SHAHEGyrkch Bniting circuit, and
. driving\irebaskrend a¥G-to-Athcanwert¢rds ad@rdanke withrihe obtput ofche turrent limiting
“circuit-i ncreases the output current in a step function at a
'third threshold tenperature T3 that is between Tl and

wherein the current limiting circuit causes the control circuit to adjust the output current
. Inresponse to a detected over-temperature condition, according to one of (i) a step function or

(i) a combination of step and linear functions, while continuing to operate the control circuit.

30.  The ballast of claim 29 further comprising a temperature cutoff circuit for shutting
down the ballast if the temperature of the ballast reaches or exceeds an unsafe maximum

temperature.

31.  The ballast of claim 29 wherein the control circuit reduces the output current
linearly when Tb is between a first threshold temperature T1 and a second threshold temperature
T2 that is greater than T1, and reduces the output current in a step function when Tb is equal to

or greater than T2.
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T2. 33. A nethod of controlling a ballast conprising

the steps of: a) neasuring ballast tenperature, Tb; b)
woanpansasy Tb to a first reference, T ; c) prorCdiusgoan37o2i

i ndication of difference between Tb and Tl; and d)

controlliqg out put current provided by the ball ast
ateor diiegballgstorslagm 3(1iwhezeiny affer aneachen T3y theidoptral circuit increases

. : . . ¢ . Whi
e ouBTEAAL LSS 13 A BN Bl AL A bl 1 ane
T2. the result of step (c). 34. The nmethod of claim 33

wherein step (d) conprises altering one of duty cycle,
pul se width or frequency of at |east one swtching

jzgnal ' I i [ . out put
S0 A A b ol 3Rk S UL BIL 4dhsR
di f f ergnce. m&suriiigbaliaet bogerature| Bo;m 33 furt her

coneréing shutting‘domg&the ballast if the ball ast
t enperHt ur ETEREREIPAIP 2 ikt aelgrengs Tlasaf e maxi mum

tenpergt ur epro%@inémgnﬂ%tﬂﬂ%f Qi rrGEAlePeRee gldr ][S,iz/iﬁg

(d) conprises reducing the output current T1near
when T i s dostreBieg ofitpubentrent prvided hyahebahseactarding@rade of (i) a

T2.1s greater.than Tl and reduci ng the output current
step furlxcﬁtlog ogt%éga ]e%mgltnﬁté?p Qéféeﬁ’ 3}% qogtné%la| unctiops, Jéaﬁogpnu(l%];p operate
the ballhgt, in3abcordagedWith @ik refulCdfakdp @ wherein step (d)

further conprises increasing the output current, after

Tb reaches T2, in a step function at a third reference

Ba. t hathelrfieth6d YEQAM33 FAckeillste @ cgﬁﬁﬁ@taﬂ@gné’gne%f%uw cycle,
33 wherein step (d) conprises reducing the output
pulse Wigihras freqpency of @ lesstoae swisphing signilamevidgdio afheasnetetswdtch in an

: ' rein.step .(b) further conprises
qumig%%%%@#ﬁ%§%gﬁ?§”§0%g%5ﬁdm&g@gFﬁ%%@K?Z, greater than
; step (c) further conprises providing an indication

Tl ;
gf the difference between Tb and T2; and step (d) _
enpr i edngtherdief gm Helugherramprisineeshutting dovx thp ballapgif the ballast

temperathHIERAIRY PBERR & Lﬂl%f\@%%%@ﬁ&l%%?er%&ge.f ur t her

reducing a siep function S équal to or
greater than T2. 40 The method of claim 39 further

npri.sin h eps,of: (e) after Tb_has equal ed or
SFoe _ fl%tfmﬁef CIg ?&r%herémr%@ gy Eremeidscs rediciigdbrentgt current
linearlyCORRATH RbelRedOT Paddy fedoddfelsH edI‘ZT%ehfe#eeisfistc% erlthan T1, and
(f) providing an indication of the differen et ween
reducingiiheeetpracuriegy ini axsere@isctign when Blitspqualcoror greateir tham T2.
third step function responsive to the indication
37.  The method of claim 36 wherein step (d) further comprises increasing the output

current, after Tb reaches T2, in a step function at a third reference T3 that is between T1 and T2.

38.  The method of claim 33 wherein step (d) comprises reducing the output current in

successive step functions.
39.  The method of claim 38 wherein step (b) further comprises comparing Tb to a

second reference T2, greater than T1; step (c) further comprises providing an indication of the

difference between Tb and T2; and step (d) comprises reducing the output current in a step
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of step (f); (h) after Tb has equal ed or exceeded T2,
conparing Tb to a third threshold T4, between Tl and
w0 2005(4366pr ovi di ng an indication of the differeacas2004/037921

runcud¥eVNEEIb 1khedden T ardMEl, Ghd firfHer 8RBT LNuLURNELL 1 a siep

current in a fourth step function responsive to the
functiqnrghenalh requsl tavepgregiey than T2. The met hod of cl ai m 33

wherein the ballast is responsive to a phase

control l ed AC di nm ng signal produced by a di mm ng

it r cTheafiethbdief Olin@ Y frtiet Eftptising eRistepkoed by at
| east one output switch; and erein st eg (d) further
8

&hpr i dieg Today éqqaﬂngort%eealpérml neptdetailbbes edupledsirgnegeded T2,
compagﬂg 'IBQO 4 tiiRe ésﬂgﬁ ’Hﬂ%&tss ¥fﬁi[i1|'1els in accordance with a

ycle v ue of 1t mm Ag si gnal; and
o(cﬁ)wt r cprbvﬂglgt dndnditatimasfithodiéfecancp betwewh Tbhnd M3t esponse
to . the DC signal and to a. feedback signal indicative
g8t hén?fﬁ?sé%& the MAPUITERS I & HEIREEHIACEAN 1epRANgAVE fo the indication
ofswpwﬂereln step (d) further conprises clanping the
magni t ude of the DC signal from exceeding a
dhe- selfeec ﬂ“ b dasippeied @eateedadh T2 drvenmiring fIhao artkird treshoROT4,

ba“merﬁﬁkﬂd is adjusted in accordance with the
di e between Tb and TI. 43. The nethod of claim

3D Whesrevibdineh® iRdikatastofithe AiERRABS b¥QebPTH aHJi‘ §9€and
cont roI | ed AC di nm ng signal produced by a di nm ng
ddnt r ghcrgpfdng the ogipuperrrent it @ faurthsstepofanetisinl regpapgivato the indication
ofs&p(@?St one output switch; and wherein step (d)
conpri ses the steps of (1) scal i ng the indication of
t he difference between Tb and T ; (2) converting the
a DC signal haV|n a magni tude t hat

I
‘{alr ie Q&P@W@@WP%@@ e Pﬁll%%ff B TesRPafYe tof Phase controlled
AC dlrgiggﬂ'ge é@} gﬂﬂﬁl:ed by - Jinidils oyl %Q tfre ?ﬁt%ﬂjen@i? ggﬁtﬁse;d by at

|cat|o U re of€i ween and from
least ommnehtput)switohi amol Whenejntstep (d) fukthastomypriseout put swi tch in

res se _to,.the result o and to a f eedback
PR RIRE e biiind Saplie 8 D™ HEh HaNing dpdshiide thagvares in

accord&ﬂ?:%'%ﬂ% Dhut§lcgtiewaRe WP BlRiiMnGR kA4 A0 the out put
current causeées reductions and i ncreases in the

idoniedling theoat lgnsoaredmtpuspwitch ampespane tcthe®C sigodiend to a feedback

nd wh rel n.the reductions are abrupt and
signal ﬁﬁcg?e\ﬁo t’ﬁ OPRULCHEEN. 45. A bal | ast conpri si ng:

42.  The method of claim 41 wherein step (d) further comprises clamping the
magnitude of the DC signal from exceeding a pre-selected upper level, and wherein the pre-

selected upper level is adjusted in accordance with the difference between Tb and T1.

43.  The method of claim 33 wherein the ballast is responsive to a phase controlled
AC dimming signal produced by a dimming control and the output current is controlled by at
least one output switch; and wherein step (d) comprises the steps of

¢)) scaling the indication of the difference between Tb and T1;

2) converting the dimming signal to a DC signal having a magnitude that varies in

accordance with a duty cycle value of the dimming signal;
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(a) a ballast tenperature sensor providing a ball ast
tenperature signal indicative of a ballast
woenpeasdsar e; (b) a fol dback protection circui PCT/US2004/037921

r(@?e' Vrhﬁﬁ iyies Bl b@stonhlemBenadcdled ivdisN/, ANk & 1@Yéngé Bgcween 1D
oldbac protection signal responsive to the ball ast

and Tl feprpsteat(l @éndi gnal ; (c) a ballast drive circuit

RO P e g9 B LR 53l ep )
to a fedddaelt Yigng ihdieatdle df@l@eséutplﬁ%uﬁmﬁ ching control signal

and providing an output current to drive a | anp;
wherein the output current is responsive to the

b l ! aSpel &BS& af 81%1%1 ?5 %@J‘eﬁ&ﬁﬁ{oﬂ r%Qhé 8ut$>ﬂ? cu é‘ﬁe& cgusgs reductions

fun ron or
and 1ncrem;t=,$ inuhel ﬁhﬁmnﬁlﬁd)ropmwdéﬁ by ihempadimsted @b thé| baille’td4nd wherein the
further conprisi a high end clanp receiving the

reductipps #l§ RERIPH ARt E@Pﬂg’r}i’l%ﬁogﬂ&lmaé’ﬂd providing a DC control

signal to the ballast drive circuit. 47. The ball ast

according to claim45 further conprising: (e) a high

etdd clAabpllgst camnpliisigg:a maxi num current limting signal

i ndicative of a maxi numcurrent to be supplied by the

a) 4 batast temphmtiraspysoapwviding abatlast tepipeture sigaaMindigative of a
ballastttdrepdraticyack protecti on signal and the maxi mnum current

limting signal and providing a DC control signal to

t(hpa bddbaak tpretectiom aicoit wedeiving e ballast temperature signal and providing a
foldback protection signal responsive to the ballast temperature signal,;

(c) a ballast drive circuit receiving the drive signal and providing at least one switching
control signal; and

(d) aDC/AC back end receiving the at least one switching control signal and providing
an output current to drive a lamp;

wherein the output current is responsive to the ballast temperature signal according to one
of (i) a step function or (ii) a combination of step and continuous functions.
46.  The ballast of claim 45 further comprising:
(e) a high end clamp receiving the foldback protection signal and providing a DC control
signal to the ballast drive circuit.
47.  The ballast according to claim 45 further comprising:

(e) a high end clamp providing a maximum current limiting signal indicative of a
maximum current to be supplied by the ballast to the lamp; and

(f) a multiplier receiving the foldback protection signal and the maximum current limiting
signal and providing a DC control signal to the ballast drive circuit.
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