WO 2005/ 048660 PCT/ US2004/ 037921 THERVAL PROTECTI ON FOR LAMP BALLASTS
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clains
priority to U S. Application Serial No. 10/706,677, filed Novenber 12,
2003, which is incorgorated herein by reference in its entirety. FIELD OF
THE | NVENTI KOR#SBLp9Thi s invention relates to thernal B?BF%@W%HH”?or | anp
bal l asts. Specifically, this invention relates to a ballast having active
t hermal managenment and protection circuitry that allows the ballast to
safely operate when a ballast over-tenperature condition 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 vol t agFERRMALFROTECTIONFOR BAVRBAIIIASTRquency sui tabl e
for a specific lanp type. Usually, ballasts are one conponent of a
lighting fixture that receives one or nore fluorescent |anps. The |ighting
fixture may have nore than one ballast. [0004] Ballasts are generally
designed to operate within a specified operating tenperature. The naxi num
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bal | ast and/or I"anmp(s) may be damaged or destroyed. [0005] Sone prior art

bal | asts _have circuitry that shuts down the ballast upon detecting an
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addi tion, the cause may not be apparent and m ght be m staken for

mal f unct Qg dROENDOF THIEMNVERRIORYSt ens, such as the [ighting control

swi t ches, CIrCUIt breakers, or even the wiring. -1
[0003] Lamp ballasts ‘are devices that convert standard line voltage and frequency to a
voltage and frequency suitable for a specific lamp type. Usually, ballasts are one component of a
lighting fixture that receives one or more fluorescent lamps. The lighting fixture may have more
than one ballast.
[0004] Ballasts are generally designed to operate within a specified operating
temperature. The maximum operating temperature of the ballast can be exceeded as the result of
a number of factors, including improper matching of the ballast to the lamp(s), improper heat
sinking, and inadequate ventilation of the lighting fixture. If an over-temperature condition is
not remedied, then the ballast and/or lamp(s) may be damaged or destroyed.
[0005] Some prior art ballasts have circuitry that shuts down the ballast upon defecting
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 2 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 matfunctions in other

' electrical systems, such as the lighting control switches, circuit breakers, or even the wiring.
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WD 2005/ 048660 PCT/ US2004/ 037921 SUMMARY OF THE | NVENTI ON [ 0006] A | anp
bal | ast has tenperature sensing circuitry and control circuitry responsive
to the tenperature sensor that limts the output current provided by the
bal | ast when an over- tenperature condition has been detected. The control
circuitry acVPed488¢ usts the output current as | ong BST/PHRE04/037921
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ballast. This is carried out by altering the duty cycle, frequency or pulse width of switching

signals delivered to a one or more switching transistors in the output circuit of the ballast. These
switching transistors may also be referred to as output switches. An output switch is a switch,
such as a transistor, whose duty cycle and/or switching frequency is varied to control the output
current of the ballast. A tank in the ballast’s output circuit receives the output of the switches to
provide a generally sinusoidal (AC) output voltage and current to the lamp(s). The duty cycle,
frequency or pulse width is controlled by a control circuit that is responsive to the output of a
phase 1o DC converter that receives a phase controlled AC dimming signal provided by the
dimming control. The output of the phase to DC converter is 2 DC signal having a magnitude
that varies in accordance with a duty cycle value of the dimming signal. Usually, a pair of
voltage clamps (high and low end clamps) is disposed in the phase to DC converter for the
purpose of establishing high end and 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.
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di mming control. The output of the phase to DC converter is a DC signal
havi ng a nagnitude that varies in accordance with a duty cycle val ue of
the dinmng signal. Usually, a pair of voltage clanps (high and | ow end
clanps) is disposed in the phase to DC converter for the purpose of
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detail ed descrl ption of the preferred enbodi nents. BRI EF DESCR| PTI ON OF
THE DRAVWERRSXe the supply voltage to shut down the ballast completely (as in the prior art) if the ballast

temperature exceeds a maximum temperature threshold.
[0012] QOther features of the invention will be evident from the following detailed

description of the preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Figure lis a functional block diagram of a prior art non-dimming ballast.

[0014] Figure 2 is a functional block diagram of a prior art dimming ballast.

[0015] ~ Pigure 3 is a functional block diagram of one embodiment of the present
invention as employed in connection with a dimming ballast.

[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.




[0013] Figure 1 is a functional block diagramof a prior art non-di mm ng
ballast. [0014] Figure 2 is a functional block diagramof a prior art
dimm ng ballast. [0015] Figure 3 is a functional block diagram of one
enbodi nent of the present invention as enployed in connection with a
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Figure 5 aphically illustrates operation. of an. e di ment of the present
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than threshold T2, and to increase the output current in a_step function to
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[0021] Figyhen i bAMAOBIG@hA% dobrbAtSE fodhRhoRPRY. a1 on of an embodi ment of the
present invention to adjust the ballast output current l|inearly between

t enper at 082k hr es Figuas Sarzraphicgliy Blustrates qpeutieofimenbatingst ofdipseseicur rent in
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3 that exhibjts the output current chargcteristics of Fi _
ﬁlvent:{on or use in connection w{tha mrging {;z?lﬁst. lgure 5c

{0025} Figure 8 is an output current versus temperature response for the embodiment of
Figure 7.
[0026] Figure 9 is a functional block diagram of an embodiment of the present invention

that may be employed with a non-dimming ballast.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0027] Turning now to the drawings, wherein like numerals represent like elements there
is shown in Figures 1 and 2 functional block diagrams of typical prior art non-dimming and
dimming ballasts, respeciively. Referring to Figure 1, a typical non-dimumning 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 volis 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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[0024] Figure 7 is a functional block diagram of another enbodi ment of the
present invention for use in connection with a dimmng ballast. [0025]
Figure 8 is an output current versus tenperature response for the

enbodi ment of Figure 7. [0026] Figure 9 is a functional block di agram of
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switching control signal 223a, b. Note that the switching control signals 223a, b shown in Figure

2 are typical of those in the art that drive output switches in an inverter function (DC to AC) in
the back-end converter 106. An output switch is a switch whose duty cycle and/or switching
frequency is varied to control the output current of the ballast. The switching control signals
control the opening and closing of output switches 210, 211 coupled to a tank circuit 212, 213. '
“Although Figure 2 depicts a pair of switching control signals, 223a, b, an equivalent function that
uses only one switching signal may be used. A current sense device 228 provides an output
(load) current feedback signal 226 to the ballast drive circuit 222. The duty cycle, pulse width or
frequency of the switching control signals is varied in accordance with the level of the signal 219
~ (subject to clamping by the circuit 220), and the feedback signal 226, to determine the output
voltage and current delivered by the ballast.
[0030] High and low end clamp circuit 220 in the phase to DC converter limits the output
219 of the phase to DC converter. The effect of the high and low end clamp circuit 220 on the
phase to DC converter is graphically shown in the Figure 4c. It will be seen that the high and
low clamp circuit 220 clamps the upper and lower ends of the otherwise linear signal 219 at
Ievels 400 and 401, respectively. Thus, the high and low end clamp circuitry 220 establishes

minimum and maximum dimming levels.
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di mm ng signal, of the type shown in Figure 4a, such that the duty cycle of
the di mm ng signal and hence the RVS voltage of the dimm ng signal varies
wi th adjustnent of the dimmng actuator. Dimmng signal 217 drives a phase
to DC converter 218 that converts the phase controlled dimm ng signal 217
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be used. But, it can be appreciated that other continuous functions may equivalently be used.

Regardless of the exact function used, the high end clamp Ievel 400 is reduced from its normal
operating level when the foldback protection circuit 310 indicates that an over-temperature
condition exists. Reducing the high end clamp level 400 adjusts the drive signal 219’ to the
ballast drive circuit 222 so as to alter the duty cycle, pulse width or frequency of the switching
control signals 223a, b and hence reduce the output current provided by the ballast to load 108.
Reducing output current should, under normal circumstances, reduce the ballast temperature.
Any decrease in ballast temperature is reflected in signal 315, and the high end clamp level 400
is increased and/or restored to normal, accordingly.

[0034] Figures 5a — 5d graphically illustrate various examples of adjusting the output
current during an over-temperature condition. These examples are not exhaustive and 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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[0032] Figure 3 is a block diagramof a dinmng ballast enploying the
present invention. In particular, the dimmng ballast of Figure 2 is

nodi fied to include a ballast tenperature sensing circuit 300 that

provi des a b@lplzﬂaﬂsg{tgmt@&rrper ature signal 305 to a fol dbackng{lgézgg%a% circuit
310. As esCli Q fol dback protection circu ldes an
appropri 'é?tq {?Q‘t“}‘?‘él?ﬁhlgﬁ ed‘ﬁ& ampig¥el 40, such that B ouiplt qusEMERYY e tadsedi r cui t
220" to BﬁBaﬂ§ frot @0t 188 prsdiedidd Ihﬁﬁ‘[ﬁl.llm“i@l@tengdéfh@ﬁrb ?T%{aly%e regétebggelgétfn uit 220

is simlar to clanmp circuit 220 of ur e however ; cuit

220" is ﬂ*PGPRfH@FﬂW@%%‘Eﬂ%S iy Hwtf@ldhmk@mt%ﬁm CiEqui 340 asscbgcnm m:greaiyrnbmlc ally
adj usts bdigw hirghing B obtABR: Ferﬁ(tﬁie&%ﬂ&h&d t}%ou['spﬁyﬁﬁreﬂ’tocgﬁ be ngrgfi‘g %qgltuggc{ | ast

terrperat ure sensing ci rcui e one or ors wth
a def i net theekesr @@@@51%mnﬂéﬂw@a&asu&eap@re@taatabtlem mxdhapmmlt@be esiored tanot her

‘ | d K
type of fenper éérfﬁgfgc%ﬂﬁhﬂgs &) Sft%};oi)a%{ed(?f M g%tur% on;regll%llil §§%‘e :lzcﬁnq Clgnse to

protection circuit Tates
conpar i smn@ﬁmtmmmm lemgicgmert nﬁ@ﬁottmodnct heeshpinding Thengk ob Hgrack

protecti | ' elth a linear o Ilnear
r espons eﬁ{%g%{élp %F%%ﬁeg?)%ﬁjlgﬁg égﬁh cgﬁen(gﬂlta% ?}? S”(CH itf)aﬁém SPSE[“@% hESHBhse
gener at ondepsityris gelaivelly umpara:eptible’to :bmsiml obs‘enteh Fc emmmt Q0% @@&oﬁbﬁﬂmﬁ@put hat an

over -t enper ondi t.i on exi.s he exenp] ary |inear
Cunct i ororeR e 2 %F&JF g %&P%Vepfi’@ﬁ? ! 1&% trﬁd"éﬁ?/“ ORI Ienpitinct i on

i ncl udi Ngo3dInear dFhelemiodithdnd 8the irfveritivhio® Figure BAimitdiBe &H'{Stﬂ(éﬁﬂer@taf @b city
and cl ar r continuous function exanple w be used. But, it

can be & %éﬁ\eﬁftrﬁ%oél eV Hdhie QBT FHTRBLS lost thay th meccimnm 690%) AplaadPy be

used. Reample| @fsrito Feresaptt dinbfk coiirols Zi’hﬁa)hbeg&t Nhe {eE{HPIa}n‘ﬁvel 400
S reducled from.its narnal rﬂlal)eratl ng | evel when the foldback protection

circuit "2plO8sLiferfraEple 0 of thepatimumlpad cremtelf thedpraparsters rised torboveReduci ng
t he hi gheapatticaiie eV knedOfnididy Hepchsd ﬁ%otcﬂ'ch\\/ﬁedsdnﬂpﬁk t‘%\%ﬁ% \%\‘9 rdalfes aP2I | ast
drive circuit 222 so as to alter the duty cycle, pulse requency
of the SRUEORTRG Atchshyaien lingagprropt hmitiag myamr wiieh avil émme @uteutsmqmt
current ¢p Effé\ﬂnﬁlﬁ%é?&l jloeTiRahi Rntihd Ratif ﬁ'% (i&)gk) hn@% ﬁli?prgﬁfqu be ﬁﬁﬂz&? nt

shoul d, under normal circunstances, uce t'he tenperature

decr eas @vemif Biorgiel seising of te latep Wes lpseﬂhaedﬂ@iﬂ load cgiremiahs mﬁﬁurreamﬂmitimg h| g h

end cl angp:le¥ele 400 0.NnQ accordingly.

[ 0034] FI gl?r es e a - uggalg)?%p ﬁ?ﬁg{gﬁ{tﬁ %@ﬁ&p\?lg?l oﬁrsene‘% e84} adj usting

t he out pefem te theroziginaliiset W)éﬂvem&ngas rﬂmainatmrc@ntrdm@nh] 2i.is divhageéxanpl es

are, not iisHUSt! VR @aBbRSE rich 5 bARR oBedt QP bR Sheef HEELONS ™Y e
when the ballast temperature exceeds threshold T2. If the ballast temperature exceeds T2, then

the foldback protection circuit 310 provides a limiting input to the high end portion of the clamp
220’ s0 as to step down the high end clamp level 400; this results in an immediate step down in
~ supplied output current from 100% to level L1. Once the ballast temperature returns to an
acceptable operating temperature T3, the foldback protection circuit 310 allows the output
current to immediately return to 100%, again as a step function. Notice that recovery temperature
- T3 is lower than T2. Thus, the foldback protection circuit 310 exhibits hysteresis. The use of
hysteresis helps to prevent oscillation about T2 when the ballast is recovering from a higher
temperature. The abrupt changes in output cument may result in obvious changes in light
intensity so as to alert persons that a problem has been encountered and/or corrected.
f0038] In the example of Figure 5c, both linear and step function adjustments in output
current are employed. For ballast temperatures between T4 and T5, there is linear adjustment of
the output current between 100% and level L2. However, if the ballast temperature exceeds TS,
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[0035] In the exanple of Figure Sa, output current is adjusted linearly
when the ballast tenperature exceeds threshold T1. |If the ball ast
tenperature exceeds Tl, the fol dback protection <circuit 310 provides a
limting |nput to the hlgh end cl anmp portlon of the cla circuit 220'so as

-6 WO 20 5/ US2004/ 037921 nearl equcePtHESHMM™2hd cl anp
e R s e O I ARl el ShE T e P Hr: L
to a pr eBﬂla@l&&lﬁpbrdiﬂm&IIdEﬁmih tonﬁ@c&eﬁfﬁﬁﬁro@hﬁﬁ@ t&ihpéfamrebﬁ %Q&@Eaci@%&m%&h&?tl ng

t he appropri tﬁé hre holds in the fold rotection circuit 310 as

descri be 8% %@{tﬂ}tFm‘lﬁ'&Fo&ﬁ'}mﬂﬂ VRl 83T 9% steRsiipdions anA dhecawiiit t i on,

the out puisreptis b d ﬁaﬂnm S i Al eS| Rhice ikt elGyel ) BABEraROTAR 510
until the ballast tenperature stabilizes and permtted to be restored to

nor mal . EvsEBan Taokws disfeldbaghkpsotegtion girquit3 10 ﬁéhlhltselwewsx@mms @teRtingon r egi on
of the | aamalivh ot TH Wﬂenﬁeﬁr‘ﬁ%ﬂﬁeﬂf:m?ltﬁ? cléﬁl{ﬂ? b&\%éne]glb%r%ﬁ LQ%a goduce a

correspondi ng change in light “intensity | near adj ust nent °t he

out put  céHch diet theaspulieg shaage intlarp infeasityes tlatively impereeptibierto a tasead wmetn;cr,u s

rel ativel)ebaRes Lok % r.educti on
I n out pult}vx (l%urrent \A%lnge“ Plgt?rzpﬁﬂglst sat ‘%{%?gn&f?ﬁf B%asqglu@%“gwrgmﬂ{l 0%
reduct i opbviovs ghanges méehtllmbmts ¢ §s to a{eﬂ(ﬁeﬁﬁns‘ﬂma@mﬂmmmnmmncbﬁmredwent i on
of Fi gurﬁd?’orcb@c = the output current of the load to the linear region 510
even if e oULput current is |ess than the maxi mum (100% val ue. For
exanpl e, [Onéﬂ]errl n@meeﬂngﬂﬁﬁfﬁgneﬁdmsehamfﬂgs finokone is esdpipyad todilifusthy be set

to operafe t he X I 80% of the Xi mum | oad
current. 0‘1 patg W’ée“?g%%%"rnaﬁ}?eég}’ﬁf’%@ mf‘gf Eﬁlﬁgaﬁr?y’tﬂéeﬁ%’é PSR r“@se\r%ﬁ‘i%seﬂ, a-
| i near | dunpticingent #6md08% todeveDLS &CTT Mﬂt@thdprkh&mmgmﬁbaﬁpumnmac hes a
val ue of _ T1* near curre{g&el I m gb occur which wll

t hat |
linit thEBlp Steﬁ%F]eInV{latLﬁoUP‘I’T’ea PORTAPG qehiea 28 EFC 15 BREPTHE maxi mum

(1009 |incresse it dnﬂplitlcﬁl@npfr%llé\%l LototievellL5 bt Z1q(landeiBiles sepl¥iSe DEdetien@l setting
100% | oad current. As the current limting

of the la was | sst
action of¥ rgf%&urr%’g ﬁla ’2? tod L% ah £13 (@rsheten fimatiop s smploying Bystesesis Poad

current phbveht &Bmﬁn&%bﬁt 78k 'T8). L Berh g b@l’lésgieﬁfélexlabﬁrés%ff"rﬁ% TRY Rbwégr,| ONg as
t he di nrer control nal 217 1s unchanged. [0037] In the exarrpl e of

Fi gure Slﬂlea’dt‘i‘i‘ﬁmen&?f f‘e‘?WPl}‘iﬁWé bﬁ@@%l@ﬂﬂh ko6 an%%ps splesefl dPnce aiEEn stepe
bal | ast atn@@H@e{r%sH&rEe SO IA the rh1abdie tppcgécbaﬁ Exrcluﬁg}ﬁ bpure

{g:%
exceeds T2, then & f ol b rotection circul provides a limting
i nput t Figure3 mlfghﬂ@rsettlmﬁﬁthmm forrthe vitighplempe@iursssitngs. t Gnestraprelofithe t he

hi gh en%téf)'—»@i@@adjtﬁ\’tﬁéntsﬁg %ﬁtpﬁmuﬁeﬁtqﬁﬁl r&s%llt iit?o@t@ods%%E@i‘ﬁigﬁtﬁ%@ns%%ér&s

the Iinear adjustment may be relatively imperceptible.

[0040] In each of the examples, a thermal cutout switch may be employed, as illustrated
- at 110 in Figure 1, to remove the supply voltage and shut down the ballast if a substantial over-

temperatare condition is detected.

[0041] ‘Pigure 6 illustrates one circuit level implementation of selected portions of the
Figure 3 embodiment. The foldback protection circuit 310 includes a linear response generator -
610 and a step response generator 620. The adjustment signal 315 drives the output stage 660 of
the phase to DC converter 218’ via the high end clamp 630 of the clamp circuit 220°. A low end
clamp 640 is also shown.
_[0042] Temperature sensing circuit 300 may be an integrated circuit device that exhibits
an increasing voliage output with increasing temperature. The temperature sensing circuit 300

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




supplied output current from100%to level Li. Once the ballast tenperature
returns to an acceptable operating tenperature T3, the fol dback protection
circuit 310 allows the output current to immediately return to 100% again
as a step function. Notice that recovery tenperature T3 is |ower than T2.
Thus, the fo‘f"ﬂg%@gﬁ"ot tipn circuit 310 exhibits h st BEBESHOFHA yse of
hyst er esFECHEF &Y 1 Eﬁr@@g?ﬂ g’?g’i‘l?a}r SSPYIse Epstatorp30 \?x)l‘fb%lf’ﬂﬂ F@ ithylemaeatures

recover i dpehdeBithihnby 1@ heYducd BERGEHhsHE Signal B€5.2br Upt changes in output current
may result in obvious changes i [ intensity so as to alert persons

n_Light
that a p8f¥em hadbpiere W@}l‘é@%h%’éﬂeéﬂeéﬂ?ﬂ?wwm?Ubfsst}tbbfn'oltt&ge exanpl e
of Fi gur@viaés RN Rhadd ReBhp@RdreSheh | b RS 69D i rrent
are enpl Q;_ed. or f:E)al I astpjtenpera'g ﬁt@%ﬁt Ig%bbl'% gﬁ%ﬁ%ﬁfﬁtlﬁ%&gﬁmgtaﬁ near
adj ust metividerR1, R3e Thehysteresisigharasierisiie ofibe sien Goponamgnkratas 620 3 actiioved bpr , i f

the bal 'ﬁ%shﬁﬁpﬁfa&%i@v«%ﬁ?ﬁ&%inﬁﬁea&m 2005/ 048660 PCT/ US2004/ 037921 then

there is an imedi ate step down I n supplied output current fromlevel L2 to
| evel U.[0044]t he - Bh¢ theeshold efifpwread demp 6@ issersvid ovalngadisipt abdlel pelyat | ng

t enper at T £ot ect clireouit 310 allows the o ut
current. VORI the e SR URRGSEN A2 s St b ol Bt e et BT put

cur rent The cdigainpuihfivamparatbt §50ackeivet 2doliage froini anektigerdvid@abeNa V& 2t it
recovery re . 16.is wer than..I5. .Th t he fol Gk protection
circuit ?@%ala%l togthﬁ%?sgpe]é{a&nvggﬁriaﬂgpl?r8§’/1§?ﬁl{ﬁ¢1‘é°nt"8%%gqaf i'on about T5.
The |i nd@®453dj ust Tene skifled ih eheauut will tapgrtiidte fHat the tengRmnkd Ai6sands &2nemmy be
such that the.resulting change in_|a I nt ensi |s. relatively .

i nper ceptFHi28d pigP %?S%"&ﬁ%%qﬂefaﬁ’g%%?e‘?i,ﬂ mn&fp&sﬁféé‘di WE%‘ tg%ﬂfﬁ’l“%ﬁ&ﬁ&é‘%‘ GrRuibyut put
current 30exebin ditfferarithedrJunthivn Rlowbdhy 4 Kaf funbien (BeSEiklre 59), oY fePiSe. Changes
in ligh sity sqQ as tqQ aler ersons that a probl emhas been

t,inte rt >
encount egFa‘&en“aﬁE?P CRES Ay D e W@%@]‘“ﬂl‘?ﬁn& H© SEpArspreseenateig6é0 6¥e a seri es

of st ep stepHLS RITS6 HIFIQMPSOYVEWeBe, 36jubiiial liM@r reBinBitimsy el BiREvRByWEEN
t enper at ures 'I;}Z and T8. Particularly, there is a step-w se decifease in
out put  CEREENS SeRveIRD I SeBeTpiay @40 With apptherlinearreseatagencatopplonfsalytecr ease

i N out e PhrcB (Fibhie Bh) cﬁ\éﬁiy,als%gt cki6yY %igdg@S@tis Ié%ire&,JBQﬁ ﬂgeu%pgtﬂt%ﬁ&tét ure

decrease and recovery, there'is a step-W $e _increas€ | current
from | eVRSPONSE Sensrgteryeemplgyedt Theifoldbagk prefertion eircuiit3d g muyde designed &sprodluse  out put

current thg % at.: (RRE | oyi ng
hyst er eéliiorg@?%% pr E/éesgjfh{(i}gm ’Igé 'O apout %&ﬁ%hé@?faﬁé%@ L_?é% B)gagﬁ)zllfst

t enper atherfuaction offBigumndd TR be hbwisedwith theiintswinctigjofi shatem step fespdrse out put
current gerréﬂt&%ﬂ tA Y ?Al&bal:i? pr%%gti(!s‘gcircl'lii ag&rg}l{ Qé&?n% th%r%ger%ggf)e?émrse Ld‘lergsholds.

[6046] Figure 7 is a block diagram of a dimming ballast according to another

embodiment of the invention. Again, the dimming ballast of Figure 2 is modified to include a

+ ballast temperature sensing circﬁit 300 that provides a ballast temperature signal 305 to a
foldback protection circuit 310. The foldback protection circuit 310" produces, as before, an
adjustment signal 315 to modify the response of the DC to AC back end 106 in an over-
temperature condition. Nominally, the phase controlled dimming signal 217 from the dimming
control 216, and the output of the high and low end clamps 220, act to produce the control signal
219 that is used, for example, 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. Jt 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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and linear response generators (described below) in the fol dback protection
circuitry 310 of Figure 3 allow the setting of thresholds for the various
tenperature settings. One or nore of the  step-wi se adjustments in output
current may result in obvious changes in light intensit whereas the

li near adj usYReEWt 4P be rel atively inperceptibl e. [004%1:”?}??0%4&3?’?2& t he
exanpl es J00#71 her neds efitrout newil aperatiery, dremagpbuyd @16 ads foldelierrabesd at 110 -

in Figure to.rempve t uppl y_v e | |l ast,,if a
subot ant FatolEReEEN Sald 17 R et DEURaRy 2N ot G, e Al b

i || ust r apasidens @pitdd to theweltiplieny0o Ertodicr anltipliersape ¢f theladpstrhéno signadf t he
Fi gure 3_enbodi ment. The fol dback protection circuit 310 includes a |inear
response nerator 610 and a step response generator 620. The adj ust nent
Si gnalh Bhyﬁmgyi vgs Ilyﬂmr ﬂg%lgl%?ﬁdrﬁ% Clﬁlﬁﬁti(ﬁlfs,_thé ﬁﬁlt@lzi%m()ﬁﬂniliﬁnemwd E}leme 21&;'40
via the high end clanp 630 of the clanmp circuit ‘. Alowen cl amp

is al so §EBAA1S P%@E]thelﬁé‘ﬂﬁ@e&‘iw%]esﬁkﬁSﬁ@}"‘%@r‘ﬁﬂfﬁ“’“@“ﬁ&]ﬂrﬂfﬂgfgn i nt egr at ed

circui t ggydieRaltyhaljusBydit Bkl 3120 diMA4Q8 31 NG MQld 38LcePioPi efféck b dcliGigeasi ng
tenperature. Thé tenperature sensing circuit 300 feeds the |inear response
gener at oUHGQ@V%WPWEWCQWm%ﬁbﬁ&&‘ﬂﬁ@ﬁE‘P%W cirspit 34th scalesdly adpspRste -8 WO

2005 03800, REFURAA0M A Hkor 30863 20 P00 B BRI pRLuth bk | near

response generator 610 and b act in a tenperature dependent manner to
produce sigeal 387 arstthesdivssnens signd 355 il Gesiforghe leseiipe 1. Send wilt heessplsbackof t he
linear r r - Y I vider R3, R4, and the

t enper at %@Pﬁgéﬁgﬁ%%@d%(%%aglgkglg%ﬁgggonsgétgg%grlgg'or 620 is set by voltage
di vi der F049R2. Tiiguny 8 tiBusgatesthe irapast off dutput cureeht vérgus deresrature fayilkee

generator,_£20 | | f fe ' in the
art. [OO%FO‘Q[H%IﬁtOﬁE%g%\gI?gS g%/th? %Evﬁ ggef%gwg%ﬁg%%ﬁ’sﬁzgq%\(/)%Afg)h%c voﬁwge di vi der
| abel ed eirmat hmitPiiviction drebglivasty doorepsing baydndia empagtusé Ghddowetdt, ins provi ded

to one input of_a c rator 690,  The. ot her.i npuyt  of 0
Fecel vesoottyiy BB RO S ol dhe e Pemeitad st BrosRERRERCR e ¢\ age
660 of t angbasgediste. DRileamlgyliee¢mitiBhenpnbiipnte§, turenclomiting beghisgned th2 19" .
[ 0045] Thos killed in e art wll appreciate that the. tenperature
t hr eshol gg&‘*ﬁ@%%“ﬁ“#ﬁ@%ip ’éﬁ?fcgefl\é%orre&%@ﬁ © RSFRLPE FYFeat %il%e ﬁ%fol% Ybe set
such t habe §dh Hek 8 RAEKoWEARMGhAx@E] saf Bl 80%, via dimmer control signal 217 which

results in an input signal 219 to multiplier 700. Assuming that the temperatuze rises to a level of

T1, the multiplier input signal 315 would immediately begin to decrease to a level below 1.0
thus producing a reduced output for the drive signal 701. Therefore, the 100% current limiting
response profile 810 is different from the 80% current limiting response profile 820 beyond
.threshold temperature T1. i

“[0050] It can be appreciated by one of skill in the art that the multiplier 700 may be

¢ implemented as either an analog or a digital multiplier. Accordingly, the drive signals for the

muliiplier input would be correspondingly analog or digital in nature to accommodate the type of
‘multiplier 700 utilized.
[0051] Figure 9 illustrates application of the invention to a non-dimming ballast, e.g., of
the type of Figure 2, which does not employ high end and low end clamp circuitry or a phase to
DC converter. As before, there is provided a ballast 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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310 exhibits either a linear function followed by a step function (See
Figure 5c), or the reverse. Sequential step functions may be achi eved by
utilizing two step response generators 620 (See steps L5 and L6 of Figure
5d). Likew se, sequential |inear responses may be achieved b repl aci ng
the step resWBAYE e er at or 620 with another 1inear resPeHEEEEER Lt or 610.
| f only ahrivé cinear222.(hbdriven theFpgaeing &ayripion ohthy lmcseremdfopaetioroot Higirgdir e 5b)

is desired,. .only the ropri ate e se generator is enployed. The
foIdbackaﬂ?g?é%%ﬁ%%“%?ﬁ%ﬁ?gaB%BJﬁ%éﬂﬁgﬁﬁﬁsigned to produce nore than two
types of [6052¢t i onSTheeirguitry desctibddihereidid impiemetingithe iventiquais plefeedblst age. For

exanple the function of Fiqure.5 e obtained with the introduction of
oot her sodigerdtiih ACRcisulalel s, o Glast el HEriE e ctutedCome ct o ¢
grd EydsgﬁhhmgyFmgqﬁﬂ@@ggohﬁmF%ﬁﬁmgm&thnﬁgsholds. [g046] Engre 7 isfa ]
oc i agram of a_ dimmn al | ast accarding to another _enbodi nent of the
i nvent i oh0058yai n, ¥wdl ﬁfgtt‘bﬁ’PFea“é‘{ﬂeSFntthgﬁﬂ@t‘?nPES wadifirations 9 i ncl ude a
bal | ast tgRRRhHMnbY B BARSH M2 afpdcin 5nd%%ddhgtthegféa&umn@orb@ﬁﬂoasaepmﬁyer ature
signal 305 to a_ Toldback protection circuit 310. The fol dback protection
circuit &mo the pridl e seope gEthp spvention. By exyaplesitheush adingasly degresping fgnclignis y t he
response gaf1obdias Be §d3sibie BBt mERdorlidPIduRn@RoP YR hrert HRRETR bMESof @B ON-
Nom nal |y, the phase controlled dinmmng signal 217 fromthe di rm ng
cont r ol :Bedeasimgdunchiensoemep nen-bhear fdeeraapigh fuaptons.onaydigdised ssrpRmpmtdimiteg t o
pr oduce ' ’ e cord ex alx i LM ng
bal | ast ]glikgih—@%&{r%ﬂ%}l %@%@bﬁfl‘gﬂﬁ%\é et Olgglr? I gutrl?anf ?lé'ﬁ" %gs;m%?%eg rtght%%r%gw
control ivgmiidn ead@npeeomedificatidns st rvamations ofithis iry¢Bion prevideditisn expdifications
mul tipli { 2ol § | j 7 ' rive the
bal 1 agt a5 yitons HiBe G534 chd RBp Al berile Bl Y bR el 11 706" ™,
shoul d be noted that ballast drive circuit 222" perfornms the sanme function
as the ballast drive circuit 222 of Figure 3 except that ballast drive
circuit 222' may have a differently scaled input as descri bed herei nbel ow.
9 WD 20051048660 PCT/ US2004/ 037921 [0047] As before, in normal operation
di mm ng control 216 acts to deliver a phase controlled dinmng signal 217
to the phase to DC converter 218. The phase to DC converter 218 provides
an input 219 to the nultiplier 700. The other multiplier input is the
adj ustment signal 315'. [0048] Under normal tenperature conditions, the
multiplier 700 is influenced only by the
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signal 219 because the adjustnment signal 315 is scaled to represent a
multiplier of 1.0. Functionally, adjustnent signal 315 is simlar to 315
of Figure 3 except for the effect of scaling. Under over-tenperature
conditions, the fol dback protection circuit 310" scal es the adjustnent

si gnal 315' to represent a multiplier ¢f less than 1.0. The product of the
multiplication of the signal 219 and the adjustnent signal 315 wll
therefore be less than 1.0 and will thus scale back the drive signal 701,
t hus decreasi ngcthgvat put current to | oad 108. [0049] Figure 8 illustrates
t he response of output current versus tenperature for the enbodi nent of
Figure 7. As in the response shown in Figure 5a, at 100% of | oad current,
the current lipgitin t ieQn r e asi n
tenperature TI. plbmégeéﬁﬁ?nhgcgﬁﬁ%ﬂﬂﬁ 1B@ach¥gg5§%%t%egggggéﬁs%lg?pthe
enbodlnentcmﬁmﬁmgyabaRmatnhnmemmnmuantﬂmunﬂhmxmpbﬂhjﬂ@$mnm$unmbadea

i medi ate. _In the i.er enbodi Fi .. current limting
begi ns oncénm?@mf ﬁf‘%‘@ing"l‘ ag érff}%gnétflge@dé‘fahﬁ Ogg’aﬁﬁéﬁaﬁemﬁ’iﬁ é’xﬁ‘ﬁ%lbg t he
operating estifobbikcuitty Edpable dFBaukHg tH@MallaElEto ehler b Quidént dilnitngd AY& whei@e t han
maxi mum say at 80% _via di mmer control 1gnal 217 which results in an

i nput si gnaRgBitge of the tempsrataie spgwl indicatnsi thet Thdes teﬁ@eti@nﬁé’ff%ﬁe@f@ﬁedses to
a level ofy 1'mmﬁ Q%ll@ilﬁa’ll%t' t%ﬁnp&ﬁﬂyé Bl WPRdreint WRe ¢ \ggt% dfcﬁmﬁfjhﬂh ésyth egl nto

decrease to a |l evel below 1 us proéducing a r
drive si gnaltpi@urentheresparse fo thh &:nﬂlﬁﬁﬂzare augnﬁmtcdrdmg ta am;; ofr(ﬁarsmpfmquomf i I e

810 is different from.the.80% t file 820 beyond
"t hr eahol % B REIPEOTR! Se and oot Fiblf, WREPAE ey et o

skill in thglasrt that the nultlpller 700 may be inplenented as elther an
analog or a digital nmultiplier. Accordingly, the drive signals for the
mul tiplier input would be correspondingly analog or digital in nature to

acconmodat e t hey typeppaf cuaaw% f RlakR" 1,7 Qferdinl {Heze&nmg&%%hc&%@&g% fnear

illustrates application of e Inverntion to a non-di nm ng ast, e.g., of
the type ofunfiggure 2, which does not enploy high end and | ow end clanp
circuitry or a phase to DC converter. As. before, there is provided a
bal | ast tenperature sensing circuit 300 that provides a ballast

tenperature signal 30& cirduitof ObidbacHheRiDt@IGEid® a6l ikidabesId Quipull Bgrdn@! dback
protection circuit. 310" provides an adgustnent si gnal 315" to bal | ast drive

circuit 22259 Frepeiions gpd measst innfurmetipn peqvidsd Ia/ the Jampngndowhgrpin thee
adj ust ment redi GHAd ard dorupt dPeR¥pARE Y IiaGh! ¥ to ballast

4, The circuit of claim 1 wherein the control circuifry, when operating the
ballast in the current limiting mode, is responsive to a determination that Tb is equal to or
less than a threshold temperature T2 to increase the output current, wherein T2 is less
than T1, such that the output current profile exhibits hysteresis in the current limited

mode.

5. The circuit of claim 4 comprising circuitry that provides a first threshold
signal having a magnitude indicative of T1, and at least another, second, threshold signal

having a magnitude indicative of T2.

6. The circuit-of claim 4 wherein the control circuifry increases the output

current in a step function.




-10 WO 2005/ 048660 PCT/ US2004/037921 drive circuit 222. O herw se the
foregoing description of the function and operation of Figure 3, and the
exanpl es of Figures 5a - 5d, are applicable. [0052] The circuitry described
herein for inplenmenting the invention is preferably packaged with, or
encapsul ated within, the ballast itsel f,I al t hough such circuitry could be
separately packaged from or renote fro% the ballast. [0053] It wll be
apparent to those skilled in the art that various nodifications and _
variations may be nmade in the apparatus and nethod of the present invention
W t hout departing fromthe spirit or scope of the invention. For exanple,

al though a |ineér!|y Beeceisast W‘gdﬁmé’c whereinsthe diogtrplosisatitas botereduss idptie

enbodi ment ;f.or i.npl &Rfﬁﬂtcﬁltrén?‘fh 8%1) fHEE SRt limting, other continuously

decreasi ng functions,” even non-Tinear decreasing functions, may be used as
acurrent limting nechanismw thout departing fromthe spirit of the
invention. Thus, it [s i.ntended.that the present . invention engonpass
modi fi cations afrd va }_fea‘flchﬁé’gB%“F Hi @h?rﬁ{}éﬁﬁ ?‘HFFanW%BO‘E%]@éé‘ ﬁ'ﬁgg?tf’cati ons
and var.i at ingdGQRIBhdW it RuirbR i & YRear FindiibE aAPRILDRM st idwaildme Giwtval ent s
thereof. -11 12 CLAI 1. Acircuit for controlling output current froma

bal | ast t ostate] Batfurthes reruces the outayt cuyrreriripa sigp fimstieensi ng circuit thermal ly

coupled to the ballast to provide a tenperature signal having a magnitude
i ndi cative of ballast tenmperature, Th, and b) <control circuitry capabl e of
causi ng t he bal%.ast The @t of alagoBrelrreih) thi tcomtepl roideitryvanset; e baltagnot ude of

t he tenperatur ignal, indicates that Th has exceeded ,a predeterm ned

maxi mum deglft?re'g“egtlg?tl %@tF O?ecﬁﬁr_g?taﬁrﬂplé‘? n?‘?c,g Vﬁ%‘f enmf"%t“é%r‘# rﬂgef ?eg}pre@mrgr y
reduces t heigndUhdidhtes Wat €TH hhd) ek QRSOQNTE 4l td@nikl TRE baloHd stié GrRh @ecor di ng
to one of (1) a step function or (ii) a conbination of step and continuous

f unct i ons, MagRifude ebibe fomperjure sigapdndieates thet Thdup exesededa temperarg Bithat of
claim1, vwhersidaiiericontinuous function is a linear function.

10.  The circuit of claim 9 wherein, the control circuitry, when operating the
ballast in the second state of the current limiting mode, is responsive to a determination
that Tb has decreased to a temperature T3, that is between T1 and T2, to increase the

output current in a step function.

11.  The circuit of claim 1 wherein the current limiting mode has a first state

that reduces the output current in successive step functions.

12.  The circuit of claim 11 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. The circuit of claim 11 comprising circuitry that provides a first threshold
signal indicative of the magnitude of T1 and a second threshold signal indicative of the
magnitude of a temperature T2 that is greater than T1, wherein the control circuitry, when

~operating the ballast in the first state of the current limiting mode, is responsive to a

determination that Tb has reached TI to decrease the output current in a first step




3. The circuit of claim1 wherein reductions and increases in output
current cause reductions and increases in illumnation provided by the

| anp, and wherein the reductions are abrupt and perceptible to a hunman. 4.
The circuit of claim1 wherein the control circuitry, when operating the
ballast in the current limting node, % responsive to a determ nation that
Tb is equal to or less than a threshol'd tenperature T2 to increase the
output current, wherein T2 is less than T1l, such that the output current

profile ex h.ln'@h&ns Y 38 QT RR4Rinafiod (6t $H'HAE PéacﬁédnTi ?(Fifurﬂﬁgldgecré‘ise fHacoughrcui t of

claim4 conpr|5|ng circuitry that provides a first threshold signal having
a magni t udewrrandingeserens stdp fimctioand at | east anot her, second, threshold
signal having a magnitude indicative of T2. 6. The circuit of claim 4
wherein the control circuitry increases the output current in a step
function. 13 714.Thellei ¢irvuittof @laiml ki Whéreitmmwiirauitrbq)r@ﬁdﬁsreothlﬂ theaghdldy bot h

reduces and ses.the output current in nctio he circuit
o ol o e gl PG B HEpEogS of § [chPorAUE TABm4S [ tandiland  fride

reduces t hfr@HblaWignaintRM vel oF the MbhfERle bR edrh Rt AR Ath&SS B esSh 80 Gnd
following the first state, that further reduces the output current in a

step funct Thrandgvhereie the gosirpk cispite svhan gpaplingethn ballastinctbe firssIstatd ofctbe t ry
causes the, t e when
t he magnltulgﬁJn ﬁﬁhﬁggpgﬁggﬁgtﬁﬂgwgéééﬁ%‘£%hlI%Ltevﬁ?qﬁ%d%%gﬁ%%@gxgggded Tl
and to entammmhemsenmmdcmﬁmtﬁlmMﬁniMQQﬁmmnmn$Mdeaak&mhﬁmnanﬂarEbume si gna
i ndi cates’ t Tb has.e e ate rature T2, reat.er than Ti.
10. The ci FrtdeBIfeaieﬁé‘? ﬁ?g’ gdﬁtg?réfl?{e (B’('}?ﬂt FYre “&P’r%{ﬂ“f‘l‘ §te8 \R;H’éﬂmbper ating

the ballast in the second state of the current Iimting node, is
responsive to a determnation that Th has decreased to a tenperature T3,
that is betweenlSTi dig cirpuit phelpime | dadher cpmpriging piempsrptpeermutalf cigeuit fop

functi on. %ﬁinghﬁ“ﬁ' thé Hélfastoiff T%lrédcﬁkslorv\é}@ée%'s n hﬂ&f& fﬁ%ﬁﬂﬁn {GHFC}EII['LH'Q tlﬁ?d e has

a first state
is greater than T1.

16.  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, and a drive circuit that generates at least one switching signal for driving
at least one output switch of the ballast; wherein the drive circuit is responsive to the DC
signal and to a feedback signal indicative of the output current to alter the at least one

switching signal.

17.  The circuit of claim 15 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; wherein the drive




t hat reduces the output current in successive step functions. 12. The
circuit of claim1ll wherein the current limting node has a second state,
following a | ast one of the step functions, that further reduces the output
current in a linear function. 13. The circuit of claim 11 conprising
circuitry that provides a first threshcﬂg_d signal indicative of the

magni tude of Ti and a second threshol d Signal indicative of the nmagnitude
of a tenperature T2 that is greater than Ti, wherein the control circuitry,
when  oper ghduitgs tifoRle188le dubut B el hitipIRd: b0’ felifack %%ﬁﬁ%dil:étﬂ?‘e kng
node, is responsive to a determ nation ]tjhat Tbh has reachied Tl to decrease
t he out put thewrtpaheurient, & dlicr the aglcas opd switdhimgtsignal. and to a det erni nati on
that Tb has reached T2 to further decrease the output current in a second
step function. 14. The circuit of claim 13 wherein the circuitry provides a
third threshol di8.si dielcifcaitof alkiny ¢ viferdil eheropgiiol didtaitf gepertaipelcast whe T3
that is less. than. Tl and .a fourth threshold signal indicative of the
magni t ude S Htge%ﬁ%’@}%rgﬂémw loptionp guipat syeish of Biebaliastygnd 3 FRIPUREEAT 1 ¢ he
control ci § giffebdn¥e botREh TAIGELT BG1tENGcRRBLGI Y clb, HulsBQrilith 0P Fregi@b Folbe t e
current limting node, is responsive to a determ nation that Th has

decr eased #deapuoneswitching 8g8d- t he output current in a third step function,
and to a determination that Tb has further decreased to T3 to further
increase the output current in a fourth step function. 15. The circuit of
claim1 furtherl%ondesinugit af tlanpdB atheredn diet @hfrolcéiromitivt fukther cofiprisés 89 down

the ballast, if Th. ches or. exceeds ap.u f.e maxi numtenperature that is
greater 1 RAMMRFICURA ARt the e Lk DR il e el Prasleried o
di M ng bagdRplevEle SMPRBANYR th PreeRBRE ApF@NEVEPld RuAG ifli 0 BshcE vhahe
produced by a dinmng control, and the control <Circuitry conprises: a
phase to Déffesacediatesentipandddnverts the dinmming signal to a DC signal
havi ng a nmagnitude that varies in accordance with a duty cycle value of the
dimm ng signal, and a drive circuit that generates at |east one sw tching
signal for driviing Aaballastasinpoisiagoajtgounipiiialt thit provdddsadutps toradier 21 N t he
drive cir ui(i ia fLs OnSjt%iﬁl}to'thﬁ'g'Dg sigfnal and to a fee backfsi nal
i ndi cati ve°8t PRV YIRS SITPUTE B (rPRRC oLy Paading reference

information concerning a first threshold temperature, T1, for the ballast; ¢) a temperature

sensitive device to provide ballast operating temperature information, Tb; d) comparison

circuitry that provides a first signal having a magnitude indicative of a difference by

which Tb exceeds T1; and e) control circuitry providing a drive signal to the switching

circuitry, the control circuitry responsive to the signal provided by the comparison

circuitry to adjust at least one of duty cycle, pulse width or frequency of the drive signal

so as to alter the output current provided by the ballast according to one of (i) a step

function or (ii) a combination of step and continuous functions, while continuing to

operate the ballast, when the comparison circuitry indicates that Tb is greater than T1.

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




switching signal. 17. The circuit of claim15 wherein the ballast is a
di mm ng ball ast responsive to a phase controlled AC di nm ng signal
produced by a dinmng control, and the control circuitry conprises: a
phase to DC converter that converts the dinmng signal to a DC signal
havi ng a magni tude that varies in accoqgance with a duty cycle value of the
dimm ng signal, a nultiplier circuit providing an output in accordance with
the DC signal and a scaled difference between Th and Ti, and a drive
circuit th SRR sake ] ] ' ' Ar i Vi | east
one out put %{sewi tch gélptélﬁcgﬁ%)éiﬁ?g{g@g@ grs(ﬁtﬂnu?? hg&gfi?l\%g%%ff%{gu&g:@’g&?%&?s

r esponsi ve cugent lrvelgregerttha the fiest owrtant jsivélet Tand t o a f eedback si gnal

i ndicative of the output current, to alter the at | east one swtching
signal. 18. The circuit of claiml wherein the control circuitry generates
at | east one skt chTinghatlagodblaindR0 dheréinte Riad iseAlginp QAE alsthtivak isithah of
the ballast, and is responsive to kB a difference between Th and Tl to alter

one of dut FUESAE Fanse gligrationsinyilymination proyided Py e lpmp, andwhegeansthe ghgratioist chi ng

signal . 19 arcbBRIpEhddprdepRbletd 2hithadB Wherein the control circuitry further
conprises a clanp circuit that prevents the nmagnitude of the DC signal

from exceeding a pre-selected upper level, and wherein the pre-selected
upper level is ju | i he djifferenc tween.Tb and T
17730, A bal | astbonb Ry RTERLE20EEAE bbubring £lerpSels SuPHbBhRb:
current t oskuttidgoduavrathd bhlkast iTOTsmhdhes bnekceedseiidnkyfe nixkinturh &dngegtae thener at or
providing teference _information concerning a first threshold tenperature,
T1, for thEPRAFI.Tl) 3 tenperature sensitive device to provide ballast
operating tenperature information, Th; d) conparison circuitry that
provides a first si glpal__ha_vi ng a magnitude indicative of a difference by
whi ch Tb exceedt Tl ; Therrércel ot gainy ) whirginhe bajlagirioy dimimigg daldast sesparisiyaal t o

the swi t chj i j the cont i A onsi| iygnal
provi ded b Ertas SihEdAC il oLl b FRRONE PO R 0L
pul se w dt birawitryf ceemprisac \a gifasd teeD@rdowecrter gratkonvets d& dimneihg signdlhe add€ put

current pr gll\étllaﬁi %%Vllljl z;[ rt}:leagllljj%ll eat?lgt %fn%g rir(iI iaggorha%cg n\sithog (gult} c?clg tveaﬁle 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; wherein the drive
circuit is responsive to the output of the multiplier, and to a feecdback signal indicative of

output current, to adjust the at least one switching-signal to the switching circuitry.

25.  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 threshold temperature T2 greater than T1, and to reduce the output current in a

step function at T2.

26.  The ballast of claim 25 wherein the control circuitry increases the output
current in a step function at a third threshold temperature T3 that is between the threshold
temperatures T1 and T2, |




function or (ii) a conbination of step and continuous functions, while
continuing to operate the ballast, when the conparison circuitry indicates
that Tb is greater than Ti. 21. The ballast of claim 20 wherein the
reference generator provides information concerning a second threshold
tenperature T2, less than Ti, for the hallast, and wherein the conparison
circuitry provides a second signal having a magnitude indicative of a

di fference by which Th exceeds T2, and wherein the control circuitry is

responsive to the fiTedballa@Ratbliafni 90WhBRICHEDAILSEN difuhfidivallyst FQpdRdce the
output current to a first current level in a step function at q’l, and is

r esponsi ve 1 drhase carirodad AS) dmating signal pdueaddycotipaingenntrel, padithe contra

i ncrease t SLLET i i £ el | evel
ar oat or t narCFE CpnpEk £t b BCAED I ok o BEFRRE el B RbC, 0
wher ei n t heighdalthving a nhagnjjudenthatakaréss ani woerdenve owitlp ut duty wyele ntahwwaofs the
alterations.in. illumnation provided by the | anp, and . wherein.the .

21 tor at | ondm i, A &R BR! pbts S loh an e G A e o

- claim 20 f rikie bne Ot sHitol) oftht SAMAE; Atheren helddive clédiCyindspbive 16 M BENY down
the ballast if Th reaches or exceeds an unsafe maxi numtenperature that 1is

great er t haignat apd toa feedhack signaljindicativecoidherppiput prereat to adipst Hglaf lesst ang a

di mm ng balla3%, PRS ; ieh@ase controlled AC di nming signal
produced by a diémﬁéﬁg%%ﬁﬂé%h?lggrﬁ&?ﬁé control circuitry conprises: a
phase to DC converter that converts the dinmng signal to a DC signal

havi ng a magni tuyde that, viari es. in . gccordance with a dut cl e value of the
di mm ng si gnal %eji rruﬂleltbay ro(%@}ar‘r&?ialtw 0T FEURh BT, " atdgPEafce with
the DC si gdahp cbglt thasgiavene it ihgiinae of R signal Froanekclddindd fredscRtie €

circuit that gfner ates at_ | east one switching signal for driving at |east
one out put “BRFF (VR 304 Phereinathe gearselepiediupper ey 1gadivsied i aceqrrance sviflegonsi ve

to the out piffe bP@nIHTbicREdBE T1.aNd t0 a feedback signal indicative of
output current, to adjust the at | east one switching-signal to the

switching circuitry. 25. The ballast of claim20 wherein the control
circuitry isr onsjve tosthe . signal, fromthe c arison gircuit to
reduce the out SZ?P cu’% rtg?"ﬂnap?rpégtreftf/&’b%@i%ewn?fsgﬁd?%as%@gnﬁﬁt ﬁ‘&éjtgf%qé(d

t enper at ur eonVertgrfeateesivinp ansufply valishe! (b)radsidi end DE-RUAQUbnerEF @tipledRo a

the front end AC-to DC converter for providing output current to a load; (c) a

temperature sensitive device adapted to provide a signal indicative of a temperature of the
ballast, Tb; (d) a current limiting circuit providing an output responsive to Tb; and (¢) a
control circuit responsive to the output of the current Hmiting circuit, and driving the
back end DC-to-AC converter in accordance with the output of the current limiting
circuit; wherein the current limiting circuit causes the control circuit to adjust the output
current in response to a detected over-temperature condition, according to one of (i) a
step function or (ii) 2 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,



step function at T2. 26. The ballast of claim25 wherein the control
circuitry increases the output <current in a step function at a third
threshold tenperature T3 that is between the threshold tenperatures Ti and
T2. 17 27. The ballast of claim20 wherein the ballast is a dinmmng

bal | ast responsive to a phase controll ﬁg AC di mm ng signal produced by a
dimming control, and the control «circurtry conprises: a phase to DC
converter that converts the dimmng signal to a DC signal having a

magni tude that yariegyd HalﬁEtCQF HaRE 09 WrhdeiR tﬁé”cbfnt?dfcéu‘?:uﬁ’%&tﬁeso het ytdi mm ng
signal, and a drive circuit that generates at |east one swtching 'signal
for drivi ngurrent lineardyt whae Thuispbetwewi adhstofthheldbfampa'smre Wi eandi al stdpaddri ve
circuit is aI nd d| cative
of the out SEREREEabE 18al el M Bk Bl B OB chrdfdharto The
swi t chi ng ﬁlmnmﬁWhmTtQB.eqﬂ'dta) di@réaaﬁttha'mfmzl aim 27 V\,her ein the control
circuitry further conprises a clanp circuit that prevents the magnitude of
the DC signal from exceeding a pre-selected upper |level, and wherein the
pre-sel ected upper |mwehalths RdatAdwhdeiRC R G ReER D, tﬂé%ongblf&ﬁﬁﬁnce by
whi ch Th exceeds Ti. 29. Athermally prot ected ballast conprisin (a) a
front end MereassHe Oléblﬁ\ﬁérrf:lérmfa@teprén@mmahgtlaréthmshqld\t@nmaajm T atsisback
end DC-t o- eLiLfr coupled to the front end AC-to DC converter for
provi ding output current to a load; (c) a tenperature sensitive device
adapted to provide a signal indicative of a tenperature of the ballast,

Th; (d) a curre limting circu di.ng an out onsive to Tb;
and (e) a conttol c’iﬂ 0% ?Ijecé’ﬁ ﬁ]i‘f‘gétotfayatt “’é’t}flﬂﬁtt eo?teftsh‘éfpélufr}cwngl mting
circuit, apdlast tewipdanirfeTh;PBC KoRPFinRCTb Go AC R Wfétén@é T BCPRVIRRNLCGW th
t he output of the current limting J circuit; rein the current limting

circuit caingigtiomel diffpencs basweanTh anh Thcgndsd) qon@olbag puiput eureneprovidad
f
response tg, gdghiggt ?(I%Ir Hgks tﬁgnﬁgltt;gﬁe%()@ﬁggde;&g@& aac%ﬁl%fthggncgteg@sdo (1)

a step furiction or I T near whi |l e
cont i nui ngcantinumys euatiens, hehitcooditiahingi to capietate 8. ballast, babt@staned withathen 29
further corrE)r{sfin tenperature cutoff circuit for

reSult 0 ste%(%.

. 34.  The method of claim 33 wherein step (d) comprises altering one of duty
cycle, pulse width or frequency of at least one switching signal provided to at least one

switch in an output circuit of the ballast in accordance with the difference.

35.  The method of claim 33 further comprising shutting down the ballast if the

ballast temperature reaches or exceeds an unsafe maximum temperature.,

36.  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 (1)
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; (3) multiplying the DC signal and the scaled indication of
the difference between Tb and T1 from step (1); and (4) controlling the at least one




shutting down the ballast if the tenperature of the ballast reaches or
exceeds an unsafe nmaximumtenperature. 18 31. The ballast of claim29
wherein the control circuit reduces the output current linearly when Th is
between a first threshold tenperature Ti and a second threshold
tenperature T2 that is greater than Ti ,qand reduces the output current in a
step function when Tb is equal to or greater than T2. 32. The ball ast of
claim 31 wherein, after Tb reaches T2, the control circuit increases the

out put cur bﬂt?_ht dwitcd if k@Porfse N6 tHeQBsull ofestdph3) nd for SRR Mk SEAREHALME of3 t hat
is between Ti and T2. 33. A nethod of controlling a ballast conprising the

steps o a)ﬂﬁﬁ%@E¢F%§miballast tenperature, Th; b) conparing Tb to a first
reference, Tl; c) providing an indication of difference between Tb and Ti;
and d) controlling output current provided by the ballast according to one
of (i) a step f3ihctiBe methpdiof chaimo3thwhateinoconddolligethe anthut cortént anses

functi ons, i,le continuin o.gperate the ballast, in accordance with the
result of E%ggﬁloflé)ayg?&?eaﬁgﬂ h’&lﬁ‘%ﬂmﬁtﬁo%l?rg?’wggy ﬂﬁ%%?%?%%t% 'g? %@Eﬂ%ri ses
al tering ol Whereittie re@)Eibes arp bt igdbReMibld loodwanay of at |east one
switching signal provided to at |east one switch in an output circuit of

the ballast in accordance with the difference. 35. The nethod of claim33

furt her compr i sing. Skt g 99MGial B9 iRl Sy (B dirileldiasly hRTRELAL T e

reaches or exceeds an unsafe nmaxinum tenpera e claim
33 wher ei ncurfest hedarlgsthen sy is bpovesn U@ and asephdseferanoa T2 owherd TAGs giraater ng

si gnal progduc by, a,dimm ng _caontrol .and the aut pyt rrent is controlled
by at | eas&‘a% ﬁg’ 0 trﬁthmgal? @Hp&e?ﬁg CHHR A SfeR r}'ﬂcﬁﬁn ?’g‘fm @g iprquekio or ﬁ@agf eps of
(1) scalimgntthe i ndication of the difference between Tb and Ti; (2)

converting the dimmng signal to a DC signal having a magnitude that
varies in accordance with a duty cycle value of the dimmng signal; (3)

mul tiplying thedDC qihgqeém@mcﬁmme?g isigi )ailfup' i ' ce
between Tb and Ti fromstep (1); and (4 ng% t((fefo ?%g&h?gggﬁn%%ﬁs@rtgﬁe 19
output current, after Th reaches T2, in a step function at a third reference T3 that is

between T1 and T2.

40.  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) further comprises
converting the dimming signal to a DC signal having a magnitude that varies in
accordance with a duty cycle value of the dimming signal; and controlling the at least one
output switch in response to the DC signal and to a feedback signal indicative of the

output current.

41.  The method of claim 40 wherein step (d) further comprises clamping the
magnitude of the DC signal from exceeding a pre-selected upper level, and wherein the

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

42.  The method of claim 33 wherein step (d) comprises reducing the output

current in successive step functions.




output switch in response to the result of step (3) and to a feedback
signal indicative of the output current. 37. The nethod of claim 33
wherein controlling the output current causes reductions and increases in
the illum nation provided by a |anp connected to the ballast, and wherein
t he reductions are abrupt and perceptigbe to a human. 38. The nethod of
claim 33 wherein step (d) conprises reducing the output current linearly
when Tb is between Tl and a second reference T2, where T2 is greater than

T1, and reduci ngs t heTipUuhBHbd SLEHBN2 WherdinStPRb] HGkl QhpMI&ohlalisg €gual to
or greater than T2. 39. The nethod of claim 38 wherein step (d %urther

conpri ses fhérsedidntpierpece Bht garterc than b | stef (@ r furtherr ecaviiises PRViding anst ep
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controlled by at |east one output switch; .and wherein ep (d) further
conpri ses OW%WVEPFWHﬁa WB%HFﬁﬂ$H%m§¥%ﬁéﬁ“¥5°grgfgﬁﬂbﬂhfihaving a magni t ude
that varies in accordance with a duty cycle value of the dimm ng signal

and controlling the at | east one output switch in response to the DC
signal and to a¥¥eedB¥cRetbodabiflaimndd futhey eomprisingethe sippp af: (@ualleedb hag1. The
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indication of step (1).

45. A ballast comprising: (a) a ballast temperature sensor providing a ballast
temperature signal indicative of a ballast temperature; (b) a foldback protection circuit
receiving the ballast temperature signal and providing a foldback protection signal
responsive to the ballast temperature signal; (¢) a ballast drive circuit receiving the drive
signal and providing at least one switching control signal; and (d) a DC/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: () a high end clamp

providing a maximum current limiting signal indicative of a maximum current to be




output current in a step function when Th is equal to or greater than T2.
44. The nethod of claim43 further conprising the steps of. (e) after Tb
has equal ed or exceeded TlI, but before Tb has equal ed or exceeded T2,
conparing Tb to a third threshold T3, less than Ti; (f) providing an
indication of the difference between TE and T3; (g) increasing the out put
current in athird step function responS|ve to the indication of step (f);
(h) after Th has equal ed or exceeded T2, conparing Th to a third threshold
T4, bet weeRupiicd B tﬁ'ézballﬁit)to ReQ¥hg 228 (B bt QNViRYS thk eIk iREEAGR
betmeen Tb and T4; and (j) increasing the output current in a fourth step
function reigpdraajhe maximya curmenl liraiting sizosl sl @poviding a8: coutrighigaal fo the

conpri si Ngjai.a) dx‘?vet?ﬁ”él gst tenperature sensor providing a ballast
tenperature S|gnal ‘cative of a ballast tenperature; (b) a foldback
protection circuit receiving the ballast tenperature signal and providing
a fol dback protection signal responsive to the ballast tenperature signal
(c) a ballast drive circuit receiving the drive signal and providing at

| east one switching control signal; and (d) a DO AC back end receiving the
at | east one switching control signal and providing an output current to
drive a | anp; wherein the output current is responsive to the ball ast
tenperature signal according to one of (i) a step function or (ii) a

conbi nati on of step and continuous functions. 46. The ballast of claim45
further conprising: (e) a high end clanp receiving the foldback protection
signal and providing a DC control signal to the ballast drive circuit. 47.
The bal l ast according to claim45 further conprising: (e) a high end clanp
providing a maximumcurrent limting signal indicative of a maxi mum current
to be 21 supplied by the ballast to the lanp; and (f) a multiplier

recei ving the fol dback protection signal and the maxi mumcurrent limting
signal and providing a DC control signal to the ballast drive circuit.



