" e3e8 p6T&J 1 4 AUG 2003 METHODS AND APPARATUS FOR CONTROLLI NG THE 0
| NTENSI TY OF A FLUORESCENT LAMP 5 Background Of The Invention Thi 44 AUG 10
i'nvention relates to nethods and apparatus for controlling the intensity of
a _ fluorescent |anp. Mre particularly, this invention relates to nethods
and apparatus for providing control - -7 _ .10 signals for a fluorescent

| anp drive circuit to control the intensity of a fluorescent |anp. This
invention also relates to fluorescent lanp circuits that include | anp
intensity control circuitry, fluorescent |lanp drive circuit

1d a
fluorescent lanmp. 15 Fluorescent |anps increasingly are bei mwm@ﬂmwummw
provide efficient and broad-area visible light. For exanple,
| anps are used to back-light or side-light liquid crystal displ8ygstused in
portabl e conputer displays and flat panel liquid crystal 20 displays.

Fl uorescent | anps al so have been used to illum nate aUtonDbiquMﬂ@WWMMHm
and may be used with battery-driven, energency-exit lighting , F
Fl uorescent |anps are useful in these and other |ow voltage appl kéghiONns
because they are nore 25 efficient, and emt |ight over a broader area,

t han i ncandescent |anps. Particularly in applications 14 AUGK2003 2
requiring long battery life, such as portable conputers, the increased

ef ficiency of fluorescent |anps translates into extended battery life,
reduced battery weight, or both. 5 Liquid crystal i spl ays

typically are illun natedHaRsnfNg APB@R@?H%n%Oﬁa %%gﬁ hﬁrgga col d cat hode

f1 uorescent |anp (CCFL) THRaINTENSITEsCE Ai GRUPBESSEY. current power

source, and requires a nuch higher voltage to start than it does to

mai ntai n £0 BaakgneundE 7Hhe Jyentionng |ifetime, the |anp nust not be

operated above a naxirnggfg §§%éﬁ%f%£ﬁ£g{%¥%s to methods and
apparatus for controlling the intensity of a
fluorescent lamp. More particularly, this invention
relates to methods and apba:gtus:fo; providing control

10 éignals for a fluorescent lamp drive cifcuit fo control
the intensity of a fluorescent lamp. This invention
also relates to fluorescent lamp circuits that include
lamp intensity control circuitry, fluorescent lanmp
drive circuitry and a fluorescent lamp.

15 Fluorescent lamps increasingly are being used
to provide efficient and broad-area visible light. For
example, fluorescent lamps are used to back-light or
side-light liquid crystal displays used in portable
computer displays and flat panel liquid crystal

20 displays. Fluorescent lamps also have been used to
illuminate automobile dashboards and may be used with
battery-driven, emergency-exit lighting systems.

Fluorescent lamps are useful in these and
other low-voltage applications because they are more

25 efficient, and emit light over a broader area, than

incandescent lamps. Particularly in applications



current. If a CCFL is operated at high current, the | anp becones stressed
and the lanp lifetine reduces. If a CCFL is operated at | ow curre’\n&,!x\.!ﬁaﬂl@'3
-.gaseous 15 conponents inside the lanp will not fully ionize, and . the |anp
will slowy poison itself. In addition, at |low currents, the |anp

il lumi nation tends to beconme uneven. Indeed; at |ow currents, the |anp may
. . _ experience a.so-called "thernoneter effect,” in-which 20 one end of
the lanp i s daqkirPngviiongl pakiewy LHderesteht asaRPrdcideE circuits
typically proyi ontinu L [ l; @y llF U R R FeFL. To vary
t he intensi t(gonégsggééﬂ%hg gﬁgr(r%gg\r%at Eggq%fleinhé} gonti_nuous drive current
may be 25 vaiLards Thasslooeadjinso ekdebdeghbrdserof 1 fd.quiafugssdt al
conput er di spl t hat i.ncl ud L, the magnitude of the continuous
drive currengaﬁéﬁrgewleégﬁgéd%tﬁ‘o%gggt he display, or increased to brighten
t he di splgy. Because of.itjned amyssalacoopudper atlispg 236G diaal kange,
however, a display.that uses a .CCFL rQw dj_pm .5, One

previ ousl y kﬁ5§mlillfl&lﬁ’5‘t%ie\?z Lﬁs&qghiasq?zlr?'?ie%%&g: tlceég{?r}} qr%le&ﬁ;%% Pul se wi dth
modul ati on (BP¥WIH tatesikdend ltvee edicemtng argngE€ L )a tfhatorespeites aap. 14

AUG 2003 3 That _is, .rather .than varying the | tude o Laugus drive
signal to th8XFBnEOREEdr i cﬁ“\'r&ﬁ%[tr %O&e&/%’g’g‘[s}léf’d%nv% %‘gﬁgﬁté?hgt

swi t ches t heyl,2AP hOYhand vk dgeorBoTedanm than et daeserm magmeainat 5 a
fixed frequency. To cantrol the |a i ntensity, . the drive cj i ries
the duty! ycllé)ib‘f“lﬂﬁ"él@ﬂ'velﬂ glﬁ’aﬁu@eﬂﬁjsl,oré? o€ WS ST ei%ﬁ%vgli“éég

maxi mum bul bpbii gt ReES.a tehereas/ e d owerindut Yo yiod lovefd ecinireby di ms the

| anp. PWM techni ques extend the di min ran(ﬂe of, 10 the lanp WE:%‘EOU'[
brobl ens assGeFAESF wi tH dhé&et i19 RTRATTH 3t THE 19W &Hd of “the di nmi ng
range. To prewept Haeidmealterdddakeindreiatiametlofe wind aedoeas .| ighting,

the PWM frequency nust be approxi mtely 100 to 200 Hz. A problemwth this
PWM 15 t echnildué i Fthats @E@%ﬁt et I PSR r Uit %%g %‘?ées the |anp at

maxi mum hrsi ghichgeherithe idid Mee cilie Ui dmplwiays sot t kesy thenlzep Ehdat

maxi mum cur r ent and. OQFF .at zero current ai a 0 (%(8 200 Hﬁt rate.
Constant |y sWinecHiamp tHe-§ P IHRTEFER ot O+ byui TR SO FhaF t RS dri ve
circuitry repeal eddrsiRp) yehdel dnghi Vobi fget hecessady to séaomet he | anp,
whi ch stresses the Ian})riand drive circuitr ts lanp lifetime. In

| and | i i

vi ew of the fBEIFdng qe%ul?itt}rfé‘f'e‘?‘b?é-e%%s’degiT’ag‘]f‘%pt%a%r ovi de rethods
and appar at Us it i%nh &Ond 164 tam éde” tiné efismé ye of e Af £¢ tpr espewh ikcanp

wi t hout reducing the Iant]r)' S Li fetjne I}t< further would be desirable to
provi de & hGRE &NF dpipari useThatS <Ok ne the advantages of the conti nuous
and PWM techni ques for geatiohsipokhemp BOubnteashtyladpnaiyedf The

'nvention It éfiéﬂﬁégﬂéﬁéiégliyiéré9¥ gtéogoﬁgigﬁgggdgrive signal to
illuminate a CCFL. To vary the intensity of a CCFL,
o the magnitude of the continuous drive current may be
25 varied. Thus, to adjust the brightness of a liquid
crystal computer display that includes a CCFL, the
magnitude of the continuous drive current may be
reduced to dim the display, or increased to brighten
the display. Because of the lamp's narrow operating
30 current range, however, a display that uses a CCFL has
a narrow dimming range.
One previously known alternative to this
continuous technique uses pulse width modulation (PWM)

to extend the dimming range of a fluorescent lamp.




met hods and apparatus for controlling the intensity of r 14 AUG %gqgﬂﬁm@
fluorescent lanp without reducing the lanmp's lifetine. It further

object of this invention to provide nethods and apparatus that conbine the
5 advant ages of the continuous and PWM techniques for controlling |anmp
i'ntensity. These and ot her objects are a&conplished in accordance with the
principles of the present invention by providing control signals for a
fluorescent trgp 18, drkvReei thduht vatiyéngorireomagingraldse ey e used to cause

a fluorescent |anp drive circuit t royide ont., nUQYS: ive signal over
a first (higR"EARYRYST glréﬁfﬁ Fﬁ?@ﬁgi &9 ;ﬁ‘é’ &%IB&K/I grq%vé&%\g\al over a second
(low) range gf rkamprivnbessiikes W dr ivesmuatialt i tswirk dee Hethieen

conti nuous and PWM drive that is unnaticeable taq the . if4on,
this inventi ba™Br 8 888 PEGofESBe AEX A cciurrcrtﬁnt%s C a%ésﬁlcﬁ% eé?grr%&

i ntensityscont Fokeai FeWigilen cfil.UOMes eeymt deanpt oy iheenpei ircléns ity a ploe

fluorescent |amp and current feedback circuitry, t jhtensity contro
circuitry andréﬁﬁréﬁﬁcﬁéédHQQQQ§lﬁaﬁtq%F%NQXﬁ ﬁﬁbggkgggfigégnals t hat

cause the flyugresgent frid @ in®Cidiaiy to il gorpnd iedes coat imerousudpi ve

signal over a first (high) range of |la cfS i ntensit angégef¥ygg%gve

si gnal over BréabdmesE-omhaETFe aoflqvffg HEerfsy T y° %ﬁ%c SHoot

transition b%gﬂeq&ﬂaﬁﬂi#NM“E%éHHidﬂ@%(Hﬂﬁ@hdfmﬁei@immmmmicaa@éeofo t he
sc

user. Brief ription & The Draw ngs 30 The a ovetgnd oghgr obj ects and
advant agé® ofthiehd apre $&irith Wy GHRIRYETT 135 $RC HPPT et “upBR©Eohisi der ati on of

the foll ow nQ.lq%ter.irJﬁ?}dGic%gsact’f i 3id Obw Lo f NtigoNd el h@nrahgyl. acconpanyi ng

drawi ngs, in 03 . . .

b To prevent noticeable flicker or interaction
with ambient lighting, the PWM frequency must be
approximately 100 to 200 Hz. A problem with this PWM

15 technique is that except when the drive circuit

- operates the lamp at maximum brightness, the drive
circuit always switches the lamp ON at maximum current
and. OFF at zero current at a 100- to 200 Hz rate.
Constantly switching the lamp from OFF to ON rgquires

20 that the drive circuitry repeatedly supply the high
voltage necessary to start the lamp, which stresses the
lamp and drive circuitry, and limits lamp lifetime.

In view of the foregoing, it would therefore
be desirable to provide methods and apparatus for

25 controlling the intensity of a fluorescent lamp without
reducing the lamp's lifetime.

I£ further would be desirable to provide
methods and apparatus that combine the advantages of
the continuous and PWM techniques for controlling lamp

30 intensity.

Summary Of The Invention

It is an object of this invention to provide

methods and apparatus for controlling the intensity of



s which Ii ke reference characters refer to like parts throughout, and in
which: FIG 1 is a block diagram of an exenplary lanp intensity cqn4 nod 2003
circuit that provides control 5 signals in accordance with principles of
the present invention; FIG 2 is a schematic diagramof a sawooth waveform
provided by the circuit of FIG 1; FIG 8 is a current versus voltage
transfer 10 characteristic of the voltage-controlled current anplifier of
FIG 1; FlIG a4fil8o&esdengnt]l army susholtt ageduciansftere chammti eri stic of the
circuit of FILG_1; FIGS. 5A and 5B are pul se width nodul ated 15 currents of
the circuit ¢AfEF&™:; FIG 6 is a circuit diagramof an exenpl ary
embodi ment of a vol t aggtcanirtlded £ur esthjenmplof ieriof inhentiooute of FIG
1- . FIG 7 is circuit diagraqlof an %éterqgtive 0. exeppl ary enbodi nent
of a vol t agePEONEES MEFhART it ARRTHF heC@R Tt *3F Fic 1, FIG 8
is a block dia%grra%;ﬁa@felsad@nmaé:id&mmm ame| pidest édleni qupsi Gbensity

FI G

control circuit o 1; and 25 FIG 9 is a schematic di agram of an

exenpl ary enﬁ@@ﬁﬁﬂﬁl%ﬂgtqﬂﬁﬂeﬁﬁf?ﬁ§%ﬁﬁt of FIG 8. Detailed Description O

The Invention This det aif&gk daserdphéOrob e Of gaat@edcasmpolibhed. ikirst, an
illustrative enbodiment of a lanp 30 intensity control circuit i %.descri bed
that provi degasemaagicaivira? sthe REtRFHRhe® Af t RENPECPRVENETER" $8Bond, a

fl uorescent '%xﬁxﬁ%&ir{g | SolessT i beghshat rhackudesoaekaanti Dbepsity
control circuit,” fluorescent 1 4 AUG 2003 6 Ian& dr%)ve Ci éc%i t,
fluorescémt Idmiyearnixgiitent Teedpaekrelr8ifiatd B2¥oP8aleé&%With this

nvention. FlGcbid|sldalesean emodarege efraulamol prensteyacontrol
circuit for providing control signals 5 of this |nventbﬁnkéggnt%gl circuit
t ur

10 i ncl udes RWWenerws oirige sbepakaPBRr 13, LVEFFadBid &d rent
amplifier 16, 'tmféngﬁt nd, 209, 2 apfvi A¥evtesigdRralAsvdeser iskednian more
detail below, ~control circuit 10 al so may include conparator 23. Contro
circuit 10 retiwesrdama¢ npfit laRgnanseypREY YHED YARMOPERT LZRGSEANC and

provi des %ﬁ”“ﬂé%wgégngénéIh&@9§eaﬂé!PﬁMi§r@vEUEﬁbE0ﬂsoﬁnhoUQBQEﬁﬂﬁbntFO
circuit 10.also may receive |nput signa
to the user.

In addition, this invention provides
fluorescent lamp circuits,that include lamp intensity
coﬂtroL-ci}éﬁitry,’flﬁoréécént"lamp drive circuitry, a

20 fluorescent lamp and current feedback circuitry, the
lamp intensity control circuitry and current feedback
circuitry providing control signals that cause the
fluorescent lamp drive circuit to provide a continuous
drive signal over a first (high) range of lamp

25 intensity, and a PWM drive signal over a second (low)
range of lamp intensity, with a smooth transition

between continuous and PWM drive that is unnoticeable

to the user.

Brief Description Of The Drawings
30 The above and other objects and advantages of

the present invention will be apparent upon
consideration of the following detailed description,

taken in conjunction with accompanying drawings, in



VT and may provide control signal VOFF whose value also is a function of
VpgOG- UPROG- Vpwrr~ I EXT~ r~rr and VT are 15 direct current (DC?4gj Nitall®.
JAs described in nore detail below, as a user adjusts the magnitude of VpR-,
|~ varies to control the intensity of a fluorescent . |anp PWM generator 12
has a first term nal coupled 20 to Vp~ and a second term nal coupled to
V,.ON. As showmn in FIG 2, PWM generator 12 provi des saw oot h out put VPO

t hat vari eswbetween k¥ re®Nramte/rha dtermatiafdy, to/PQ rmyrdave a

triangul ar waveform that varies between V,, QN and Vp~..t. VPO operates at a
frequency fSBTONAREUTLs 38%dfY i1y high that a controlled |anp has

little noticeable fligker, ibuts sufdlicdlentiagdtaw dd gerexempléapp drive

circuit to settle when the drive circuit. operates_in. requency
fsa" preferaBmp i&tEESkESH SR IY SOF FAt 3 %ef%’f?‘flngg\%ﬂgglgﬁgfgfﬁ G 1,
conparat @r 14 Jhad s2 iRORdIMRIdA Y v utp il el § co¥/PEhe apréaretting i nput
coupled to Vp and an output VCOUT. Inverter 22 has an input coupled to
VCOUT and pr@vieddsonil 4 AUG 20D3 out put VCOUT, which equal s the

conpl ement of VCOUT. IfQVpRON 4S s @addt tdhadi MPem VEOUE sswk&dtand VCOUT
is HGH If VpROC is less than VPO, VCOUT s H G+|8nd VCOUT is LOW VCOUT
i s coupl ed twvafiorgh PXOVigRA XA F5redtbl @b F6Cswhich 18.

Vol t age-control | ed curgent Anpd i {isirdénhadet st vbetaysakeaaedplred to
| E~., VpRO- and Vp~, and provides output current #1 that varies as a

functi orl Cof oVFRESters SHEWP § ntig voBtage partFebt &, CHFTGRRO- is 10

greater tha ; d® M. li;equals (region 24 in FIG 3) . If VWROCis
| ess than vgugﬁd%ggggter than or equal to VPs, h va&ies linearly with VpRO-
bet ween a maxi mum val FGf 4ah¥l & eFRRPNVaVBESFENVPLEGEEN 38 FIG 3). In

Lhis region Gf. o0aratinm. Ids egugl sirbmid 8¢l k16 Viz v X (VPROG VHZN- ( 1)
HAX HI N When Vp - VPw~r~ Il lcr~~ From equati an, %é)-, .Ig{. equal s: |
CLAHP v _. v x (VPWH vHEAGS ( 27)ap@xSR) &F9 EPHEPI YR UARBEEEY ess t han
Vp~, 11 u rags op; 28ukp §EGrrg) .- 1Referring again to FIG 1
signal s fﬁ&;%ﬁéééﬁké§§§1€%%tgél gmﬁtche$ 20 and 18 to swi tch iurrents I

and 1AN to provide comf¥® &j§pap FErCcRhEnd&PIERHNt CRe8N18*EH® 12 Ymay be any

comonl y useg s sgic bigatak ) iHACELORehtaRspIi @i (B |
conplenentar§h§%¢%ﬁg%§%%% %eﬁ?%gﬁ ﬁctor (CMOS) trangistor?aor_other

sui tabl.e switld. ciscehownl i RIEFGL/1, switch 18 is a-BJT-having a col I ector
coupled to Il, a-base gpepl ed; Lo YOO aRdgeBmerict ber aq@wpiedive

20 exemplary embodiment of a voltage-controlled current

amplifier of the circuit of FIG. 1;
FIG. 8 is a block diagram of a lamp circuit

that includes the lamp intensity control circuit of

FIG. 1; and
25 FIG. 9 is a schematic diagram of an exemplary

embodiment of the lamp circuit of FIG. 8.

Detailed Description Of The Invention

This detailed description is organized as
follows. First, an illustrative embodimeht of a lamp
30 intensity control circuit is described that provides
control signals in accordance with this invention.
Second, a fluorescent lamp circuit 1is described that

includes a lamp intensity control circuit, fluorescent



14 AUR003 s to Ic. Switch 20 is a BJT having a coll ector coupl ed i}g 2003
|~ ,,~N, a base coupled to VCOUT, and an emtter coupled to Ic. rﬁ‘(tjjlfJ
circuit 10 operates as follows. I"~ and IR, .,Ix set the nmaxi mum and m ni rum
| anp current val ues, respectively, and VM N sets a lower |imt for
brightness adjustnent. VPs may be select@&d in the range VM N _< VPs <_

V~,,,ut to set clanp level lIcy, as shown in equation (2), above. As shown
in FIG 4, agap Ua@&v@dlcli&t:%ﬂthe TR Helswee tofl aMPRAG laurwarites to set a
desired | anp |nF

ensity. If VPROC is greater than or, eclEaI to V,,,~ ~ VPRCC
is greater tRaAYE<K &ﬁ&u‘é‘lﬁol“haeﬁ?é] nic@e""l\?%()ﬁf’ is H GH,

transistor 18 is ON, trapsi 9t Qn 120 dr% tdsF ardReDoR el soﬂne gt t er
current of transistor 18, which substantially e(gual S I(relgl on 30 in FIG

9). If VPROOLh&eneds vt @i tWOoL- GidiCrtedod RIRHH ROC i s
greater than,YPoy il ﬁ%&fb@! ue dd?ﬁctrd&ardLQ‘i:dﬂth&l’|%cy\lddbé/pﬂm bet ween a
maxi mum val ue of Land m ni mum val ue Icy, VCOUT is I—&

transi st or 186in§r@Nort rle?n5|c§t“tﬂar23(¥qrs IGF Vo ges %thta’T%lJt%% ‘fﬁ’f?ré
current of tLansi;sl 1185 whi o rsbstanidald o, wlﬁn&eﬁ@glm 32aén FIG
4). In this region o operatlon control current Ic equals; WR&:S?X -~V

PROG - V M Ndesgrjibahxn mawa [detaifrde owr it iQl C1EGUT§ s |ess
th t VCOUT
an or equak& é’ryyﬁiﬁ’iﬁs. énga[%aé%\/ 2@an % Bl 40 MM N, 1 G He aiels

are conpl enen ing a c ock frequency of f,aw (and a
14 AUG 2003 9npert cd dfsd's ﬂzpqqz,g,saxm ans.rsxzouagdzdmd 288wi t ch ON and

OFF as control |l ed VCCl%I VCCle P gﬂﬁ it ches
bet ween a naﬂrrﬁ)'rﬁc% TR Cialonsj?aﬁ{ﬂa n| rcr)usr% va lﬂlee \(;M o . ?\Igfﬁldoghas an
average 5 valpylg showbras dashiesuiagi on a¥sd mdy Geceiddatnpst $1~gn«sla PV\M

signal that varres from 100 ON at VpRQOC tq 100 V
Vr~N, and haé/waﬁnéivé‘raé[gé’r\?é’ll@@ ICONFRn Sd}ﬂ”tgrq{; V&ps%ég"%%ev"i‘ i eag‘g]r h 34.

Aver age val u "l cLar~ - r ¥dl aréRhrrN
4) PWH H afe@&%o%lor;ooﬁ UPR%”@"‘U !@Lequ%ﬂ)l((s Vp~ -N?r/t"?fl\l) , (

and 1~ =1%n dl‘lﬁmt %LSI'MPRE- l@C)reﬁmléﬁliﬁrorﬁ? udeS @b advpn F‘SrFust bel ow
Flo 50 sl HELGL e PREFONTE: P SR ot et e v Fr
S VngG <~ VB}'va%ieﬂunM1ddntrol the 1nten51ty of a fluorescent
lamp. ' ' - .
PWM generétor 12 has a first terminal coupled
20 to Vpmy and a second terminal coupled to Vigy. As shown
in FIG. 2, PWM generator 12 provides sawtooth output
VPO that varies between V,gy and Vpgm. Alternatively,
} VPO may have a triangular waveform that varies between
Vigny @nd Vpyy. VPO operates'at a frequency f.,, that is
25 sufficiently high that a controlled lamp has little
noticeable flicker, but sufficiently low to permit a
lamp drive circuit to settle when the drive circuit
operates in PWM mode. Frequency f..w preferably is
between 100 to 200 Hz.
30 Referring again to FIG. 1, comparator 14 has
a non-inverting input coupled to VPO, an inverting
input coupled to Vpges, and an output VCOUT.
Inverter 22 has an in?ut coupled to VCOUT and provides



FI. G. 5A, 1 f WROG = V~, ffN+ ( 0. 7 ) x ( Vp~V~, , mg@g%mlon
(_4),Ic:(0.7)x|cy+(0.3)xIANAsshownlnFIG
VPROG = V~, ffN+ ( O 1) X( Vp~-Vt,Q\N) , f rom20 equation (9), lo =

I

(0.1) xlo~ + (0.9) xI~ In PVW node (region 34 in FIG 4), control
current I~ may be used to nodul ate the qurrent of a fluorescent |anp

bet ween a maxi mum value of lon and a m ni mum val ue of | AN. Because the |anp
is notI |25dsvgﬁ%;@g Jeoorf udqhycﬁ]:Eq‘tﬁ@lFuthy stllinptlbmehanpu WICOMK] télnﬁay bfe
controlled wthout overstressing the |la Ref e g FI 1, i
VPROG 1S Ies‘épabhahsvgrwe‘?/ﬁﬁ“lg @Hd[f: VEL? 5‘9“ %R% tapgﬁg tor 18'is
OFF, transi 20 q i encber is cAUan003 to
current of mstgf f}dog\/\g %egﬁbg?gﬁtl glgly equal s AN (region 36 in FIG
4) . ControlVeOWZuis LOWal sYCAHY imcraweleds &g ey td plovi a control
signal that e; used, Qeaeggcg&tkgm@acurrent to zero whenever VpROC is
bel ow a prede ?m ned vat ue exanpl e, control circuit 10 may include
conparator 23, which hislangeneentingledpsurgemy ednrld WL o HidM@s nverting
i nput coupled to o~._and an | I.ect ory, out F. dis a

t hr eshol d 1olK}BPFaggr8‘P18§éﬁ F8u§888a%\§alI§éT "at "BRAT p#;(% Pl(g"f{arrp current shoul d
be reduced tﬁré@&@esaﬁdtﬁmml@&kkﬁntSIHGSBathaaers BiENa IffundsRO= iaf great er
than VT, the output of the conparatqr is an i rcui VpROC is |less
than VT, theVemicpuBSoFhPhe éBmpafat dr i <M L@ﬂch atll\/fE|%FROq.51 conpar at or

23 may b‘fgl né?@)ﬁ@@ﬁ:' enal, %Q”Q@;ru%tlortoh@”,{!vgg rp@d;tu':‘altmumﬁgd (e pRO2and VT

and provi an out put signal” that nay be used to cause fl uorescent | anp
drk\é?; . . citouFtey B0 shlItf (%ancutsr dies st G harhdhhn RS ceheal afpth afhenever
Vp is reduced bel ow ef err.ing Q180 ¥ Ilusgé@géélﬁ

enmbodi nent  oPfvEAFEdeCo tPf“ﬂI I e‘dfvgur re%ntl gﬁ%&% o 16 1*%escri bed.

Anplifier 16mlaaqkn@ﬂ\es;aflluresbfampemm adidifaguentdlale gbd:,nmsﬂa@@slcandzﬁa
current-mrror output stage conprised of Ntra s:storg‘l ua412$ 98, 50,
60, 25 62, 64n §8G-73) 78 WAndEE TR Y &Hsi ROrE- 4L an tedistors 52,
54, 88 and. 92, and current sources 56, 58 68, 70, 74 and 76. The first
differenti al arrpl ifier incl udes trari’g;,&t 0 42 4 46, 48 and(l‘:'),o
resi stord552 and 30 54, and{euf g&zoand 58] The first
differential anplifier has a fi st““‘f‘nput"I a base of transistor 48, a

second input -at .a base of tran5|stor 50 exter nal current %ourfe | ExT-
coupled to When. Vpros = Vewmer T1 = From equation. (1

equals:

RMAX :
I =l 5 x(vax - VHIN) (2)
CLAMP ( V -V ]

J Finally, if Vpgpog 1S less than Vep I; equals Icrue

20 (region 28 in FIG. 3).
Referring again to FIG. 1, signals VCOUT and

VCOUT,.contiol switches 20 and 18 to switch currents I,
and Igpgy to provide control signal I.. Each of
switches 18 and 20 may be any commonly used switch,

25 such as a bipolar junction transistor (BJT),
complementary metal oxide semiconductor (CMOS)
transistor, or other suitable switch. As shown in

FIG. 1, switch 18 is a BJT having a collector coupled

to I,, a base coupled to VCOUT, and an emitter coupled



1 4 11G '1003 11 emtters of transistors 40 and 92, and an output at a base
‘of transistor 44. In-this exenplary enbodi nent, |E~. conducts curWrSF[@EG e
Di ode-connected , transistors 44 and 46 and enitter degeneration '
resistors 52 and 54 serve as |oads. Current sources 56 and 58 each conduct
current IHL, whose value is chosen to keeg emtter-follower transistors 48
and 50 biased ON. The second differential anplifier includes 10 transistors
60 62, 64, 66, 72, 78, ;L €SIISHOn 92, ANt UEEESE Supleast68, 70, 74
and 76. The seﬁcoo a di%lg&gn?igaf anplifi gr ?1%5 a first input VH as %C?upl ed
to a base of tIagsistmrse72ouplsecondCPEPutanhRY EBUPFRY YWP2Hat oF
transistor 78, a third i t. Mp=. 8@ LBelftés RASE0Lol§ ANSigL0dnd0, a
first output at a coll ec@o.(;n%r(%\{ f:rlg%glpéstor gi coupled to the first input of
the first diffgggnséaltramplixinen, armhdiaiserorhrogtpaeiatveldecol | ect or of
,transistor 66 coupled to the, 5. ond.ihput ) of; & e f besgnehidderenti al
anplifier. 20 W@eﬁﬁﬁ)’ﬁgy’st%ﬁ% %“ﬂc?ggge)s fransistor 90 and resistor 88, and
has an input ajqsuskasecof vnansiysbersQGcedpieadthe tavgeoltput @i EhB=afirst
differential anplifier, and an output at_ term.nal _L1l.;JIansi stesyd0 and
transi stor 44 ’F‘brsrﬁtaC&BF‘Peh?v%i S L nerhgttgg?é%le?geﬁ(eﬁati on resistors
52, 54 and 88 each have msvshaen Rb €h@sen e pedsce adjasépf Bee of any
base-em tter voltage (VHE) m smatg en dS angist pLS 4 48cansi 8o,

Resi stor 92 ha@a%fngzzﬂd%eOEZYP*‘&%??érYt@rggg\é\%urcets 74 and 76 conduct current

| BS, and currents SQu:Ces fBaard ¥harandectatut? dhwx | Biros Wr 85°#%%4h vol t age
source having a value of approximately (V~ VAN) 12 (FIG 4) . Resistance R2
and bias current 14 AUG 2003 12 1 B2 have v gl ggt e o8 rthatiikhe
second di f f er efB3%l Veanph fYES' h se%u?%isng[é*f’“’r 3)%?%0? oper'ation that extends
from appr oxi matehysMtor~1B te &, traRkGstal) 20 AspPFFi eand Fcop@taiesls
follows. VAX has ,a 5 val ue approxi nat. al,pt en( VBS@Sank 1821 adduald f
VPRCC is great 8P tHah C\Vf,ref‘r%aﬁéits aglgéggér:% 80 are OFF, trans}lstors 78 and
66 are ON, traggivsti@egddni30 GFFFIGrafhki stors 40 and 48 are ON, and

transi stors 40 and 94 condu cyrrepts 1@ 5URst antd djdeuteduathad @ ceguent 10
| E~. = lce. Transistors ?Ig ?ﬁ‘ﬂ“ 38 Eavse s&bst'z’i‘%ti ally the sane base.emtter
area, and resi $boVswb5V-aadi 88y earer stivat ¥FO0r allt Pashé ¥ahe® rdéitstante® RL.

The baseem tter ¥ol 1308l Iy an%ieSl,akn 44 hbsLANYi Ald Yorequal wrche

base-enitter voiPage trandistor 90, and 15 therefore, Il substantially

equal s Ice. This corresponds to region 24 in E-G—3. As VpR- is reduced
bel ow V, "~, thaivohtmgeslvat Icuwe t HEO@Hitst &P¥, ofCQYTanss dt 66 and 78

reduce, transi %trg¥1518sot£re%i N3 %Etﬁa&%&%kék%o 64 Re@l NSnd 0I, equals the
emitter current of transistor 18, which substantially equals

I, (region 32 in FIG. 4). In this region of operation,

control current Ic equals:

]c=(——_—‘lw j_(VPROG'vMIN) (3)

Vmax - Vi

If Vpros = Vewer Ic = Icrawe-
If Vemoe 15 less than or equal to Ve UL greater

than or equal to Vumw, VCOUT and VCOUT are complementary PWM

signals having a clock frequency of faaw (@nd a




20 conduct, and the second differential anplifier enters its |linear range
of operation. As a result, transistor 42 begins to conduct, and steers a
portion of IE~. away fromtransistors 90 and 49. As a result, Iowéwm@1m3
reduce linearly with VpR~-. This corresponds 25 to region 26 in Fl 3. As
UpROG 15 further reduced, the voltage ag the base of transistor 78

approaches vp~, and transistors 78 and 80 both conduct current. lo and |1

continue to reduc ith_r ctijons. J Yt idn dVRROCs W30 d1s @lii ght 'y
| ess than Vpofrlﬁ(?tﬁ%t' po?g?fa“t)r’azzs%agltsgr@@?si $CEE__and any furt her

reducti-ons ighd/RROG £ ocoicer adl édr bReVCOBTuUeniloWEOUR, | éngr T, 15 84 AUG2003
13 thus sets clanp level]. |~ fo ljifrLer 16 L rr, dss to region
28 in FIG F" rsiral hddhi ﬁ’éh#?gggsngg?e§8aaﬁgk§?ngﬁisiv?tsl%%n% are ratioed
to resistor B2 andhimy t4 aisiShes #4180 éhalyy)l, =id.h&y apdabgiraget he

ratios, 11 rrailwﬁpe made substantially equal to a rrultiqpl eé&{ tIc.es. F}G 7
shows an %l teahat | veoenbadi geahedf T89¢6Pt ddeiBoRtFol I%ed cutdert™anmfifier

in accordance with 10 tPis,ipygpt ian;that cansdnes oes PAYES =t han,,

anplifier 165 ahd provides a nore accurate output current at maxi+sm
current |evets.100%paFFi atl HopocarpVidierantb'haiss agi mverad®d Wt ffer 16,

but resistor 88" and transistor, 9Q' ar.e rati.oed.50 t d Iy glo. That
is, transist®rogyp gﬁag‘ﬁ aﬁébgéimgﬁn r lj%ur%igilgﬁ aB?e'a ??{/eeg% mes the size of
t he base-eni”t_Fgeéq{lgmgt;i on area of transistors 44 and 46, and resstor 88

has a .resistance R3.that is one-fifth. ,the size of resistance R (i.e.,

R3 = R1/5) . Further, to 20 pi:ovi de p Xi mum current h = lce, IsxT = |~xl
S Thus, the differential pa i ”&VP%QGSFSVQJN)S +40,,,,42, 44 ardl)46, and
resistors 52 and 54 operatel atVa,i~ Vawer/ current than in anplifier 16.

Because transistor 90 operates at a |lower 25 current than in anplifier 16,

the col l ectorccyrrent @f trangjstor meyqu®l s byvihsel Vg suddd cient to
drive the bag_é of *%% ansi &t or 936% Thvél}‘gfJ can anplifier incl UCPO% resi stor 82,
transi stor 84cand leapaci t Bhu86 BS iViaedcudEdrEEUSEAPIEY A4S °Yase drive

for 30 transistor_ 90: . i ry82 birasgs,tngi st Hhs8dishsargsml | current,
and has a resF$t a%ocejlﬁ4ﬁ'§:ﬁéafé€sv?ﬁféh%ar gc()ar tiﬁ%n Rl and R (e.g., R4 =

25xR1) . Capaeigion 82 td4egien 0D8 im RS- & capacitance C to conpensate
e maseydiive el i 18 B bptaal g an e vammodhanaL of o
: values of Vppos £OTr Vigw $ Vpros < Vpwy- AS shown in :
FIG. 5A, if Vpros = Vaay * (0.7)x (Vpmy~=Vign) /s from
equation (4), I_c = (0.7)xIcimee + (0.3) *Imepw- As shown
in FIG. 5B, if Vppoe = Vigy + (0.1) x (Vemy=Vign) /s from
20 equation (4), Ic = (0.1)xIgime + (0.9)xIngn-
In PWM mode (region 34 in FIG. 4), control
current I, may be used to modulate the current of a
fluorescent lamp between a maximum value of Icrap and a
minimum val;Je of Iggy- Because the lamp is not
25 switched from fully OFF Eo fully ON, the lamp intensity
may be controlled without overstressing the lamp.

Referring again to FIG. 1, 1f Vpges is less

than V,gy, VCOUT is HIGH, VCOUT is LOW, transistor 18 1is

OFF, transistor 20 is ON, and I, equals the emitter



5 intensity control circuit in accordance with this invention. Crcuit 100
i ncludes control circuit 10, |low voltage DC source 110, regulator 112, high
voltage inverter 114, lanp 116, current feedback circuit 118, sur‘nm ngo Negtle
120, and current-to-voltage converter 122. 10 Low vol tage DC source 110
provi des power for circuit 100, and may e any source of DC power. For
exanple, in the case of a portable conputer such as a | ap-top or notebook
conputer, rGe - r j oket acadal upn equalekel - hydri de
batteri es ?g‘l%(r%%\ﬂ diO%OC B Rt il inévely, i f Iarrg] et 100 i s
used wi'th amegyt amalyilos deshboafds. BO source 110 may be a 12-14 volt

autonobi | e battery and, : Power suppl 10 svppLi es rkbawryol t age DC

to 20 regulator 112 ag:(?r}ﬁ%l/&pr */’Ip‘guey ofmipv%f%%gga%cp?é _ %nverrter 114.

Regul ator 112 mepvitd Wecanyrel siguabethaf maymeeciakfytavderdsee |inear

or switching regulators. As shown in FIG 8, vo gul ator 112 incl udes

swi t chi n@ rgg”dlpat%%rrl%t arfd F PRI YR g@"@v}%gﬁ‘?%\é&rggul ator 129 may

be, for examiBietdidnilded 0721 58 t chd ngexegpl @t oconanafiactocad thytOLi near

Technol ogy rporation, MIpitas, or. ot her suitabl i;t.chi.

regul ator. WiFeh §nptedert %l’é?ﬁ%rtcﬁé' L1Rig R agupPe P?\S%\géé(él é?%rutlm

| ncl udes f ecdbarke 0rd ey nalndtB. et ethg oLmsei veup) éeetbablngsi gnal by
ut put

which the o of voltage regulator 112 can be_control| ed, ﬁng cont rol
termnal V~,ary awiaopenheoshbetntrnguipytil ¥05F - mayrbes pRabBEePRsHut down

rode. | 4 AUG 200342, val a0 Eegulal ge 2,RIEK 182 nesy Baden:

| ow-vol t d~'to inverter nverter 114 converts Ild~ to a
hi gh- vol t ageshdi - be egedncgdACooaepat 8RS bYPSGRELYI St Lesnitifde to drive

f1l uorescent lanp._116. Fl uaqr I 1 bguapyitt yee t¢fe fl uorescent
| anp. For exafpte, I%ngﬂ‘% g§s§§%$[eltei g%ﬂ%ﬁlg%g' S?BS{SI a§/1 |Bn a portaebl e

conputer, fluonesesnsbr! aspahl6penychecaitol difoVphat icatliesse Hatoriéscent

| anp. Current feedback circuit 118 generates 10 ; rent |~ that
i s proportiofaf ?BtPPEoPésggﬁt CPQ%%&P%%% F?W'Sum%%g%%dﬂ%l 0 provi des

an error§i goghpk EappepoBt apabet @ thavenftienaiceobeawed T dr¥iolg cur rent

| ~ and feedback current Ice. Currentto-vyoltage converter .12 nyerts error
signal | E toinButgoFPHgeed~LonYprds iagdcxlﬂp?%g PBOYérgrrlnkﬁafa%Féugglu\s{:m t chi ng

regul at or 12§i%;{'ghstgggdggg,kbleogge@aw_s;es;amts@ fluegristaede: dfan@mprceerent |L
| .

to be proportional to the "cont.rol current I~ - so that 1E.s
substanti al | §irgeisryYFte S@U§h&ﬁg_éfusréﬁéﬁattioc't&’ieagaa‘%ﬂro%sCaenngol%%rrpl ary

enbodi ment  of; LagRe¢i kUi t 1500 @fuelkiGhe8 owSWizt ching regul ator 124 is
i npl emented using an L *¥o72 switching regul ataor, althotu]%%any ot her
9,

sui t abl €20 swi t chi ng r 8gdleatdmandyP B uséd. 3hs FHART§H swi t chi ng
regul at or 128&&9&'1&\ &% Rif NN Bk 1t e Rfr nenl tt aayep XX seurté 110,
term nal s EI, and GND coupl ed t o GROUND, cocg%{]o%. t ermi nal é/~ ggupl ed to
opencol | ect ok Sodeper IVeRF f PRI IEHES it ity Tontr ol ° bi #2%i $°99"  and

nduct or 126 584 0T Gerat oy 4 G 154 Al edpnck. pin £B sgupked to
termnal |~ @fcalgmqmreirﬁﬁgﬁfc&ﬁbf oqr%ﬂsr’(ﬁfiqrslo‘?cg’nd‘lgapggi t%r’ 1E§.’
25 62, 64, 66, 72, 78 and 80, PNP transistors 44 and 46,
resistors 52, 54, 88 and 92, and current sources 56,
58, 68, 70, 74 and 76.
The first differential amplifier includes
transistors 40, 42, 44, 46, 48 and 50, resistors 52 and
30 54, and current sources 56 and 58. The first
differential amplifier has a first input at a base of
transistor 48, a second input at a base of

transistor 50, external current source Igxr coupled to



1 4. AUG 2003 16 Inverter circuit 119 is a current-driven, high-voltage,
push-pul | inverter which converts DC, power fromlow voltage DC sour ¢g6 1008
to high-voltage, sinusoidal AC. Inverter circuit 114 is a self 5
oscillating circuit, and includes transistors 132 and 134, capacitors 136
and 138, and transforner 140. Transistors 132 and 134 conduct out of phase
and switch each tine transforner 140 saturates. During a conplete cycle,
the magneti i tiXe 88NSEL ¥riAstiBe€oeer @00kn#04L; anstoamenut@@tvarti eés bet ween
a saturation value_ in one direction ndtg.satur ati.on v%lm%% .i?ne Qe opposite
di rection.Da%R i % ERBNEYEFRTt e whEntRAE FEGRELPE YE FIY C8eRSTtY vari es
fromnegative m pLaumM-tQ RRSIAdNE ﬁmé'!_numio@@ec@fnﬂeroa;rm stors 132 and 134
is ON. During’:"'fS tﬂg rest of the cycle tinme (i.e., when the magnetic fl ux
density varitsafsbatpssi &fvendatiomanct 6THEGELT HEIFNFERIHCD t he ot her
transistog i Srs 5oL hENIsNY <@ vler aRSiiphelss 132 ranthtl¥burcdigé at ed
when t he %ag%%ﬁ‘\%:t?raxs \gﬁﬁgﬁty ir? 50 transfornmer 140 begins to saturate. At
that tine, taedi B8uetahcecobuctacsiraremsr k40 \deeseaselueappdF)OE6Rard zer o,
with the result that a.quickly risj I.gh scal | ect rent, fioms in the
transi stor thQt k?gp(‘ﬁ“#ﬁleg g)érlrlgg'{qu&r}ll?g%ls%&&r%ke t?g%y transtor mer bias
25 wi ndi ng 1dQb of transforner 190. Because the base term nals of
transistors 132 and 134 are ¢ i i nding 440b ofc tysnsf or mer
140, the current spi ke%ih§ F§§%§c§¥§rlf%o&t@ \Mas%e of the tr a(_:nsi stor that
produced] b het sphkestAs sa 60gs 2, @dhaté &, r adsi skéorardt i 3R DBLDT BAturation
and into cutoff, and the transist IS5 turn Acipt dl Ya the current
in transfor @Pdlﬁﬁrﬁﬁﬁpﬁloﬁlr&eﬁpsg’anﬁ ‘t Efe‘l %Sjaags:ﬁo'r ner vmqéné(;%lg vol t ages
then reverseqpekakiehy iRQsWnd g lier thees taurfimer Omft tHeaotdeeplednsi st or
t hat previously had 14 AUG 2003 been OFF. The, swi t ching operatigél IS

t hen repeat e8Of 8r belsies Ofe CdP HrShRY staor .2 HEHRTS 1 9IRYY 3Pren 4%

al ternately switch QN and QRf &Alstdduty, als o aRioxvgRt ebupbedper cent .
Capaci t or 132%61I t@o%ﬁl ed bet vveenn the collectors of transistors 132 and 134,

causes what woulkdbetsiterod ser s i EWavie-135%&E VHERRfe dsci Il ation at the
col l ectors of tlﬁ%'&%io?cf)(r?ﬁs 138 Sk 3% 4 i e staninal £ yr st nigeh dal .

Capaci t or 13(93,O therefore, operates to reduce_ radio-frequenc RF) em ssions
fromthe cirodi theTHd reardicikerent ksl AR or d 1%4058cYpAci t or 136,

f1 uorescent 'o%%u]tl% and. baf d asdr GPacH 4081 446 cosit Qb1 &d sesordary-

wi ndi ng 140d “of “transtormer 140 pri‘mafily i determine the_frequency of

oscillation. seapad tiovruds § dehr ekl 1 He M HFe F§gteh P hpbElShce so t hat

transforgpr center tap (408, s665 ast e | MMeradese etaddistoeqaenshas.
Transforimer 140 steps-up the sinusoidal voltage at the_collectors of

transistors I3Biatdrl B i AR dREe At 1RREbrdAry BR%%i A 140d an AC waveform

of sufficiently highyold@aet0184ive thaosessentokathelibrishown coupl ed
to secondary Wi nding 140d thr ough bal | ast capacitor 146). Bal Hast capaci tor

146 inserts’ aliddierantial i aprbbhteri n2Rer#RsOWFPRT| ARkptei1BP8 i niai i ze

sensitivity the glreud ! shar et ghi 8htRSaapdrienti RiFrae, exposure
of fl uoresce%{ra\nasnlpscﬂﬁxgu%% %)@dcgﬂ%%nent s. Inverter 114 and current-node
swi t chi n@ ¥ egiridateoni it er rdegenapat i pusrepbf hPESt 82dePfverda88oRErH | ed AC

current at high voltagguéiéfléw%;ﬁ% L @P-d 16 e | DEEEL O o 2265y Coupl ed

bet ween VSW dF¥edul Ator: 124 an e emtters of transistors 132 and 134,

i's an energy pd$u-agei et enend 1 tageswWiHhimigmadmi defiwasinrcuit 124. | nduct or

o6 he 14 AUG 2
6 also sets the . 14 AUG2003 . o

Resistor 92 has a value R, current
30 sources 74 and 76 conduct current Ig;, and current
sources 68 and 70 conduct current Ip,. Vgras 1S a
voltage source having a value of approximately

(Viax-Vagy) /2 (FIG. 4). Resistance R, and bias current



18 magni tude of the collector currents of transistors 132 and 134 and,
hence, the energy through primary w ndi ng 140c of transfornmer 140 “{@8“2%3
delivered to lanp 116 via secondary w ndi ng 140d. Schottky 5 di ode

coupl ed between | ow voltage DC power source 110 and sw tched output pin
V~,., maintains current flow through indgctor 126 during the OFF cycl es of
swtching regulator circuit 129. Resistor 130 DC-biases the respective
bases of trapsi HYS J22,d0 28 d.d84a LBVERhET tAd4saBYnbedimEkearniad using
circuitry oth&f ‘than t strated in FIG 9, For exanple, inverter 114
may be inpl eamptledl@m g scér driine a5t RNGS tafapesiateon e@%ﬁ‘bl%’g‘?%‘% S15
Current feed g be enen ipyintegrated circuit

t echnol ogy, ?%&g) m(%x é’dﬂﬁe%ﬁdldﬂtxraﬁglgstgr 198, transistor |50
arid di ode- connect ed tmaqﬁnsﬁmr 158 .aperdrens stiorl 1oss hasViwixt Babage and
col l ector coupledto GROUND,  and has .its 20 emtt upl ed;to,l anp 116.
Transi st oP 1561H&s 3RS RoitEGof TBiRt P t b &t ;1% ﬁl%ag 126];f P205hase
coupled to the Rase tQfr tﬂ%'%{ 448ns a8boi & s6@nbhdies0caupl ed@F o | anp 116
and the emtter of transi stor 8. Transistor 158 has A%S baég and
col l ector codpledizsgamyethan@ke 13X &My 1A Pt s?ent £t 8F Feoupl ed to
GROUND. Di odg %gu@]]%%&ds tUensistos 448 and shodersoansesed toanstisaer 158
hal f-wave recti anp current IL. Transi stor 158 shunts p05|t|ve portions
of each 30 cyadrrdtm‘t |du 2t e TGROUND Uk fee ntrianisli s teastuafa & S Hi i 583 f ract i on of

" negative ort ons L GROUN r r a nd 150
forma CL} EXT rr%’?’“"w trﬁr the" Pt %gc?grgg %?alﬁasf’ét g?b%%%ﬁg%ﬁg&gl ng 1
4 AUG 2003 1&1—& fsraametlmens@#emhet@nraem canduce £ts bgrs he2canfe8Bor of
transi stor 148. As own in G b rgare Ssistor 148
is ten tines A& sﬁ '?mf’n%ﬂb% Téh%mg? erg(ggle%@gx%é%r ahsi 2?8% H and
therefore th%ﬂiﬁxﬂﬁGMEIMa@@roéntrmmsisamsl$ﬂ0$uQSDan§labéN0%Qﬁﬁﬂély
one-tenth the collector current ﬁ tran§i?£0és% ggul t, feedback
current |~ eddi LA HRYLREFVe"POFEFdn 0 ) uce8| |n magnl tude by

appr oxi matsl vt roaes b ey enirh. sulds ttora Cly reqialE£ ml s Thesdifference

bet ween control current |~ and feedpack c en]t} Ice. Current-to-voltage
converter 12XQ0MIPeRIS chPatFibrhl g anFi{‘i ovi des vol tage V~ equal to
the integral of error cuygrept . .|Es yedﬁb@aeﬁgwwlsng,s treoparlitiagreal ato error
current IE, and is-coupled to feedback -pin FB h| ng regul ator 125.
The above conﬂé%t@%h%t%Fés@ftHéaf‘ééﬁﬁaﬁg 88neP I EOEE Phar . - .regulates

l'anp current- ﬂf—art@lg@@irgb EeﬁahﬂﬁeOSFtYtQEnsmtb&mat]lb@glE& l’d[mon start-up
of circuit 100 of FIG 9, voltage V~ on_feedback. pin EB eneraltlfxéfl s bel ow

the inter?dl ¢erdrehcea?sl FB@eSSFOF‘QgGFgSFeBFF% tam?é& 3 volts

for the LT- 107€sd1§ﬁ8§§egaaQeV§f oEEuatlbull dyt ¥ eyehetnndulatlon at the
swi t ched output 25 pin of | at or circui occurs, result

transi st ors- 1BP2RAHS13Y éﬁdbﬁﬁélﬂét GP f?édc‘:lﬁﬁduéf’dcﬁgleé’ﬁts farc?r% Seifer tap
190a of transgerwer 14y Hch Garenlsticy Camdusied 4.0 9w tchessfashi on to

ND by the actF6n of “swi t chi ng regulator 124. This switchin
I, and I; reduce linearly with Vppes- This corresgonds
25 to region 26 in FIG. 3.

AS Vpgeg is further reduced, the voltage at
the base of transistor 78 approaches Vpyy and
transistors 78 and 80 both conduct current. I, and I,
continue to reduce with reductions in Vpgees until Vpgreg

30 is slightly less than Vg At that point,
transistor 78 is OFF, and any further reductions in

Veroe Produce no further reductions in I, or I;. Vppy




30 action controls lanp current IL, which is set by the nagn

f eedback signal V~ at the feedback term nal FB of gmﬁtching rgggfqgép&£§41
The feedback | oop forces switching regulator 124 to nodul ate the )
14AUG2003 20 output of inverter 114 to whatever value is required so that
error current |E is substantially zero.13he circuit of FIG 9 nay be

i npl enented using conmmercially avail abl e conmponents. For exanple, 5 the
circuit can pgusopstisuelefpandveperat ed fmir@mpl&ﬁt@ﬂpbﬁent@héﬁd’vaIues set

forth below 10 15 20 Conponent Sour.ce .or | ueRe
{ , . gul ator 124LT- 10721 nduct or
126300 uH(CIFQ#RENP@BdéT?§0693}9§s??t&P fgng ansistors 132 &

134MPS650Capaci t or 136kawthess e8bd3ifiettof aeadstblet 8181 2ed pol ycarb
W MA-
FKP2 (Gernmany) preferred)Capacitor, 13810 uFTr.ansf or, Py

y .
- ~SUM DA- 6395r8R6 164041 PAbRE Sf FEMLSEM HR FEEE&%@FCSQ?%§' Occz, LTD., of

ArlingtoncHeight s I RQi T CS B XddODOP1 Mai ’
CDI|tr0nléS F%go§%gkgkeg, %F %@ﬁgﬁﬁ% ggg%h, %¥5rida?%;%gg? grkaggggtggm
rated up to 3I,Kvdyabei Bace $4BSOXTEAASLYt BAUEG0IRSBhBLLEY PdiSod ’
1541N5818Capaci tor 1560.1 uFTransi stor 158 ,1X The above circuit conponents
and val ues a?émﬂ%rely illustrative. O her circuit conponents and val ues

al so FIG. 7 shows an alternative embodiment of a

voltage-controlled current amplifier in accordance with

10 this invention that consumes less power than
amplifier 16, and provides a more accurate output
current at maximum current levels. In particular,
amplifier 16' is similar to amplifier 16, but
resistor 88' and transistor 90' are ratioed so that

15 I, = 5xI,. That is, transistor 90' has a base-emitter
junction area five times the size of the base-emitter
junction area of transistors 44 and 46, and
resistor 88' haS-é,resisténceIR3{that is one-fifth the
siie of résistance R; (i.e., Ry = Ry/5). Further,mto

20 provide a maximum current I; = Ipuxs Jexr = Tarax/ 5
Thus, the differential pair comprising transistors 40,
42, 44 and 46, and resistors 52 and 54 operate at a

} lower current than in amplifier 16.
Because transistor 40 operates at a lower

25 current than in amplifier 16, the collector current of
transistor 40 may not by itself be sufficient to drive
the base of transistor 90'. Thus, an amplifier
including resistor 82, transistor 84 and capacitor 86
is included to supply additional base drive for

30 transistor 90'. Resistor 82 biases transistor 84 at a

small current, and has a resistance Ry that is much

larger than R; and R; (e.g., Rg = 25xR;) . Capacitor 84



‘may be used. 1 4 AUG 2003 21 Persons of ordinary skill in the art wll
recogni ze that lanp intensity control circuits of this invention na%%E%
inplenented using integrated circuit technology along w th other t#r ipmy
For exanple, a 5 lanmp intensity control circuit nmay be conbined along with
a regulator circuit, such as a current-de switching regulator circuit,
and a current feedback circuit on a single integrated circuit to provide a
fluorescent \|aam, coptiol ¢ fice 18 to eddbehsatepehsonasefdoigienary skill in
the art will recognize that lanp intensity control circuits and |anp
circuits of dnmlipkegent invention can be inplenented using circuit

configurations other tPf@_tgo§gl§Q@$@taadaaigguﬁgedrgbembodAmhnxuoﬁ 15
nodi fications are within the scope of the present inven;ion, which is
limted onl ya bfludeestentslenat CLeFROW, that4 I REE 96632225 Pclaim 1. A

met hod f of CPQE#S%&E99c6H€rBTt@@%EhitOEnaaEbdQHQacenwikanmhbased on a
magni tude of "a " first control signal, the lanp coupled to a fl Q{escent | anp
drive circui tneentionducEinguati aRP 4OFAEAES CRBEIELhGD TE T i ng:

providing a |anp t ,60 keSihgnal re@uhilRecdr nue,cinigl tvdltatgeconpri ses
a direct curi%ﬁtv§g%§8§i8§aﬁbpg Fhe nagni?ﬁde of the first control signa
is greater thameatéir3t4pr ddepediitnegurFeathdie@dbard H&C $%es a

pul se-w dth modul ai ed égmykosig%@ JJ}ﬂé%%JF@mvéﬂﬁ¥§éﬁcdHVéﬁﬂéﬁtlZmntro

signal is | eSY™PREH PRESfiFst predeterm ned t hreshol d; varyi ng a_magnit ude

of the DCpsignal, whenLpweviodddget ®Colsoaineea H@siﬂréﬁ’jida?rﬁp Ro1tensiey; and

adjusting a duty cycle of I and) .sahen yoHdeshwd®. obtad n a
desi red Ianpc?ﬁﬁgﬁ i%@p’2?5$ﬁgg$§%%%%'§4E%Iain11, wherei n Rng DC si gnal has

a nagni tude tRampiari eén lhsedase dfe ampitakde GORME§5 r¥iC ot rdl si gnal
3. The method _of ,.claim 1, j y e tiheo Sh@nahe vari es
q&géﬁpphgg épﬁ%ﬁ?&%'&&ﬂﬁﬁﬁgg,lﬁYQd% e N e

based on the first ‘control signal. 4. The nethod of claim
1, wherein the fioret rposedt-eratmiatn thr asifel 1y Hof IRt 525 The et hod
of claim]l, wherein the | ' h i Jdde, thaty ies linearly with
t he nagn#?ud8r8ﬂﬁﬂi§gf§r?@ 3&%9%%I ??ﬁ%% . 6. The neth&%a%f claim1

wherein the dutpeuayc!i®mfig hes RWWisigren aukorebilaed@$Portd t Re nagni t ude

of the firStggﬂgééﬂlfasﬁgﬁ'be a 12-14 volt automobile battery and
.power supply. . -

7 Dpc source 110 supplies low-voltage DC to

20 regulator 112 and may provide low—vbltage DC to
inverter 114. Regulator 112 may include any of a
number of commercially available linear or switching |
regulators. As shown in FIG. 8, voltage regulator 112
includes switching regulator 124 and inductor 126.

25 Switching regulator 124 may be, for example, the
LT-1072 switching regulator manufactured by Linear
Technology éorporation, Milpitas, CA, or other suitable
switching regulator. When implemented using the
LT-1072, switching regulator 124 includes feedback

30 terminal FB adapted to receive a feedback signal by
which the output of voltage regulator 112 can be
controlled, and control terminal V., by which the

switching regulator may be placed in shutdown mode.



14 AUG 2003 23 7. The nethod of claim1l1, wherein the |anp current control
signal conprises a first substantially constant value if the na?ghﬁgqﬁmof
the first control signal is greater than a second predeterm ned Ishol d.
8. The method of claim7, wherein the first substantially constant val ue
conprises a maxi mnumdesired lanp currents 9. The nethod of claim1l, wherein
the lanp current control signal conprises a second substantially constant
value if the magnitudevaftdde fegstatontr? signbdes sréggdatddn a third

predeterm ned threshold._ 10. The thod of claim9, wherein th cond
subst ant i al LpWeoRditae R (R SHpr @%goalHWﬁfﬁﬁﬁlgé§rre&q%§ téﬁﬁﬁ%ﬁt. 11.

A met hod for. contral 13 ngebhg B,@bﬁn%btl%fﬁﬁtel,ahfib%grﬂ%@ﬁ@nd}am kasgshon a
| e la

magni t ude of & first ¢Sntrol s gnal , ) ‘conducting a current, the
met hod conpri,si 0f: spfbicdieng asbhacudscéot drdwe dlivgeresiG®thit coupled to

the fluorescent | , t I L reul LSl oat,pal okerm nal for
controllﬁngﬁﬁwg’ﬂggg‘cd$f%§¥%yp?%%i%#ﬁ% gP?Eﬁ%§c§€rgﬂg cg%trgl si gnal that
conpri ses a fdivcaeisaant ehamp DC) Fer geedmpIet hénnbpai cade of LAEhLiLpsSt

conpr i ses. o Pt SR A H rBckn AEaRL t PR L Goal T POf heCagni fide af the
first controlapignad ¢sldessrthan-thehdiestlpordecenki Aeapt-hreshol d;
varyi ng a nmagni tude of .t he i | vi ded in a desired
lanp intensity; and ad?ﬁgf?ﬁgz§Eg§$§c%$€$gcgiet%ggpaﬁbgfgﬁgﬁ,EWhen o
provi ded,q t of Obdd dk ac@esened Il amhattiengirtopor t ikhaAUG00Buede pravt di ng a

f eedback signal proportional to the |anp cug%fnt; gr viding an _error signal
proporti onallawp ccetredt fhe |HHERF e coht rBF° fgﬁﬁlaﬁnarfﬁé f eedback

signal ; and ¢o ing t i an t sk beewksal . 12. The
sclﬁgp%,swﬁogaf@foﬁw @) £ ther eOPE

met hod of clal ein the DC signal has a magnitude that varies based
on the magnicemero} therentstccomd rbtedpyplal cunren Ifhe MHANGT clai m

Ll wherel n (0o dulyogyere, el Lhei BIM 5LORaL v aLkes RagRAIOM by moni tude
15 voltage Vgg, which is coupled to terminal FB of
switching regulator 124. This feedback loop causes the
magnitude of lamp current I to be proportional to the
-dontroi current I, - sdlthat Ip is subéténtially:zefo.
FIG. 9 shdws a schematic diagram of an
20 exemplary embodiment of lamp circuit 100 of FIG. 8.
Switching regulator 124 is implemented using an LT-1072
switching regulator, although any other suitable
) switching regulator may be used. As shown in FIG. 9,
switching regulator 124 includes pin V;y coupled to low
25 voltage DC source 110, terminals El, E2 and GND coupled
to GROUND, control terminal V. coupled to open-
collector output VOFF from lamp intensity control
circuit 10 and coupled through capacitor 156 to GROUND,
switched output pin Vg coupled to inductor 126 and
30 Schottky diode 154, and feedback pin FB coupled to
terminal I, of lamp intensity control circuit 10 and

capacitor 152.



14. The method of claim 11, wherein the first predeterm ned threshold is
adj ustabl e. 15. The nethod of claim 11, wherein the DC signal has af & AUb 2003
magni tude that varies linearly with the magnitude of the first control
signal. 16. The nethod of claim 11, wherein the duty cycle of the PW
signal varies linearly with the magnitudé of the first control signal. 17.
The nmethod of claim 11, wherein the lanp current control signal conprises a
first substantially cordstvantteralaiedifitt He 4reignia ueler ¥t +RC¥Vert control

signal is greater than a second det 1 I AUG 2003 25
18. The net hg‘dg vl 'al%eIYP%\ﬁnherpgl{lﬁlt ng;efq”]lgrkg‘ld V}sﬂt}b@fgér)ér?%ﬁ%/slc%%stant val ue
conpri ses a maxierurfirdesilioed ddmaguMEeurk® e tethbghofoktagen 11,

wherein the | anp curren ontraql signal. compri sec substantially
const ant val &éniufsotlﬁ%ﬁné‘ﬁ'it cpeveo’:fSt ecjfﬁcfus[g{éconfrl(aﬁ ai.%%g? is less than a
third predet ersinad dileshiadd i t2,0.arkhel metdss ofrahai stdds Wharein the
second substantjal]y constant val conpri.ses el ire anp _
current. 21. 2R% ﬁ&o re SEERAC Y iﬁ%r?sr?r?yi%eg’nt%#] Q%Q?gg}:?&ﬁ%gt gzrlgéei ves a
control signalraafsid ey @2 drghal 34 eraridiadt; euf i oStplpaseetrdnswétich
threshold at a first input termnal, second_ predeterm ned thr d . at
a second- i nSECH drMS A rANH FIRST ]c‘hc?r%‘?hrtu%?té;s-t ' e@??%?g.ac%?rpggg%
termnal, a $86ARJ GiHd egridtc SASONersitenint enai nake afd t hat

t i nt it trol sj | at i nt Pty. trol si
Der i nal 10t hé RORARATEA et Y ohr 137 HESR 074 RGB2 LORRr GFFES ¢l rent

anplifier comyd dict fdd Sdnd &f B Hahr£OUPh edalwet he that opposigral
termnal, a second termnal coupled to Jtehe first inpg%et athird

er m nal
tefm nal couptid®qo Phe fIHEINEUTRRNTYEET nFHAR , VARY o’ﬂ?%ﬂ‘r‘%ﬁ“érm nal, the
current anplifigr generafivor tedi fesh sogaenve (DGrivuhptd poghakvat the
out put termnal, wherein the DC ouf put si | _has magnjt.ude_t (a) has
a first subst@atimy %s?gn’fr%?hgt?ﬁitglgg F pg)sgi b%apkfo Pﬁgﬂllgrst
current iifs a yrpgniddtde pftidecyé1stt opat (olesj guakni shereayaetthan a third
predeterm ned threshold. (b) varies Iinearll/ w th the rrg nitudﬁ.%f t he
first 1 4 AUspobensbley ohtedl L5PPMRPSTFIYReMARGRIPUGE BF9EREVFi rst
control signAnimuhesstidaprhde thingiptedeiergnned threshold and greater
than the first predeterm ned threshold, and éc%h?S a sgcggg substantially
constant val ue if the nhtEuted of Lt hEaPP+EE2EDNt ol 28Fg § less than
the first pregdefesiaedsdn eshol daghe pukselukddbnewdyl ahor conprising a

first nodul ator input termnal coupled to the first _inpu ermn and a
second modul a0 § e¥ et #P n%‘?gngpF‘éds?BuFﬁEes'ec%‘ﬁdt?‘ﬁ%u:tlfn&’m%Irrllael , and

providing a saweetinst gval tadnafoerépul 4begsthnaksesheapawtigotioward
zero, with the result that a quickly rising high
collector current flows in the transistor that is ON.
This current spike is picked up by transformer bias

25 winding 140b of transformer 140. Because the base

| terminals of transistors 132 and 134 are coupled to
bias windiné 140b of transformer 140, the current spike
is fed back into the base of the transistor that
produced the spike. As a result, that transistor drops

30 out of saturation and into cutoff, and the transistor
is turned OFF. Accordingly, the current in
transformer 140 abruptly drops, and the transformer
winding voltages then reverse polarity resulting in the

turning ON of the other transistor that previously had



signal having a peak anplitude substantially equal to the first
‘predeterm ned threshold and a nini nrum anplitude substantially eqﬁé'l Al{Bomahe
second predeterm ned threshold; a first conparator conprising an inverting
i nput coupled to the control signal termnal, a.,non-inverting input
coupled to. the output term nal of the pyl;se width nodul ator, and an out put
termnal an inverter having an input term nal coupled to the output
termnal of the ROBPAralal sRRcRmOWRULCLER iNakien raptatst S rohs
conprising a first termnal coupled to the output term nal of the voltage
control | ed cumseeandafAiTi¢©r-a second terminal coupled to the output
terminal of the inverterpraaRdsotiTad tenni balaloeupbkedlyosyhech feasit y

control signal termnal; and second. SWw. i,Si i d:el nal
coupl ed to t h&FEelbnd Turk ecﬁ’tc"i‘?e?ﬁial?aqr,owalkgg%ggﬁ epr%rﬁQ%Qi@ co%eg{l;aeci' t0 the

out put t er ni nal3eof chhel edripamator tandd leltpds t &F HTTRS 1E60pF etPd ¢¢he

ntensity contrgl signal LermBaha orddhAYE 30032k c2davihe: katersidy
control circuit” df claim21, further receiyvi ng a_fourth predeterm ned
threshol d si gresiciddaaiemi3d tspGPLEeFATar Sha T U™ Heér “¢énprising a second

conpar at or Ccorgy issicRgahbpally enmueal saoughedct tot He & hithdreAptr: t er mi nal

and the control signal termnal, and_ 1.di.00 AP QRUL 0ak aRo@UiHaut
terminal . 23. ®F SFeE%e’f*ég caenﬁaglggcﬁ]i[ eglrcg)uég WTH & direct current ( DO)

power source amiamiftl uoTles camracanpisties lodnprephtRictangd ‘4 1 SAP?Th%ent

the circuit 1 R%gprfilﬁwe'sc@n{ QA 06, CdAcC Wial 1 69BPEA 5 d1g oan L Apebug lerni nal
coupled to the power source,

rce, a_feedback term ngl ,14ad1d A0yt put
termnal: an iFvesa@Pdary ctdienpAPSi g HRPARBETST et m hal coupl ed to the
out put of the g&gdmaher thanfreauedidypaf od@ritianabncoufdratittort A8 anp a

current feedback, circuit conpri si -nﬂ.ﬁqﬂ r i, nglh 2 1€ QURIned okRe £ he | anp,
and an out put ’f%‘mﬁeﬁallé?xeaﬁf%@rrpfﬁser#gﬁg?t%/ cotr?tnrrcgl Ci rcauit tr?ato g?ovi des a

| anp current coemte tebghafaatess @oRPY o RIGREE fErAthaiZ PRES ERD current
control signal conprising,a,didr@elr ¢Woretdps-p) thé gnatuddideie vabgrde ude of

the first control signal is greater than a first e ined khrgshol d,
and conpri si ng@a PA %BFHO%&% 88t PYY° sli%ngﬁ&i ?9% ﬁ_ctradﬁr_]r?nr}%niut ude of the
first control ségnadaryswhiesasng hiadda he ACrevefiogder€r i e it ghBieR a

current-to-voltage converter_c deSicBE ¢ Al RUl (ersumatogawpl ed to the
control signal v?g?'a “nal” g%g{.’?oﬂt e out put té{'m nal of the 14t AUG 2003 28
current feedbaskcendayi Winghng akft BLtPuPUERMAITAS tc 58T 24 To '

Ballast capacitor 146 inserts a controlled impedance in
series with lamp 116 to minimize sensitivity of the circuit
to lamp characteristics and to minimize exposure of

fluorescent lamp 116 to DC components.
Inverter 114 and current-mode switching regulator

! circuit 124 thus operate to deliver a controlled AC current
at high voltage to fluorescent lamp 116. Inductor 126,
coupled between Vg of regulator 124 and the emitters of
transistors 132 and 134, is an energy storage element for

switching regulator circuit 124. Inductor 126 also sets the



t he feedback termnal of the regulator. 24. A nmethod for controlling the
intensity of a fluorescent |anp based on a nagnitude of a first fggﬁgg%3
signal, the lanp coupled to a fluorescent |lanp drive circuit and ucting
a lanp current, the method conprising: the drive signal if greater t

conpri ses magni tude providing a | anp cukr8ent control signal to circuit that
conprises a direct current (DC) the magnitude of the first control signal
is han a fimsdgrpieoes es fii tied ¢hl bstiodd, candenhatod pueseiafarh A8dul at ed

(PW) signal if 1 of the first n [ j an the first
predeterninéH“ih%ggh%?%ﬁ %ﬁc%ar§$%géé8%%gn?$g%%b§fﬁ?%éa% | se- nodul at ed

si gnal , when,®@vhgetsobes feenans fiormeer b46i bhatinigatedigaged Faxi mum

val ue. 25. The nethod of claim.24, wherei DC sj as a nagnitude
that varies b%@%dlgg Yh2 RRgRITas¥ %fngﬁggf??gg'coﬁ%ggﬁkgpgnal. 26. The
met hod of 5 cl @i sa@91 seheesipl ebebPhiddesi Joal vodirpoesBS pokeds having a duty
cycle that varies based on the itude of the first_co signal. 27.
The met hod o$O@F@fnt 24, ai}\ﬁeﬂé?ﬁgﬁga PH BngPéBet"é*r'm“hael ‘Ih{rrgéshm dis

adj ustable. 28, .dhe FELROEnebuGhalALdéLovherei dutrhagDELei QT dyas.es

magni tude that varies linearly with the magnitude_of .the first contro
signal .  140AuUsv2boBing 299“¥ﬁ§°ﬁe?ﬁ68“&F &?érn1§§?lﬁﬁgﬁéﬂﬁ&%he PWM si gnal

conpri ses pubéﬂﬁiggégneh@ QETSFe%_Y(ilvé bhgksvari exahisieaons Wih the
magni tude of the first control signal. 30. The nethod of claim29, wherein
the | anpl@urerdt 1ééntrol signal conprises a first substantially constant

value if the nagnitudeéggeEQ@rfhqatmggnb@oﬁm?ugﬁ@htbﬁ,gnﬁagpr than a second

predetermned reshol & 31" The 1500 1, 800 WS, Vil 171
example, inverter 114 may be implemented using ceramic
step-up transformer technologies.

15 Current feedback circuit 118 may be

- implemented in integrated circuit technology, and

includes diode-connected transistor 148, transistor 150
and diode-connected transistor 158.-. Transistor 148 has.
its béée and collectér'cbupled-to GROUND, and has its

20 emitter coupled to lamp 116. Transistor 150 has its
collector coupled to summing node 120, its base coupled
to the base of transistor 148, and its emitter coupled
to lamp 116 and the emitter of transistor 148.
Transistor 158 has its base and collector coupled

25 together and to lamp 116, and its emitter coupled to
GROUND.

Diode—connected transistor 148 and diode-

connected transistor 158 half-wave rectify lamp current
I,. Transistor 158 shunts positive portions of each

30 cycle of I, to GROUND, and transistor 148 shunts a
fraction of negative portions of I, to GROUND. In
particular, transistor 148 and 150 form a current

mirror, with the collector of transistor 150 conducting



substantially constant val ue conprises a maxi numdesired | anp current.
The nmethod of claim24, wherein the lanp current control signal a
second substantially constant value if the magnitude of the flrstpggmpagﬁ
signal is less than a third predeternined threshold. 33. The method of
claim 32, wherein the second substantial$y constant value conprises a
mnimumdesired lanp current. .Alr. A Al E ANe. Ae. A AQHe. AS, . A& . A& AL; . A
?ZﬁgkeAfcvin F?A&iﬁ’ae?@hd\@l'@fAthé\I cCuA@nA cAhdAELAJAbyAtAe. AoZ\legkors #RS T b01:
al ca
cg]galcg]c“ 3 Eai g}ggé %ﬁ %B] BI%98£c§1cghgakggkggkﬁ%k%g]ca]ca]ca]
vacg]C;;;;?%g%gg?ﬂetf&?bQ@V%Q?lﬂavleaten times the size of the
cal ca] c*a] ca A
a] ca] ca] caUjRaSe~emt LEasyay ﬁe,ﬁgﬁzg E%kgggégég%‘gﬁlﬁ%ﬁg&@&aclh%a] calcale
U;{Eg?g;?fg?%%%?%%f%%ﬂEék%éh%aof tran51stor 150 is aporoximately
U'VJ f:(a/\\/j CaY( £ &iéi (FLRUbhk)) EUrreh¥ {Iggf“@d&bpé‘xambcﬂxé@eti%’] cal ca
UV]caV]ca]cap@ca}oaﬁcaﬁld&]cé@?éé?éa}&a gn] EHYRCRYCc AVPERKLRFTE
]caljcalca% ' */[*: *grbr *erkr mrsry*{* }*?T**I**?tZ+Fi YE §r,??!{vgﬁ?21&gLﬁgy
X]ca]ca]ca]c%T%af Svf caV]ca]ca]caV]ca]caV]ca]caU]caV]ca UV]caV]ca
}Qﬂ\q}?ya%zg?]cikufiyﬁeakchhuﬂnawilda]eavPéa the di@f ¢1fﬁuﬁl W~ /
v nhc alc ca
V]ca]caV]ca]EﬁET@SPc&9T%§% Wﬂﬂ%ﬁﬂﬂ f8§v?v%? %%%V%]ca 2%%8€%ggg%ﬁgkiﬁ
1]1blglp1r1xéu;;@%;ltélK%MﬁxgﬁQgﬁﬁﬁ&ﬁﬁanyumzﬂbﬁﬁdmmﬁq&a]caV]ca]caV]ca]ca]c
a]ca]caLﬂca]ca]caVLca]ca ca]ca Cgéﬁ%ﬂé’ C%JcﬁiLc%hc%Y]%%]ggg]ca]ca]ca

V] ca] ca capacitor 152, whi

23h3k33333444" |
V] ca cal caf‘% 43 Cgf/] ée;fﬂrodtdﬂdxﬂﬂrdén"ct 4&4444%4tﬁ\é£éf6’§é1~19a\/] cal ca

proportional to error current Iy, and is coupled to

feedback pin FB of switching regulator 125. The above
connectlons close the feedback control loop that
-regulates lamp current -I, to control the 1nten51ty of
lamp 116.

20 Upon start-up of circuit 100 of FIG. 9,
voltage Vyp on feedback pin FB generally is below the
internal reference voltage of regulator circuit 124

) (i.e., 1.23 volts for the LT-1072 discuésed above) .
Thus, full duty cycle modulation at the switched output

25 pin Vg of regulator circuit 124 occurs. As a result,
transistors- 132 and 134 and inductor 126 conduct
current from center tap 140a of transformer 140. This
current is conducted in switched fashion to GROUND by
the action of switching regulator 124. This switching

30 action controls lamp current Iy, which is set by the
magnitude of the feedback signal Vgg at the feedback
terminal FB of switching regulator 124. The feedback

loop forces switching regulator 124 to modulate the



UV] cal] ca UV] caV] ca] cal] ca
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a] ca] ca] ca] caM o cojeatfen] thy] t@]w}azu_},é:‘aé/i cejptay] ¢a required so

>>>>7?} @ ADABBDD) E5EbEnEunEEEE1F5FZF F%S( GVQAyt XS

caV] ca] caV] dd}&a\B e £ aSEEaF o] a\?ﬂ%a‘i Jcag]] %’é‘?/i ga] CL]Caq] gg{/}cg;ﬂ gg}
ca]ca] calU]ca]caVlca The circuit of FIG 9 may be 1mplemented
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) 15 Capacitor 146 33 pF, rated up to 3 KV
Transistor 148 10X
Transistor 150 1X
Schottky diode 154 1N5818
Capacitor 156 0.1 uF
20 Transistor 158 ‘ 1X

The above circuit components and values are merely

illustrative. Other circuit components and values also

may be used.
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technology along with other c1rcu1try For example, a
5 lamp intensity control circuit may be combined along
with a regulator circuit, such as a current-mode
switching regulator circuit, and a current feedback
circuit on a single integrated circuit to provide a
fluorescent lamp controller. '

10 In addition, persons of ordinary skill in the
art will recognize that lamp intensity control circuits
and lamp circuits of the present invention can be
implemented using circuit configurations other than
those shown and discussed above. All such

15 modifications are within the scope of the present

— invention, which is limited only by the claims that
follow.
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I claim:

1. 2 method for controlling the intensity of a
fluorescent lamp based on a magnitude of a first contrél
signal, the lamp coupled to a fluorescent lamp drive circuit
and conducting a lamp current, the method comprising:

providing a lamp current control signal to
the drive circuit that comprises a direct current (DC)
signal if the magnitude of the first control signal is
greater than a first predetermined threshold, and that
comprises a pulse-width modulated (PWM) signal if the
magnitude of the first control signal is less than the first
predetermined threshold;

varying a magnitude of the DC signal, when
provided, to obtain a desired lamp intensity; and

adjusting a duty cycle of the PWM signal, when

provided, to obtain a desired lamp intensity.

2. The method of claim 1, wherein the DC signal
has a magnitude that varies based on the magnitude of the

first control signal.

3. The method of claim 1, wherein the duty
cycle of the PWM signal varies based on the magnitude of the

first control signal.

4, The method of claim 1, wherein the first

predetermined threshold is adjustable.

5. The method of claim 1, wherein the DC signal
has a magnitude that varies linearly with the magnitude of

the first control signal.

6. The method of claim 1, wherein the duty
cycle of the PWM signal varies linearly with the magnitude

of the first control signal.
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is greater than a second predetermined t

8. The method of claim 7, wherein the first
substantially constant value comprises a maximum desired

lamp current.

9. The method of claim 1, wherein the lamp
current control signal comprises a second substantially

constant value if the magnitude of the first control signal

is less than a third predetermined threshold.

10. The method of claim 9, wherein the second
substantially constant value comprises a minimum desired

lamp current.

11. A method for controlling the intensity of a
fluorescent lamp based on a magnitude of a first control
signal, the lamp conducting a current, the method
comprising:

providing a fluorescent lamp drive circuit
coupled to the fluorescent lamp, the drive circuit

) comprising a control terminal for controlling the lamp

current;

providing a lamp current control signal that
comprises a direct current (DC) signal if the magnitude of
the first control signal is greater than a first
predetermined threshold, and that comprises a pulse-width
modulated (PWM) signal if the magnitude of the first control
signal is less than the first predetermined threshold;

varying a magnitude of the DC signal, when
provided, to obtain a desired lamp intensity; and

adjusting a duty cycle of the PWM signal, when

provided, to obtain a desired lamp intensity;
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signal has a magnitude that varies based on the magnitude of

the first control signal.

13. The method of claim 11, wherein the duty
cycle of the PWM signal varies based on the magnitude of the

first control signal.

14. The method of claim 11, wherein the first

predetermined threshold is adjustable.

15. The method of claim 11, wherein the DC
signal has a magnitude that varies linearly with the

magnitude of the first control signal.

16. The method of claim 11, wherein the duty
cycle of the PWM signal varies linearly with the magnitude

of the first control signal.

17. The method of claim 11, wherein the lamp
current control signal comprises a first substantially
constant value if the magnitude of the first control signal

is greater than a second predetermined threshold.
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18. The method of claim 11, wherein the lamp
current control signal comprises a second substantially
constant value if the magnitude of the first control

signal is less than a third predetermined threshold.

20. The method of claim 19} wherein the
) second substantially constant value comprises a minimum

desired lamp current.

21. A fluorescent lamp intensity control
circuit that receives a control signal at a control
signal terminal, a first predetermined threshold at a
first input terminal, a second predetermined threshold
at a second ihput {prminal,“a f;;st_cur;ent at a~first .-
" current terminal, a’second current at a second current
terminal, and that generates an intensity control
signal at an intensity control signal terminal, the
control circuit comprising:
) a voltage-controlled current amplifier
| comprising a first terminal coupled to the control
signal terminal, a second terminal coupled to the first
input terminal, a third terminal coupled to the first
current terﬁinal, and an output terminal, the current
amplifier generating a direct current (DC) output
signal at the output terminal, wherein the DC output
signal has a magnitude that (a) has a first
substantially constant value that is proportional to
the first current if a magnitude of the first control
signal is greater than a third predetermined threshold,

(b) varies linearly with the magnitude of the first
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first predetermined threshold;

a pulse width modulator comprising a
first modulator input terminal coupled to the first
input terminal and a second modulator input terminal
coupled to the second input terminal, and providing a
sawtooth signal at an output terminal, the sawtooth
signal having a peak amplitude substantially equal to
the first predetermined threshold and a minimum
amplitude substantially equal to the second
pPredetermined threshold;

a first comparator comprising an
inverting input coupled to the control signal terminal,

- a“ngn—inverting input coupled to. the output terminal bﬁ.
the pulse width modulator, and an output Eérminai}x' .
an inverter having an input terminal
coupled to the output terminal of the comparator, and
an output terminal;

a first switch comprising a first
terminal coupled to the output terminal of the voltage
controlled current amplifier, a second terminal coupled
to the output terminal of the inverter, and a third
terminal coupled to the intensity control signal
terminal; and

a8 second switch comprising a first
terminal coupled to the second current terminal, a
second terminal coupled to the output terminal of the
comparator, and a third terminal coupled to the

intensity control signal terminal.
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terminals coupled to the third input terminal and the
control signal terminal, and providing an output at an
output terminal.

23. A fluorescent lamp circuit for use with
a direct current (DC) power source and a fluorescent
lamp, the lamp conducting a lamp current, the circuit
comprising:

a regulaﬁor circuit comprising an input
terminal coupled to the DC power source, a feedback
terminal, and an output terminal;

an inverter circuit comprising an input
terminal coupled to the output of the regulator, and an
output termlnal coupled to the lamp; ;

" a current feedback c1;cu1t comprlslng an
input terminal coupled to the lamp, and an output
terminal;

a lamp intensity control circuit that
provides a lamp current control signal at a control
signal terminal, the lamp current control signal
comprising a direct current (DC) signal if the
magnitude of the first control signal is greater than a
first predetermined threshold, and comprising a pulse-
width modulated (PWM) signal if the magnitude of the.
first control signal is less than the first
predetermined threshold;

a current-to-voltage converter
comprising an input terminal coupled to the control

signal terminal and to the output terminal of the
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magnitude of the first control signal is less than the first
predetermined threshold; and
varying a magnitude of the pulse-modulated
signal, when provided, between a non-zero minimum value and

a maximum value.

25. The method of claim 24, wherein the DC
signal has a magnitude that varies based on the magnitude of

the first control signal.

26. The method of claim 24, wherein the PWM
signal comprises pulses having a duty cycle that varies

based on the magnitude of the first control signai.

27. The method of claim 24, wherein the first

predetermined threshold is adjustable.

28. The method of claim 24, wherein the DC
signal has a magnitude that varies linearly with the

magnitude of the first control signal.
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29. The method of claim 24, wherein the PWM
signal comprises pulses having a duty cycle that varies

linearly with the magnitude of the first control signal.

30. The method of claim 24, wherein the lamp
current control signal comprises a first substantially
constant value if the magnitude of the first control signal

is greater than a second predetermined threshold.

31. The method of claim 30, wherein the first
substantially constant value comprises a maximum desired

lamp current.

32. The method of claim 24, wherein the lamp
current control signal comprises a second substantially
constant value if the magnitude of the first control signal

is less than a third predetermined threshold.

33. The method of claim 32, wherein the second
substantially constant value comprises a minimum desired

lamp current.



