WD 2005/ 043955 PCT/ US2004/ 036217 ELECTRONI C LI GHTI NG BALLAST Thi s

appl i cati on wbaigxmsiohe benefit of the earlier filing date
Provi si onal Applications Serial Nunbers 60/516,036 filed OctETHgssD%m&ﬁg?
60/ 603, 406 fil ed August 20, 2004. An enbodi nent of the invention is relat ed

‘to a lighting control syst j | j r swtching
el enents each of which can aﬂ%ﬁgﬁﬁg%{;ﬁﬂyg%‘gg‘%‘% el ectric discharge
| anps at different output wattages and different input voltages, with | anp

control functions "ﬂﬁ@ﬁppﬁcadidﬁﬁlﬁm@mé beﬁlbﬁEbFﬂ@éwhéﬂﬁﬁﬂgQiaQéiof .. each
el enent. O her enbodinents are al so ﬁ‘i@ g%;j Backgr ound Ballasts are an
Mg mi6

i ntegral conpgORY¥HIONSE APRlicRiighg Perdali tded fe&gt. 30ree§Aiand or |

el ectronic. asts |} corrponents whi ch are heavy, and
cunber sone, ﬁgﬁgﬂgﬁe?@rom H’?;(?,..'O% use electric circuits on a

| i ght-wei ght and reduced size circuit board. A ballast may be used to start
a high density di schanf-‘geefrﬂ:ﬂoﬂ)mleﬁtrpft}&rndweaguhas edatedeict 4 lig h’cm guwoneril used

by the | a HID S ar dentified b as W|th| net al
halide (M%p ng‘é%%ﬂ@ﬁ §;‘}V¥f6 i m%y %%fgr { &ng%rhénﬁfﬁe gas

affects the. a‘iﬁf’éﬁe oftf vy 'df%'[@c-tn@kl&'&hﬁré‘ehﬁ &t SiPRsérhi &@4@ daased on
the color, input voltage, out put vvattage and the starter equl ar pul se

start). Ther @r@r@fkmtmp@gmltwsmvlthl lpmipatantsel: funetiers mcl'amj mmmg@ndc

B N L

wei gh as nuchkﬁaﬁbﬁﬁ | bs. Bal |l ast manufacturers have redesigned their
roducts to reduce electronic interference and noise, and | anp
nufacturéri hive iEtroduced pul se-start lanps to shorten the slow start
times. Despit i nprovenents, magnetic ballasts are stil
energy-inefficient. Regulatory actions and fines threatens the long-term

out | ook for nagnetsaﬂaaalak@%sn@géalc@ﬁl dieent iofithe 1iohyY u@rﬂﬁst?%'aﬂﬁ dréRiBesd
with electronic ballasts. WO 2085/ 043955 PCT/ US2004/ 036217 I ect ronl c

bal | asts may tegicsysiesianientagpets brllpdn titiike sommprnents which are heavy,

and cumbersome, while electronic ballasts use electric circuits on a hght—wexght
and reduced size circuit board. A ballast may be used to start a high density
discharge (HID) lamp, ahd regulates electrical current used by the lamp. HID
lamps are identified by the gas within the Jamp — metal halide (ME), high-
pressure sodium (HPS) or mercury vapor (MV) = and the gas affects the color
of the light. Buyers choose a specific HID lamp based on the color, input

voltage, output wattage and the starter (regular or pulse start).

C There are two categories of HID ballast: magnetic and electronic.
Magnetic ballasts, also called “core and coil” ballasts, dominate the HID market.
Although inexpensive, magnetic ballasts flickér, are noisy and weigh as much
as 86 lbs, Ballast manufacturers have redesigned their products to reduce
electronic interference and noise, and lamp manufacturers have introduced:
pulse-start lamps to shorten the slow start times. Despite these improvements,
magnetic ballasts are still energy-inefficient. Regulatory actions and fines
threatens the long-term outlook for magnetic ballasts and, as they fail, many

are being replaced with electronic ballasts.
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~ball asts and deliver a relatively non-flickering, silent light, reduce the
probl em of Wé?‘?@f(’f‘?"i‘ nterference, and may wei gh | ess thenP8&TIYR0041036317 now,
however, nost electronic ballast manufacturers have foll owed a

short-si ghted, one-t.0-, one.design appr o, LEqui ring a,uni que electronic
. ballast for every i ﬁff{‘)m\?@lﬁﬁﬁﬂg,m ‘Eg%g?g@a/‘f F&%& %&g}f'ﬁﬁbcl‘?@tp@aﬁm%?? on.
As anexanpl e, LAl4OQ andeddliver alralaBvely #ondliclapindraileaf figiel entycedBB@ablemwi th
only one particular ballast, whether the ballast is gasgneti c or électronic:

If the-bal | astof aneBmelifpnigTéerenes apdmpay vprishdessidenndas. Hidiloper hewaver, the
lamp will not &Ssteél%&g?@?bauﬁrgﬁéﬁ%cﬁﬁw AV sdildeed b RAORLLGNACRL4Rd the

life of the | anp., ona in € case of nmgnetic baPl asts, each
bal | ast has t @nealespgeapprakchyrequirig & amigae blechamic baldsafer évgrutinpusuch as
100V, 120V and so forth. Such wri g is acconplished at the manufacturer's
factory or théfoiwgeu%'é?‘ﬁté‘vart?tﬁﬁiaf@g P (WRECOPRINFIT: A3t 2R GraBPi¢r 3

dependi ng on appk GLaIdy?g%] worRE E?gﬁ’ﬁﬁal @fﬂyiéﬂci; ng‘%i'lﬁeraﬂfk:\}i’laf%l&%fn%lg It{cedasl OF

each input voltage. These manufacturers oft so sel rs, tinmers and

control | ers adballepamehatherdimeiballashis omagretienirelectvonie. Ustheballastandhkimp are

particul ar ball ast design. BRLEF DESCRI PTI.ON OF, THE DRAW NGS, The.. enbodi nent s
T the i avent M5 CRPEPALEILQE PRt disch Pt caroR e e d A Bt b Sfisgers
limtation in théebligheeslphifedihgpisdghpray bng tHe dfe bfthe IampwhAdHitidrkly, in
references indjcate sim.l ar,et}’ ments. It shogl d bg noted that A references to
"an" enbodi merhe gse@fanpgRetifhabiasisneadh kallpss bpg do pe spedalicrlty witeddos garhy to
t he sanme enboql , I _ FISHap a3 :Singl e

housi ng or eng?ﬁégmoéta%?q%f%ﬁgfg%%}@%th e %Ig'?%ﬁtfgf ig’ﬁté\él?ng I'Tast. Fi g. 2
(s 'a block dieacpaplisihedxiatiel pamifecturer(s dactofaor sy et user isgequized towiset he

I'i ghti ng bal | ast cl.osure, .2 2005/.043955 RCT/ US2004/036217,..Fig., 3 shows
an exanple " ezﬁ%Bﬁ(}]ﬂ%ﬁ%‘?a&ﬁﬂa@%?&ﬁ’%PE acﬁﬂl‘bc@flonri ?fﬁﬁe’@aﬁhfé?%‘t Fig. 4
is a block di pgllasniotreqxpatbicr catiedipivsifadentBissetrmgnhfat@utheoft@nslosene of
t he econony version of the bgl | ast . .

dimmers, timers and conirollers as separate, auxiliary components, to be used

with their particular ballast design.
BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments of the invention are illustrated by way of example
and not by way of limitation in the figures of the accompanying drawings in ‘
which like references indicate similar elements. It should be noted that
references to "an" embodiment of the invention in this disclosure are not

¢ necessarily to the same embodiment, and they mean at least one.

Fig. 1 shows a single housing or enclosure of an example, single output

lighting ballast.

Fig. 2 is a block diagram of example electronics that may be integrated

into the lighting ballast enclosure.



Fig. 5is acircuit schematic of an exanpl e boost converter/power factor

circuit andwid aggpseponer supply/ bias supply. Fig. 6 is a ﬂ:’rﬁiéﬁﬁowﬁ?%l?ﬁm“ C
of an exanpl e buck converter. Fig. 7 is a block diagram of "an eéxanple

dinverter. Figs. 8a and 8b are bl ock diagrans of respective lighting networks
that use intelligdig. Jeiwers sniexehipig “et@meny sefdiPSES thEsiggle dutdit are
screen shots ‘ﬁfo %%‘%%'lge QU software that can be used to renotely control a
l'i ghting netvvolb}zl %ES. Fig. 9 is a block diagramof a |arger scale

i ghting network. Fig. 10 is a block diagramof a dial og box that may be

di splayed in a H ghgleisel b}@lf:'aph%gaain vberarhplecsibagenickiigegt-eredlinfd fhe of a
| arger scale lighting network. Figs, 11 _and 12 are screen shots of an

exanpl e Hi gh [EB¢ uwfthemmvwmb%mlmtemodi ment of the invention
is a ballast or Lighting Control System (LCS) that represents a one-to-many

ini due H D ol cot 1 onr & baI7 aava CRHATEOH &n Blaihlfe DR LR Ppdee RN ™

sensor s, cont riatuitiandsstaradiny power shpplylpias sippdy.e unit. This single unit
i ncorporates a variety of functions internally, elimnating the need-to-

enpl oy several external., or. add-qon c ents. For xanpl e, the auxiliaryh
conponents ment i ongﬁg-ggd&\?eﬂrwlgﬁf@‘e&?g%%&ahﬁ@% by ‘ngﬁ'd’rmt be provi ded
separately, because they have been integrated into a single housing. In

anot her enbodi ment Figheishabloakidiagra uhhM ekaaiplSirWeral05/ 043955
PCT/ US2004/ 036237 solution that can be used in may different countries due

toits wde input _yoltage capabiljty, and adjustable output to drive
ifferent types of gin¥aaxsseb P&Brrb]@ci‘/ldéﬁﬁrémﬂ‘ IeAPeGYRESIENE Betworks that
nbodi nent  of g@gmgﬁ{ggﬁ? %gw-g&jﬁéﬁﬁqéﬁ dintelligent power

swi tching el e#ent, I PSE Ijgay belvie d as asnagﬁgc ronic ballast with &
brain. For exanple, mcroprocessors and sensor circuitry nmay be

i ncor por at ed i nsi d&igs. Be-8faire sereen wbptssefrexarmple (eHl sofiwane thas-canrbe wseduoi on

that includes 188 B¥ely control a lighting network of TPSEs. |
Fig. 9 is a block diagram of a larger scale lighting network.

Fig. 10 is a block diagram of a dialog box that may be displayed in a
High Level graphical user interface (High Level GUI) of a larger scale lighting

network.
Figs. 11 and 12 are screen shots of an example High Level GUI.
( DETAILED DESCRIPTION

An embodiment of the invention is a ballast or Lighting Control System

(LCS) that represents a one-to-many solution. The ballast in some
embodiments of the invention replaces several unique HID electronic ballasts,
timers, dimmers, on/off switches, photo sensors, control wires, and controls
by a singlé unit. This single unit incorporates a variety of functions internally,
eliminating the need to employ several external, or add-on components. For

. example, the auxiliary components mentioned above in the Background
section need not be provided separately, because they have been integrated

into a single housing. In another embodiment, the ballast is a universal

-
)



,poptjl ar, previ ousl_g add-on, features, such as a tiner, dimer, photo sensor,
renot e cont r 019 AH*SSithuni cations, and other sensors such aRCTOR20000362:i7
occupancy (for dimm ng during non-use periods) and anbient |ight levels (for

“daylight harvestj.ng"); and for sensing.water |eyel water tenperature,

“wat er rmverren?o,ﬁuéﬂ’g %ﬁ%?%db?‘és.e&.]fl Iﬁﬂ}éﬂf%\‘%ﬁn W%ﬁ“ﬁ?ﬂtﬁ‘é’ G BPUr eat nent
of water and jgesieeapidbitiy, e bRl SERRAANS AV diffchestiyel Ybf UERHY hnfior
an aquariumor agricultural/ hydroFonl c lighting application. The | PSE may

thus be vi eneldmies Fomdifjerient gnufasiurerhtel | i gent |ighting control el enent
that fits the needs of many applications. An enbodinent of the IPSE is thus
believed to addres - i | ' X I At
capabl e of perform'g‘r?geljggﬁugﬁlélgpﬂéﬁgyggﬁﬁlﬁgg F%%%e%gtr?ga é’p%'}?’rﬁt{e%ﬂ#a@ ﬁ?e Wor k
of several bagwhehinhgodiasichtydPEE) may besiinged asanlebstranioballestueitt atmiaght and

si ze, repl aci the necessity of a great number of separate ballasts. .
Exanpl es of tﬂﬂowaflapfwm@ gceéﬁor&aé@tﬁeﬁléomlgeﬁgryg@aﬁjwpwpmra injgide
driven i ncl udeiaiioiaBE ERUEEcIB ks aMbpleab-thahy d6ju B fH#in4BRGE may ch are
~exanpl es of high intensity discharge lanps, as”well| as fluorescent |“anps.
The bal | ast npypulasopteyicwsly addroad feasurhsj secheds aimeg: dimdanet, phofa semsonr

pul se-start lanps. Furthernpre, it. elimnate the need,for. conversion
s, The. wi TRt S o Ao iR b PR eoeG S S SP BT 008 but i s
not |imted topcch@anty (forelif@nig diridpRoRxisapleeiors PAVRentisieRORMNIettlsFf¥60
Hz. For exanple, the same |itghting ballast ma ble to operate at both

rZ - ‘4 y be
110VAC i n  U. S9eylight hpavesting” yagpdAor spnstng ayrier Wﬁﬁdﬁ%teﬁé%m@&m@r%éﬂ'@rm
any rewiring I £l Tl ' i s ' si ng
ot a o ngl e odRorPRR antuBehE e, BRGA BAGW LS Fiilucks fOr BeBlhentiots 10
is a single | awptesanpifeedng fish. dhichether stneOroneBHeeEslyPCRIWEROGH 036217
single lanp at_a timne, derivin r from. ower_supply 440 03 | so
e orred Lo aP AR o e oA Hanoni e i Shel i et miyafts
bal last 102 ryvielwsel &ay eullpitéeapteet estellizeht Yighfing2on o] efdmérarttiat fiy the
actuatable switc 05 t hat 'hs .operativegy ponnecft E‘d I%g Qoa_tlrol t he
swi t chi ng powdi€e ﬁéé@aw ERPHcations. éMremsodEnertpfaedBSE s thysbeligveddps t he
lanp output. ALHBEE IHEEENAIngl8&d to provide a universal ballast capable of

performing a multiplicity of functions and performing the work of several

ballasts constructed in a single enclosure of reduced weight and size, replacing

the necessity of a great number of separate ballasts.

Examples of the different types of electric discharge lamps that can be

driven include high pressure sodium, metal halide, mercury vapor, which are

N

examples of high intensity discharge lamps, as well as fluorescent lamps. The
ballast may also be configured to drive either standard ignition or pulse-start
lamps. Furthermore, it may eliminate the need for conversion lamps. The
wide input range or lamp input voltage may preferably be, but is not limited to
be, in the range of approximately 90VAC to 300VAC at 50/60 Hz. For
example, the same lighting ballast may be able to operate at both 110VAC in
U.S.A., as well as 220VAC in Europe, without having to perform any rewiring

or manual selection.

Beginning with Fig. 1, a single housing of a single output lighting ballast

102 is shown. In this embodiment, there is a single Jamp output 104 to drive a
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may be added to the front panel as shown, to nmake a w reline comunications

connecti on ogwd johkoAezween a renote nachl ne (not shown) and _I
ot her enbodi nents, the conmunications Iink nay be in accorda#é’gjsPﬁ%f’hﬁ?l}7

wi rel ess networking standard. The enbodi nent of the ballast 102 depicted in
Fig.1 al so hassiagih lampaafca*pareetieﬁﬂzilng petwal fedn iarpdwer éupqﬂy mpuelw (dlibe

encl osure as sh to er with a ad 115. . T a ma liquid
crystal displa¥f %rl_r%)to g%la %WPHHEP" eaﬁ*kéi'i?ﬁiw H?RTﬁ)plt}g‘e I%PEIE)&“B‘? ¥qr€t$|@%aﬁa |
al phanuneri c r@@pﬁ:ﬁ?sasotﬁa% &9 d@jgfo@é@ﬁ Fie 16HA b?xf)’foff ShAhHRy @Eufb@@él@tsmmpf

the ballast 102, to’control the Sel ectjons for conf |gur|ng t he bal I ast,
and, in sone eﬂ:@ﬁ)&aﬁ'@rﬂ@eratlﬁeb’ copinggtedi Worrastaldhe sidiching pawen skages awithimat
col | ect ed by t | ast itself user

anual |y nai oGt 36 S bRy ory SRARRH (e TR AMERE, Aucle fecrige
111, to changen@y Weidded theheShafiusaradl dshdiobal, k8 shakd@isardeleeedhffitications
regardl ng node of ogperation (pre-select the Ia manuf acturer | anp tﬁge

and/ or | anp wa@rt%@)m oarlwlﬁla@;w@ xqm@tfglﬁaahla@r{agi shOWRY @n bnllasth
keypad 115 may,, F@?e exa eﬁi&g %ﬁé F&Hmﬁl%éﬁh G5 1ih¥RRa Bé{'lﬁﬁc gﬁﬁ{ &

sel ect button, ows t user t naV|g e I n four
di fferent di remr@mmMDﬂmgMMad panel and t hen sel ect the desired nenu
item Al though shown as being installed on the sane faCe of the encl osure

as the one cont ai ni the lanp .0 t .an ] 1 e tlvelo atlons

for the display pangﬁ H@Pﬁmﬁwg{l@%ﬂﬁa@? ﬂéﬁ%ﬁ%ﬁ%’@ﬁ i L?‘? BAMPHe, of

course, possi bb@nelﬂ&ﬂ@rﬁﬁhﬂ@d RO Bofit fhcedf the BhIGkufH AABWR/ to éﬁf@'ﬂﬁtha

ggectronl cs that e integrated into_the_encl osure of F;g 1 I s. shown.
6

wer from t hekeypast ﬂ5n pldte panel eayphpyes diquid raeptalidisplay {LEkHHBereen that eanyh
an el ectromagn b fhélao
decrease unvvan%d(}s nol;ll?gﬁtr L]ﬁésegﬁtr%f(gl %ﬂ “]Hregjm %%a J%‘ﬁg@’lt%ﬁdé 2 réglt%te#]er%ltse
be injected i nttetushaf opmiraison dhilse baltdsé éOEebcoe:lomml the selectiems fot
l evel that is ed b ver nne en onduc Jve EM in th
For exam e, - ASGRIIEEt 3051 FHE B OREITET S0 LA Cip BRSSO 48517
addi tional optaPihat adildcieibyhé lelistﬁfS@lf qnmméyﬁaﬂamramwsi@huma{use@% age
and over current p{otectl on may be addei1 in front of the Et]N-I\ JI | ter,
bet ween the  manually navigatea ménu hierarc y that may be shown on the display panel
111, to change or verify the status of the ballast, make selections regarding
mode of operation (pre-select the lamp manufacturer, lamp type, and/or lamp
wattage), and navigate through diagnostic information. The keypad 115 may
be a four direction, joystick-type device with a center select button, for
-example, that allows the user to navigate in four different directions on the
( display panel and then select the desired menu item. Although shown as being
installed on the same face of the enclosure as the one containing the lamp
output and lamp input, alternative locations for the display panel and/or

keypad on other faces of the enclosure are, of course, possible.

Referring now to Fig. 2, a block diagram of example electronics that
may be integrated into the enclosure of Fig. 1 is shown. Power from the lamp
input of the ballast is fed, in this example, through an electromagnetic h
interference (EMI) filter 226. The EMI filter helps decrease unwaht_ed noise that
originates from the ballast and may otherwise be injected into the mains. This
noise Jevel may be decreased down to a level that is required by a government
agency for conductive EMI in the, for example, 450KHz — 30MHz range. As an

-
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filter and the mains input. Power fromthe lanp input is fed eventually to a
boost convert@P0®d43%5¢ hat provides a regul ated DC vol t age BETIHS20088¢17. The
boost converter 204 includes feedback control to provide the regul ated

out put, based . I.de.. range of, .in.this_.ex ; ' Ql t.ages. .The
onverter can2ad b bRy 8 uts B RSP B ARGV el 5l B8E na
mai nt ai ni ng a ovenstiarht ptitpetion Ak beeaddgd & frohe obtesEMidiiver betw@@dthe
provi des a fi)%,-jd reauLat ed output for an input that |ies between 100 and
200 volts AC, TB$T@BHIthgsBRRIPNEL | i es between 200 and 300 volts AC (rns),

without requiring any rewiring of the ballast for the different input

vol tages. The booStpHEsVREM heé’eﬁﬁp%iei@wt% ﬂ%ﬂ%]’v%hﬁgél}y 1Pk B¥beeCdriferR VR

factor correction, when used wth reSidenti al: commerci al AC mai ns as
t he | anp i nputtha provicesarirgilated 1)C tviodtalge as its covputr e booshveamveriem Z0dput

that is in the_r.ange. of.. 100VAC -. 300VAC, t 425VDC, requl.ated.. The latter is
selected in viné%uags f%@lbagéﬁﬁ’ £l fg\@rgg}%ed%@ re %Qjoyﬂaqtufnﬂsqﬁnoga&y ar ge

lanp, at the hanpe 6f)iRthis bRAmpI) AL Y5t C6lMRE! The20AvERYr Beh RBFImAticALPOWer
factor;  correction circuit that hel ps nake nore efficient use of_the power-

that is avail stectppdndact potherwidaweage maintamings @nstang owipet: Fext or
correction cirGu t r k] t ed
cirout by STEREBY ke i56s! Dfyed 06 poAELs L SREM L ERITET URliphElME PG,
Such a circui inpif thadfies béteveen 160 iang 200svoltsut Guas welltasgmeuhat dies betwbérs

exanpl e, 425V a I ntajn this l.evel constant despite riations in the
hput . The. L4980 AR R A G (185 pERCOH peR ey TRRng g leallaRt jor
f.requency cl ogke HarfRRKOARG1EESs, ahe'BbER| @ndettér 294 SkouldpRitErably s duty
Cycle is controlled in an autonBtic feedback | oop to maintalin the output at

the predefi ne@revidetfanpomer fastemnenrectionl, sdieronsest withgesideatiabandt converter
204 that may ' Usik g fac e l,rcuirt 1s
shown 1 Fry. ComrReETH Baite pd et Bl O R o bt C i e
to regul ated Behoertqrudoreveetspasapht thatRefirethd rggeadk 00V ART ¢.30BVAGeocont r ol

el ectronics i I-ng, Ln thi e,. th r.ogr.a € I CIr oprocessor .
control cir cu?‘%@ﬂg’%gﬁhqtﬁang@ﬁ ?a}%‘?fdﬁé?l%gt?gplrev 18‘%%‘8(%?@&?;8@?@%3%200410

36 217 .needed to turn on a discharge lamp, at the lamp output 104.

The boost converter 204 may be part of a power factor correction circuit
that helps make more efficient use of the power that is available from AC
power lines. As an example, the power factor correction circuit may use the |
L4981A power factor corrector integrated circuit by STMicroelectronics as the
switch mode power supply controller. Such a circuit will operate to bring its

( output voltage up to, in this example, 425VDC, and maintain this level constant
despite variations in the input. The L4981A power factor corrector operéteé,
for example, at a frequency close to 100KHz and has adjustable duty cycle,
where this duty cycle is controlled in an automatic feedback loop to maintain
the output at the predefined constant DC voltage. A block diagram of the
boost converter 204 that may be implemented using such a Power factor
corrector circuit is shown in Fig. 5. Other topologies for obtaining a conversion

from AC mains to regulated DC output are possible.

Referring back to Fig. 2, the control electronics including, in this case, the

programmable microprocessor control circuitry 210 will need a power supply

6



voltage to be referred to as Vcc. This may be provided by a standby power
supply 212 that takes power fromthe sane AC input, through the EM filter
226. Al t hougNOdP¥f0d3%ht ways of obtai ning such a power suppBCH/GH2004966X1bI e,
Fig. S5illustrates a particularly efficient technique that shares sone of

the circuitry of the_boost converier 4. As _seen | | g. 5, since the
out put of the V@%t"“&’@ﬁ\?iﬁﬁ@ft"zm 'rs .EdﬁéYé’ﬁtEmﬁ’é‘gﬁfr gg@oﬁﬁi‘fﬁbﬁlﬂc’é{@@'
V_out, a trangﬁyggmzﬁ% 5 PEwS8Hm {HEH8RE AL irf ! BirBukRANE BMI Klke} he

boost convert , to obtai'n a constant voltage V bias to serve as Vcc
for the contrdl2éelAdthough diffarent whigs bbdhtadingsokb surevemhupplyare gossittie,y

wt ndi ngs oper at.e follows: One.o he w.ndi ngs es a scale N3/ N1) .
copy of the iﬁ%ﬁt 3381‘5?%%9 AP Céllfgﬁ}f ﬁfﬁc}enkaﬁ‘g%al‘ﬂg%ﬁﬁemsgmée same
scal ed copy of cifci@trp @ B bYStIcRESe N2, t BE sediDRUFigy 6l Linge thdBligpithst theput
vol tage can vary over a wi de range. Wien the _outputs are connected in

series, howevepdost penyrstensltiageonstent disgrdated HHC veligigasy iaitsa draswiempsr of
th t put I ' . 1 I th
€ output vo é@%ﬁgﬁ%@% glgg&e,dﬁg%?aﬁgﬁ@aﬁpm&lﬁt¢f;&u@g Bdlst %er%i’gbg_, ?é}ce e

boost converter™ I'as” supp conmes avar | hi s

bi as vol t age i cbtein @ cotstamrogitageiVOridks tosdriie asMqedtr tivotdmgel elbctririchdst
converter, ‘V\hitt%lh iﬂ thi s, case tﬁ constant_ and regul ated. Fo hat. eason,
no further regtie®eilast englosyeen %Wﬁsﬁsonc}?éymrﬁﬂ?sapp%ﬁaa%?s %tpg 0507
and 509 nmay beghef@h e A PhRes #EcAdE (1Q! BbydfitRY; 1t cﬂﬂi‘iﬁ of
limting the pggk chargi ng %Surgcent {n?%q{)hebgapacit rs S?Ll%genegﬁggl_z. The
vol t age V_bi aswhilg tieotfiev amakisg thesame|saaled mepypiithpicadpat volbage prpnsithe

Thus, for V_out 425 V| . desi ' f t ur i 0
B ey be abalt vakRad st et iR Rtat A et ¥d Mg b Hed
a buck conver teitpd@baredonnectod sh eetier) bloogyverr stheapit vickidge nhit gopdars dhe | atter .
I s an exanpl e of .an, adjustable; step do svm'tjgp‘in vol t age requl ator that
is to be used \?{bl?%’@@lc -eFOPﬁ’égﬁh‘éf’E _%@ngtﬂﬁeéﬁ QREAeRe 6 B Rke
adj ust abl e, 1 e@HRLEIHLE onteh@BSoR cohlerterhRYbtarfeuS tREDIS sdr{.ﬁggbUCk

converter 206 may “be designed to receive 425VDC and ‘provide a j ustahl e
out put of 180\h:ecomswaﬂah%@. This bigs veltagpisediredily punpordonakiotthe owiputise a

pul oot 01 TR et BAM RSB 5B Sttt < e
power stage. Jieltthat sapbmnaid Eirther regulation may be needed for the output V_bias.
Resistors 507 and 509 may be, for example, of the order of a few ohms, for
purposes of limiting the peak charging current into the capacitors 511 and 512.

The voltage V_bias may be given by the relationship V_bias = V_out (N,/N,).
Thus, for V_out of 425 VDC, and desired V_bias of 16VDC, the turns ratio

N,/N, may be about 38/1000,

The output of the boost converter 204 is fed to a buck converter 206
whose basic topology is depicted in Fig. 6. The latter is an example of an
adjustable; step down switching voltage regulator that is to be used to receive a
regulated DC voltage and in response provide adjustable, regulated DC
voltage at its output. For example, the buck converter 206 may be designed to
receive 425VDC and provide an adjustable output of 180VDC to 400 VDC. As
an example, the buck converter may use a pulse width modulation (PWM)
controller integrated circuit having reference number LM3524DMX by National
Semiconductor, together with an appropriate power stage. Such a controller

continuously compares the output voltage to a reference DC voltage, and
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cont i nuousi y conpares the output voltage to a reference DC voltage, and 7 WO

2005/ 043955 - Tdosip2904/ 036217 adj usts the duty cycle of t?@Tﬁi‘é‘zﬁoﬁBE&%Of
t he power stage. In addition, the output voltage may be increased or

decreased by witing different values (digital codes) into a digital
potenti omet er Hdjmdts Sodaly spddobhetshdtchih 26 3RRPBOrar Btag: dhediditioavite by
Anal og Devi ces. The sw tching power ugﬁlg to ogy of a _f?ck cor]verter S
preferred due QWPHE ¥olzgemayhs BrEsaesd o5 A§CIeRaSS by iskeditsrentyalugsigh

other types 0f(aptief ) AW § BNRY pokalicRGRter LSAUIRRAE PuiBaAlser nat i vel y be

used. The output~ of the buck cohverter 206 feeds an inverter 208 whose
output is to fABA2GXBRIAR) bueguatedofiradiebp Arladeg Devices( AThoswaching powenot
shown) may be interposed between the buck copverter gnd, the inverter, to
suppress unvvaWﬁ’?Eiy i‘\%cﬁgﬁYﬁSaﬁ’g‘icg&088?18?%&5@&98?@%3%%\9&5@? T T Ver t er
208 may incorg{y ﬂé)ﬁbﬁe%rPé‘rBtiaﬂ, DOURIhSHtRB} Wdsl st itéh )ﬂoWl@Ewﬂ@Hﬁféa&Sﬁa%
relatively high frequency AC voltage/currént wavef'orm needed to effiTiently

i gnite and t hasgulatorsengymiternativelebe veedi scharge | anps. A bl ock di agram of
an exanple inverter 207 is shown in"Fig. 7. The inverter -may be inpl emrented

uot 19, an L6598 v esARlcRnl B b B R BEheSh RS, W e

control I er pardutpfit ishe feey eldmp orapdt ofitlebddlasalOnl (A geisediitarqhbeshown)

osci |l I at or (VCOQ control |pogic, ar{g grivi ng | ogi c .for the half-bridge
pover ot age. TRV BEiRieBPPesd Hethissa the Dak SNy ertE andrhe ANSTEST, & SHRBT0 i a
its F-CTRL i NnRiftwartB8 swikih hoi.%ﬁgg%%r&ékﬂ'b thehbbrief). THE fhvdeleends Ay he

VEO s operating frequency, ere | arger frequency rmay be used to yield

llawer out put dnearparate Fhatahing pawieo supplyetirauipytthat genduates 4 relatively high

L6598D) may b r | ) . 5] r, st age,

cooair o pul TRk AC PRGBS A BER b ferbARNALER 1o/ Gt Rol i Renfig YRl (HeRC

swi tched on anttiveffariyust dlecteionrtischiatge lantyss. ak bleste didpradess aredxatipinverter
e

waveform O her_types of power stages are also, possible., Still referring to
Fio. 2 the | CORES SHPVERIR RLE TrebheRariehmaYde EBRIGTBPntes vsg ARLEBS8t he f or m

of, in this exaiaft cHRENENTHBR STHGOPREGGAREAN R hAIbridyd Fowes ¥agdO that
can command a change in one or nore operating paraneters

and an LC output network. The L6598D is the controller part of the inverter
and includes a voltage controlled oscillator (VCO), control logic, and driving
logic for the half-bridge power stage. The controller allows a change to the
frequency of the VCO via its F-CTRL input. The inverter ?utput current will in
turn depend on the VCO'’s operating frequency, where a larger frequency may
be used to yield lower output current. The modulation level input (the MOD
input of the L6598D) may be used to suppress acoustic resonance. As to the
power stage, a pair of pull up and pull down power field effect transistors may
be switched on and off by the controller, to achieve the desired output |

waveform. Other types of power stages are also possible.

Still referring to Fig. 2, the lighting ballast may also include control
circuitry in the form of, in this example, programmable microprocessor control
circuitry 210 that can command a change in one or more operating parameters
of the buck converter 206 and the inverter 208. More generally, the control
circu‘itry is provided to change one or more of the operating parameters, to
meet the electrical current, voltage, and /or power requirements of the lamp
load that is connected. For example, to ignite the lamp, the inverter is
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of the buck’'converter 206 and the inverter 208. Mre generally, the control
circuitry is ﬁ)ﬁ ?ﬁg to change one or nore of the operatlgg J{Jarameters to
meet the el edtHCal*irrent, voltage, and/or power requirenBf DSZOHBR1T anp
| oad that is connected For exanple, to ignite the |l anp, the |nverter S 8

WD 2005/ 043955 'PCT/ USZO 4/ 036217 enerate a rel hi
frequency wavef Wﬁﬁﬁ CsEFIHRTE: 5”%3 2}73‘”%]?2%%%68‘:?%3\'9&8 atﬁ?# %‘ y
of a resonant tanKcleks ecutHe réEbh@ntrf@@@E@‘[t?r oftaardsotih€ thitk feyhibe Thiy 1Eeenky: t he
conbi nati on of the Iang and an LC circui en the |Ianp has notleéet been

ignited, and i &PefiEEuVEIAY borfaamadb Bbﬂ&‘é?ﬁ‘?mé‘ﬁ%@ Hthedamp wndpny Fgﬁ'aﬁce
such that the Wﬂeﬁqﬁ{c{l‘ég{%h}ﬁ‘ﬂ]b’rfémeth HEE &id &mﬂmﬁeqycﬁ ﬂﬁgn.

out put vol tage genera nverte power — stage
across the | anpelatibely }aghee$1sﬂascahm et ene tadﬁdcnrca;at wﬁiexhibet puﬁsoﬁ he I anp

ighites, its resistance drops and the | anp.heats |tousl so t hat
the resonance SPCBRIPSSLESAPAATY y Qﬁﬁﬁg?@ agﬁtoq"}?gf‘%% eu}v[eg T RO STer

may be commandgg ge%%ﬁi'a s £eb§éitrer1aﬁgmneleffkrd ysealge&éﬁwedt% Cd'%]ﬂ-ﬂ&

for ‘the particul I anp, a much | ower-- tage. The controller o
inverter should thus be designed with the appropriate sensing ‘el enent s t hat
sense, for exanple, Pmﬁlpd@m@l}gnéﬁ% itsrrapistange Idrape andrtbe sampddatmp so as to

mai ntain the caqr 0 r

Thi o my be- achreveoRlyaal et ihe RAREha O S bR A AR S Bl e

of the fsvm tch mwmmmm?gbetwmamd ltcysmsnairhmel aved behmomml dmra@erreml
art of an automm ack c rol | oo er swi.tc e po

p optrol met hodSP#& eéff RATHENIAT prmps 8l I%tllf ayeliage. @Eﬁ 5 V@f%@gf@ﬁ%él
dvef or m at t et houRP BRANSE. HESEhAMRALPEISHAPID e SehdhE KRl @ thance

the lanp is ignite war med up, “the initial tings for°the operaf,l ng
par amet ers of sm@epmxamplageutpu’a cudinggndy or vektage Iaeroas libe élﬁp'apasq agto

frequency and the t vol t th ve 8.(
exanplo_ by ad) Toer K b GEAIDr R Bt phbR AR obep dwou o
be careful Iy cUhsdmaiyirecdveadbyadjiistingghe dperativgg h-eqnedqeaﬁ@/ andawetycle:
current condl ti rh | nf egr at ed Lan'lp Functi.ons
of the switch mode power supply C1rcu1try in the inverter power stage, as part
of an automatic feedback control loop. Other switch mode power supply
control methods may alternatively be used, to achieve the desired electrical

waveform at the output.

Because the lamp resistance is relatively low once the lamp is ignited and
warmed up, the initial settings for the operating parameters of the power
stage, including, for example, the operating frequency and the input voltage to
the inverter 208 (achieved in this example by adjusting the output voltage of
the buck converter 206), should be carefully constrained to avoid burning out

the lamp due to an over current condition.

Integrated Lamp Functions

The control circuitry that is installed in a ballast enclosure may be based
on one or more microcontrollers that are executing firmware which allows one
or more of a number of lamp functions to be implemented. These functions
include timer and scheduling (turn on and turn off of the lamp output at certain

times of the day for certain durations), dimming, measurement of the

O



-The control circuitry that is installed in a ballast enclosure may be based
on one or nBPEYNFHPYEONtrol lers that are executing firmarRCHBSWR/EISEEINS one
or nore of a nunber of |anp functions to be inplenented. These functions

i nclude timer, and schedul:in _gt,u&)n 0 %q(lj turn of f of, the ia out put at
‘certain ti meETEPE edé‘fhf:‘gi*r 4 oPaf BOVEA SIS Pt h §2 1ﬂ§QQHFIé‘h§3nt of
the 9 WD 20054043855 PRERESRIRLL ARaZTermbRI RN B LelcRHbA (teudiriotie, boar ds

and power stages of the ballast, output current and |anp volta

nmeasur ement , ampfadieetaned of iwtlagd), rg welbas detegfion &¢ ignidonand taultat t age) ,
as well as de ! ofy LQni L] d_faul {11 ' r
may al so be ué@gdl%ig)ﬂlsh e#gg&{océmgﬁﬂﬁ h%iag;éééo %{éﬁﬁ% b ﬁﬂ?@&%ﬁ?@&cggr{%%&f ace

on the encl osthrenghra Idtabitgérfacer @imiccergiantrecat thisaph a mh@ditfaagith&%(lEuser
Li ghting Netwprk unfticigs bel ow). For_ exanpl e cro controller such as
%8

ATMVEGAS- 16A1 FHEE S ghieng Neby only Enchays B@O%‘T)H]E%%%&Pﬂ% % ¥éTencl osur e
and that is conphsfed QiPCAATRRKRLDAA IARoiRBAGRuIBPATVIBL Bap el 111,

and exchange data relating to the user se I ons, or ‘1t any otnher itemto
di spl ayed, w istadleckint theelenpiasoesaid thatris toggled)to stie tePkeyped) 115 mansgear at e

' trollgr, h TMEGA32- 16Al. integrated  circuit by ATMEL that
execut o5 11 vl SSPEY ARG ARG GptA HPGRE  IATBAE 90008 O
above. An exaggy @mémk@ﬂﬁaﬁﬁglmdqfwﬁmg%@n&ag]lgfldc@gﬁn%w(cﬁweméwu

integrated into the single ballast, are as f ows. The control electronics
that .i s i nst amayde a seprratmeiicecenirolierysuch avan A IYIEEMI3- b6 Abintegrated

, q _ . ! _ . . q

o recel ve a SHAEPYSRTARY M bR IR, W BRI e L iopBUBOET 00

?(I_ ternati ?/el yfuttctiomsaldscigbed albew i exethple ingpipnaerdationef tesbdlihcdidond, ahpt -
or exanpl e,

i t hout requiri a separate inverter. The mcrocontroller
t hus control sﬂ%%hﬁmtggwt?‘g%tﬂéh% lg@z%ﬁglb,asg@p a@t{@ﬁgﬁ“’ﬁgl e lanmp output can

drive each of the different types of lanps in an effi‘cierit manner, to not

adversely affect bThakbngeseRAokBS Nl irRtalRRCH tharicldstra (s . hele
enbodi nent, the ball ast ma% designed so that the different | anp types

be
that can be drigresonipllenand apocintedattendenidecwty gryhecaipleddedrotiol a

TELal hal ! de uifhventeTRREUE% ROk sbidRon BPfmfTIBR Bibe, 6 HEPMeSARE fatRp ©f

output can alternatively drive a high pressure sodium lamp and a metal halide
lamp, for example, without requiring a separate inverter. The microcontroller
thus controls the power switching stages so that the single lamp output can
drive each of the different types of lamps in an efficient manner, to not
adversely affect brightness and the life of each lamp. In another embodiment,
the ballast may be designed so that the different lamp types that can be driven
C by the same output include a high pressure sodium, a metal halide, and a
mercury vapor lamp. The ”mapping” between each type of lamp and the
commands needed to configure the switching power stages may be described
as follows. Responding to quéries on the digi{al display located on the ballast
enclosure, the user selects, using the keypad buttons, between the alternatives
programmed into the firmware with a designation of lamp type, lamp wattage,
and lamp manufacturer. As an alternativé, the user choices of lamp type, lamp
wattage, and lamp manufacturer may be indicated by setting DIP switches (not

shown) within the ballast enclosure.
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commands needed to configure the swtching power stages may be described as
fol | ows. Re\iﬁond_i n?g_t_o queries on the digital display |ocated on the ball ast
encl osur e, e'Gddi™Ssel ect's, using the keypad buttons, betREEHS1048036217

alternatives programmed into the firmvare with a. designation of |anp type,

[anp wattage, and,l.anp manufacturer. As_an alternative, the user | ces of
| anp type, |anp vv%tl?lﬁgé}maﬁ& Hrgﬁ%(? ¥ etﬁﬁeftPﬁHW'b[épPﬂé?oéﬁ?léﬂpﬂ)ﬁqg%tti ng
DI P swi t ches dongfol caaaury irv\iﬂertiamlabﬁeh@ql'c}ﬁ%ﬂawE@Béﬁ@ivel@is\f@seﬂ@&iﬁﬂﬁ(@&5
PCF/ U82004/ 036217 A lanp turn_on procedure may be as foll ows. Upon power up:

of the cont r dp-SeilycisREng & AWitsh spling et maresalegiionpthat Ayag hegnynadeibydhe; s

first deternmi : Vool Lad al\%}%'t i ' t hat
has been nadeﬁ]‘%s etltﬁgr fbucglel? Oerirtg ﬁ\g)?él%'ca Y tglre f?@?r%?lggf/?{n ﬁg%? ,qﬁtsﬁé;é?{dgﬁ Swi ng
turn on sequegnmeef switthielg stayeris shedrvedndirst, digebucls colrsateen inftiatetl, t he

buck converter_ is initiated, followed by the power factar corregtion/boost
converter cCi rffs’l}Pw € theBAWER @Ct?%%lr?‘gi/mb}t%&j’@? C%Y%It‘?"suﬁ%&?é'@c then thsner

factor correGhiepefbiagli trriPy H?e@é!%e ﬁ%;ﬁ'o\gélf fale 'c’oﬁre%ftﬁ‘)htci[i%it'&éﬁﬁﬁ t a
| oad. A fixed or electronically adjustabl-e -preload can alternati'vely be
used to accorgeme HiffineltpstywEng sipavithpubs lodk Adbed oRertronicatljadiusiaizleci ng

descri bed above,provid a re.efficient and .cQs effective nethod, The
o e el sed 1 HEMHT Ve e RaBRER I ol bRl iihe PR St el o A5 Bag o
has been sel eRFE@gdbuBtheist§uithf des@dbel ab@dd Phvidega nidwd éffidierandhiozess.
Once the | anp has warnmed up_and is being driven, a dinmmer, | evel is obtained

by the cont r diffestiverrethrds The itial pttingg yillpedenigned tedriverths partiaar or
nu sel ecti ' LA valid ﬁﬁ%}ﬂﬁ& lrgq.ﬁ.‘ ing a
Eﬁange to or qggjeuojslfp %ﬁgqﬁhéﬁgﬁlgﬁ%ﬂgégﬁtg‘g’eﬁt%é lﬁ%e in ert@glr. rég %éﬁ'e e—%é‘ﬁ# mgnt

depi cted i n Fimghthess. WDacé thelehipehaiwaymednmand igbeing duieén, acdimmmer deve? 06
to reduce its. o ut .voltage. . A nunber. of, predefined di,mer |eyeal s’ be
ropped Lo corte SLBRERDS el HEREEhi s Ba bt Tande 4 BiTEer Syl SR
frequency, fadr@eah selptionf. Theesitedl adfthiihgleved is Henasbtathed bgr native to,
the ability to select the type of e driven by a_given |la

Llamp to . qQut put,
anot her enbodiFBHENGHNg REhengh iR @%Jhlgﬁag the anpieleveitpgeoto the mweﬁ#&”flbthe
control, for &xBBRIfentd¥pikU¥GHERE. 2, $Ris is achieved by commanding the buck

converter 206 to reduce its output voltage. A number of predefined dimmer
levels may be mapped to corresponding inverter input'voltage and inverter

operating frequency, for each type of lamp.

In addition to, or as an alternative to, the ability to select the type of

lamp to be driven by a given lamp output, another embodiment of the

( invention has the needed control logic to control, for example, the inverter, so
that various manufacturer-specific lamps of various wattages can be driven by
the same lamp output. Thus, referring back to Fig. 2, the enclosure of the
single ballast 102 may include in addition, or as an alternative to, the lamp load
type selector 216, a lighting manufacturer selector 220, which provides a
selection by the user to the programmable microprocessor control circuitry
210. The programmable microprocessor may then access a predefined lookup
table, for example, for the particular combination of lamp load type and/or
lighting manufacturer, as well as rated lamp wattage selection (received from a

separate wattage selector 218) to determine which operating parameters of the
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that various manufacturer-specific |anps of various wattages can be driven
by the sanwdanpooedsput. Thus, referring back to Fig. 2, tshengncdasssie of
the single ballast 102 may include in addition, or as an alternative to,
the |anp | oad type selector 216, a lighting manufacturer selector 220,
‘whi ch provi debuek cemveséar and far inkertes & Changento ¥ tyrpprepiiately igndpy avdssor

control ci rcuid LAY th%ﬂao%\g-mgt%ﬂ?%mt d‘m' croprocessor may then access a
a , ror

pr edefi ned | ookKup exanpl e, for the particular conbination of
| anp | oad type and/or lighting manufacturer, as well as rated | anp wattage
sel ection (receiveth thoemaodiapatsatf eheintagorsilesttaoed 24 Higs. @ aed ¢f ene

whi ch operatin araneters of .the 11 2005/ 043955 ,PCT/ US2004/ 0362 buck
converter andﬁ%g’}’ﬁ’iqué?fs Y55t gﬁg#@gesstggggrq H‘S&éﬁ‘%‘g ’ﬁ'ﬁlﬁpéﬁﬁ e.pﬁ}gspg.e S%é"e drive
the lanp that pyujidt Sg &gﬂgﬁg&@&tﬂﬁs&r%ﬁﬁ% ] %18&”& &t?&g%? th& VAP 't8'be

illustrated in Figs. 2 _ ere are ypes o ser Interfaces that
are instal |l eddwivehi in theversiirodepietedfintfig. 1,4hid wsar intetfadednchides thadispday t o

manual |y sel ect tti for | anp.to dri.ven, I n t.he _version

dopi cted 1 n ppandiifadRaia 1T dntRe st dhe sELdR Aepieiis MRS Y 11 and-
keypad 115- | acifihy etsibhen valish lfcdeRbairae, rotify SadtilSosifion 8RRV, Ber Si on
in which a, for _exanple, rotary nulti-position switch Si, S2, or S3is
install ed i n ©oh83 énitleddn theenclesurs dor the waerdo maliahis/ber selertars. Asaan
alternative o J It ; t L : , SV .
installed in 5%"%2@2‘%8?%%393‘%&@8?# %(rarlr?) 'tieﬁrg% gqg@geﬁg?%ﬁéﬁﬂ'rﬁ%ﬂb @%@gﬁ%}%},
version, protheaemdbieertoqrarforac dsssrme galectibnmiy theecbronsedadiaiye to the

2duced f ti | it 9. t i cati bility),
(st oad sui  aBFROEEBRPIR KGRI AP THRB AU CE e ceraiter ko g et

conbi nati on Ohﬂ&mangﬁte@;;ﬁ@ﬂ&ﬁ&k@dﬂ%ﬂ@&dﬁﬁmﬁ%ﬂﬁwﬁd HRIIHi Bl

operation of the buck ™ converter 206 _and inverter e control |ogic 310

may al so be deenigpklegicn’d1l megibepraviredto translate the eaghinatinmeablampe| ect or

(not shown), En nf | Lt Ching st
appropriately gCtgc i %@% B?%égeogegs{drrgﬁ{%&ﬁ%g% 8&%&%@%@@&9 ggé ]r?gfléd t hat
in some enbodcomvdrser Xécnchinvieater @88.s Therconthol Yogig 30 Endypatse, be designed to
m cropr ocesso;ec(ég)vrgar 8gm%{err(ig\lfélrﬂ‘\{rg¥1glkll a Tif’i‘w.rntlerasetltlecqglE (rioet' sq{o’wn), and in

response configure the power switching stages appropriately to achieve the

desired dimming level.

It should be noted that in some embodiments, such as ballasts for
drivﬁig HID lamps, the microprocessor control circuitry will start a timer {e.g.,
15 minutes) after initially enabling the lamp output to drive the lamp, which
( disables the dimming function until a predetermined interval of time has

elapsed with the lamp on.

It should be noted that with respect to the dimmmg function, many high
intensity discharge lamps are not actually designed to-be dimmed, and are
typically only operated at their maximum rated brightness. In such cases, the
dimming function provided here may reduce the luminosity by no more than™
fifty percent or to another pre-determined level , in contrast to conventional
incandescent dimming capabilities which can reduce luminosity continuously

down to essentially zero percent.



156 mnutes) after initially enabling the lanp output to drive the |anp,
which di sa&l_ S t_hp dimm ng function until a predeterm ned interval of tine
has el apsed WHH'tH& | anp on. 1t shoul d be noted that witECTESRUE{036237¢ he
di mming function, many high intensity discharge |anps are not actually
designed to'b [, 7 :and: | nly operated at their maxi num
rated bright n%mgéﬁ glh % ﬁefvt? s t?’on%ng function provided here nmay
reduce the lumnosity by no nore than fifty percent or to another

pre-det erm ned | eveRetnrmimgcimrifigad tthiscerobodienéntafahe lighdaglbsitastis alsom ng

oo per cent. BSOS SoSHN RTS8 7 LR R PATEL MR Rt

Net wor k- Funct i iapsréattenéagnienibaiton Aetvi ikSnesreadi TRN A9 hntd@mpig i R9485 |
ballast is also capable of "acting effectively as an end node”in a lighting

network, via acoremgmécation eertanal be hudbintoihe antlosureand couptadioithee 214. As
an exanpl e, an_R - Lcatio be, bt .11 th | d
Coupl od to' t nePTRRCIRIAB LK PoR S Porotfirg 210 16 By A Breptic B34 T om
graphi c user inbredceacgchtenpiloghymnhedaiast NEhdglfbaekampPieiThahgés @x@ep| e,

changes to the |anp output characteristics of hundreds of eyen tThousands of '
| anps may be . larmeewpmtic ar@am&tw#@? hyngr %%Y@&Wmﬁ of kanpa gnaynke

of fice of the kA4 4 4 ' Il dj | et ur al
Parm Wore gerdrary i SAEtHRGIEE o RmBIERRREGS Ln Aythe bRt figiidtics | &
interface 214 mkhgewofteheommaéreiadiballding droagriadfuiral (atve. pote genezally, ghtli ng

network that has a |l arge.n er, of, different t s of 80 806, and
810, for exar‘rﬁleie,mpﬁd.f éﬂl*ﬁ_gs' Séc?ﬁ'tdr%’ltgﬁ r\?ﬁgogygrg‘ﬁflﬁﬁ? bg@ﬁegsgpel ocation
having a renotiadsaahapbalimei0netelpart bia iR ee®idriimat bas 8 Iageshiaber

conputer running lLighting control and  managenent software. There may al so

be a signal corvernt gypges ahlamps 84800, iOnon exarpple, shatfandesi gnal

repeaters 818. [ ' ' . he W j dRiGS

bet ween each bcg-lf_llt&g)éltgal Qa‘%‘éﬁ%ﬁaﬁgfﬂ%ﬁilﬁﬁoﬂm Y €ﬂéﬁhfﬁ%@ﬁﬂﬂﬁiy begla4 "hub
in a nulti-I| ayBreshachinerSdahay e aeraondd computer Fiugningshghtifig eompraldnd al -
user interfacemanﬁa/gbe running. i n~a _naster g%ntrol devi

etent sottware. Theré may alsé be a s1gna? dbfiFerter 816, and in some
embodiments, one or more signal repeaters 818. The communication link 820
may be wireline or wireless between each ballast 102 and the machine 814. The
machine 814 may beahub ina mﬁlti-layered, hierarchical network (e.g., Fig.
8b). The graphical user interface may be running in a master control device
that communicates with the remote central machine 814; the master control
device may be a mobile handset, personal digital assistant (PDA), notebook

computer, or a more traditional desktop unit that is running lighting control

P
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and management software (see Figs. 9-11 described below).

Communications directed at a lighting ballast may include a command
or request to turn on/turn off an output, set output characteristics required by
a particular type, wattage, or manufacture of lamp , engage a dimming
function, set a timer to turn on or turn off an output after a given time interval
has elapsed, and implement daytime power savings by turning off an output
without the need for a photocell to be installed near the lamp or the lighting
ballast. '
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that communi cates with the renote central machine 814; the master control
devi ce nay MG 200apbick® handset, personal digital assistant pCPRRAbensR9E[P0O0K
conputer, or a nore traditional desktop unit that is running |ighting
control and rmanagenent software (see Figs. 9-11 descri bed. bel ow). :
Cormuni cat i ons di r dataeidifédn do Hegltmm@nbakionsdiraed sac Hglleuﬁgmmaﬁn&re or
request to turn on/tur of f an, outplé%, set outpu characterlstlcs rcgwired
by a particullightifighRallaghivags vigHe RAHEPALSIATITGPI BHEFOPTerRFagR MRy R

function, set 1ﬁ1tfatér§ %HH rbr?@%e st h’x’fl{e @irbctidh BPfMer@féleferﬁo&' H&Bhine ™

Interval has elap se daytime power savings by turning off an
out put  wi t hodil4t E‘@rr&e&ﬂrpﬂe,rthabp}im’toney Itranerrb‘ea refsom lof omatmhe | anp or

the lighting _bal l‘%‘??él V%) 2005/ 2143955 PCT1US2004/ 03 ]Illn addi tion
to the comuniR&At9 Vel fTFSR G DA qurré’ﬁtdia 45 Fage N l%@lf? HE Pal | ast
102 by virtue igf énﬂ%m@fd&ﬁﬁ@mﬁk& ﬁ{r@l%frﬂﬁei‘ﬁﬂhs%kx@ mplaldﬂa li h%}ﬁh{dﬁél?as@
command or requéest in the directi of the central, te mac

exanpl e, the pBaWhish 1r$ayt@are§1rﬁom@1 elgstionicsfis p@f@gm@emabia)w pmdemaiamm

farture or i1 SnGBROROhaR e Sht 18R LM EREL A Ror Sochn®l an tBRRLTY
whi ch its intégrdispldyeddodaily a&laehspleplpaslel of thedgillapirelihelatier iy @ eemple of

real -time dlaggz i.C that nt toace tral locatign for
processi ng, £ éb mgoes Vé'quEﬁl”Wt egea,tgsﬁrggn BHESS agy ottt

bal | ast. The 'o@ttﬁ@barlést%@uf%ﬁrmheﬁeﬁttsgﬁdggﬂeﬁ'ﬁaﬁa amkegpae%cﬁ&eadmplggl g

stand-alone unit, where er co out put t He bal [ ast

t he integrat eqbadnels;slwdgarséﬂouammteyghbunahdurm&@mqilca;tpupaaml effisiemsyd t o
how noni t ore n_hour r ut ffIC cy which may be
conput ed unde(r%imr‘rllc FBE)’F%&S?&R Sgaﬁ’f-\dgf n%ﬂddgsrocgs(?% h‘ByV screen shots of an

exanpl e, remote, graphical user interface (GJ) with dialog boxes or
wi ndows, that may tl’ég:uﬁEBﬁ@rdwmg@n thets dflaghixia lactomnd e “:ibmdaiihlsast S,

al so referred tb , Jmay be a d as under thelr
specific physrl%t&'F Z@iﬁb ﬁ%é‘@ & O%lﬁsfqrc"@m qgr%% at @PY%@O togmanp;g% hegey .
Lanp i ntensi tY1g;§:1@in'§"ﬂé%€hor12n’I‘I’i‘efbaﬁEé’t%eMsmfe%d Mré%'c@%ée"soﬁia’y% aul

(|nd|V|duaIIy, I g. 8d; and/or on a per zone basis, e.g.
displayed as grouped under their specific physical locations such as Office,

or

Floor, or Room (e.g., Fig. 8¢). Lamp intensity (dimming; on/ off state) may be
controlled from the GUI (individually, Fig. 8d; and/or on a per zone basis, e.g.
Fig. 8e). Historical operating information that has been collected about each
device is stored in a database and may be viewed via a separate window (e.g.,
Fig. 8f).

( Turning now to Fig. 9, a block diagram of another type of lighting
network is shown that uses network-ready ballast 102 to provide a flexible
lighting application. In this type of lighting network, which is also referred to
as a larger scale lighting data collection system or network, there may be three
items of software/hardware. There is a server 904, a Type 1 client 908, and a
Type 2 client 910. The server 904 may be a machine that is running an |
application program that provides data collection services, and may provide
long term data storage such as in a hard disk drive. The server 904 may also
perform the following tasks. First, it may serve to connect and disconnect to a
client application (Type 1 or Type 2), via a network, such as the Internet. In
addition, the server may receive data from all Type 1 clients that are connected
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Fig. 8e). Historical operating information that has been coll ected about
each devi ogociessumsed in a database and may be viewed vi &cE/sepe@REE-WM ndow
(e.g., Fig. 8f). Turning nowto Fig. 9, a block diagram of another type of
lighting network is shown that uses network-ready ballast 102 to provide a
flexible |igteitrrgdampyireaiddaeallylstorenthe dapdooexamphe. ing drtebesd, Thilsi ch i s
also referre . | arge le. ] i:ng | l.ecti tem,or
network, t he?}éér?r%cglﬁ%ﬁqaﬁr%éga}; P?Cgﬁt%gféxggﬁlg/a?‘ge%kg}og&aérre&éFﬁEP g%'lﬁs ) ?1 Server
904, a Type Ilsegléchi4 20§, aletebspond Yo eeguests ﬁntnt‘iz;ezmimns@@mr SQeHamay be a
t

machine that is running an ppli.cation progra at provi des data .
col | ection sefsfPERIE TFYIT EpﬁeB@%rtgedaqa(fE@mt%P:a %€storage such as in a

hard di sk drive. The server 904 may also performthe follow ng tasks.

First, it may serV?uﬁanggmw%t@ﬁyﬁ $eRBRERIS, HRls FnaFht & i nPRlatibAldfm (Type

1 or Type 2), via a netWwork, such-as the Internet. I'n addition, the server
may receive datElidation @idgrdppembing oratmachiae, s s tororecolethelopanation of a

2005/ 043955 PCT/ US2004/ 0362 o it, and ma ri qdi,cal | tore the data,
for “exanpl o, THmEeAgt aees |Gy Dhessapefheaans ke Tiuhee 405 I ik nelfecrd o
every hour orER¥eTYypel RUbR: 90 Ray HRVBIePEbrABIAIRISQ.J SeRRRE cbA

fromType 2 clients 910. Such a " response may include sending data fromthe

dat abase. Tijrfﬁﬂi%geﬁlﬁiﬁ- 88) vHachryey be stuaded neagone pr snorgybdlasts ¥2nin nat i on of
[ [ ' [ : trol th ti
of o nunber SHEAHRR SAER Sy TR PGt Rarldd PN I0L 508 Thethe

network. Each Type 1 client 908 nay be a fixed client station (e.g., renpte
entral nmachine 8Adto ackype DclieddP1thismegpeecanbinatiod ofear applécadionnor e

|lasts 102, in different places over.a.relatively w de geographic range.
AS to a Type EFOSFFBTaY0e P Sanagen it sl R 2SR b reagh Bhsoniatts
program runni g sefyed-diae Mabtasd /6] 16 HMBPR, HiChntéMet CTRHE T‘Fﬁﬁ TEMAREH30 Of
t he server-side databases, via, for _exanple, the Internet. e Type 2

clients 910 wmay beeligiont ghenstatéons Grelurimg for examplengorieble olehppl,
por tabl e not ehook SOMRHI B Sy WeshilalEt¥edieniklly BhpHTRRS BMr 1Al FREF ©

that there is er nét ~acces
access.

Turning now to Fig. 10, a block diagram of a dialog box that may be
displayed in a High Level graphic user interface (High Level GUI) of a lighting
network is shown, and particularly one provided by the server 904 for
managing the lighting network. There is a window 840, which shows all Type

~ 1and Type 2 clients that are connected to the server 904. In window 842,

( current activity is depicted, such as data having been received from an active
Type 1 client. Such a window may be referred to as a Type 1 client log
window. Similarly, there is another window 844, referred to as a Type 2 client
log window, which shows the activity of Type 2 clients. The window 840
allows a user to search connections to a client, and to select from them so as to

change their parameters.

Turning now to Fig. 11, a screen shot of a “server monitor” program in
the High Level GUI is shown which allows a Type 2 client to inspect the data
that has been received from any ballast (via a Type 1 client), during any

particular time interval. The data that has been reported by the network
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Fur ni ng now to Fig. 10, a block di agram of a dialog box that nay be

di spl ayed i m@z%g,bagl,gvel graphi c user interface (Hi gh LequC.‘%JQOO%%g}I
lighting netwo I's shown, and particularly one provided by the server

for managing the lighting network.. There is a w ndow 840, which shows all

Type 1 and Typenectéd ballasttihetdes, en¢1m1r3rtesé ,ethety (dre, ko wWarttHiids) hisedMondow
842, current C“Xfllty S dep%tct ed,, such as dat a .havi i%‘ been recei ved from
an active Typ&3¥ ATERITSYC mp FPHadh Wl g ni‘@f‘érv g@@sggegsw featfhe

client log w qux%t PR ok, aﬁchgéﬁaét%rqgﬁ?;t@?n S Typescsze%w%&é ﬁgajﬂ,?_ s a

Type 2 client "l'og W ndow, Whi.ch shows th I'i ent
wi ndow 840 al lpgoxide rsktenanceeapatis éuniamps ong., showing tenstatumdf & tamsp) st

f th t T
Ccraen Shot of S8 ERIR T o RE GRS AN R G s/ BrRLeP ACereRatan

whi ch al | ows aTheR&aple Is@%rh@omf&ﬂeﬁiddms dfided iR gdtgallpeRrdcreby.ed
fromany ballast (via'a Type | client), durlg any artlcu1ar tinme

interval . The daeEe wihe sHadapigationeses 859 rohst therueer ko wimoosBreritoss
PCT/ US2004/ 036

ki 1 ovat t hour o) L Lgpe 3 WBERERBfcn 35) a%é%h?%d%sdm Ao Bof Pl ARG el ko
vol tage as neasiloed the usheto daingashe hﬂ‘é@@tcprba@ml H’nddldadzdsaaftthat silt@,rm well

tenperature.: The softwar al.s rovi mai nt enance re or | anps -
e 0 how ng BhESSPHGOBRE Hd s nad b it e et raiABe deteiene

per f or nance, a'i}i’teﬁ‘a‘ivﬂﬁéﬁ%ﬁ X &8P It@‘f@&ﬁ?é boxa-sh for Bé@éﬂ?hﬁfoﬁﬁ{é’tﬁfn Ppé tor
wi ndow is divided into generally three are There is the site navigation

Eea 850 whi chretrieged from the databgse hOose thmh@ice of site anldenmypaterval hambeen

rough, for e o] I t he

user to changeéﬁ{?écfa{l %@? 88 %&sg?hqyﬁl&&g‘ﬁ%ﬁcﬂ%@ 1#% t?'% mggll\g/\gsl as
its nane. mcenhh%aabhearhas&he‘éhe h’(fomatlohhhaue@tcenm/ﬂw mecieiﬂ IlmleLpt, fex thierre

interval, throu %&f and tjme dial oaglchboxe[ge iff eghast d or tion to be
ot 11 eved {ronteecis deagad EreshiaR gsplaved Bhpver 2§ ShOWZs

been entered ﬁ(‘%easl?déla'r@férréd’t% 4658k g’ﬁ%(m%ﬁiﬁ% ibd 6xHa056. GFIBaﬁfy fhiage

I nner site navigation area 854 nformati oA that concerns the’ sel ected

| anp, for the mayaleebedndrea SQG]&\attush@wsmrlamp anebioileallfiss pRzgmgters i
's"eve'ral gr aﬁﬁ&&&aﬁ{{}?i’éﬂ 'the selected lamp at the exact date and time given in the area
' 854. Note that zoom functions may be added to expand the scale of the plots
shown in the dynamics area 856.

In Fig. 12, another example screen shot of the High Level GUI is shown,

where a site navigation dialog box 875 allows a lighting maintenance engineer
( : to select one of several different lightin;g sub-networks of an organization.

These sub-networks may be situated in different cities or countries. A box 877
allows the engineer to select the date and time intervals to monitor or recall
from storage. A particular unit (multiple ballasts/lamps) in the given site is
selected via folder tab icons 881. Boxes 879 then show the selected operation
parameters of a particular lamp graphically, while boxes 880 show numerical
values for one or more lamps in the selected unit. Other ways of arranging the

graphs and dialog boxes shown in Figs. 1012 are alternatively possible.
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in the area'r‘eferred to as the parameters in dynam cs area 856. Finally,
there may a area 860 that shows the |anp and/ or n;eters
nuneri cal | y,{ﬁ%rop?wg&sel ected lanp at the exact date and ti %gﬁ?o?ﬁ'{(&ﬁ

area 854. Note that zoom functions nmay be added to expand the scal e of the
plots shown i Suthgary ﬁSﬁitw&r@C@mﬁﬁ@eaﬂmeﬁ g. 12, another exanple screen
shot of the Hi gh Level Is shown, where a site navigation dialog box 875
allows a lighting n nan eer el ect agne .of several, different

li ghting sub- netwo?%é %ff ﬁ%raga%? g&FP%ﬁ’Pn theremay e Hue lﬁ%mFFafyﬂE’é of
situated in di EhaieRt aeditthgs b @rmﬁﬁwgtﬁwﬁemaoa%eﬁiaft@ 11 ng%naaﬂ' neer to
select the date and time intervals to nonitor or recal st or age.
particul ar uni sygtew, té porirpbdndataitininihe)sysiem weing ﬂennsinv@uaébaﬁatéwﬁl vi a
fol der tab icons %‘?‘ﬁf B xes1 8 9 then show the sel ected operation paraneters
of a particul ary 1asr f@ﬁ 1y, whi | e boxes 880 show nunerical values for
one or nore lanps in the selected unit. O her ways of arranging the graphs

and dial og boxes bofrivia 86 —THELZsca swrirchbe bAatnidvelfyc ishhéyp 16 VO

2005/ 043955 PCE4 {3 8 timerSumaBHY, ets SRheR FanENE Lel ﬁ@ﬁtﬁf@ﬁn‘ﬁ@sed
on the above dipapié¥iiaRPe, 15 BufBNoRe dndl decteicRY et afl OFSHR tAE sw%&H‘k@ ad hat
may be running ahEl 1t§lrﬂl ‘éfba'llﬁé’t erlc@¥urd g TH%’Edebar ”Ol
and mai ntain tlpi SYSL SN gg]{n@_l% 51, 1{ .
descri bed: Kéy { \égrtﬁ ta %n‘{ﬁ%xtﬁﬂfﬁi §la ges
conflguratlon sets Tl unction, sets | unc |on and nDnltors Ianp :

per f o mance, DE S BB, LS bl GiA%AUSE wifhd o
kegpad and ol g P’ i{?g%@lﬂ% ﬁeopﬁ?j‘xfaﬁ Qe % Hbfegfﬁ‘%é 2 so

pruriitdte
sten L M Ve e gsxgn@mzfz =
-Lanps are net 5\51:& PR ed:fne R

and, through oggl‘%'ﬂ 'Imlfé%ﬁ t| ng

control softwa ’gnsé N ‘3’/3 @119‘#&‘:%? 8(?05‘%0 eﬁ[elpst r “and
may be |i nked At%r net, LAN or other network to another

High Level GUI software —This software may be used by hghtmg
mamtenance engineers, to monitor and control the performance of one or
more Internet-connected lighting systems with GUI control. These systems
could be scattered around the world, receiving commands.to send data to a
central server conirolled by the administrator of the High Level GUI software.
This software may thus control a network of GUI-controlled networks. See,
e.g. Figs. 912,

In all three cases, on-board diagnostics (of the individual ballast’s
r electronics and lamp) and real-time cost analysis (determining the cost of
operating the lamp based on the historical data) may be performed in real
time. Adjustments to the lamp operation may then be made to compensate

for increased costs, for example.

Lighting Applications

When the lamps of a large lighting application are replaced with, for . .
example, those of a different manufacturer or those of a different wattage,
their individual ballasts need not be physically replaced, if electronic ballasts
such as those described here (also referred to as IPSEs) are used. Instead, tﬁe

retrofit occurs by simply re-configuring or re-programming the IPSEs (via a

—
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control unit, such as a PDA, |aptop, cell phone or another personal
conputer. Wiusgosa43ves wor k of individual ballasts can be cegtthghbRéss-this
way. See, e.g. Figs. 8a-8f. H gh Level QU software -This software nay be
used by lighting naintenance engineers, to nonitor and control the

per f or mance ofgrapisical userinterfaet enneingcionmeesed chhglol deygicey fdranmmpiefso@ikt
control. Theselésgsﬁgfrrs cogld be sca%.tered around, t he world,, recgj Vi ng
conmands. to SRHHUHRLPIIE 10T thE fpRACHYE I3TPS PERY FHRFOPHRIS UGS Rt or
of the Hi gh L?WEYQJI software. This software may thus control a network of
QU -controll ed networks. See,: e.g. Figs. 9-12. In all three cases, on-board
di agnostics (of the individual ballast's electronics and | ar{ﬁ)f and

@

real -ti me cost analSpsigsoy der veri aemaneing wpplicagionsppwshifi e alhef therabdyased
the histori perqf ' ' ' to th
"2 apor at 1 ofiy RkAdn Ryt ARLERIRE o b5 poiCm B0 (aLRAGE L0 1N

exanpl e. Li ghtfimgicipmaycabd dbasnihieoredher dramped My thd @ngellcoglihuies (also
application are replaced, with, for xanpl e, those of a different _ .
manuf act ur er -G6PeFIFESE g2 HagiarcenEiet ﬁwb@%ﬁperr%@wﬁw pabiliyt s -

need not be p I £ tHef : I £:-bal t S t hose
descri bed her Eﬁ{%}aﬁg?}?eg%%e OHgsco‘?L@géélﬂglﬁ%uﬁgé%%%lsﬁg%eZE@?nﬁe retrofit
occurs by si mehyiropsnefsiighias gatorf a wipl egrenmsegtyiped uiRSRg. Rdr@xample, WO
2005/ 043955 PCT/ 04/ 036217 hi.cal .usey. interface ruhnigng in a.nmaster
control devi cdhe OBy apvs AHERFRe ot i ethpor e chkerat fediitVe

| anps provide Iphﬁ@rr@@ﬁﬁﬁg itlad da¥.0Wﬁg£am se@M are PAFE c@larly lisyigrthe
demandi ng applications, fost' it not_ all_of the above |anmp functions may be

i hpl enent ed | emEn$and hepormayneadhiulbhight, most of theheilisg heseithaqnate

moni L or ed or 8PaRGBEGY 1 e HRRE B nECHRHIRL bl Bl BAELF e Qe AufRot e

control device) on*aper out a S-capa Ity may
manage the coddssdightti Glhemspctionamagr net-rseeal mukh dighit ay cewamn imesehthesday)- as
that of a ret ?:gl thvc\alaéaergglglssg&tggip Iena%r ialv%i a'}gbpglg rspaec?gea’c aLn Caceives sun light. The
building may alternatively be a multi-story structure such as a high rise office
building with certain floors or sections of floors that have been determined to
need less light than others. Each floor or section may be provided with a
separate hub. The IPSEs may thus be arranged in the appropriate hierarchy
using hubs, so that the system control software can be used to dim or even
shut off the IPSEs that are in a given zone, e.g. connected to the same hub.
These zones may be relatively small, e.g. office lighting in a few offices on a
( single floor, or they may be relatively lérge, e.g. all of the street lJamps of an
+ entire city. However, since each ballast/IPSE is individually programmable
over the network, individual lamps may be independently dimmed or shut off

under remote control.

In many cases, the spatial layout and needed wattage of lighting is
similar from one building to another {(e.g., an entity owns several branches that
are laid out in the same manner). In that case, the control system software
settings (including the programmed operation schedule ¢.g., on a 24 hours per
day, seven days a week, 365 days per year basis, the "spatial” arrangement, and
the wattage settings for the IPSEs) once they have been determined for one
branch may be simply copied and loaded into the lighting control system of
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t he Bui | ding may have different retail sections that generate di fferent

traffic paty@igseiyid ng the day. Wiile a few sections aregp y busy
in the norning a/n hence may need full light, nost of the lfsgﬁr:}é]g J]

either not been opened to the public or has mninmal foot traffic thereby

requi ring muchendtResblzhah! Th@ Hi8les $RE bhORSa BRI fA@Int ReeSLLSH titedd 8kpense

certain tinmes of the day, e.g. the garden section nmay have an open space
that receives BenfigyHng ltﬁ“ﬁéghtﬁlﬁ¢@’fﬁ@] SYsiema R eyl _ranchesa mul ti-story
structure such as a high rise office building with certain floors or

sections of floors g Eg&eéj

ot hers. Each fl oor %Jrq%%ect | g%é?ﬁng)g ﬂcbéghg‘}tégt/i:&glgcm hsepalglat e er

| PSEs nmay t hussd;:eplym;mtgenld |arian1peompmt tpdiizea dingledamwipy andq:tcngehmbﬁchmg t hat

the system cont.rol. soft E‘ e used tcf di m or ev ‘L’Jl?ﬁﬁff t he | PSEs
D

that are in a gf %Wz]&ﬁ@ € 8 RS Be’tnlwep%"étﬁ’? S P¥es may
be relatively utd h@éltétﬁeylﬂagztt&g agﬂﬁﬁlfﬁ( B?g/rélfécﬂrféﬁsse@ﬁng? ﬂ%dt%gée

floor, or they e atively”l arge; the street™| anps

entire city. Htﬁ}@i?d? ebslmu@rea@ﬁnﬁgumﬁteldlmryémdrmaﬂmmef &jolpradljymhmbl o

inder remte comeroR e iEse AR el AT RO Rtk B
of lighting i sseth inay aefrnrgblmalla:tg,e ﬁt@sfﬂers@dtmamttﬁteliaeltd)e Qflﬁ x?ﬁr@ﬁggtsa\go@mz

several brancthes

control systegtlgbfmmﬁey diggharge mpﬁmﬁeﬁﬁg’en r%ﬁ@@ew Wpdhgirener
schedul e e. g ‘;@%I year
basis, the ' spsgﬁ@%}?“gﬁt‘?gﬁgyzne }:la an rﬂ?f\eiﬁed?%@egesﬁg? %ﬁ%:s)é% ﬁgﬁfé Es)
once -t hey havesubemntmﬁyeilfﬁemd Waittagm@pabtlmﬁtsttmt@dmeersbyrmhqlamploedp‘ahd

| oaded into t ntrol systemo 005/ 0 5 RCT

/ US2004/ 03623 W SR StediREY Slet i en &7 iya égg"?%‘h HAVE SGHHNGS, | nt
of time and extheﬂale: mhﬂu@]@yapreeélba@blet By hivgbt,ivig aGRet Iritbriaysiiemis Builtdrdibpl e
branches. An epbodi rent of " th

e inven conpris a_housi ng hay a power
supply i nput, BRENGIOSHR e iRpisatergh %Qf%eugt%ﬁgpgﬁtsawgedﬁmml? et hi ng
circuitry, inshahhetnird tﬁaﬂmu?m%éstgn&ﬂd}&sew e@tféﬂth@ggyest ShAIRYRS

supply input, the circuitry ng a pturality of predefin ettlngsthat
are specified by the ma_nufacturers, to be driven by the lamp output.

The embodiment of the invention described in the previous paragraph
may be further equipped with a multi-position selector switch installed on an
outside panel of the housing and coupled to the power switching circuitry,
where the user is to select any one of the predefined settings using the switch.
As an alternative, or in addition, a digital processing section may be installed
that is coupled to control the power switching circuitry, and a digital display
panel and a keypad may be installed on an outside panel of the housing and
coupled to the digital processing section. The user may then select any one of
the predefined settings using the keypad and obtain information on operating

parameters of the apparatus via the display panel.

A communication interface may also be coupled to the digital processing
section, to allow the apparatus to be an end node in a lighting network and
allow the user to remotely select any one of the plurality of predefined settings
from a central location in the network. A master control unit may be provided

that is communicatively coupled to the communication interface in the lighting
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sel ectabl e 'by a user to configure the circuitry to-drive one of P, plurality

of . differ oWt 20883956f el ectric discharge | anps at a ti ne,PQEUSO/E2IANM

out put. The settings nmay enabl e high pressure sodium netal halide, and

mercury vapor high intensity discharge |anps to be driven by the | anp

out put. The pometworkynhahd hiang g}ia{shimial uyemnyerfiedrdmrwhidh {ireeaedriraadbtebt t i ngs
al.

to enabl e | anps .of substant]j | fferent tta apabilities to b ]
e ven by ¢ hor el 8TY Qe Of thgrisiecEiR e (s SRR oL AR Taky o e nates iy,
or in additionpame,sgttings that are manually pre-sel ectable by a user,
via a user interface that is built into the enclosure, to indicate which of

a nunber of discharge |anps of different manufacturers, that may be
desi gned for use wi Irhyeli diathenembpginent oblle inyestiogpeturtheylampingput may

manuf acturers, . to driven by the.l f, T odi nen f.the

i nvention descPﬁg brésgael}eﬁ{’i% 1}6? é\}?gggmg{agr?’asg#é%ﬂa%? ﬁ%ﬁ?‘&% g‘gg[ﬁ%d W th
a multi-positi @@cxﬁmyqﬁb?naesmbﬁaﬂbd i stie@hbesingRhaiis P eledethpensh thé poeer

housi ng and coupled’to the_power switching Circuitry, where the user is to
sel ect any oneS@PWﬁ%PWmWWI?Pﬁ@HW-ng the switch. - Asan - - -
alternative, or in addition, a digital processing section nmay be installed
that is coupled to ; T[f@]:i 1 | . g4 al

di spllay panel and gﬂgg‘%ﬁﬁrﬁgﬁﬁ)@gﬁmg&a e %%ﬁ&g%%]%éﬁhgé&ggrﬁfgé?éé he
housi ng and cabptedidreexanepld) tietadltggecares fiengesechiionbherd meedise desenibe hen

sel ect any one of , the edef i ned ttings usin he k ad and_qbt.ai

hf or mat | o onCBEHm Hgne Sirtae of Do PR Rpparl cer Y & THRC AL shRel
A-communi cat i ofifferbRf érabedifA¥ntRlcI ehd eneaitiire dint gndther ehiddamedt ogRsSi ng
section, to allow the apparatus to be an end node in_a |lighting network_and

al | ow t he userbalipst liSEamgy SBveaisinglp esslosure thad contaias i csrmere Geiareds”
settings fr 0%;9@8&&%%%?%%%% §jﬂ€1e{§i WPite ﬂ@tt?&%%%ﬁe:ﬁ@ﬂ{sr ot maYy

be provided 1§ communi catively cotlpled to the cammunication I nterface
in the |ightinBigl2 oABig.0n550dBenki-edTplwS2adt 68824 are et vamle, lanwpdiripas, ar it

graphi cal user_interface fromwhich the user renotely ,selects any.one, of
The’ or odet | nedma3E Rggeres] BLSERToR lanth HiHey Glopafighh SuBet Fmboigienes
network. In yeﬁreanﬁhﬁ-pﬂqqu@‘gpglioﬁﬁ{gd@fmg,he invention, a further |anp output
may be installed to drive an additional, single |lanp. Further power

swi t chi ng



circuitry may be installed in the housing that is powered through the power
supply input to drive the-additional lanp. - The invention is not limted
to the specific enbodi ments described above. For exanple, the voltage and
frequency nunbers used- to describe operation of the elenents of the

ball ast may only apply to sonme, not all, of the different enbodi nents of

- the invention. In another enbodinment, the ballast/IPSE nmay have a single
encl osure that contains two or nore "channel s" where each channel includes
a single set of the electronic elenents shown in Fig. 2 or Fig. 4. Such
mul ti-output ballast may share the €h&BMBanp input, or it may be powered by
separate lanp inputs. Accordingly, other enbodinents are within the scope
of the clai WP t2018hAMS What is clainmed is: 1. A lighting apparatus
conpri si ng: a) an electronics enclosure with a nmains input and a | anp

out put; b) power. factor correction (PFC) circuit installed in the

encl osur e, t1he Pighting apparatys (YRGS wi t chi ng power supply circuit to

provide a regul afjash detrofits BrtloswR Willl & nhags @cranafaqa '0ﬁ§pdtnpUt c) an
inverter installed in the enclosure the i nverter v an i nput coupl ed

to an output of PrePere: fagtergeriectionPER) G{Fﬂlﬁdﬁ‘s@lﬁdﬁﬂé‘éﬁ QIEIQSH@ thenp  out put ;
d) control @F@‘E&ﬁﬂhﬁﬁngﬁ%%&kmgpbﬂeﬂﬁ%p ceﬁwfm%méa%gmh?eaﬂ@ control

the inverter and to recelq\{e a selection | anp 1oad typ so that the sane
lanp out putowdH valtege based gv e HRipg @PYEhi gh pressure sodium (HPS) |anp and a

metal halide (%panllﬂﬂatermlﬁanamé%ﬁaos&&%éﬁ@&tm?awﬁ{ aﬁ{jinhgtthe encl osure
and coupled to the control  electronics to allow a user to nual |y sel ect

whi ch of t h&owpled ioan WP&‘?&QE PFG cipenitpadanopgpitwpepled to thedaraBer i nterface
includes an giRfjanureric display panel and a keypad. 2. The lighting
apparatus of claim1 wherein the enclosure neasures no nore than

appr oxi mat el y 308bcontne] electronics instadled in thewpelosuze anhepupbesbiorenttol t h

the inverter and to receive a selection of lamp load type, so that the same lamp
output can alternatively drive a high pressure sodium (HPS) Jamp and a metal
halide (MH) lamp; and

e) a user interface installed in the enclosure and coupled to the control
electronics to allow a user to manually select which of the HPS and MH lamps
is to be driven wherein the user interface includes an alphanumeric display

panel and a keypad.

2. The lighting apparatus of claim 1 wherein the enclosure measures no
more than approximately 3000_cubic centimeters in volume, and together with
b}-e) therein weighs no more than approximately 4.5 kilograms.

3. The lighting apparatus of claim 2 further comprising;:

an electromagnetic interference (EMI) filter installed in the enclosure and
having an input coupled to the mains input and an output coupled to feed the
PFC circuit.

4. The lighting apparatus of claim 3 wherein the control electronics is
programmable to provide real-time diagnostics.

5. Alighting ballast comprising:
an electronics enclosure with an AC maing input and a lamp output;
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b)-e) therein weighs no nore than approximately 4.5 kilograns. 3. The

| i ghting apparatus of claim 2 further conprising: an el ectromagnetic
interference (EM) filter installed in the enclosure and having an i nput
coupled to the mains input and an out put coupled to feed the PFC circuit.
4. The lighting apparatus of claim3 wherein the control electronics is
programmabl e to provide real-tine diagnostics. 5. A lighting ball ast
conprising: an electronics enclosure with an AC mains input and a | anp

out Iout; 21 a povepovraThAbr @retias (iPﬂla) &iﬁﬁﬁ%inﬁélre@lﬁhﬂféé’iﬁk@hiqu in the

encl osure to___provi a tpyt voltage fromthe mai Nns i nput; an

i nverter i ns]i’rgﬁdg&lﬂﬁongggﬁ]gﬁﬁgfﬂnég‘e&a(gB}%l?Bmt he PFC circuit and coupled
~to drive the | aman@ulepet installed i the endy3ues esisdéd @tHe BEC eelatdndci rcui try that

i ncl udes functi f. an .electric di,scharge |lanp ballast tiner, external

rel ay, exter?’?&?ﬁgﬁﬂﬁé‘?’?ﬂ&r}ﬁmpé’%béﬁ;ﬁ&p sWi tgh, wirr{)h a control integration

Rr ogram t hia_t |h nt agmiaiolplsodeMraﬁditﬁmdamtcimﬁ itGith ﬁﬂ’i?dﬁdiﬁﬁuﬁcﬁ&d@ﬁ;ﬂd p?glézé)ge. 6.
unitar [ . N all ast conpri.sing:. a power factor. correction

circuit Kavi%c'%ﬁ%mqﬁw&%%%vrm@ﬁﬁ%ﬁﬁwﬁ? P’&W‘F}aén‘i DC out put

vol tage fronexenAiGwirh/with apRufitroldftegiatien pesgrivathatgniggsidsttahi ng power supply

circuit V\A'th@% Iarpt:).oui_&utf' a&dﬁa cantrol processor coupled to control the

i nverter, whdFAARPLCTENtY o a58dlcer PASKASEY i ve high i ntensity di scharge (HID)

| anps of different gas types over different input voltages at the AC nains

i nput i ncl udé.ng atwlimapliggAGllast colBpOdE, and wherein the control processor
Is to nonitor a p uraell

mani pul ate curren PERd if %?r?%’gﬁré?&g?q{:@;hgf Sl%lcﬁ% htagﬁiglﬁ i qfch{}%e%%% ?ﬁé}?l?? gr
pur poses of dicnititmgrovide D€ cotpigaotagei ffdre ae dC paimstiryps; H D | anps. 7. A
|1ghting apparat yg ; GMRE hiVifgs sl @ Wbply At RSP BhefiRC! OSUr &

and

a control processor coupled to control the inverter, wherein the lamp

output can drive high intensity discharge (HID) lamps of different gas types

over different input voltages at the AC mains input including at least 90VAC to

300VAC, and wherein the control processor is to monitor a plurality of

functions of the lighting ballast and manipulate current and voltage of the lamp

output in real-time, for purposes of dimming any one of said different gas type

HID lamps.

7. Alighting apparatus comprising:

an electronic lighting ballast enclosure;

a power factor correction (PFC) circuit installed in the enclosure and
having a switching power supply circuit to provide a DC voltage from a lamp
input;

an inverter installed in the enclosure and having a) an input coupled to
an output of the PFC circuit, and b) an output to be coupled to a lamp load; and

a programmable microprocessor installed in the enclosure and coupled
to control the inverter so that a plurality of different types of lamp loads can be
alternatively driven by said output, the different lamp types including high
pressure sodium, metal halide, and mercury vapor lamps, where each one of
said different lamp types can be driven at a plurality of different lamp input
voltages, and wherein the microprocessor is programmed to further control
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a power factor correction (PFC) circuit installed in the encl osure and
havi ng a swi tching power supply circuit to provide a DC voltage froma | anp
input; an inverter installed in the enclosure and having a) an input coupled
to an output of the PFC circuit, and b) an output to be coupled to a | anp

| oad; and a progranmabl e microprocessor installed in the enclosure and
coupled to control the inverter so that a plurality of different types of

| anp | oads can be alternatively driven by said output, the different |anp

types i ncl udhageitghso PbEEH1NUE neRlifdtfire IRledbmpPabl €@ious REhtIABECMRY Vapor

| anps, wher e?fﬁch one,gf aid gljtﬁjferfnt J anp‘éohépes can be“driven at a
plurality of &fiif¥eBALHH PH‘\‘F%“VHB erenb jAmp aeu 8fher ei n the ni croprocessor
is progranmed to further control 22 the inverter so that various

manuf act ur e-8.y pe Thaliplstirgf appardtasis duint7agesein dhe plogalidy bidiffereht lamipd plurality

of different, | input voltages. 8. T 1.ght] ppar claim?7
wherei n the IBPEF%I%*’E BFf a&e?ggﬁl E}ﬁfa?%?ﬁgﬁvﬁkﬁgﬂg’bd}g@%@ﬁgﬁ‘ﬂo | east in the
ranges 90VAGODUAZ)End/E vanidu BattaeAE ateat 1GOOI ARR rangd 150W ty a00Wuad wat t ages are
at least in isﬁﬁ, r%gge,‘{lSOWto 300Wand 250Wto 430 W 9. Thé lighting

appar at us of Al ‘urther conprising circuitry installed wthin the

encl osure that includes a tiner, a relay, a dinmmer and a swtch. 10. The

| i ghting appar at ke bightuigappamthanfictaim Sdantiwricemprjsing ciredtry instadleflace i nstal | ed
wi thin the . 0 h G OpE 0 0..allow a user to
manual | y seﬁglg*ﬁ;ﬂésé}cﬁgﬁrgectﬁ%ﬁhgﬁg&oﬁﬁlggr’%%‘%&?ﬁ?ﬁﬁ %?%ﬁ%%‘é’?t nt | anp
wattages, a setting for one of afpl urality of different |ighting

manuf act ur er¥), adbe Hghtingappgratey ofstpdmGrfurthes|complrising: of different |lanp | oad
types. 11. The I|i P @&qﬁf %é&swﬁ' i fupst i sing a standby
power supply ci ?%E%ljt]ﬂ?ﬁsta tg In {"Hce\th%@%gﬁraé?é:ﬁgﬂg%p &d to power the

M cr opr oces sWicreprocassns to akgw ansei to manualtyiseledt g Retting ferpperciaus of claim 11
further conpgi,sh : Bmo ke I (oTans(I1J ' k interface,
i nstal |l ed Fﬁﬁ%‘ﬁ%ﬂg%c lf)f?glr%e léﬂ d c%%lgg’%ﬂh?g f(tﬁ-he m?é?gt&r o@esfggge\,é%to all ow a

gr aphi‘c userlightingmfiengdacturerseanst @sejting for one of a plurality of different lamp

load types.

11.  The lighting apparatus of claim 10 further comprising a standby power
supply circuit installed in the enclosure and coupled to power the

microprocessor off the lamp input.

12.  The lighting apparatus of claim 11 further comprising a remote
interrogation communications network interface, installed in the enclosure and
coupled to the microprocessor, to allow a graphic user interface to remotely
program the lighting apparatus.

13.  Alighting ballast comprising;

an electronics enclosure with a mains input and a lamp output;

a power factor correction (PFC) circuit installed in the enclosure, the PFC
circuit having a switching power supply circuit to provide a regulated DC
output voltage based on the mains input being alternatively between (a) 100
and 200 Volts AC and (b) 200 and 300 Volts AC;

a step down switching power supply converter coupled to the PFC

© circuit, to provide an adjustable output voltage;
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programthe |lighting apparatus. 13. A lighting ballast conprising: an

el ectronics enclosure with a mains input and a | anp output; a power factor
correction (PFC) circuit installed in the enclosure, the PFC circuit having
a switching power supply circuit to provide a regulated DC output voltage
based on the mains input being alternatively between (a) 100 and 200 Volts
AC and (b) 200 and 300 Volts AC, a step down sw tching power supply
converter coupled to the PFC circuit, to provide an adjustabl e out put

vol tage; 23 an i audéntester caupcbid thecanvertern avdbhawdng a awitchiagipogrea swi t chi ng

power S”pp'%“Pﬂﬂﬁwﬂéﬁgﬁ%‘ﬁ?ﬁ*?f"r%tggéﬁf#%tlg% the | anp output; and

output, an
control elec Cs 1 NS Cl osure*and coupl ed to control the

i nverter, wherei nonthel elastronics instabled indhé erxcldseret amdeonpled|to torardltheer t er - so t hat
the lanmp o C I j v dr.] hg. s n f hi gh pressure
sodi um (v o P g o RARGKENY, B K hSAUE G Bl e T D1 G ve
the sanme - oampafutputidPs (d)atprratively driwe thersgme apoof { Mgh presspre sodam bot h  of
said nmains ! #) Iﬁ-ﬁ{]@r 'Eg I rising: an

el ectronics %Jngcg?los r%ﬁ%gﬁagﬂshﬁa%(e S h‘?‘ggf%om?‘%%lh‘g%f"fc‘@?n? urtry and
control el ecenearfiadiPS langt ald ;emieicnryt Yepoe (dVdmype over th vEsadd gamsel ectri c

di scharge | a i pcl udj a plurality of functions integrated into said
solid stat eaﬁexpteltc{’dri%ﬁggs Sr di mmi ng and timer operation of the |anp,
elimnating the need to use a plurality of external conponents that include
a timer, a r¥ ayA lightinglballast oropmsiagii t ch needed to achi eve said dinming and
timng when driVvi,AdicbREnitéiRIoM i) @ magnetic ballast; and a user interface
installed in the enclosure and coupled to the control electronics to allow
a user to manual 9lid statecwitehing pawersupply ditceittPadanttrakeledtzoniss, or whi ch of

the HPS and MMaHafMthe rtidstrdt8 v ¥ 3hs eldctric didhaBR @Bl in@ludfledy m 14 wher ein

the user interface conprises a display pane I'splay ne itens that
refer to HPlumlity effanekiens intpgretpddrto saidgold state electronics for dimming

and timer operation of the lamp, eliminating the need to use a plurality of
external components that include a timer, a relay, a dimmer, and a switch
needed to achieve said dimming and timing when driving the lamp with a
magnetic ballast; and

a user interface installed in the enclosure and coupled to the control
electronics to allow a user to manually indicate a) which of the HPS and MH
lamps, or which of the HPS and MV lamps, is to be driven.

15.  The ballast of claim 14 wherein the user interface comprises a display
panel to display menu items that refer to HPS, MH, and MV lamp types, and a
keypad that allows the user to navigate the menu items and select one of the

menu items for the lamp to be driven.

16.  The ballast of claim 15 wherein the switching power supply circuitry
comprises a buck converter feeding an inverter whose output is to drive the
discharge lamp, and the control electronics is further coupled to adjust an
output level of the converter in response to a change in a dimmer level setting
for the lamp that is to be driven.
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keypad that allows the user to navigate the nenu itens and sel ect one of the
menu itens for the lanp to be driven. 16. The ballast of claim 15 wherein
the switching power supply circuitry conprises a buck converter feeding an
inverter whose output is to drive the discharge |anp, and the contro

el ectronics is further coupled to adjust an output |evel of the converter
in response to a change in a dinmer |level setting for the lanp that is to
be driven. 24 17. A nethod for lighting control, conprising: deploying a

plurality ofi7bal haséthod Ebrdighﬁﬂ@fzérﬂﬂ;l,&ﬁﬂ{ﬁri@ﬁhtgi 03, each Iof Ithe bal | ast's
i ntegrates swtching power supp ircuitry. and control electronics in a
respective encl ogﬁﬁ&‘gﬁéﬁ’i‘?rﬁw&%ﬂf@tsép Elilﬁli‘wpﬂ’i‘ﬁﬂftqnoﬁd'@ﬁﬂ@ut put on/ of f

function; adiausdtaibtedraed ftchR@RTwer 81} E¥cdiRy Bhd ¥htill bleBk&lits hanp types,

and ability to drive, | anps from different, %acturers;-and setting a
B

di mer | evelTeSRSEERANCloRYISTthat implemantsrodigrming Awirtiop o PR/ offand 1 anp
manuf act ur erfuﬁéﬁoa}ﬁdjméblea@?uﬂfmwaeammgzl 19 ative Uittt MrAlS RGRs Wnlih the
l'i ghting applbl cat |&_r_1. e hod | ai m 17 where€in each of the

18. 1 o]
bal | asts carfPHity i h‘fﬁlﬁB‘Pé}:‘th e’fﬁ%mﬁmgq%cquf'ﬂ’%@ﬂt y di'scharge lanp at any
one tinme. 19. Thﬁetlﬂiﬁ%@ﬂﬂnﬁérEbﬁjéﬂtﬂ&dﬁ)@f@élﬂpﬁ%&fla @b{ﬁ (s are

essentially replicates froma standpoin f_hardware. "20. T net hod of
clai m 19 wheédi ‘i‘?nEé‘!aE‘P?iﬁt‘Hﬁ"eO‘HPUtrfBY gachof § iaﬁa%@raccqrém,mauﬂlsut on/ of f,
out put pomer]ighhﬁgrﬁpﬁmm@nd | anp manufacturer output for each of the

- ballasts is perfornmed via a respective user interface that is built into

the encl osure. 2 Th t.hod | ai,m 2 erein each of the ballasts

i ntegrates v&%t hi eP’ﬁ@“’H&Eﬁ@H‘%ﬁé’ff&‘?%ﬁP t?bﬁ%ﬂEﬁne‘?n‘fWP’@n, t he met hod
further conphirsorithigh aiténsitg dischRde bPGF Atangonk @ineone of the ballasts via its
respective user interface. 22. The nethod of claim19 wherein setting one

or nore of the di r. l.eve t put .. povner . .| e and.l.anp manuf act urer
for each of lphe Eg‘?ﬁ%gg}og O\fF%i%ggf“%:éﬁgge*ﬁ8“@%§ﬁ%ﬁ%€§ﬁeﬂgﬁlﬁ’ interface
runni ng in aepléates &ilom & stemdpointafdlardvearto whi ch the bal l asts are .
communi cati vel y coupl ed.

20.  The method of claim 19 wherein setting one or more of the dimmer
level, output on/off, output power, lamp type and lamp manufacturer output
for each of the ballasts is performed via a respective user interface that is built

into the enclosure.

21.  The method of claim 20 wherein each of the ballasts integrates within
the respective enclosure a scheduler function, the method further comprising

setting timed operation for one of the ballasts via its respective user interface.

22.  The method of claim 19 wherein setting one or more of the dimmer
level, output power, lamp type and lamp manufacturer for each of the ballasts
is performed from a graphical user interface running in a central, remote

machine to which the ballasts are communicatively coupled.

23.  Themethod 6f claim 22 further comprising setting an output on/off
schedule for each of the ballasts via the graphical user interface.

24.  The method of claim 23 further comprising:
receiving at the central, remote machine from each of the ballasts a

report indicating a failure or impending failure of a respective lamp.
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23. The nethod of claim 22 further conprising setting an output on/off
schedul e for each of the ballasts via the graphical user interface. 24. The
nmet hod of claim 23 further conprising: receiving at the central, renote
machi ne fromeach of the ballasts a report indicating a failure or

i npending failure of a respective lanp. 25 25. A lighting ball ast

conprising: a converter to provide a regul ated voltage froma |anp input of
the ballast; an adjustable, step down sw tching voltage regul ator having an
i nput to reﬁbivekﬁﬁhhngﬁgﬂkﬁhﬁdpﬂﬂhgage and an output to provide an

adj ust abl e regulated

, | t age hV|n anL 0 receive the
adj ust abl e, regul a“t’s‘éer\t/%?‘?gﬁg"d g&%\{%{}t"gﬁ%e% &g 1) of t put of the
bal I ast; andballastf rol circuitry to command a change in one or nore operating
pararreters of the_s requl at or, and fhe i in res nse to a
change in lanp t¥p d&@tagﬁefm%%Péﬁ“%%‘t‘ﬁcf’ﬁaﬁfﬁsg‘t}t{%ﬁﬁwsat‘.“t & different
|l anp types tebeive therrefpdaldd vektapemndt dneouipuiito privide an 2dustdlile, reghlhtedt of claim
25 further cogBr sing control electronics to comrand a change in said one

or nore oper ' paranmeters, inresponse to a change in dimer setting.
27. The ball ast ah inverterh@Ging/an irgiut td teeeioa theoadjostalsle apgulaiet velipgy anet er s

i ncl ude the ad ust ble .r at ed ., vol an, operating frequency of the
i nverter. : %ﬁﬁfﬁ’é eglg‘iulfag?t ué%‘ﬁ&ﬂ&%g%@a& nrL'}lonverter to provide a

regul at ed voI tageoﬁﬂrdrmautlharrtp compindaf chiahge inlimkelod sitgre & sﬂaaﬁgdown swi t chi ng
vol t age regul at or an |n ut to receive t re uI d voltage; an

i nverter havP%@nﬁWrﬁ?ﬁptﬁgSt(?Blﬁlﬁ aegylaton % e;?ertn%c%m E‘tgtaor and an

out put to feethnge irdmpayp@ﬂecﬂént«ﬁm:hkselebtashe ofenslucaling 010dtffenef1t:luirtpry to change
one or more gper ALl i RAURNTRbS' e Rlng ifput

26.  The ballast of claim 25 further comprising control electronics to
command a change in said one or more operating parameters, in response to a

change in dimmer setting.

27.  The ballast of claim 26 wherein the one or more operating parameters
include the adjustable, regulated voltage and an operating frequency of the

inverter.

28, A lighting ballast comprising:

a converter to provide a regulated voltage from a lamp input of the -
ballast;

a step down switching voltage regulator having an input to receive the
regulated voltage;

an inverter having an input coupled to an output of the regulator and an
output to feed a lamp output of the ballast; and

control circuitry to change one or more operating parameters of the
step down regulator and the inverter in response to a change in lamp
manufacturer selection which selects one of a plurality of lamps, from different
manufacturers, that can be driven by the lamp output.
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step down regulator and the inverter in response to a change in |lanp

manuf acturer selection which selects one of a plurality of lanps, from
different manufacturers, that can be driven by the |lanp output. 26 29. The
bal | ast of claim 28 wherein the change in one or nore operating paraneters
is designed so that the | anp output can neet a nomi nal current requirenent
of the selected | anp manufacturer. 30. The ballast of claim?29 wherein the
one or nore operating paranmeters include an input voltage and an operating

frequency of29{ he They&lldse65 cldm 28 wherein the change in one or more operating
parameters is designed so that the lamp output can meet a nominal current

requirement of the selected lamp manufacturer.

30.  The ballast of claim 29 wherein the one or more operating parameters

include an input voltage and an operating frequency of the inverter.
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