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CCNTROL CIRCU T FOR GAS DI-SCHARGE LAMPS 5 This invention relates to-
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circuit for gas discharge |anps, and nore particular]y rel ,%5
rol circuit which permts inproved dinmng of |large nu 16f

i nds of gas discharge | anps. The present invention is an

nt over the circuits disclosed in U S. Patent 4,350,935, dated

er 21, 1982, entitled "Gas Discharge-Lanp Control" 15 in the nane

of Joel S. Spira et al and assigned to the assignee of the present -

i nventi on.
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As disclosed in Patent 4,350,935, it is possible to regulate the
ght of one or nore fluorescent |anps by applying a voltage wave
he | anp ball ast which has-a notch 20 in each of the half waves,

whica notch is of variable width and of variable |location w thin the half
wave form 15 -2- The circuit arrangenment shown in Patent 4,350,935
provi des good operation over a wi de range but has several shortcom ngs. For.
exanpl e,

nmeans for
transi sto

the circuit enploys a series switching means and shunt switc ng
an inductive balilast. The series switching nmeans is a high s
r which is operable to turn off at sone desired point in the input

vol tage wave formto produce the desiT Totch.in the input wvol.tage. The

shunt sw

t ching ﬁEanSQQHIBODnCdROUKIJEDRtGAS DISCHARGE' LaMps provide a

bypass path for t he
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This inventiod relates to a-control circuit
for gas discharge lamps, and more particularly relates
to a control circuit which permits imbrévgd dimming of
large numbers of various kinds of gas discharge lamps.

The present invention is an improvement over
the circuits disclosed in U.S. Patent 4,350,935, dated
September 21, 1982, eantitled "Gas Discharge Lamp Control"
in the name of Joel S. Spira et al and assigned to the
assignee of the present invention. As disclosed in
Patent 4,350,935, it is possible to regulate the output
light of one or more fluorescent lamps by applying a
voltagé wave form to the lamp ballast which has a notch
in each of the half waves, whicn notch is of variable
width and of variable location within the half wave
form.
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.di scharge of energy fromthe ballast. The shunt switch- ing devices
consi st” of- aptii-parall el connected controlled rectifiers. [|f, for any
réason, a, spurious control signal is applied to the controlled’rectifiers
out of 15 their proper sequence, it becones possible to produce a short -
cirewit fromthe a.c. voltage power |ine through the series switching °

transi stor and the parallel switch- ing deéice. This could seriously damage ~

or destroy the series switch. 20

. . ~“Anot her shortcom ng of the
circuit of Patent 4,350,935 is that the la

aving | anps

Li,f f .
reduces when the |anmps’ et ?ﬁr?ﬁggge é&%ﬂaﬂiigigﬁﬂﬁal'egion. One .

reason for thisg 359,988 modidesozcbdnogebaitioncases; 4 helddBrangeebutof
t he vol.tage 2? applied to .the inductive gallast decreases. .. As a
consequence, P& §%W§ﬁ§%w§QRﬁﬁﬁﬁmﬁ6$?age.8F ER2TR L S e ($ RS B ner s

decreases so ehpllolyls d amsies | swikehibggi akaals madtshmty dwiktchingng. A
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Proper tracki mgansqiis es gl espaed otraheistoch whisse i aperablet tof each
of Lpe hal ngich b I "B b i seiedilenvageitel i
-3- of the | avpyvet dadmpoureduce thendesigeldamostdiecionetverinputght .
A@cording.tq VB8 taReent ifik LGS fe | SwPEBNEAET P ifths on during

10 this notch interval to provide a bypass path for the

ot ;; .diséharge of energy from the ballast. The shunt switch-

' " ing devices consist of anti—parallel_donnected controlled
rectifiers. If, for any reasomn, a spuﬁious control |
signal is applied to the controlled rectifiers out of -

15 their proper sequence, it becomes possible to produce a

| "short circuit from the a.c. voltage power line through
the series switching transistor and”the parallel switch-
ing device. This could seriously damage or déstroy the
series switch. _ _ ) ' ' '

20 - Another shortcoming of the circuit of Patent
4,350,935 is that the lamp life of energy sa&ing lamps
reduces when'the 1ampS'are operated in their lower

A ©~ dimming end region. One reason for this is that as the
" notch-width increases, the RMS content of the voltage .

25 applied to the inductive ballast decreases. As a

| consequence, the effectivé output voltaée of the'
filament traasformers decreases so that the lamps will

- extinguish at relatively low dimming. = . .
_ - A further difficulty experienced with the

30 arrangemént of Patent 4,350,935 is "tracking" éeveral
vanks of lamps so that they dim by the same amount.
Proper tracking requires placement of the notch close
to the start of each of the half waves in the nearly

© fully illuminated condition so that the notch can move
35 to the fight during dimming without causing some or all



5 for maintaining a pre-set light dinmng level in a plurality of
i nter-connected gas di-scharge | anps, regardl ess of the inpedance

characteristics of said |anps, the process conprising the steps of; 10 =~ -
estgbl i shing a 100% illum nation output signal by applying a full line °

-, voltage to said |lanps and. neasuring an output paraneter of said | anps -

“during the application of said full3line voltage and storing said | 00%
illum nation output signal; 15 generating a control signal corresponding to
a reduced |ight output |evel; scaling said 100% illum nati-on output signal

~with said 20 = - control- signal -to produce a target |ight output |eve
signal; - conofnhbasnpmmaa$wﬁdnpprumtnumnuepm@@agﬁgﬁgoiaﬁPgd | anps to
establish a prevailing output signal conparing said target [ight out put

| evel signal apeiceme verysairdghtovailing output signal to generate an error
signal: to and nodifying the output wave shape to said.lamps to change
their illum nation level in such a.manner as to 10 reduce sai gerror
'signal. Thus, an automatic |ow end set circuit is provided which'

aut omat i cal | y 3@¢@e5d4ngof of kdejiimvantdoniithang 4s providedve proseasdard

| anps 5and bal'l ast as. cor"rfgar ed to energy saving | anmps and ballasts. The.
novel “aut omat i%°T oBpERbadEtng A prteAgE HaMmdinging level in a

- plurality of intef-éonnécted gas discharge lamps}
regardless of the:impedance characteristics of said

‘lamps, the procéss comprising the'steps of ; o \Jf-

10 o establisthg af100x.iiiuminétion-outpﬁt.s;gﬁal by -
applying.a fdll line ﬁdltage to Said_lamps'and. | o
" measuring an output-bargmeter of'said'laﬁpa during |
the éppi?cﬁt;on bf-séid tullliine voltage an&_storing
said 100% illﬁmination dutput éignals | |

15
.geﬁeréting a controi sighéi correspohd;nghto a
-reduced light output level; L/
scaling said iOOx'illdm;natién output signal with said

20 ihonﬁrol'siénal to produce a target light outﬁut level

signal;



[3 .
calibrate the size of the notch so that a specified setting percentage from
full illum nation i.s 20 mai nt ai ned regardl ess of the type of lanp or
bati asc connected. * The automatic | ow end set circuit enploys, as an input,
either the RVB voltage input to the<bdtl-ast or the total load current. ¢
Thi-s is used to .generate a signal to one input of an error anplifier . ~ and
is conpared to a suitable reference.value. Tne output error is then Ly
enpl'oyed to adj ust notch width and | ocation. 5 A notch signal

generator is al so desgtikgsudng ﬁeagusiﬁgomoh%@h%méér Nt Vs Ka
arrangenent fed into a conparator circuit. The two phase shifted signals

are conpared to a giyfpe Stgnasthbyebnaadppeediqe ny Jubple Biigndi When the p
hase shifted signals 10 are above and bel ow;, respectively. the preset

notch signal. The notch signal generating circuit provides very stable
operation even on lines which are unstable due to large in-rush currents
due t0-ai&gpondiH(nﬁumpwnm@reas¢rsaagdtothghttpm¢$uﬁ leptedlr S3hEialy and
started. as an exanple. Reference i-s made to copendi ng patent
applicatiord No 8404&6211dfpnava\hlthgthetpuésemlgnappltlocatemm dreesrmowi ded

out. .20 Figure. 1is a circuit dlagran1of a lanp control CIrCUIt
signal; -

. : ' R . -‘io
and modifying the output wave shape of said lamps to
change their'illuminatiqn level in such a2 manner as to

10 reduce said error signal.

Ihus. an automatic low end set circuit is provided
which aﬁtomatlcally.adjusts.fpr thé different dimmlng
15 : curve of standard lamps and bailast as. compared to |
_eneféy saving'lamps and ballasts. The novel
automatic low end set circuit.will automaticaily
LJ- P calibrate the size~of-th§ notch so that a.spec1f1ed
f%etting_percentage from full 1liuminacion is
20 maintained regardless of_the.type of lamp or paliastc
éonhected.' The'automatic low end éet éirgu1c empiofs.
as én inptﬁ. either the RMS voltage input to ﬁhé
ballast or ﬁhe total.ioad curreht. This 1s used to

generate a signal to one input of an error ampiifier



" - present invention. 5 Figure 9 .isan automtic |ow en

Figure 2 is a circuit diagrah1of a -second lanp control circuit. Figure 3

shows the ballast input voltage as 5 . a function of tine for a prior
«art coptrol circuit. Figure 4 shows the ballast input voltage as a function
of tik® for the circuit shown inm Bigure 2 at a high illunination condition.

10 Figure 5 is simlar to Figure 4 and shows , the notch noved to an
increased dimmng position. Figure 6 shows the |oad current for the 15.
circuit of Figure 2 in the dinmng condition of Figure 5. Figures 7a

- through 7e are hpgi 9g dis et By Ofp%syogmigsbi%gaﬁpianfcu' 19 3 9ngl e Lo tne

controlled 20 recti ure ure is a CIrCUIt

'suitable for- usgyppil e@"?‘o"i'“tl.w&&n|9ﬁ“b999e§efzochﬁéub5: %@W'ﬂ%éﬂ:ﬂ adxgll n.

set crrcuit
. the present invegtk@honFigure 10 is a circuit diagramof a circuit for
generating the notch signal shown in Figure 7b. 10  Figure 11
shows the phase-shifted voltages as a function of tine which are eQBoned
inthe circuit of Figure 10 and the notch signal -which is produced.

5 A notch signal generator is aiso described .and

consists of a two phase shift network arrangement fed

-into a comparator circuit. The two phase'snlfted

Y
ey

o

signals aée compared to a given signal level and
- produce afsignal output when :hs phase shifted signsls
10 are above and below, respecti;sly. the preset notch
signalol The notch signal generating circuit provides
verf staﬁle operation even oo lines which are unstabie
due to large in-rush currents due to air condlclonxng
compressors and other types of motors being started,

15 as an example.

Reference is made to oopendihg patenE spplicatlon No
8404621 from which ths.present application has been ::
divided out. |
200
Fioure 1l is a cirouit diagram of a iamp

control circuit.
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Referring first to Figure 1, there is shown a 15 control circuit which
contai ns most of the conponents of t prior art control circuit of Patent
43350, 935 al'ong wi th -an exenpl ary +ndlctive ballast and |'anps operated-by "
the ballast. A plurality of parallel connected ballasts and | anps cdndbe_-
provided. - A con- 20 ventional a.c. power .line of any desired voltage and
frequency, typically 277 volts and 60 Hz, is connected to the circuit input
terminals 10 and 11. A series switching neans 12 is provided which consists
of a single phase, full wave rragturfe & il iglger PSuicodiagnaigodi adeecbdd ldmp
15 and 16 and a high speed swtching transistor 17 connected across- the
d.c. term nals of thetloildgdrkaiit .An appropriate control circuit (not
shown) -is connected to the base 20 of transistor 17 as 'is described in
Pat ent 4, 350, 935. 30 . ~A "crowbar" circuit 21, which is a high :
speed protective switching neans, is connected across.the transistor 17 to -
protect the transistor duringRigwusre\d tdtewsh bikenbal hastuigeutuvrénageniaght
f|0m1thr08?h the transistor 17.. There' is al so provided a shunt swtching
means cons? sting of AMPCLE®Ng|9dfelt 1@ ¢ ROMRT 2T edCPRETPLI @igc8Otand 31
whi ch are connected in parallel with the inductive ballast 32.. Ballast 32
may be a 5 ‘conventional ballast -and is one of any desired nunber of
paral l.el connected ballasts which are 2§$rated fromthe same contro

circuit.. The ball ast i 11 ust r StEY TGorfs SN HERE PR HbPF Wi RBERG Y26 EREG AF a

ndar - _
secondary a function of time for the circuit shown in Figure 2
(¥ o at a high illumination condition;
10
 Figure 5 1s similar to Figure 4 and shows .
. the notch moved to an increased dimming position.
'Figure 6 shows the ioad cu;rent for the
5 - circuit of Figure 2 in the dimming COndition_of Figuré
5.
i} Fiéures 7a through 7e are timing diagrams

'to show the timing of firing signals to tne controlied

20 ' rectifiers of Figure 2.



wi ndi-ng 41 and filanment power wi ndings 42 and 43 coupled 10 thereto. A v
capacihtor 44 is connected in series with winding 41 as shown, Ballast 32"

i's connected to two series-connected g di scharge | anps 45 and 46. Lanps

45 angd (6 can, if desired, be energy saver type fluores-- cent lamps of ¥
- commercially available types. Qher 15 |anps could be used. Ballast _ '
filament winding 42 is connected to the upper filament of tube 45 while
filanment wi-nding 43 ¢S NQCt gdat @ ;ta& il [+l A o] ube 45 and the
upper ‘fil anment. of tuii)i'eg"gllgéI sT%ﬁ ?O&éﬁﬂ%ﬁﬁ‘gﬁ.{rﬁ{%ﬁfﬁg@rzﬁsg% is heated by .
the vol tage fromwdithndisn auponztic diew @ndi sgtaciredtstructure S
described to this point, and excluding resistor 50 to be | ater described,

i S essen- emhgdyingethe cpresenthinven nt 4,350,935. The 25 transistor
17 is controlled such that, as shown in Figure 3, the transistor turns off
cat ti t ~and turns on at-time t2 in each half wave to produce a notch in

the voltage wave shape. " In order to permt discharge of the ballast-energy

during the notch intkigue b8t is@am Hutdnabic|[ tow] eadd sfedr circuit v
appropriate;c.ntrOIlgg rectifier, 30 Q£ 3l is swtched on to permt the flow
of di scha?BROITLPEN{ENe, BTeSAR G AFVRR L0y oxanpl e, during the hal f .wave
in which termnal 10Figup®slOi is aclcdirictdt odiagramabfls, cdocwid | ed

rectifier,30 will tufn on_whe transi stor <17 okt f. "If,

however, 68ﬁ|ﬁf%ﬁﬁ??&950&&%uﬁg$§8 §$%¥ﬁ%€ﬁ%¢§ﬁgi%%efégFE?hQEEOntrolled

22 10 Figure 11 shows the phase-shifted voltages as

'  a function of time which are employed in the circuit of .,
Figure 10 and the notch signal which is produced. : o/

_.'Réferring first_tb Figure.l.'there is shown a
15  control circuit which cbntai@s most of the components
| of the prior art control circuit of Patent 4,350,935 -
) along'vith an exemplarj inductive ballast and lamps-
operatéd by the ballast. A pluralitj oi-par;llei
connected ballasts and lamps can be provided. A con-
20 ventional a.c. power line of any'desired voltage and
frequency, typically 277 volts and 60 Hz, is connected |
 to the circuit input terminals 10 and 11. -
.. A series switching means 12 is provided which
consists of a single phase, full wave rectifier bridge
25  containing diodes 13, 14, 15 and 16 and a high speed
swit¢hing transistor 17 connected across the d.c.
teiminals of the bridge 12. An appropriate control
circuit (not shoﬁn) is connected to the base 20 of
transistor 17 as is described in Patént 4,350,935.
30 : A "crowbar® circuit 21, which is a high speed
protective switching means, is connected across the
- transistor 17 to protect the transistor during lamp
| swifch-on-when high surge cufrents might flow through
~ the transistor 17.
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rectifier 30 is turned on, then a direct short circuit would appear from

t-er m nal 10 .through:transistor 17, controlled rectifier 30 and back to

t ekm nal , This direct short circuit coul d cause serious damage or 5
destructlon of the hi.gh speed transistor 1Z. Therefore, an intentional a5
current limting inpedance is provided in series with the shunt swtching 4
means 30- 31. In Figure 1 this current limting neans is shown 10 - inits
sinplest formas resistor 50. |If nowthere is a spurious control signal

whi ch causes "shoot thrgﬂgg Qg SE%Beﬁr&JYGE&ﬂhtéﬁhﬁgagﬁiikﬁﬁgéb and one.

of controlled rectifiers hé current woul d [Imte
i mpedance SOmQﬁﬂ§;QQ#ﬂ1%§lF§ pﬁoﬁééﬂﬂﬂﬁfﬁkkﬁﬁn@9%#9959d1¢°§$rﬁhiqqng t he

TRX] UM CUT T e Y UED 85°ahRAR! Shion dtd Kbddicfed | 1iCpErafigacond | amp

control circuit In ure 2. In Figure 2, e current limting

i npedance |SW§PﬂniR§t%#d?9t129 b?ﬁéaﬁinﬁﬁntcﬁa¥%ﬁ$§ aPsBagnProged to ,
I ncrease S\hsd%\ﬁéxp@i@@alosam&s\tolahqu/% fof appriésdrea hugbed I'ast as

will be descrlbed Referring to Figure ents simlar. to those of

Figure 1 havé® fRarat bk Fﬂé‘@&l‘i@di @@Ht’v"‘f‘iﬁ g’P b areraperated,dramere s

provided a sejiesdmd t&bntRol! Bilbc@ita 2, THOHEIASE sIushiragedans 12
consists of anti-parallel connected c?%é{olléﬁlrectlflers 60 and 61. O her

controlIabIyQﬂﬂﬁiﬁ§$v%fd%vp€é§a€8hWB DEYLAG R cSCGPREHTY ol | ed
rectifiers 6Gadidd 41caBl feDahenad pawarwEsdilegsved Ahdnds SoUple:
|Cg(r:llt Lglas bectﬂk;q%z%oéosgggaﬁ'c °§n%g5t1t§ercqli§fb%g%$‘¥cbﬂt FISEF'E;?IQ;%C Zdnﬂlt ?Ce
devihge whi ch windlasé'4U. as shown. Ballast 32 is connected to two |
series-connected gas diScharge lamps 45 and 46. Lampe
45 and 46 can, if desired, be enmergy saver type fluores-
cent lamps of commercially avallable types. Other
15 lamps could be used. :
| Ballast filament winding 42 is connected. to
the upper filament of tube 45 while filament winding 43
is connected to the lower filament of tube 45 and the
~ upper filament of tube 46. The lower filament of tube
20 4G is heated by the voltage from a winding tap 47 of
' the winding 40. :
The structure descrlbed to this point, and
- excluding resistor 50 to be later descrlbed, is essen-
tially identical to that of Patent 4,350,935. The
25 transistor'l?lis controiled such that, as shown in
| Fxgure 3; the trans1stor turns off at time tl and turns
on at time t2 in each half wave to produce a notch in
the voltage wave shape. In order to permit discharge
of the ballast energy durlnv the notch interval between
_30_ times ty and ty, the appropriate controlled rectifier
30.or 31 is sthched on to permit the flow of dlscharre
current from the ballast. For example durlng the half
' vave in which terminal 10 is posztive relative to
termlnal 11, controlled rectifier 30 will turn on when
.35 the transistorﬂl? turns off, I, however, during any
period ogtside of the notch interval the controlled



35 Controlled rectifiers 30 and 31 are connected in series with respective
i nductors 63 and 64 and with series di odes 65 and 66, respectlvely '
I'nductors 63 and 64 may be 90 m crohegry air core inductors. - Not'e that

di odes 65 and 66 are pol ed identically to the poling of controlled
regtifiers 30 and 31, respectively. . A5 ° control circuit 71 is provided
to control the firingeof control led rectifiers 30 and 31. Snubber circuits

con5|st|ngﬂﬁt¥%%§§t sig7tyrpedsofnd thepedt didesd: ishort ainranis
capaci t of Sl ANélpg %?r PrognReTrIdaIN I AAEELY thadliSs oy yectifiers

30 and 31, resp ec ctors 63 an al so provide i nduct ance
for the smgﬂiﬂobleéur§§t6¢166nﬁpbmn§jb&ﬁkltpeﬁst!}ﬂﬂijlibzﬂﬂhtﬁso

“provide i c t WaigEh ihiggz ary to turn :
off co trgﬁﬁﬁﬁeaeg Fe?gr Egéfﬁ1é%#§%e ?nltlatl on their respective
not ches. gastruction ofcapscbﬁem Bpaed atrangigtost U< or and current -
limting conponent connected in series wth the shunt switch circuit-and

the -seri es connected shunt switch -circuit and capacitor 73 are connaeted |nr'
paral | el #hereferesraouintentionsl caresntr linidimghdmpedanoel i) by any

conbi nati g Rfs 4&€§ $h! ¥§€15§du§khveme0%§ﬂﬂ.£ 4519 atgngn%at GPIent s ei ther

singly or *I'm various conbi na- r ésT.stive, I've and
capaC|t|v@LxN¢mmeﬂigune &othnsabumreﬂﬁm&zmitnng MBﬂn5u£s shrowmn- | i near .

S B0 e Y HRVS0RB1BY 16 Rsl SO ab ° e, B (ldTAS K| TO%,
br eak- ovelspsmmmmduonbrodll sdgnadnmmathuseshésamt/d:himugiﬁ' ofNot e t hat
the current through the transistor 17 aand one of controlled \j_
rectifiers 30 or 31, the current would be limited by
the impedance 50 thus tending to protect the transistor
'15 17 by limiting the maximum current through the transistor-
- during ‘the half wave. ' :

A second lamp control circuit is ‘shown in Figure 2. rIn .
_ Figure 2, the current 1imiting impedance is a capacitor 73.
20 The. . capacitor 73 is also employed to increase the RMS '
conteat of the voltage wave form applied to the ballast
as will be described. | | |
. Referring to Pigure 2, components similar to -
those of Figure 1 have been given the same identifying Ny

[
W\

numerals. Thus, there is prov1ded a series switch 12.
In Figure 2, the series switching means 12 consists of
anti-parallel connected controlled rectifiers GO and
- 6l. Other controllably conductive devices could’ be .
- used. The gates of controlled rectifiers 60 and 61 are
30 operated by pulses derived from a suitable control
. eircuit 6
A shunt awitching means is provided in Figure
2 which includes rectifiers 30 and 31 or any other type
.'of controllably conductive device ‘which is desired. _
'35 Controlled rectifiers 30 and 31 are connected in series
- with respective inductors G3 and 64 and with series |



“ .
current limting divertor structure can be connected across the series
SMAtChIng ‘means 12-.and the shunt. 30 switch neans may be elimnated. The .

o put_ of the control circuit of Figure 2 is connected suitably to ballasuéo_-‘

whi ch may be’ identical to ballast 32 of Figure 1. Two commutating :
capacitors 80 and 81 are connected 35 between termnal 10 and the node
bet ween di ode 65 and controlled rectifiger 30 and the node between di ode 66
24 and controlled rectifier 31, respecklvely A conven- tional input

11 Che apacal Bhisl” e 4f 6L ~o2hentTybig.| MRMlGTIRSBE 0a8E 11

wi || be note angknen circurt of ure 2°1's. current
limting sjmmeythe.ﬁﬁp@mnnnhenrtapaclc@re73nd§c¢mnﬁyleﬁovethhahy pat h-

- whi ch fQ | | d
et ors S3tblsS By S 8TdfLp60RU" ieRtdRaL 1PN Sthe PERIAEOLEST
limiting in qontrnéhedwnﬁqtifmenauﬁg easaaluorssmectiwe#w 73Ain the =
. event 0%E”hbHEPBieﬁngﬁFf(Wieﬁsrﬁfbm%hﬁﬁ Ebrbﬁﬁtfgﬂﬁ%qér¥&5i5§”b¥ I's

i nherent | y Very ru e manner he circuit ure .
.operates is q@@‘érp ed Fagil fberswifgandt Blref §mmp@115=1mu4:tgures 4, 5,

6 and 7a to ans%@in?ra; Olesigbaks w sfhda6s taadb%eaycgsu@ﬁvéreme§-
control circuits to control rectifiers 30 and 31, 60
are shown |nc¢ﬂgﬁﬁ§§d7@aﬂﬁp¥ﬁﬁP$e69eﬁ&§|V@ ﬁSeIPQFRRQQQQﬁﬂ%hB%halﬁetlgure

7a and the Wydth ebnth®XEsd rféctifiers 30 and 31, respectively.

10 Inductors 63 and 64 also provide inductance for the
i,# .- snubber circuits of controlled rectifiers 30 and 31 and
; - also provide inductance in the commutation. circuits
which is necessary to turn off controlled rectlflers 510
and 61 with the inltlatlon of their respective notches. -
15 . . Capacitor 73 is an energy. divertor and current
- limiting component connected in series with the shunt
switch circuit and the series connected shunt switch
circuit and capacitor 73 are connected in parallel
- with the various ballasts. Capacitor 73 can be replaced
20 by any combination of resistive, indﬁctive, capaciti#e
or active components either singly or in various combinaé
tions. The resxstlve, 1nduct1ve and capacltlve components
&dg | or combinations thereof may be linear or non-linear.
' 'The active components may be two—termlnal or three-
25 terminsl‘devices,.seﬁiconductor devices cr arc'dischafce;

- devices or the like. Typlcally, a. break-over semlconductor
diode: can be used as the active device. Note that the '
current limiting divertor structure can be connected'
.across the series sw1tching means 12 and the shunt

+-30. gwitch means may be eliminated.
' The output of the control clrcult of Fxgure 2
is connected sultably to ballasts which may be ldentlcal
to ballast 32 of Figure. 1._
_ ' Two comiautating capacitors 80 and 81 are connected
35 bpetween terminal 10 and the node between diode G5 and
E controlled rectifier 30 and the node between diode G6. -



20 notch shown in Figure 7b. The notch signals shown. in Figure 7b are to
be initiated at tine [err] and extinguished at time [err] sa that the notch
width will be the distance [err] minus t. ‘A notch-producing. citcuit is
‘described hereinafter 25 with referenge to Figure 10. During positive
glf waves, a firing pulse is applied to controlled rectifier 30 at. the
Instant of the beginning of the notch period. After a short tine delay,
[err], shown in Figure 7c, ‘the conducting controlled rectifier 61 will be.
commutated 30 off. - Cbntrolled rectifier 61 is then turned on again at
t he tlma[&nd]contnpﬂﬂgdmaﬁﬁﬁk&&mhl31maVQ§P§@GL¥§lMHMMﬁ|¢p$WgnPe 7e, the

~controlle 1 gl34r. bgel RQi at time t -

-and. t he cg%%§%+} gﬁ?ggtl%ﬁﬁg%(g%g%?iggﬁng?agg % f&gfter Qﬂ%ﬁ short tine
del ay, andthe|inputt texadngdek Wh ar@i hlat the end of .the notch, Fi gure
4 shows the ballast’ |Irgpq,t1 \{ﬁolg@%{.@a @hggt ¢ReCQ! Ii.g.l %é%v@%cg nkhe notch

Is initiated rel ativel- y I n-the half wave an e not wi dt h
is rel &iwiycehsr oL é&ﬂﬂﬁn?tkﬁr%ﬂé??@él}lyltﬁﬂﬁﬂqlqﬁﬁﬂ%kﬁof di ng of

the outputshb@8hncbObretaBldLtdP P38 lhugbﬁléymmtl pltg that, at

full i1Tlumna- tion, -the_notch may be elin nated. w || be noted that t he
vol t age swwmb%htﬁﬁéugﬁsﬂéﬁ)qq@eﬁﬂﬁﬁhﬁPPr%&V§ G@Hﬁﬁ?ktﬁ%ﬁ#ﬁ%ch i nterva

10 - This igp ?Efé&s‘éoC%B%QﬂﬂdIle@ S6E81 ¢ ekle 30NPeAl | GO i 61,25 the 1oad
i nduct ance_ st or ed ener% is transferred through one of djodes 65 or 66 and
control | ecSimiiari¥, inductors 63 and 64 are current limiting in
' 10 the circuit 1ncluding capacitors 80, 81 and 73 in the .
'~ event of an incorrect controlled rectifier firing. ' R
Thus, the circuit is inherently very rugged. o |
| The'maﬁner in which the circuit of Figure.z
operates is’ desorlbed in the followxng with reference -
15 to Flgures 4, 5, 6 and 7a to 7e. The control signals
which are to be agplled from the control circuits 62
and 71 to controlled rectifiers'so and 31, 60 and 61
are shown in Flcures 7c, 7d and 7e relative to line .
voltage shown in Flgure 7a and the Wldth of the- desired
20 notch shown ia Figure 7b.
' ‘The notch 51gnals shown in Figure 7b are to
be initiated at tlne t, and extinguished at time t2 so

1 S
that the notch width will be the distance t, minus T e

~ t;- & notch-producing circuit is described?hereinafter

25 with reference to Figure 10. During positive half

- waves, a flrlng pulse is applied to controlled rectifler
30 at the instant of the beclnning of the notch perlod.
After a short time delay, tD; shown in Figure 7c, the
conductlng controlled rectifier 61 will be commutated

30 off. Controlled rectifier 61 is then turned on again
tat the tiue t2 During negative half waves and as
shown in Figure 7e, the controlled rectifier 31 turns
on at the beginning of the notch at time t, and the
controlled rectifier 60 will commutate off after a

35"short time delay, and will be turned back on agaln at
the end of the notch. '



30 or 31, respectively. At the sanme tine, the comutating capacitor 80 or
81 is properly:charged to be ready for 15. a conmmutati on operation during
thhe next interval. "As a result of the voltage swing through zero, the RVS

vol tage, which is applied to the ballast, will be significantly higher than £3

in the prior art circuit in which the voltage during the notch interval is
clanped 20 to zero,_as shown in Figure 3. In order to obtain regulation or.
dinmng, and as wi Il be descri.bed in nor@sdetail later, the notch position

I s progressively mndenﬁdégﬁg: ﬁ89§e§ﬁ'v%'&§E% eqnéﬁﬁénr]{%%gtgogs shown

in Figure 5... In the 2 Igure e at
about 50% of af noitchl lagridit ion. 1nThh1bbaahsump¢nm wavanﬂtnnﬁem the |.oad

current flow_n alla h | I

regul ati on cSﬁga'ttt Li%? 7—&81? ié ﬂf%ehg'&gr g)tgl%gng'o q'flg{e%ct%%rgl of Fi gure 2
is 30 'nom1das¢chbmddthriserdkaamwelwnﬁé@watébyommamntx)I¢&atiﬁ91Vern1na
10 becone % capa ;80 lehy P

Capac torS shaY L e e [GE Rebflinl) ol ispel Sufte it £808 dxBolgy
control circtibt 98% o2 fwlkeilinoivesiodl- edotecttibater &t fwllohdduningen
the Iine volkgg% b%ﬁﬁ?ﬁﬁo?@ﬁ &ayebgng&gaﬁmgx§%pglns transferrlng fromthe

| oad to the ["dst™ unt i ‘when-a notch is to be pl aced
in the input voltage wale whipebe Aptﬁﬁ|§h&¥ﬂﬁhﬁ vyldige| $HHLES rectifier

30 is fired BArifif YS! 14! LaLL! ndds GARAC 1.0 e ﬂaéeﬁamsrw@ugh-

the closed ciTcui
10 This is because capacxtor 73 goes to the oppos1te

Rg' polarity as the load 1nductance stored energy is transferred
' through one of diodes 65 or 66 and controlled rectifier
30 or 31, respectively. . At the same time, the commutating .
‘capacitor 80 or 8l is propérly_charged to be ready for = -
15 a'commutation operation during the next interval. As a -
- result ot the voltage swing through zZero, the RMS
voltage, whlch is applied to the ballast will be
31gn1flcant1y higher than in the prlor art circuit 1n
which the  voltage durlng the notch 1nterval is clamped
20 to zero, as shown in Figure 3. _
| In order to obtain regulation or dimming, and
as will be described in more detail latef, the notch
;# - position is progres 51ve1y widened and is progresszvely
moved .to the right, as shown in Floure 5.. In the
25 - condltlon of Figure 5, lanmp dlmming may be at ‘about 50%
. of full illumination. The load current wave shape of
the load current flowing through the ballasts is shown
in Figure 6 for the regulatlon condltlon of Flgure o.
The operation of the clrcult of Ficure 2 1s
30 now described in more detall. o '
- Immediately prlor to the ‘time terminal 10 _
'becomes posztzve, the capacltor 80 will be pooitlvely
charged as shown, Capacitor 80 was charved_ln the
prior half cycle through diode 65. The control circuit -
35 62 causes the coatrolled rectifier 61'to:oonduct when
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_including controlled rectifier 30 and the forwardly conducting centrolled
rec%¢-ier 61. The discharge. current commutates down the forward:currgent of
olled 10 rectifier 61 and pronptly turns off the controlled rectlfler\,
61. 'The out put voltage wave shape at the beginning of the notch will then.
swi.ng through zero in a negative direction due to transfer of |oad
-inductance stored 15 energy to capacitor 73. At the sane tine, the _
~capacitor 81 is being charged to a condi-t§&n-in which it can' commutate -
~off controlled rectifier 60 during the negative half cycle and when
control | ather dcitrid i el Bdgesbetomes. pp&itive and enfvgypbegdnsoperation of -

the ol o4t e ELONE £obhenaOYBhac R oa tuet! Qhgld Willg Pre feranly

have a Iomllnpe ance®co at” of. “capa- ors Good

results I&% vdmheiguhe a¥n when errpbcty:ibng-Sa 125 b cpdiceddindtbevol t S
oi l-fill as r rton qaﬁéﬁt nd LG gy ad,. 800
volt oil 1 qqfnga‘%ipg’ tvé?'(sfgf gg%’gpac tors Pﬁ%zgﬁe Acaﬂ%;%&gc ed

advar® ag@‘e@‘tltfrkex':l 3Qui$ 8iredgbye theampnhirol ccineuific?dased RVS \7'81 tage -
tent h | a |
.conten g#g;ﬁf%biOSQ £hoa g%%énh%;% %Hfo&%@rQHérQESSEBe ¥R

filanment anps 45 and_ 4 I gure g{ saving | anps as wel | as
standardlnﬂﬁﬁﬁkﬂgeﬁmﬂéholbﬁérrﬁPﬁ#ﬁéﬁRﬁﬁQl ker fox@apAdY i n energy

savi ng l%mudéimscésefoﬁtal telleilrq dredice o'eaaualsbaa&g@ gnifi- cantly

because the reductton in filament voltage causes 35 decreased |anp I|fe
for enerQ%nﬁﬁnﬁmf¢@m$§ateﬁndpﬂé the forward current of controlled

10 rectifier 61 and promptly turns off ‘the controlled -
.~ rectifier 61. ' - . . B o
' ' The output voltage wvave shape at the beginnlng | -
of the notch Wlll then swing through zZero in a negatlve
direction due to transfer of load inductance stored . .
15 energy to capacltor 73.' At the same time the capacltor
' 81 is being'charged to a condition in which it can’
. commutate - off contrOlled rectifier'GO'during the
negatlve half cycle and when controlled rectlfler 31 is.
fired. _ . , '
20 _ For proper operation of the Cchult of
'Flgure 2, the novel capacitive divertor 73 will pre-
ferably have a low impedance compared to that of capa-~
citors 80 and 8. Good results have been obtain when - e
_employing a 25 mlcrofarad 440 volt oil-filled capacitor
25 for dlvertor capacltor 73 and 1 microfarad, 800 volt
' 011-filled capacltors for capacitors 80 and 81.
o An unexpected advantage of the circuit of
Flgure 2 and due to the increased RMS voltage content
_ supplled to the ballast is that it can operate the lamp
30 filaments of lamps 45 and 46 (Figure 1) of energy
saving lamps as well as standard lamps at a much lower
minimumpsetting; For example, in energy saving lamps,
it has been_di:ficult to reduce output light signifi- -
cantly because the reduction in filament voltage causes
.35 decreased lamp life for'energy saving.lamps. In the
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27 present circuit, however, energy

sav4ng Iarrps can be dimed to a | ow end of - 40%vmthout | anp Ilfe | oss,
whe¥ eas such | anps ‘coul d not be below 70%with prior art circuits. 5

It is believed that this inprovenent
the voltage applied to the ballasts has a higher

circuits because the.notch voltage swi ngs-through zero. The circuit of

Figure 2 al sgr@gbRitts f@iﬁééiﬂ:,”ﬁo%véﬂ“e SHE£Ey pé)ﬂﬂm&h

[err]

control
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When the notch position is closer to 90°, the notch
width can be less so that the ans voltage content is
again greater.

The improvement is also due in part to better

" -notech position and notch width coatrol since it is
. possible. t_o move _the not_oh shown in Figures 4 and 5

further to the right within the half wave without

- upsetting lamp tracking, as will be later described.

X

_ _ . - Thus, . the notch
pos:..t:.on can be at a.pproxima.tely 80° 1nto the half wave
for the unregulated condition and can thea move to the
right as the laap power is regulated down. By contrast,

in the prior art, as shown in Flgure 3, the notch nust
. be positioned at a.bout 65° for sta.rt:.nv cond:.tlons in
order to provide adequate tra.okln It the notch

30

35

started at 80° ia prior art. olrcults, some lamps - would
drop out during relgulation_ while others vould be very
bright. Since this tracking oroblem is aot as great
with the pi-ese_nt circuit the notch beginning po:Lnt
can be at about the 80° level so that RMS content is

‘increased over the entire range

A preferred adjustment and Itracl-:ing sequence
for adjustment of notch w:.dth and notch pos:.tion is as
follovs

i s obt*&i ned because the wave form of
RMS content than prior

i thout nbamp Mﬂ:ﬂ hlesd,be | ess so

{:‘Ohgifb-ﬂéﬂ"@ﬂtﬂ%ﬁt 1A A AL A DASE{dmbSVe! SO

N



flncrqgged over the entire range. A preferred adjustnent and tracking
~sequence 35 for adjustnent of notch width and notch position is.as
fol l ows: ™" 28 ' - 15 The notch’ begi ns at apprOX|nater 450
within the half viave for 95% of full light intensity. In order to decrease

.~the I'ight intensity from75%of fulisintensity, the beginning of the notch

‘position is noved 5 to the right and the notch i's widened-as it noves to .
the right until full" regulation of=l+.ght intensity, down to about 30% of

its full value (for ,an ener b oi nt, the
notch begins at aboﬁ%&%ﬁ B %ﬁeghglﬁm?fﬁ%eﬁﬁ%{w 48 L’Qltﬁé;@ using
"this sequeheehailtf vasrdetor f@dfdof hfulili |ldmehh xnﬁ@@@ntYeanIDe optimzed at
t he n1n|nun1sett|n ddie I di; L} 0ssBOS T ji s used.

I n gener aPt d5 sr’f&l aﬂgeapge;ecl ifébtprl\é etdgl Qf"fﬁ%‘rr‘ Eﬁ/% E Fgg't i nput
vol t age fmntengIWmnltheﬁbegfnnlpgsoﬁl¢heamptmhhppSlﬁﬁ©neﬁ§r@°W$k

sl | St RS & el CRDRBEAR Y8 YA JendlP 4 2t CmbPedT 2o

filament e cireurt o operates to produce goote
autonatlctheawugnynuntxilqu&tneguietmanjQﬁxﬂﬂ%@toh329351¢¥hers to the

~condi Ui on Qe ¥ dddili 46%%he CaRshRUTY VAt FORSIANENERE dl eSS Of the
anp a

nunber s whi re connected to the control circuit and to. keeplng_
the fil amsawving tleg) kﬁ-%mbh%ygﬁdr-egértdltébjss ofoimE, nEP(BeP%'rPhI anps

ConneCtedbeglns at about 80° within the half cycle.

10 By u51ng this sequence, it has been found

~ that filament voltages can be optlmlzed at the mlnlmum ;) '
settlng and the smallest dlvertor capacitor possible is .
used. In general, a smaller capac1tor_w111 produce a -
larger RMS ballast ‘input voltage for a given notch.

15 position and w1dth.“ Therefore, the smallest possible
divertor capacitor value is de51raole to maximize.
fllament voltages.. '

The circult of Figure 2 operates to produce
good automatlc load regulation. Automatic. load reculatlon :

20 -'refers to the condition wherein light level can be
maintained constant recardless of the number of lanmps
which are connected to the control circuit and to.

~ keeping the fllament voltages hlgh enough regardless of - s
the number of lamps connected. '

25 . . The circuit of Figure 2 operates extremely .
well w1th respect to automatlc load regulatlon because
the RMS- content of the wave forms of the ballast input
voltage does not change 51gn1f1cantly Wlth the connectlon
of more or less lamps to the same circuit. It is

- 30 believed that thls occurs. because of two conpensatlnr
factors betveen the amount of energy which must be.
- taken from the ‘ballast inductance during the notch
__1nterval, and the time during which the energy can be



25 : - The circuit of Figure 2 operates extremely well wth respect
to-automatic | oad regulati on because the RVB content of the wave forms of.

t he bal I ast input voltage does not change significantly wth the connectlon
of -nore or less lanps to the sane circuit. It is 30 believed that this
occurs because of two conpensating factwers between the anount of energy &5
whi ch-nust be taken fromthe ballast inductance during the notch.interval,
and the tine during which the energy can be  depleted. In a case where a’

Jaxt mum MuTgEpfbrdIPS 1] A SX8EPkRerdlal AIRImA TGN YL1L]

system the ter ener Lver e eqU|vg%ént | oad
resi stance a qrequamﬂkeu QQJl&mPSLnGHetGQOBenieﬁ ticesthe esestgmwi thebe

depl eted at %Péa?é?t%%%§g§“%$%€ Bétgl?EQQEhh%uFa”%i ce'{hér@hﬁ§$§18ﬁta
m ni mum nunb nnec or exa ess energy IS avall abl e
but al so thelqegleesaﬁﬁance|sndoeqaspaienﬁgbyl&@anuindudkﬁeequns|y, t he
RMVS . voltgfg he ojta S (o} I S
essenti al i?ﬁ% sggb egard eéé ggp?%¥33u§§2$h% ﬁ%g%é?ﬂ vée?lf $¥the
circuit of H‘gueefzomeaebﬁenes&l- r dgutheorasike afodd miegimmu punber

characterlstéfs Qkpsh%dﬂdéé%édOflE'g ere% glbhaﬁégga y of t he

di vertor capacitor 1s not criti-ca dapaci t or gure 2 can
be a reIatlv%V?ilﬁbiSemﬁﬁm#bQQaéh?oﬁeP¢§§QOFe§§MQ3ﬂﬁmﬂ?lﬂﬁ#@@b@anﬁéﬁ with

o 151! LAREERS, EHERELY, THAG BIBCVCNLaRe Q0PI Biputi v s 02
. 10 voltage wave shape to the ballast stays essentially. the
l\¥:' | same, regardless of the number of lamps driven by the

~ ecircuit of Figure 2. | |
One beneficial result of the good_regulation
~ characteristics.of the circuit of Figure 2 is that the
15 value of the divertor capacitor is not critical.
' Therefore, capacitor 73 of Figure 2 can be a relatively
inexpeosive capacitor. . . | '
Good results have been obtained with the
circuit of Figure 2 when the timing'circuits‘br_control
20 circuits 62 and 71 are such that the notch is held in
' the center of the lamp arc voltage throughout the
; dimming curve. This produces the highest filament
_K«‘ voltages and the lowest lamp peak arc voltage.
| - Referring next to Figure 8, there is shown
25 g circuit which can be employed
- with- the circuit of Figure 2 in connection W1th the
_operatlou of the control circuits 62 and 71 and in
‘particular for adjusting the position and duration of
the notch signal of'Figufe 7b. Lamps and ballasts are
30 commercially available which are designed to produoe
light mora efficiently, previously referred to as
energy saving lamps and ballasts.
* The dimnlng curve of energy sav1ng products
~ has been found to differ from ‘those of standard lamps
35 and ballasts, particularly fluorescent lamps.



the cepnter of the lanp are vol t age throughout the dimmng curve. This
fprodu% s the highest filament voltages and the lowest |anp peak are .
voltage "Referring next to Figure 8, there is shown 25 a circuit which
can be enployed with- the circuit of Figure 2 in. connection with the
operation of the control -circuits 624qand 71 and in particular for adjusting

- the position and duration of the notch signal of Figure 7b. Lanps and

bal.l asts are 30 connerC|aIIy avai | abl e which. are designed to produce
| i.ght nore effi-cient preV|oqih%$g§{erred to ne savi pg | anps and
bal | asts. The di mi n gUTPng 6P&&$§i}qé£§¥mﬁﬁﬂgound to
]g: ffer frardbtesethe anartdaod detpst 86 spedilfdleldaios: eﬂﬁﬂdzﬂdz‘lﬁi' yb

uor escent | 0 tlca cal I rates
the it SAFErSprgtettl e, Una BphTal HATHE s AThRa Phg oy
di M ng witégdaredhesst alfnd:dher aypelledslahpt hadt yo|aé.l(afsﬂ arnlanch.é)al | ast whi.ch
is 5 1 h I | onnectron W th
a fl uoresce%ﬁf?%ﬁ%\h %hé'ﬁ'o%uﬁé{eoleﬂln%%%ﬁétﬁgnspﬁ% g’ g‘{ﬁ%}} thje ci ™uit of
Fi gure 8\mdnneeppby wa tangy |filglorescent. lampFug&rsd@ukﬁ15@ﬁhaﬁédage _
det ect or cw 1£nd0g b§.a§q_r°r£eq}]f)ftb§? POt 8L &l ol #: V\:hl ch has’ |ts_

primary w nding connected to -t | ast "1 np ut voI ge and ‘& secondary
wi ndi ng 1GdpRLYintet aayt dighd saupee phase, fuII wave bri dge connect ed

rectifier 102.  An oyhPyh Y % Orard ORMESv62RAGE! S AURTS e die output
10 is formed of a potential transformer 100 which has its - '
primary winding connected to the ballaSt.input_voltage : o/
and a secondary winding 101 connected to the single '
phase, full wave bridge connected rectifier 102. An
output resistor 103 is connected across the d.c. output -
15 terminals of bridge 102 and a diode 104 and resistor |
105 are coanected in the positive output terminal of
bridge 102. A capacitof 106, resistor 107 and capacitor = i
108 are also provided' The components of Flgure 8
_ _descrlbed to this point serve the purpose of an ﬂMS
20 load voltage detector. .Thus, the voltage at the node
of resistor 107 and capacitor 108 will be proportional
to the RMS voltage at the ballast 1nput voltage terﬂlnals
109 and 110 in Figure 8. ' ' _ . i;
e - The output at the node of reszstor 107 and
25 capacitor 108 is then be connected through a scale
factor correctlon circuit 111 or may be connected
directly to an error amplifier 112. _
- - Another input to error anplifier 112 is taken;-
from resistor 113 which is'connected to a suitable’
30 control_voltage-source,'as indlcated to define a
voltageIStanderd which can be ea511y adjusted.
The error signal output of amplifier 112 is
then connected to.an appropriate notch Wldth control
clrcu;t whlch ls_operanle to produce the.notch signal
35 of Figure 7b;1modified in,accordance'with.the outpnt of .
the error amplifier 112. The notch width coatrol
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15 termnals-of bridge 102 and a diode 104 and resistor 105 are connected
in the positive output termi nal of bridge 102. A capacitor 106, resistor

187 and capacitor 108 aré al so provided. The conponents of Figure 8 o
described to this point serve the purpde of an RMS 20 |oad voltage*®“ = .
detector. Thus, the voltage at the node of resistor 107 and capacitor 108

w il be proportlonal to the RVS vol tage at the ballast input vol t age -
termnals 108 and 110, j g The output. at the .node of resiStor %07 -
and 25 capRireniton il tedta et afneribad o sntediipn bakho o O T
correction.-Pigtiels 110 £id nBY.be connected directly to an error anplifier

112. Another input to e f 112 js taken fromreésistor 113 which
i s connected to a slhﬁ 00{ ,‘ggg'peg h'sf‘lrﬁorst aFe Ho HEEXPERSI YR cated, to

define a voblag&nﬂeﬂuﬁﬂrbmbccbraaa beveasmhpughﬂacﬁuxn 1dde eureenti gna
out put gf appl i fier 112 is the ropridate notch wi dt h

control “cir PQEMQﬁ?ﬁgf?ﬂmﬁ I@n 8 §P33353 3ﬁgﬁ(nv Eﬁ%ﬁa} 35 of Figure Tt-

7D, nodlf‘eﬁealumanxwkﬂurbverh the omrpu&tobﬂﬂﬁignnensanmhefeﬂtlylz The

W th i gur cBFO3 R farier O LERE; PobpeRRastof, o ikt e SaBRER%E Ui
and i s accucdtreuidvers treqghredt fiar thaé fumnmupui I S not neasured ‘but

only bal last i nput 4l ta0e, § SeAEESH" 8rrelRiBH T L € 1£1 Safl FiOUTE 8

i nherently.
10 be employed if it is desired to correct the circuit

_operation for the nunber of lamps which are being
exclted, which is a function of the total load current.
The c;rcuit will also make the slight correction needed

by energy savingllamps'as compared'to_standard lamps at

15 light loads. The scale factor correction circuit 111

can be a simple variable galn ampllfier in which galn
‘varies in accordance w1th the magnltude of the load
‘current.

e

' Figure 9 shows an - embodiment of an
20 autonatic low end set clrcult in bloeck diagram form.
In the emoodlment of’ Figure 9, the 1nput signal controlllng
~ the systen is derived from ‘the total load current which
, - is applied to the current transformer 120. The output
of the current transformer 120 is then applied to an
appropfiateeRMS_current detector circuit'121. The

[0
(4]

- output of circuit 121 is then applied;to an'appropriate'
storage circuit 122 which stores a signaijreiated to
:the 100% value of the total load current at the_instant'
of measurement,';The_storage_circuit 122 can, for .
30 - example, be'a'digital counter. The output of. detegtor
121 is also applied to operational ampllfler.
A circuit 124 is also connected to the storage '
circuit 122 and COUSLStS of a gain set change enable
' circuit Whlch 1s operable during a ‘no-notch (full lamp
'35 lntenslty) condition in the voltage .to the inductive



provi des |ine voltage conpensation so that.no separate circuit is required
for this function. The scale factor correction circuit 111 can 0 be
énploxed if it is desired to correct the circuit operation for the nunber
of lapps which are being excited, whith is a function of the total |oad
_ currehé. The circuit wiil also make t he. slight correction needed by energy
saving lanps as conpared to standard |lanps at 15 |ight |loads. The scale
factor. correction circutt 111 can be a sinple variable gain anplifier in

whi.ch gai g M3, | O ap nge with the nagnltude of the load current.
Figure 9 s§§h§§%5 8t Eg%gg %ﬁnt of an 20 automatic |ow end set circuit

in bl ock d|agran1forﬁhelﬂutndtemﬂbmhﬁyﬂtqﬂagegorem&morhednnuﬁrﬁlgnal

control 1 g hey susiembaadetRtedd popdtie Lotel soad anenioani ch s

applied to the current transtorner he™ ou
transf or n@hichy adjests &bpl gadnt @famp%ta@@abpamaﬂef% Ai23 @ det ect or

ci rcuig 13bcorBinewt puknotngl 100 vhAhd SyklER FPLLSHL0 4N approgniate

- storage circuit whi-ch stores si gha f the.
‘total Ioa&hﬁﬁqkinlgﬁ thGOFﬁQQéﬁpﬁﬁy|ﬂ§§ﬂﬁh§m¢mtalTheadtcum;emtrCU|t 122

can, for %ﬂad@@ﬁﬂ”ﬁhebfnﬁug'QM%aEdrrﬂﬁf”to %§§r%g%gﬂhloﬁn@ﬁ%§ﬁﬁ§£ 121 'S_:

also applied to erational anplifier. circ s~ a ted to
t he. storaéQQnW 1250 ﬁhﬂngﬁn§Ps@§QﬂuQ§gﬁ#rp%tpuchamgeadnau(xherCU|t

m&ch :fa@W@b{aﬁaﬂE%ﬂgfalﬂs PRk iVe!do | 8@ SPankRFANFRILLY tion in
&% gu the ;hiustgblgereslstor 127. The ampllfled output ' :
error signal is then applied to the notch width control | : \c)
circuit shown whlch will be later descr1bed and whlch R
' ls the same c1rcuit as was shown in Flgure 8.
Durlng a start-up situation or relnltlallzatlon-
15 'after load swltchlng when there is no notch.in the
voltage to the ballast the clrcuit of Flgure 9 will
store in memory the value of the full load current..'
This value will determlne the galn of ampllfler 123
- such that the voltage v, reaches a value to indlcate
20 100% lllumlnatlon output. As dlmmlng later occurs, the -
. gain of ampllfler 123 is locked 'in and the voltage vx'
will be.proportlonal to the percentage of full load _
' current. This output is applied to the error ampllfler - an
- 126 and the closed loop system will hold the percentage '
25 of full load current at the deSLred settlng by approprl-
'ately ad;ustlng the notch W1dth.
' ' Figure lO shows the clrcuit Whlch can be ,
employed to produce a notch signal shown in Flgure 7b
_ _ for the control of the series and shunt sw1tches in
30  Faigure 2. ' _ '
' Referrlnv to Flgure 10, there is an 1nput
a.c. control voltage applled through the filter re31stor'
140 and capac1tor 141 which’ are connected to the a.c.
ternlnals of a 51ngle phase, full wave bridge connected
35 - rectifier 142. The output voltage.of rectifier 142 is



bal | asts of Figure 2. The output of the storage or nemory circuit 122 is
t hen connettedto a: gain setting circuit 435 which adjusts the gain of -
operatlonal anpllfler 123 in 5 accordance with the 100% val ue which is 4;

stored in circuit- 122.. Consequently, as the total |oad current changes,
thé input RVS current to operational anplifier 123 will also change to

d
produce (21 b Eednals hdulp &4 pARBLLESC 4R Ynd O’é?E?Fg
output errort4¥gnafhesdiiede dAf i 3 ¢ARACLAG BFTAHSH TeSRATAR 148 cast
shown whi Ch stiddg be Irike o%scﬂétbv?éie@”ideyﬂb%r' 14RO TG COE 14400

shown in Figure 3 DUring a start-up situation or reinitl Zat | on-
after Ioadf%ﬁt%ﬂﬂhgcmndnﬁﬂuﬂbg|Ep$kﬂhﬁecﬁnpﬁttﬁé @@Mm&;&%Qrthéoballast

the circgit ,;ﬁvg}?gegﬁ ?vaalal ﬁé)r& grrggahxrw_ gpval ue of the full | oad

current. This ue w n1ne e gal anplifier 123 such that the
vol t age [eg§T reaches Thealnegativerdizput Qﬁ com@ﬂ@ﬁtnnuiﬁﬂﬂanﬂlbheput

Vol tage v pLE o ARt oL YR FHLEAE, bobparkéer TePes ddniEerac
Thi s’ output % appesédtor %2 dm & mperenee ticcaid whé.qh m&mm
stting by o ohiTEeBELISLAR Fhufte Lng, sREGHY 300t e The
ci rcui t1Qhi ckbtaandecappicdyted tk55¢ odlite autputis saitgm'lrom(mplhffégsr e 7b
het or g o Ra ofs' PR BEIBE ANbAIHILSM 2 ERd a8 10 BOUAL 8,
_thrbugh t he &0d t 9y respebcnvely, can be applxed through the resistor
160 in Figure 10 to the positive terminal of comparator
- 151 and the negative terminal of comparator 150. The
15 outputs of comparators 150 and\lsi are then connected
together and are connected to a resistor 161 which is
'connected to a 10 volt source. ' o ' |
The clrcult of Figure 10 is a simple two .
_ phase shifted network feedlng into a comparator. Thus,
20  the voltages at’ points A and B id Figure 10 are shown
.in Figure 11 as phase-shiited voltages superlmposed on
a common time base. Voltages A and B fluctuate relative
- to the dotted line level of the error amplifier output
I\ " which may varj or bounce due to an unstable systenm and
.25 due.tOjfactofs such as large in-rush curreats takea by
' air conditioning'compreSaors or other motors on the
same- line as the lightlng power supply. The _
" ecircuit of Figure 10, however, produces a notch signal
which starts when the slope of voltage A intersects the
30 error ampllfier output and terminates whean the slope of
' the voltage B inté:sects the error amplifier output.
Thus; a notch signal of the desired duration and position .
is produced simply: by controlllng the phase relationships
and magnitudes of the voltages A and B and by controlling

35 the level of the error amplifier output or other reference



- 140 and capacitor. 141 which are connected to the a.c. termnals of a single *
phase,. . full wave bridge connected 35 rectifier 142. The output.voltage '
of redffifier 142 is ~ connected as shown to capacitors 143 and 144 and
fesistor 145. The diode 146 is connecfled across resistor 145 as shown.
."The node between resistor 145 and capacitor 144 is connected to the
- positive input -of _conpardtor 150 5 ~which can be a type .L339 conparator.

“ The negat iweEl taget oat pagnpartdt drt 1&9 desirled msiidemedaseuthef nodenti cal -

conpar at or _1‘£1%ar§ connected to a resistor.152 in.a reference,ci 'r_ciuit which .

i ncludes &' TE¥Rr efle 150RLEESSATN QAL PIANSH W 2YREIZPOLSTBL 154 and

capaci t or df5the The ravepes siignil Gbr 28Prolri ampSifiersodtipuciror -
anplifiers, 112 and 126 in Flt%ures__g and 9 respectir Vejil can be appli.ed.-
through t HERs}BEER2EE0 1itn they R~ 21098 0 tPfe SN2} VB 1L RenafcopPanied

conpar g orby % gREduUAT 34T W L@ paghef ofonare ad&c,c:lS_QiﬁnIMeakS .
-outputs of, eopgparators 150 and 151 are then connected together and are
connect ed ¥% e$1TPdror 161 which is connected to a 10 volt source. “ehe

circuit of Figure 10 is a sinple t\Whehassysbemt edi gegompktineding into a
conparator.  Thus, 20 "the.voltages at points A and B in Figure 10 are )
shown in M itk e"?:{lﬁslspﬁ&%féﬂi;ﬁ’édl%aﬁ §gé‘§rs‘d’pﬁ-.4ifﬁﬂﬂeﬂnﬁ 8% comon time
base. VolgamegedenRd shsitlensl Uaifing Ce2bLks ! %Wﬁ@ié@ﬁb'.'&échg&ﬁb'ﬂf the
"error anplifier -output which _may .var¥ or ‘bounce due to_an unstable system
and 230 dfetectassorsds e ddHer geThaseudRrUES cfruld Rencegageted
condi tionigy £REPhEAROLRtVeecd MU BESES 192 Wi capacitor 155 in
Figure 10, in lieu of or in addition to poteatiometer .- A\
153. R ' - '
Although the present invention has been
15 described in connection with preferred embodiments, -
many variations and modifications 'w'ill become apparent
to those skilled in the art. It is preferred, therefore, -
that the pfe_s’ent_ invention bé_ limi-téd got by the specific
- disclosure herein, but oaly by the appended claims. '



same- I|ne"5§“rhe~+fghttng_pgger suppl y. The * circuit of Figure

10, homever uces a notch signal whi ch starts when the slope of vol tage
Aci nt ersect @ n’ﬂﬂﬂlﬂ l'ifier output and term nates when the sl.ope
of the voltag uﬂnﬁe error anplifier output. Thus, a notch . .
si.gnal of the de5|red'ddrar|on and posﬂt on i s produced srnply by = - 99

controlling the phase rel ationshi ps and magni tudes of the voltages A and B
and by controlling 35 .the |evel of the error anplifier out put or other:

reference Vol tage output. It it ig deggred to increase the not ch wi dt h,
it is necessary only to raise the averHQE' evel of the reference signal or
error anmplifier output. This increase in the size of the signal wll be

acconpanied 5 by a gradual shift to the right of the notch signal as is

desired. The syatemIﬁr&@é@@tfbkemmhbaya&hgua ¢eRLQ)! an JHP W shdledd ved
from ener gy managenent systens, time clocks ot osensors, occupancy. 10

det ectors. and the jldgea 1Jt@8p1w@y1§gweﬂl @nberc@%a@fc@@dt e iitarge
bet ween r&&i stor 152 and capaci tor in Figure 10, in lieu'of or in

addi ti'on B0 pot entliawpy crrddsrd¥essooght heeippedanice Rharaictediast fnenofls
descri bed in connection with preferred enbodi nents, nany vari ations and

-nodi fications. mmlbdmﬂxmﬁmwmpatbﬂtptocéhaseonbrhbedglMhbheuaﬁs oflt is
preferred, therefore, that the present invention be limted not by the
specific disclosure herein, but only by the appended clainms. 20
: establishing a 100% illumination output signal by
_ ~/ applying a full line voltage to said lamps and
10 measuring ah output parameter of said lamps during
the application of sazd full line voltage and storing-

said 100% illumination output signal.

generating a céhtrpl'signal corresponding to a

15 reduced -1ight output level;

scaling said 100% illumination output signal with said
Y - | conttol signal to prodﬁce a target light output léval

_gignal:' . | '

continuously measuring the_output'parametar of eaid

. lamps to establ;sh a prevailing output signal;



" CLAIMS 1. A proc —maintaining a pre-set light dimming level in a

~plurality of interconnected gas discharge 5 | anps, regardless of the
inped e ch “ aid .l anps, the process conprising the steps
%bl is Eﬂ‘g\ma“mu tﬁ‘snati on output signal by applying a full line
voltage to said |anps 4nd°® 10 measyring an out put paraneter of. said.
“lanps during the application of said full line voltage and storing- said"
©100% i | | um'nat.i on out put signal géenerating a control signal. corresponding
to a 15 reduced I| ,ﬁﬁif{ | eve 1 scaling sai d 100@6ilrunination
out put si gnal - wFPRPEELE 03 %F%ﬁ%] {ohbr oukBut lexrdepligng aNd put
| evel signal; ntlnuo uring fhe araneter of said | anps
to estahlish a BngaPF 3 Eﬁ %JSLQnag EEaFF §°84Rd aPasgdion i ght

out put. | evel S|g ﬁl ;gd sald prevalllng output signal. to generate an error
si gnal ; dlfylng the output wave shape to said | anps to change
their illuninatlon_level in such a manner as to reduce said error signal.

2. A process as clainmed in claim1l wherein said 10 out put par ter

is the M5 volt ggg @BR4rF9nlC t3H butput wave shape to said lamps to
‘change their illumination level in such a manner as to

reduce said error signal.

2. A process as claimed in claim 1 wherein said
10 output parameter is the RMS voltage applied to said.

‘lamps.

3. A precess as claimed in claim 1 wherein sgaid

output perameter is the RMS load current.

15 | " "
_4. A process as claimed in any preceding claxm

wherein said lamps are either standard or energy

Isavzng flourescent lamps. = .. ' o/

20 - ! 5. A process as claimed in any preceding claim
" wherein the modification of the output wave shape
consists of'varYing'the'width of a notsh'in each half

waveeof an AC wsve shape.



© ' .
| anps. 3. A process as clainmed in claim1l mggiggg_gng_gnggL;paraneter IS
the RM5 l.oad current. 15 4. A process as cl ai In any precedi ng claim

wherein said lanps are either standard or ener cent |anps.’
20 , A process as claimed in any prece mmﬁmllm mm‘E thed 3
a

nDdIflca(IOH of the output. wave shape ddhsists wvanyl ng & het wi dt hodf

notch in each half wave of an AC wave shape. 6. A process as clainmed in
any preceding claimwherein after the establishing said prevaLllng out put

signal step and bgfoge Md% i$esP evall ut sjignal _is
anpl i fied by an ag I?f %g?F%%”Q%in %f%é% iﬁ!ﬁé %ﬁf?oV ﬁeéP -

least in part by §f‘l:g gg%’ 'elslt‘é'ﬁ'l'l%tﬂ %:}O%'éﬁwtpurféaﬁflﬂ# I‘?%!?E 0g¢ gaior '

mai nt ai ni ng a constan Irmmng | eve ma pI I’-COI’]

gas di scharge | anpg, nd bef%?%aﬂﬂ $ondfa il 251 tics of

said | anps substant?g Py as herein gescrml(ﬁbe& %t ef er enclgﬁé Eiha :

accpnpan(dgg dra“b@gﬁut signal is amplified by an .amplification gain
5 factor which is controlled at least in part:by said

100% illumination output signél.

- 7. A process for méintéining a constant dimming level
from a plurality of inter-connected gas dischafgellapps.
10 ~ regardless of the iﬁpedence_characterisﬁics of said
lamps_suﬁstantially as hérein déscribed with reference

to the accompanying drawings.




