CONTROL CIRCU T FOR GAS DI SCHARGE LAMPS 5 BACKGROUND OF THE | NVENTI ON Thi s
invention relates to a control circuit for gas discharge-l anps, -and nore,
particularly relates 10 to a control circuit which pernits irproved
di mmi ng of .l arge nunbers of various kinds of gas discharge |anps. The -
present invention is an inprovement over the circuits disclosed 138845
Pat ent "4, 350, 935, dated Septenber 21, 1982, entitled "Gas Di scharge Lanp
ffrol™ 15 in the nane of Joel S. Spira et al and assigned to the
assignee of the present invention..As disclosed in Patent 4,350,935, ig is
possible to regul ate the output |light of one or nore fluorescent l-anp& by
applying a voltage wave formto the lanp ballast which has a notch 20 in
each of the half waves, which notch irs of variable width and of .wariable
| ocation within the half wave form -.2 - The circuit arrangenent shown
in Patent 4,350,935 provides good operation over a wi de range but has
several shortcom ngs. For exanple, the circuit enploys a series swtching
means and shunt switching 5 neans for an inductive ballast. The series
switching nmeans is a high speed transistor which is operable to turn off at
sone desired point in the .input voltage wave formto produce the desired
notch in the input voltage. The shunt switching neans turns on during 10
this notch interval to provide a bypass path for the discharge of energy
fromthe ballast. The shGCONTRUGL CTERGUIT dROR c@sS CDOSCHARGE aanMpsparal l e

connected controlled rectifiers. |[If, for any reason, a spurious control
signal is applied to the controlled rectifiers out of 15 their proper
sequence, it becones possible to produce a .€fn
L ' '
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BACKGROUND OF THE INVENTION - _
This_invention relates to a control circuit

for gas diécharge lamps, and more pafticularly relates

10 to a control circﬁif which permits improved dimming of
large numbers of various kinds of gas discharge lamps.

. The present inventiqn-is'an improvement over

- the circuits disclosed in U.S. Patent 4,350,935, dated g

September 21, 1982, entitled "Gas Discharge Lamp Control"

15 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
voltage wave form to the lamp ballast which has a notch

20 in each of the half waves, which notch is of variable

width and of variable location within the half wave
fornm.
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short circuit fromthe a.c. voltage power |ine through the series swtching
transister and, the parallel switch- ing device. This could seriously

darmage or destroy the series switch. 20 - Anot her shortcom ng of

the circuit of. Patent 4,350,935 is that the-lanp life of energy saving

| anps reduces when the | anps are operated in their |ower dinmmng end

region. One reason for this is that as the notch width increases, the RVB N
content of ;the voltage 25 applied to the inductive ballast decreases. As i
a consequgrice, the effective output voltage df-the filanent transformers '
decreases+#0 that the lanps Will extinguish at relatively low di ming. A
further difficulty experi eFRR®dCH¥ ¢¥it e BENECRS I RARWR g BB&t 4, 350, 935

is "tracking" sexgssd, d3BKerofidedPsosd dhetatiwy chiaw by dike samzamint . .
Proper tracking {equiresrﬁiacene t of the 2€p§h clogﬁ to,the start of each

of the half waved*¥n>THe a??@r fﬁ?@ng?TLl'?mu%ﬁfQP R t55h FF L t he

not ch can nove 3&mplays he sexhées dswitehidhgmmern s did hwetusswidt domeg or al |

- 3 - of thegla P, QU ' 3B 1Y | apps e r right .

BRI EF DESCRI PT s f8f Pﬁ@sw+mﬁghccor_danc_e%v%t%&aﬁ/‘?kﬁds

feature of the TmegR@shkht2|hiahtsered t et Wirdhiks Greealela to

4,350, 935 is nodthiedoEiCHt t SGthe t AEs BRED SSo St 1O 1 NBARSE WL Pt

swi tching neans can bpoth be fornmed of ant|-parallel, connected controllably
conduct.i ve devi cE&V% %F%st?r%ﬁ£$g?%rgh%r %%%ﬁ? | 9L &t e ARput

Comut ating 10 wabeagée or sTlae esltist hew Pech i mg anddres srrmes awidwuhiasg by
firing approgri a{t‘?ie%’_r&?étcgé {ﬁ‘@eﬁ t.tf&ﬁ&%cfeif{‘ @Ja& st t@f%‘i"e\—h&%‘e
not ched waveé form™ The shunt swtch a provi des I scharge pat or
st or &g ener gy i rdisgharge of energy from the ballast. The shunt switch-
' ing devices consist of anti-parallel connected controlled
‘rectifiers. 1If, for any reason, a spurious 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_powei line through
the series switching transistor and the parallel switch-
ing device. This could seriously damage or-destfoy the
 series switch. '
20 - Another shortcoming of the circuit of Patent -
4,350,935 is that the lamp life of energy saving lamps;
reduces when the lamps are operated in their lower
dimming end -region. One reason for this is that as the
&J' " notch width increases, the RS content of the voltage
25 applied to the inductive ballast decreases. As a
consequence, the effective output voltage of the .
filament'transformers”decreases so that the lamps will
extinguish at relatively low dimming.
_ A further difficulty experienced with the
30 arrangement of Patent 4,350,935 is "tracking" several
banks 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 right during dimming without causingz some or all



I nductive ballast. 15 ' The novel circuit of the invention has: a
current limting topology. Thus, a current limting i npedance, preferably a
capacitor, is added.in series with the shunt swi t chi ng neans so that the
shunt sw tching neans and i npedance neans are in a series circuit which 20-
i in parallel with the inductive ballast.- If, for any reason, the devices
the series and shunt switch forma direct connection across the a.c.
source, current flow would be limted b% the series inpedance. The_gurrent
~limting inpedance can al so be any combinati on 25 of resistive, |nd@ct|ve
capacitive or active c nent s sin vari ous COﬂbIﬂﬁilOﬂS
Thg resi sPfvéhe h&@@?iggpgﬁapcgﬁ gﬁ&& SS%ﬁgHéﬁgs 8PPEOREFAREI ons t her eof:
may be |i weay brlghmsllnear The actlve conponents may .be two-term nal or
t hree-term nal devi ces, seniconductor 30 devices or arc di scharge devices

or the like. Typically, a break-over sem conductor diode can be used as the
active deBRIEF RESSRIPTITRN OF dHE PRESENT- INVENTION he i nvention, the

Slelri esdi {medance iSIﬁ aeeeeidh%eaadthhat Cﬁre@l Q%h?:)ﬁr@f Eg %g&ﬂ tage is

al | owe o} reverse due rans re al las nergy
dur i ngoa. REPERAEALAFFALIon  FhE CRETAGE GOREHGE SEpPPeantodeRE0s RERCL! ve
bal  ast wikl moai€ied éubhnghahethetsbrneSIed;thhdagsmganélaaﬂtly i ncreasi ng
the RVB c ept I 0 e B eag o nt ent of
t he voltagﬂhggp %8°9§“§ e§§%|§%¥ 5?%% Iéﬁ%ﬂ% t?gn383&ﬁ§r§g§}§9better
oper at ed sgnnhatedasommeoﬂdabﬂy|sowﬂdemede degiegsesudbgrse of regul ation
of lanp 'E?th&é‘ﬂo'@% ght %a%qlotma weete&e\éa»eusl YoRR®ghRkligg The rapid 10

rever sal vol t age across bal | ast o the capaC|tor al so hel ps {6
mai nt aPn pgﬁﬁcp@ﬁp§aﬁr§nd&§ppﬁ§ved 1nto the serles switches by o

firing approprlate ones of the shunt switches in order

to produce the notched wave form. The shunt switch
also-prdvides a discharge path for stored energy in the
llnductlve ballast.
15 The novel circuit of the lnventlon has a
curfent limiting topology. Thus, a current limiting
impedance, preferably a'capacitor,_is added in series
" with the shunt switching means so that the shunt switching
means and impedance means are in a series circuit which
20 1is in parallel with the inductive ballast. 1If, for any
reason, the devices of the series and shunt switch form
a direct connection across the a.c. source, current e~
flow would be limited by the series impedance. The
current llmltlng impedance can also be any combination
25 of resistive, inductive, capacitive or active components
either singly or in various combinations. The re51st1ve,
inductive and capacitive components or combinatioas
thereof may be linear or non-linear. The active components
may be two-terminal or three-terminal devices, semiconductor
30 devices or arc discharge devices or the like. Typically, '
a break-over semicoaductor diode can be used as the
active device.
As a further significant feature of the
invention, the series'impedance is a capacitor and the
35 polarity of its voltage is allowed to reverse due to



~
0

the notch interval; mnimzes |lanp current crest factor; and al so provides
the well -known advantages of high. frequency operation of gas di scharge

| anps. 15 It has al so been found that, when enpl oying the
circuit of the-present invention,.the notch can be located closer to the 90
angl e within each of the half waves of the input voltage wave shape to the
bal last. By locating the notch in this position, ‘the RVS content 20 of the
applied volLtage is further increased, and it js still possible tﬁbobtaln
satisfactofy tracking throughput the dimming tange. A novel autondtic | ow
end set circCuit itheproeingge mifcls tarednbildably eadrgyt durdngt aendtéher ent

25 ~ dinm ng C“rﬁgt }v%&a%%@k%ata%%% aad Q%}k@%%swgglgBH*tBaiﬁQ i?d&@?fQX
saving | anps and balTasts. The novel autom set circui
aut omati cal | y calbiellssdt &iflde reivexrser dupdngottde setehRapesigfecthied setting

percentage from fgloh ieiloditn3t 192 rled sTRIN RN ST eea&éhesngQne%aib@siype
of lanp-or ball ast “connected. . The automatic | ow end og ircuit
r

e
as an input, BitHNoLltAEe RVBY FCTSESiRgEhey RY °B§FF5§t tFﬁeV?ﬁgggeload
current. This |sa@@ademot@enmmaMQlaasmgnahetm1Qamenmpmranéfaﬂmersoare

anplifier and i GAUar B8 BEUS LS 3o 8" RHRARCI LM ened 10 OV PUI

error is then enp oye Sot and"Po&ati-en.
-5 - A novel noG@ﬁ&ﬂ%ﬁuﬂeawsﬂepétGﬁgméa&ﬂga pfolampdédightidcabnbests of a

two phase shift %%&WQ%%d@&%%&g@as”%ﬁbv1%@519t%o%s&%ﬁBaraTﬁé Eabi&'t The
two phase sh% ted signals are conpared to a glven S|gnal | evel and.

produce a signal TEYEREEIwdén YOHd 287286 TORSs B SA3AAPS dpe aﬁo$ﬁeand bel ow,
respectively, th@a@me&&bﬂ adeo ihelpsdedb maimmaknt Dembegbnnzagiondduhengnd

Of t fte<not ch S'gQ% n Q hDQ%ﬁgrv%&thihg%g geagratlngrgn%cg£gst factor,'
and also provides the well-known advantages of high
frequency operation of gas discharge lamps.

15 - It has also been found that, when employing
the circuit of the present invention, the notch can be
located closer to the 90° angle within each of_the half
waves of the input voltage wave shape to the ballaét.
_ By locating the notch in this position, the RMS content
20 of the applied voltage is further rﬁcreased; and it is
still possible to obtain satisfactory tracking throughout
the dimming range. |
) A novel automatic low end set circuit is
U ‘provided which automatically adjusts for the different
' 25 dimming curve of standard lamps and ballasts as com~ -
pared to energy savxng lamps and ballasts. The novel
automatic low end set circuit Wlll autonatlcally cali-
brate the size of the notch so that a specified setting
_-percentage from full illumination is maintained regardless
30 of the type of lamp or ballast connected. The autonatlc
low end set circuit employs, as an input, either the
RMS voltage input to the ballast or the total load
currént. This is used to generate a signal to one
input of an error amplifier and is conmpared to a suitable
35 Treference value. The output error is thén employed to
adjust notch width and location.



L
provi des very stable operation even on |lines which are 10 unstable due to
| arge in-rush currents due to air conditioning conpressors and other ,types
of notors being started, as an exanple. The novel circuit of the invention,
[ pli- cable to any desired type of gas discharge |anp, including 15 -
but "not limted to all types of fluorescent lanps and high intensity
di scharge | anps. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a circuit
di agram of a first enbodi nent of the invention. 20 S Figurg 2 is
a circuit diagramof a second and preferred enbodi ment of the invef¥i on.
Figure 3 shows the bal last input volraae as a function of tine foé@% prior
art control circuit. Flgure 4 shows the ballast input voltage as a 25

function of time for®tHVed RREeh GFighfel HeRFTRtINVEHtA 1P R hi gh
i |1 umi nat ieigednhid lwnsfswr@f % Iﬁw&';ﬁﬁds@é d10i 1 e evariange t he notch

dt d t h t he | t f
The 20 ci AR 150 bR & ZTRPETAC S Eomar 1ot t1 MIARR o 5. Fi gures 7a

through 7esharftad nsignallsgrrerscdmpatmdy tdiea tgmerg sifgrfa]r I Ireyesli gnal s to the

irst onpod Ganobfis £ eyl Har wned P Sifbad dBHGY Thing 8 -
const ant iSignAkftamh shore %@bab@:ﬂ@ss rsRert Waly ofthsalpesetand | anp
which are RARIDYAM drudPerd hoad Qi Celdindifp dhd tife addd '$tli¢ndli agram of
a second errbocL sféna?lf. a”l‘l?emrgon\?et Cnclé)c esnldgnsaef frcelr{ecrualglng circuit
" provides very stable operation even on lines which are
10 unstable due to large in-rush currents due to air o :;
conditioning compressors and other types of motors
being started, as an example.
The novel circuit of the invention is appli-
cable to any desired type of zas discharge lamp, including
15 but not limited to all types of fluorescent lamps and
high intensity discharge lamps.
A duacee) | oqedSSen. no. 8GOS me

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a circuit diagram of a first

emnodlnent of the invention.
20 Figure 2 is a circuit dlagram of a second and
' preferred enbodlment of the invention.
Figure 3 shows the ballast input voltage as a -
function of time for a prior art control circuit. o
Flgure 4 shows the ballast input voltage as a

)
O

functlon of time for the circuit of the present invention
at a high illumination condition.
Figure 5 is similar to Figure 4 and shows the
notch moved to an increased dimming position.
Figure 6 shows the load current for the _
30 circuit of Figure 2 in the dimming condition of Figure
5. '
Figures 7a through 7e are timiag diagrams to
show the timing of firing signals to the controlled
rectifiers of Figure 2. '

w
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Figure 10 is a circuit diagramof a circuit for generating the notch signal
shown i.n Figure 7b. 10 . Figure 11 shows the phase-shifted
vel tages as a function of time which are enployed in the circuit of Figure
10 and the notch signal which is produced. DETAILED DESCRI PTION OF THE . -
DRAW NGS. Referring first to Figure 1, there is showm a 15 control circgrt
whi ch contains nost. of the conponents of the prior art control circuit
Pat ent 4, 350,935 along with an exenplary inductive ballast and |anps -
operated~by the ballast. A plurality of parGaldel connected ballasts and
| anps caMbe provided. A coh- 20 ventional a.c. power line of any desired.
vol tage and- frequency, typi&dNa # 387 & GireWtd ddgemem PL eodd&sted to the
\(I:Vih__rClﬁi t input %e{cbﬂsidﬁaiemtﬁ@faﬁﬁdx &tﬂaﬁ&mi G.s;wswintl_cfhietngcm?@g&tlzoirs provi ded
i ch consists _of. si ngl e _phase cwave rectifier Bri nt.ai ni ng
di odes 13, 14, " n%ﬁ gﬁ%%m%ﬂ%?ﬁﬁ%#ﬁgﬁée m%ﬂf%&ﬁPn&epﬁgngfg 5§§f%gcé%nected
across the d.ctheekindalos dfalillastbrindgdat®. whicapprepenpfloyedntinolthei rcuit
(not shown) i s NeG the base 20 of transistor 17 as is described in
~ Patent 4,350,9 %@Qg%ﬁhﬁﬂﬁ&ﬂ A "crowbar" circuit 21, which is a high
speed protective switchi Ad&Wand iSs acsifcyidd ddessad Pheat 869Gt or 17 to

protect the traipodtidfenduidMan AWTomdtlich10W whan skitgkizenge .currents ni ght
‘flow through the transis al so grovide hunt

_ ( _ _ _#Qr 17. 0 i 7 -.Theng .S d %.3 nt .
swi t chi ng means consi stifg@Feat® 15alacidiciddn Id¢8Ea™: 8ht FolfrE§ % Ectifiers

30 and 31 whi cfoar genemadingd tihe partzlhl lignailh shioeni dduftigueebdbl.ast 32.

Bal | ast 323gmy be a 5 conuentio g!s%gmgaQ%Sgggﬁég_%?ggsgdag%lq§§ggegsnunber

of parallel connected balld&sts which are ope . )
et a function of time which are employed in the circuit of

Figure 10 and the notch signal which is produced.

DETAILED DESCRIPTION OF THE DRAWINGS
Referring first to Figure 1, there is shown a

153 control circuit which contains most of the corponents
of the prior art control circuit of Patent 4,350,935
along with an exemplary indugtive ballast and lamps
operated by the ballast. A plurality of parallel
connected ballasts and lamps can be pro#ided. 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 11l.

(& - 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
switching transistor 17 connected across the d.c.
terminals of the bridge 12. An appropriate controi
circuit (not shown) is connected to the base 20 of
transistor 17 as is described in Patent 4,350,935.

30 . A "ecrowbar" circuit 21, which is a high speed
protéctive switching means, is connected across the
transistor 17 to protect the transistor during lamp
switch-on when high surge currents might flow thrdugh

_the‘transisnor-l?. |



the sane control circuit. The ballast illustrated consists of a primary
wi ndi ng 40 having a secondary w nding 41 ahd filament power w ndings 42 and -
43 coupled 10 thereto. A capacitor 44 is connected in series with w nding s
41 as;@hown. Bal l ast 32 is connected to two series-connected gas di scharge

| anps 45 and 46. Lanps 45 and 46 can, if desi-red, be energy saver type
fluores- cent |anmps of commercially available types. Qther 15 |lanps could

. be used. Ballast filament winding 42 is connected to the upper filamen of
tube 45 while filament winding 43 is conpected to the | ower fil anment” )f

tube 45 and the upper firéneng of tube 46, The |ower filanment of tu\“20
46 is heated by the voltehe oSO wrR ket ad 2BuRt $HELGRHEng 40. The

structure dessindecoioisbisg pof ndinthnpaextieli gniested otodOréD1Ide | at er
described, is essen- tially tdentical. to that of Patent 4,350 935. The 25
transistor IF% l’ft}:'o%]ﬁ o?‘:)e i ugﬂ Y”I‘l];?? %\Ees%%%e?ﬁeéibﬁr%a?&?\g transistor -
turns of f atwithethe omductive dabdbhasit 82ne B2llastadl hayfbevaave t o produce

a notch ign t A9 e n; O ) LS&h f the

bal-l ast eﬂqner%%%%éfl nf t%@y%%?% piar’lrtl%r%/ﬁl &géet%/\geﬁﬁggaé??fn%g l?‘é’??‘fpand [err]
t he appropr i@t P&t 19} | eonReetedik15pSts waich arpiereebedtHPBrnit the:

flow of di sctré gamalréentrdél ogitbeibal | poé . vatoisexaiph€tratiedng the hal f
wave i n which terg%nal 10 i s ﬁositive rela%éve tp term nal control | ed
- ¥ afsi

X 1
i Mo s e f1 St e e o BRLRORL BBl Fe 0V Ra g B TE andaey OO}
however, durvimdimy $krimd Hilsneet opovée wondhngste2vandt 43 coupled! ed

o naty VAT Bepl 06008 £41 561 coetst B Lovigl ufpony 1o
term nal 11.winding 41 as shown. Ballast 32 is connected to two’ -
series-connected gas discharge lamps 45 and 46. Lamps
45 and 406 caﬁ, if desired, be energy saver type fluores-
cent ‘lamps of commercially available types. Other
15 1lamps 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 46 is heated by the voltage from a winding tap 47 of
the winding 40. o :
The structure described to this point, and _
excluding resistor 50 to be later described, iS essen- e
tially identical to that of Patenﬁ 4,350,935. The
transistor 17 is controlled such that, as shown in
Figure 3, the transistor turus off at time t. and turns

1
in each half wave to produce a notch in

[Se]
[4]]

on at time t2
the voltage wave shape. In order to permit discharge
of the ballast energzy during the notch interval between

30 times t, and tz} the appropriate coatrolled rectifier
30 or 31 is switched on to permit the flow of discharze
current from the ballast. For example, during the half
wave in which terminal 10 is positive relative to-
terminal 11, controlled rectifier 30 will turh on when

35  the transistor 17 turns off. If, however, during any

period outside of the notch interval the controlled



direct short circuit could cause serious danage or 5 destruction of the
hlgh speed transistor 17. In accordance with one aspect of the present
i_nvention, an int'entional current liniting inpedance is provided in series
Wi th the shunt swi t ching neans 30- 31. In Figure 1this current- limting
means is shown 10 in its sinplest forn1as resistor 50. If nowthere isa
spurious control signal which causes "shoot through" of current through the
~transistor 17 and one of controlled rectifiers 30 or, 31, the current would
be |im#ed by the inpedance 50, thus tehding to protect the transistor 15

17 by 1IN ti ngrd bies FREE MBOTEAT £ @Phed NE0UOEhdM e A BRSE Steliodiurd ngedite hal f
wave. A second and preferre

nment.. o |nvent|on is.sh in Figure
2. In Figure @Ou}%eagﬂ??ﬁngr??n????&ﬁ?}wiﬂi$h§a?§? LA YO qﬁg The 20
capacitor 73 igsomtsol bepl pyetlifber N30 emsd baek RS oo 1 0114: heThiad t age

wave form appl i elde{:g é‘?grf)aapgﬁ scg\ua %shave %fﬂ%js m%éi&g to Figure

2, conponents hose- Of “Fi gure een given the sane
i denti fyi ng® 25destmectien offhtike bh@hesp%e%rbm%%kﬁ@%é'fes switch 12. In

Figure 2, the series swi tﬁhwgof@@ﬁlée1@1*@1@%&&&%&6%1 - 106 apraderconnect ed
controlled rectifiers 60 and 61 g contro f conductiye devi ces
coul d be used.1nVpatyQRes2Bf IRBARFLPPEY FREIFRT e Jsm%bl%dl%li ‘gﬁ»% C%0-S

operaLed by pubﬁﬁﬁld@dlﬂgdzérnesawsuhtahéeshummrsmltnm:mgtméEMSAﬂ%hunt .
swi t chi ng nean r-oyi de r C t 0 an
31, CyBB BeE5R: Fobt Bl GuEnhRLct HLELEE A RE Ly £,

or any oth | y~con I've device e5|red
35 Cbntrolmedlnectsfsensleetaﬁqralaareeébﬁﬁ@ét@@ |n1§e¢¢%stﬁﬁ¥% ¥%§%ect|ve

inductors 63 apgy, oéQdc$h%Po§e§i§ﬁal whidh-causes "shoot through" of

el _eurrent through the transistor 17 and one of controlled

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 and preferred embodiment of the
“invention is shown in Figure 2. 1In Figure 2, the
current limiting impedance is a capacitor 73. The
20 capac1tor 73 is also employed to increase the RMS
content of the voltage wave form applled to the oallast
as will be described.
_ | Réferring to Figure 2, components similar to
&v, - those of Figure 1 have been given the same identifying
25 numerals. Thus, there is provided a series switch 12.
In Figdre 2, the series switching means 12 counsists of
anti-parallel connected controlled rectifiers GO and
6l. Other controllaoly conductive devices could be
used. The gates of controlled rectifiers 60 and Gl are
30 operated by pulseb derived from a sultable control.
| circuit 62.
A shunt switching means is provided in Figure
9 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.G4 and with series



di odes 65 and 66, respectively. Inductors 63 and 64 may be 90 m crohenry
~air core inductors. Note that diodes 65 and 66.are poled’identicglly to the
poling of controlled rectifiers 30 and 31, respectively. A5 control ¥
cirguit 71 is provided to control the firing of controlled rectifiers 30
and“¥. Snubber circuits consisting of resistors 67 and 68 and respective
seri es- connected capacitors 69 and 70 are connected in parallel wth
controlled rectifiers 30 and 31, respectively. 10 Inductors 63 and 64 al so
provide inductance for the snubber <cigeuits of controlled rectifierg 30 and

31 and al so proyvide,.i ndugtance | X quut ' [ fcuits whi is ¥
necessary t 1qfise %? atno':?]té)é;’l Ireoé‘brée‘gﬁ‘?el r's g#%cd&gf vu\(j’"i5 ha‘r\f,%legl nitiation
of their respattiesdhaigrienty air core indhglatsor N3t¢ sthet energy.

di vertor anqyidLms |ddl (46 hLORONEN 1 SNORLL BL; [ b SQld 8o pe shunt
switch circurt and the series connected shunt switch circuit and capacitor
73 are conn€@MEFIehrz8t R LigtT IhARA 3 busTaRgGLt ¥l apakitor 73 can be

repl aced520 don iyl COTEG Wi i’D.JD 0o pesisddédeto id&umdyetn@amﬁeiﬂ%v&f or |
active conmponents either singly or.in varipus gomina- tions. The -

resistive, i??d‘r}“&q]&ee‘grrae%talp%c%ﬁ v%d cacmgo%]g'nt sé;rb‘f Tt T o thereof may
be |inear orcommi-dtimgaraf Hesigtonse G0guhd b yrdspeqiiterseniads or - '

three- 25t ' v -égﬁ? dped | G 'ﬁ&%g{ evi ces
or the Iikegépydgécteﬁﬁey% _ia bi ea -_gé\?ér se%%g%géucﬁzrrpéd?%édcg %a e %lgeeg as the
active devi detiarantinpkleherakiiertrs i 30 tany 3k vreINeetIRYNre can be
Teans Y Do L o e e gt e 2 15
means may be elim nated. The output. o - control cirgui igure-2 is™;
Connect ed s RERRSF (ALY SR RSP OFTTAHIER 10 4pd | 3630 of
Figure 1. Twdsworpngwitdengl mohpaiEdcs siB0 e et conneictedi 35 bet ween

term nal 10 i%d NS NAdGRGMPEL Ao S Ah GULTR | REeL £ 9o 30 and

t he node betwe
and 61 with the initiation 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, inductive,'capacitive
or active components either singly or in vafious combina-
tions. The resistive, inductive and capacitive components
or combinations thereof may be linear or non-linear. e
The active components may be two-terminal or three-
25 terminal devices, semiconductor devices or arc discharge
" devices or the like. Typically, a break-over semiconductor
diode can be used as the active device. Note that the
current limiting divértor structure can be connected
across the series switching means 12 and the shunt
30 switch means may be eliminated. '
The output of the control circuit of Figure 2
is connected suitably to ballasts which may be identical
to ballast 32 of Figure 1. o |
Two commutating capacitors 80 and 81 are connected  _
35 petween terminal 10 and the node between diode G5 and
controlled rectifier 30 and the node between diode GG
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and controlled rectifier 31, respectively. A conven- tional input filter
capacitor 82 is ‘connéected across the input termnals 10 and 11. It will be
npted that the arrangement of the 5 circuit of Figure 2 is current limiting
since the inpedance of capacitor 73 is in series with any path which can
result due to a spurious control signal applied to controlled rectifiers
30, 31, 60 and 61. Simlarly, inductors 63 and 64 are current limting igg
10 the:circuit including capacitors 80, § and 73.in the event of an '
incorrect ,controlled rectifier firing. Thus, the circuit is inherently very
rugged. e manner in which the circuit of Figure 2 operates is described
in the fol | owi#edvFentreltedntecitiiep Bl gurespectively andd ®eneee. The
control signal sigdaThidpett 0iDEeAPPLp£EL£6PMB L NEs COORASE L&A I £a4dSs 62 and 71
to controlled gctifie S 30.and131 60 ﬁng 61 are shown in Figures 7c, 7d
and 7e rel ati vE°T ot PPRE UBFPAREIEnbAn2 A Hgure 7a and the width of the
desired 20 notch shown it Wiblriee 7hotddetinot cthesi grwed sgerhent) of) thegure 7b
are to be igit} cat_ti r d Laguj shed, ' [ ] so that

t he notch.&?dtﬁﬁéfg}@b%£tﬁ§g%$étgn@% g%%#ﬁﬁi%Js ?léﬁ %éégﬁcﬁﬁéwoducing
circuit is destrPedaneeref nedPeelitor 73iip infseriee YotlFigaN ath During
positive half WeVes, cénftésapt PahSCtd Sa aPPht £6ud CcSPES DI d Bghgectifier 30
‘at the instant of_th beglnnlgg of .the ng%ch geééod. ﬁﬁ%er a s%ort time

del ay, [err] sHORHSH BP goPRUHRLIIedreohbtteTRgeontt 0l 9@ LS tier 61
will be comutsdmildflypf fnductionsroB8| eudréstafe eduddents Tiwinting niad on
-again at t t] ri n [ \Y; S [ I gure
. 7e, the cgﬁfro#ﬁgdéf%%¥%¥n%ﬁggiggﬁén%§%§?%§°¥%e&§ég$ﬁﬁ$%% %?wghénﬁgtch at
tinest and theveshteoblavdineerre¢ercontyplledoretfienifinvingr a 35
short time delfyys angheV &irdgit U HethREFEn Oy 28R4 Algged.

The manner in which the circuit of Figure_z

operates is described in the foliowing with reference
- 15 to Figures 4, 5, 6 and 7a to 7e. The control signals
' which are to be applied from the control circuits 62
and 71 to controlled rectifiers 30 and 31, 60 and Gl
are shown in Figures 7c, 7d and 7e relative to line
Voltége shown in Figure 7a and the width of the desired
- 20 notch shown in Figure 7b. _ 5 |
. The notch signals shown in Figure 7b are to
be initiated at time tl and extinguished at time ty So
that the notch width will be the distance t, minus

: :. .. : .. 2
s . tl. A notch-producing circuit is described hereinafter.

]
[9]]

with reference to Figure 10. During positive half
waves, a firing pulse is applied to controlled rectifier
30 at the instant of the beginning of the notch period.
After a short time delay,.tD,.shown_in Figure 7c, the-

_ conducting controlled rectifier 61 will be commutated

30  off. 'Controlled;rectifier 61 is then turned on again
‘at the tiue toe

shown. in Figure 7e, the controlled rectifier 31 turns

Duriagz negative half waves and as

on at the beginning of the notch at time t, and the

controlled rectifier 60 will commutate off after a

¢
(92}

- short time delay, and will be turned back on again at'
‘the end of the notch. )



the end of the notch. 24 Figure 4 shows the ballast input voltage for a
notch condition in which the notch is initiated relatively eafly in the
hal f wave and in which the notch width is relatively short to obtain a
relatlvely 5 smal|l degree of dimm ng. of the output light, for exanple, to.
95% af4ful |l illumination. Note that, at full .illumina- tion, the notch may -
be ellntnated. It will be noted that the voltage sw ngs through zero in
each half wave during this notch interval. 10 This is because capaC|tor 73
goes to the opposite polarity as the | oad i nductance stored energy iSX
transferred through one of diodes 65-04166 and controlled rectlfler!§b or
31, respectively. At th@aﬁﬁaﬁ4t$m©wsthmeannni@tIﬂgp@ﬁp@@ltﬂge8ﬁoﬁr 81 is

properly charge ead fo tation_operati during the
next |ntervé{qlqhg con&lﬁ%g% %henb% tgggngﬂg % t%rg ﬁ g , the RVS-
vol tage, whizslatiephfiedriy ihethal hakt, vave | and smgmhichaﬂhéy hi.gher than

In the priomdedn Shidth il n-atd elydbe Nﬂéi-élg@odb'été‘ﬂnté?e opLehvbpperval i's

clanped 20 to zero own I n gure 3. In order aln regul ati on or-
di nmi ng, Sancmalldestre d@%cqumunz rmeFléeo@t“aﬁ"lltlht-@ht tf}@rn@ti%-'ﬂpbém tion

i's prOgreSS'ﬁ@'%W&E“ﬁ@lﬁ”ﬂll@mﬂiﬁﬂi@ﬁS' Vl%t’e mow£gl, tor the11i gii umBsa Shown

in Figure 5. condi tion Ianp di mm ng may be at
about 50@6oft¥Qﬂ1 {h?LﬂﬁFﬁHITﬁP bﬁh% tﬁh%aéﬁ?rent wave shape of the | oad

~current flow ng throughtth@lbabéas¢ﬁedstbmbmnhenv61gwge swingst he

regul ation CEH‘P&% P& Fi&”%fcf‘? AT Zz?ﬁf{'n% th{§ x%f%tf' :{.m%rl{; gure 2

is 30 now descripbgd Tn nore rror to erm nal
10 becor#s pUsig i bquw%@#t% ng%‘é Posthe vepgosite

polarity as the load inductance 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 81 is properly charged to be ready for |
15 & commutation operation during the next interval. As a
result of the voltage swing through zero, the RMS |
voltage,]which is applied to the ballast, will be
significantly higher than in the pfior'art'circuit in
which the voltage during the notch interval is clamped'
o0 to zero, as shown in Figure. 3. - _
In order to obtain regulation or dimming, and
as will be described in more detail later, the notch
position is progressively widened and is progressively o LJ
moved to the right, as shown in Figure 5. 1In the S
25 condition of Figure 5, lamp dimming 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 fegulation conditioh of Figure 5.
' The opération of the circuit of Figure 2 is
30 now described in more detail. _ '

" Immediately prior to the time terminal 10
becomes positive, the capacitor 80 will be positively
charged as shown. Capacitor 80 was charged in the"
prior half cycle through diode 65. The control circuit

35 62 causes the controlled rectifier 61 to conduct when



charged as shown. Capacitor 80 was charged in the prior half cycle through
di ode ,65. The control circuit, 35 62 causes the controlled rectifier 61 to
¢onduct when”  -12 - the line voltage becones positive and energy begins
transferring fromthe load to the ballast until time t in Figure 7b when a
notch is to be placed in the input voltage wave shape. At this instant ¢y
controlled 5 rectifier 30 is fired by the control circuit 71. Capacitor 80
t hen di.scharges through the closed circuit including controlled rectifier
30 and tThe forwardly conducting controlled +et2ifier 61. The discharge
current sonmut ates down thé forward current of controlled 10 rectifier 61
and pronptly thendiofef wdidagenthegiomes mostiitiiver 2@t eneEeyudggingol t age wave

shape at the Q%&JMSI}QQ M A 1Wald fh9heSWald aldt! Qnudh 1Z@mei N A
negative direction qeix?traﬂsfer of load inductance stored 1% energy to
capaci tor 73. tiAln Hiawmte 19 igen He nodsRcitortos Pe #1568y 18hdPGed to a
condi tion in WHHR iVoloRige GHRY aiRipe Of fAtC aMifsolinet anagt iconatrodQedur i ng

t he negative half cycle d n contrqlled recti.fier i s.fired. 20

For proper Sop&Sthion <t ﬁé"%\,i‘rf"cﬁﬁ‘f%(}? .q:ll—nlegd:roé1 oL ﬁglrr?g‘l\j/ie %&a'paci tive

di vertor 73 widdparictor eStabiherhalischadmzes rmpevmgie thenpdosed ¢irigad tof

capa- citors . t I th & loyi ng a 25
| 8 At ALJOR e diAUE 12 A ithe R waBlyO

m crof arad, 4 acitor 25 for divertor capacitor 73 and
1 mcrofarad, @U@W&ﬂ&iqaﬁﬁﬂqwfgmjtf&reé‘ & cdpgcitiGdag@eand 81. An
unexpect ed advaptaas Hodifr Ll Wdwidfthd Rorraddhrdentt @t kontroldased
?I?gs ;/:): ;a Etgor?ﬁtceﬁn't Su ?flsll S??fb&%ﬁz{}g? aIr Ietz%%nsgfsoftéﬂg:trhéa;-tco%%r}oqaeerdate t_he Iarrp
N rectifier 61. _ _ | :
| | The output voltage wave shape at the beginning
of'the notch will then swing through zero in a negative
direction due to transfer of load inductance stored
15 energy to-capacitor 73. At the same time, the capacitor
‘81 is being chargéd to a condition in which it can
commutate - off coatrolled rectifier 60 during the
negative half cycle and when controlled rectifier 31 is
fired. _ _ _
20 : For proper operation of the circuit of
Figure 2, the novel capacifive divertor 73 will pre-
ferably have a low impedance compared to that of capa-
. . "citors 80 and 81. Good results have been obtain when .
A employing a 25 microfarad, 440 volt oil-filled capacitor
25 for divertor capacitor 73 and 1 microfarad, 800 wvolt
oil-filled capacitors for capacitors 80 and 8l.
An unexpected advantage of the circuit of
Figure 2 and due to the increased RMS voltage content
supplied to the ballast is that it canioperate the lamp
30 filaments of lamps 45 and 46 (Figure 1) of ehergy |
saving lamps as well as standard lamps at a mucu lower
minimum setting. For example, in energy saving lamps,
it has been difficult to reduce'output_ligh? signifi-
cantly because the reduction in filament voltage causes

'35 decreased lamp life for energy saving lamps. In the



saving |lanps as well as standard |anps at a nmuch | ower m nimum setting. For-
exanpl e, in energy saving lanps, it has beén difficult to reduce, output.
l'ight spgghifi- cantly because the reduction in filament voltage causes 35
decreased lanp life for energy saving lafaps. 1In the -13- present

i nvention, however, energy saving |anps can be dimed to a | ow end of 40%
wi thout lanp life |oss, whereas such | anps could not be bel ow 70% wi th

prior art circuits. 5 - It is believed that this inprovenment:is
obt ai ned because the wave form of the_vg%tqge applied to the ballast§ihas a

hi gher RMS content than prior circuits because the notch voltage sw#&gs

through zer predentiimwdntddn Filgpwevdr Al ive Pey NS4 61 @i TdApSi ¢gn 10t he notch

position claoser t he O position athin each, half ve, W t hout incurring
tracking pro Jl'gjrﬁsé) ea‘ngf%% 'g# C%Pp%ds%t‘?]oﬁh?@gg}%g%rht eQB‘?s? he notch width
can be | ess wendas sieh RvBIp®| ¢agkd caolt e helowgi®h yitmtprions

The i nprove .&f%éﬂfiggue in part to better notch position and notch

width control since it_is possible, wth the present invention, to nove the
notch shéwn in Fi guresl Epdostieyedhetnat thhes rimprovgnent ide half wave

wiht hout um&_&ﬁﬂmécﬁ%éi@@&mﬁ v i f_dri%ﬂe%ﬁ@twiﬂeg@rwﬁm?a hgg , with
the present Jjnvention . the notch positio n_ be_at, approxi nptely into
“the hal f wavi® f ett??gmt?rﬁte% aasf-eadqb’o%tbﬁﬁ Wa‘f‘&f‘%%’htt H Yo the right
as the | anp gowerits bexpise cthelowitcByvabidgassyi®ds throbgh ppexs. art, as

shown in Figure 3, thenjoloh. syt 0P PASIE 0ol AbGE s O%L 0k ol 8114 N0

conditions in order to provide adequate’tracking. IT the notch started at

[err] iACpritdie HALE rRAFIELOB FHCTRINPEC vihe (P07 position within w
each half wave without incurring tracking problems. ' :
When the notch position is closer to 90°;'the notch
width can be less so that the BMS voltage content is.
again greater. '

15 The improvement is also due in part to better
notch positioniand notch width control since it is
possible, with the present inveniion, to move the notch
“shown in Figures 4 and 5 further to the right within
the half wave without upsetting lamp tracking, as will

20 be later described.

Thus, with the present invention, the notch
position can he at approximately 80° into the half wave
for the unregulated condition and can then move to the
right as the lamp power is regulated down. By contrast,

25 in the prior art, as shown in Figure 3, the notch must
be positioned at about 65° for starting conditions in
order to provide adeguate tracking. If the notch
started at 80° in prior art circuits, some lamps would
drop out during regulation while others would be‘véry

30 bright. Since this tracking problem is not as great'
with the present invention, the notch beginning point
can be at about the 80° level so that RMS content is
increased over the entire range.

A preferred adjustment and tracking'séQuence

35 for adjustmént of notch width and notch position is as
follows: ' -

v

Cr



-

drop out during regulation while others would be very 30 bright. Since this
tracking problem’is not as great with the present invention; -the notch

begi nni ng point can be at about the [err] |evel so that RMS content is
increased over the entire range. A preferred adjustnent and tracking
“sequence 35 for adjustrment of notch width and notch position is as: foll ows:
=14 - The notch begins at approxinmately [err] within the half ve for 95%

~of full light intensity. In order to decrease the light intensity from 75%
of full T@%ensity, t he begi nping of t A& rotch position is noved 5 to the
ri ght and™t he notch is widepe b Spt i tide fubhldn -
regul ation of Iight inteng? ygog%%nﬁ?%ggﬁétt 00_#%%?#%|| value]f#or an

energy saving |&ip)bhakf o¥rventer 28%t9f stwb} ntighhel AR beyi " at about

800 wi thin the fpldr C¥S!| @ecBfase the light ByntSa£ic hifoms exBRE SR, full has
been found that_ fjlanent volt I mzed at the m nijtum setiing

~and the snal | est?HP¥RttOr E%%Zﬁgg%ggg%gg?gpép?anEﬁRLp9§?&ﬁﬁﬁH¥ﬁ,m9¥ | ler
capaci tor W|5| | pootiveerbghtrged thée hattiasts i wpdenad|dsget foves gioren not ch
' égpacﬁfglrt{/glnug@?esy\%géﬁ a%ﬂgﬂ.g%\%%ﬂ%%l%%# %ﬁa?e@%%@%ﬂcuit of
Fi gure 2 oper at@VRot@radeet §8odobut bPafRtl | vabue e(RPRtFDENeNAD Mt i c | oad
regul ation 20 si@i@éslitﬁp?hﬁscéﬂgﬁﬁ@&'.Wh@f etiid i gdint eviele GRILdIE
- mai nt ai ned constant regard| ess t he. nunmber of s whi ch are connected
to the control RFFEBFt Bnﬁb?ﬁtkgéﬁi%bt?h% ???aﬂ%iéngaﬁ%%ges hi gh enough
‘regardl ess16f the nunmber By Latpg tohses¢guendd, it has been fikimdircuit of
F'%EL? 2_operat€§agx£{fggéxt voltages can be optimized at the minimum-
setting and the smallest divertor capacitor possible is
used. 1In general, a smaller capacitor will produce a
larger RJS ballast input Qoltage for a given notch
13  position and width. Therefore, the smallest possible
divertor capaciior'value is desirable to maximize
‘filament voltages.
The circuit of Figure 2 operates to produce
good automatic load regulation. Automatic load regulation
20 refers to the condition wherein light level can be
maintained constant regardless of the number of lamps
which are connected to the control circuit and to
keeping the filament voltages high enough'regardless of
&wj _ - the number of lamps connected.
25 ' The circuit of Figure 2 operates extremely
well with respect to automatic load regulation because
. the RMS content of the wave forms of the baliast input
voltage does not'changé significantly with the connection
of more or.less'lamps:to the same circuit. It is
30 pelisved that this occurs because of two compehsating
: faétofs between the amount pf energy which must be
.taken from the ballast inductance during the notch
_interval, and the time during which the energy can be



wel | mnth respect to automatic |oad-regulation because the RVS content of
the wave forns of the ball ast i nput vol tage does not change significantly
wi,th the connection of nmore or less lanps to the same circuit. ‘It is 30
béi¥ eved that this occurs because of two conpensating factors between the
amount ‘of energy which nust be taken fromthe ballast inductance during the
notch interval, and the tinme during which the energy can be - 15 -
depleted. 1In a case where a maxi mum nunber of |anps, for exanple, 90

| anps, are connected to the system ge greater energy nust be divef?’d
but, since the equival ent- | oad resi stance and equival ent bal | ast i ndpetance
is 5 |ess, depdegedw | lInbea dﬁ,tdeetv&ﬁbraat at hﬁﬁ‘l&ﬁﬁ:ﬁslturrm&sldfl Qa.h@fse fromt he '
bal l ast. | h se of m_num f ) nnect o
exanpl e, Iegs%e%é%§§ﬁfg 5@5 e ﬁ%% 4% %cﬁg%ggﬁl% Co YAt 3“|Qhe ‘
correspondlngytﬁgdﬁaarﬂyGmmﬁedwnﬂywenﬂeﬁ RS ,vslingge tihe ehalwmﬁwmtlo

vol tage Wavqoalaa%st&tta%ebal rlef Slg il Bats Nl &n%:'ﬁ%%% jsegardless of

t he nunmber of la driven by the circuit of gure enef|C|aI

result of tﬁésﬁooﬁnﬁé@m é’tlild-n b@né’tea’d-teé:reidsﬁtc§h@f tegd esitr poESidleri gure 2 is

_that the 15ratel yeon thie del\Zl‘afstth aapadiel @ageS oF0l @intinf@ nukiperef ore,
capaC| tor

ure 2 can rel ativel pensi ve capaC|tor Good
resul ts havgfbég btgnﬁﬁf lihg i 5@@?& éﬁﬁﬁrgnfqmﬁeﬁsthe timng
circuits oraaanﬂabﬂe2©utcmdsu|w$e6ze@d@t1bnamat$uah icloatresipenddnelyi S held
in the cent gpaqboie AR eigl ! 400 WHOWNUE G dhamg MaAgugurve, This

produces the highest ges and t owest eak arc
vol t agelO ReVertABG W@Wﬁ ﬁ@apﬁgﬁpet@e @Héﬂ@sﬁsS§Hdﬁne§§enéﬁaddﬂbﬁﬁﬁlc | ow

end set cirghhk,WreghradRske o2Mhey ednver of lanps driven by the o \4
circuit of Figure 2.
~One beneficial result of the good régulation
characteristics of the circuit of Figure 2 is that the
15 wvalue of the divertor capacitor is not critical.
Therefore, capacitor 73 of Figure 2 can be a relatlvely
inexpensive capacitor. _
Good results have been obtained with the
circuit of Figure 2 when the timing circuits or control
20 circuits 62 and 71 are such that the notch is'heid in
the center of the lamp arc voltage throughout.the
dimming curve. . This produces the highest filament
voltages and the lowest lamp peak arc voltage.

| (_'3.'

Referring next to Figure 8, there is shown
25 an attomatic low end set circuit which can be employed
with the circuit of Figure. 2 in connectiQh with the
_operation of the control circuits 62 and 71 and in '
particular for-adjusting the position and duration of
the notch signai of Figure 7b. Lamps and ballasts are
30 commercially available which are designed to produce
light nora efficiently, previously referred to as
energy saving lamps and ballasts.
The dimming curve of energy saving products
has been found to differ from those of standard lanps
35 and ballasts, particularly fluorescent lamps.



3
with the circuit of Figure 2 in connection with the operation of the
control, circuits:62-and 71 and in particular for adjusting:the position and
duratlon of the notch signal of Fi.gure 7b. Lanps and ballasts are 30
comercially avail able which are designed to produce |ight nore
efficiently, previously referred to .as energy saving | anps and bal | asts.
The di mming curve of energy saving products has been found to differ frgg
those of standard |anps 35 and ballai% particularly fluorescent |anps. -
-16- Thefcircuit of Figure 8 autonatlcally cali- brates the unit so that

t he speci™ied | ow end or SPpeC sat n LI be
p Tﬁ@y09§ﬁﬁit B? FR@ PS8 8 %hESmQ£19hEY& 8aY4 L

mai nt ai ned regardl ess of ‘the S 5 enpl oyed.
Wil e the circhrétes §H8wﬁnﬁ§rFPcGP&Fl§th586ﬁh§é?ﬂoﬁoﬁn?ﬂdaOFIﬁBYescent
lamp, it shouldth@rnebedlﬁhea bbetmngrarlamnm&nghelmnrbulma@ﬁtEiguae 8 will

apply to any Ii urce. Jdn Figure 8 oltage_detector.circuit 10
|gpfgrned o? a % ﬁgegg P? ﬁgﬁogng ?60 ﬁﬂpcﬁnﬁ ga??%SngﬁéFg ﬁfnding
connected t® tkaphayedst Whpde vbet ajecant dssebowdapyruiadiaglyOin -
connected to t@snggeah'&npmﬁ af %hho%geeﬁ&' gaﬁpeoaeeshsq%aesé'Bb@{mlOZ An-

out put resistor IS connected across t put term na
bri dge 102 andthadi $8& PPgrafdopeefsthe ¢dscuié ednRigned Pnvihd positive
out put term nahppfiybtodgayl@2ghd sapasetor 106, reS|stor 107 and capacitor

. 108 are al so provided. TEHB% one Es Of§§§ ? deac% ggrto ;hIS poi nt
serve the purpose of an 26 §ad vt J8LLEEGr ICTRELOT AR GBFFage at.
t he node ofOresksformé@7odnd papecitiel tO8nwfbrmbe pPOpwhicbnhistbdbtshe RVS
vouifge at the 03lbagt wiRBihegV8bhAg8tbar ThNehe 689188¢ 14But"vEL9NEE 8.

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. butput'
15 terminals of bridge 102 and a diode 104 and resistor
105 are connected in the positive output terminal of
bridge 102. A capacitor 106, resistor 107 and capacitor
108 are also provided. The components of Figure 8
deScribed to this point serve the purpose of an RMS
20 1oad voltage detector. Thus, the voltage at the node
- of resistor 107 and capacitor 103 will be proportional
to the RMS voltage at the ballast input voltage terminals
109 and 110 in Figure 8. '
v : : The output at the node of resistor 107 and
25 capacitor 108 is then be connected through a scale
factor correction circuit 111 or may be connected
directly to an error amplifier 112.

Another_input to.error amplifier 112 is taken

from resistor 113 which is.coﬁneCted'to a suitable |
30  control voltage source, as indicated, to deflne a
. voltage standard which can be easily adJusted.

The error s1gna1 output of amplifier 112 is
then connected to an appropriate notch width control
circuit which is operable to produce the notch signal

35 of Figure 7b, modified in accordance with the output of
the error amplifier 112. The notch width control



The output at the node of resistor 107 and 25 capacitor 108 is then be
connetted ‘thrdugh a scale factor correction circuit 111 or nmdy be connected
directly to an error anplifier 112. Another input to error anpllfler 112 is¥
taken fromresistor 113 which is connected to a suitable 30 control

- voltage source, as indicated, to define a voltage standard which can be
easily adjusted. - The error signal egtput of anplifier 112 is then
connected to an appropriate notch width control circuit which is operable
to produce the notch signal 35 of Figure 7b, nodified in accordancef"'th

the out put @iréﬂﬁteﬁipl BEPLAtELr ddddridbe DAt €BnHEdthos ORL £R) 7 -
circuit Mﬁ|% be 'atfé acikbed in connection with Figures 10 and 11 The .
TguresSs rs?

circuit of expensive circuit and is accurate, even though
actual |oad currenThé ciscubt ofaFigereb8tisniy batkpshsiwput voltage is

measured. Morouery Lh8 SLEUbL-gLoF  GULE BabDET E0Lluy PISYh dsLLLRR VOl ta0e

conpensat i on SO No Separate cfr urré on. The
scal e f§ctoxsc@¢teme$%hr€ﬂrbutt041& baklast bepéth©&bﬂgefi$t is desired to

correct theméiéﬁﬂé& Opﬁéfébéf f@ﬁetEfr@ﬁﬂ@eéf0?1&@?938“@h38r6ﬁ€199'ng
exci ted, which unctlon of th current. The circuit wll

al so make tB§°§¥$ﬁﬁt EB?r%%%F%ﬁen%%ﬂ@ﬁnﬁﬁt%ﬂ§r§9 LB F nBe| S9BTaEC conpar ed
to standardciﬁﬁ@staislﬁeqhigbﬂ fOﬁdShlsThEnGCﬂbﬁ factor correction circuit

1L can be g, oL EnohLgbLe OB AL el LR, RV ua S0 T

~accordance Wth the nag ude cOfré
enbodi Aent oé ampz@yeéuiﬁnatlCSIdasenddsbo c9rcect thebtbnkudtagran1forn1-

operation for the number of lamps which are being J
excited, which is a function of the total load current.
The circuit will also make the slight correctidn.needed
by energy sav1ng 1amps as compared to standard lamps. at
.15 1light loads. The scale factor correction circuit 111
can be a simple variable gain amplifier in which gain
varies in accordance with the magnitude of the load
current. '
Figure 9 shows a second embodiment of an
20 automatic low end set circuit in block diagram form.
In the embodimernt of Figure 9, the input signal controlling
the system is derived from the total load current which
is applied to the current transformer 120. The output P
-of the current transformer 120 is then applied to an ' 'L_/
25 appropriate RMS current detector circuit 121. The
output of circuit 121 is then applied to an appropriate
storage circuit 122 which stores a signal related to
the 100% value of the total load current at the instant
of measuremeﬁt._ The storage circuit 122 can, for
30 example, be a digital counter. The output of detector
121 is also applied_to operational amplifier 123.
A circuit 124 is also connected to the storage
circuit 122 and consists of a gain set change enable
circuit which is operable during a no-notch (full lamp
35 intensity) condition in the voltage to the inductive



T
In the enbodi ment of Figure 9, the input signal controlling the systemis
derived fromthe total |oad current® which is applied to-the current
tgansforner 120. The output of. the current transformer 120 is then applied
to an 25 "appropriate RMS current detector circuit 121. The out put of
circuit 121 is then applied to an appropriate storage circuit 122 which
stores a signal related to the 100% val U8 of the total |oad current a#ithe
“instant of. measurement. The storage circuit 122 can, .for 30 exanple, be a
digital founter. The output of detector 121 is also applied to operational
anplifiéﬁ{lZB.bquagegibflﬁﬂgﬁﬁeabso connected to the storage circuit 122
and consists of a gain-Sﬁﬁ cha? etenﬁb¥$ ci£cuit which is operable during a
no-notch (full lanp 35 i nt&n8k §¥ cBhdFRP AL PR ERECT PTRYEY t BHEREL T nduct i ve
- 18 - ball ast$28fifi tohen Ronfbetedt pataogaimesstbimgecircuibol®5circuit

of “operat ona VAECh "Hay s Bht gLk 08 Shefutioder MBARHCRCE E8S 10 08 T
stored in &ircafgonggnceowibhuthe| J00asvakae t voheh| bagste¥edntnchanges, the

i nput RVG currgpiehptopapat i 0akedi®htiyerad28nai o2l srosdag@eré ot produce
an output signal to the_error relative tp Qg{d val ues

a jfier 126 the st
oo 2107 1 Pethapget aorhe, ShpllbRbS,ShrraRs B bheTatlona b AnST T HIox ! oral
is then applietl2Bowibe abschchengd tonproducersni duspwivsidneh v | thdée -

| at er descri be : ' kst S i L. CUj ' Lgu 8.
During'a.startgﬁgggr%@gg?g%égrﬁggin???g+§§atéoﬁﬁig@§%§$%¥gl%%hg%%ﬁ%%%ing
when therd0Oi s ho hbecadiustablooreagsten 1Hé. baThesampliihbied rewtpudf Figure

9 will store igrpBAOEYehle Y8 ¥Relf appeibdlto! ORE £OEERNLiaTRI Sorvgbae Wi ll
detle¥m ne the gain of applifier 123, . .
' - ¢ircuit shown which will be later described and which
is the same circuit as was shown in Figﬁre 8.
During a start-up situation or reinitialization
15 after load switching when there is no notch in the |
voltage to the ballast, the circuit of Figure 9 will
store in memory the value of the full load current.
This value will determine the gain of amplifier 123
such that the volta.ge'vx reaches a value to indicate
20 100% illumination output. As dimming later occurs, the
gain of amplifier 123_is locked in and the voltage vg
will be proportional to the percentage of full load.
currgnt. This output is applied to the error amplifier
- \M; 126 and the cloéed loop system will hold the percentage
25 of full load current at the desired setting by appropri-
ately adjusting the notch width.

Figure 10 shows the circuit which can be
employed to produce a nétch_signal_shown in Figure 7b
for the control of the series and shunt switches in |

30 Figure 2. : _ o
+ Referring to Figure 10, there is an input
a.c. control voltage applied'through-the filter resistor
140 and capacitor 141 which are connected to the a.c.
. terminals of a single phase, full wave bridge connected
35 rectifier 142. The output voltage of rectifier 142 is



such that the voltage v reaches a value to indicate x 20 . 100%: _
il lumi'nation output. As dimming |ater occurs,,the gain of anplifier 123 is

| ocked in and the voltage v will be proportional to the percentage of full =
l oad current. This output is applied to the error anplifier 126 and the
cldéed 1 oop systemwi |l hold the percentage 25 of full load current at the

desired .setting by appropri- ately adjusting the notch width. Figure 10
shows the circuit which can be enpl oyedigo-produce a notch signal shown in
Figure 7b for the control of the serles and shunt switches in 30 Flggre 2.
Referring to Fiqure ere is | vol t age appl 8d -
t hr ough the c=I‘°n|"t% te éaisst o%d‘:o c?ég‘;%aﬁ%clﬁ% "é]o]cqh réf A to
the a.c. terlfidhal SThef da@mgl‘kﬁ pkms;mnrfadﬂed/vaaﬁa'dss dgss icore C 461 35 | a
rectifier 1 alhe @B Y r S nnecte '
“how Hae/ BIAGEP e AU tdd Oasl 4nd eapacidel 1LL!

as shown to capaC|tors 143 an re5|stor
connect ed a&%@qr&qfﬁdortq@ewwmfre inputh e mquesuq or 145 and

capaci t 05 14shidrs deaRClLdse tﬂmg@%ampﬁdmut of conparator 150 5
whi ch can be a type LNB39 conparator The tlve in ut of conparator 150

and the positive.input fegit) v L & t Bhdd ddg o a
resistor 152dsitd veefiorpric ©&idantioal cdompa:daidns BT ey asjormemiddge

source and resi,s Is %ﬁﬁi {or, . 155, T out puts
of error anpli faé%s suc %%tﬁle er?%r éx%ﬁca%]?ce% .nlcf]kizlél?ln‘rl |Sgures 8

and 9, resp@ctﬁaiaxﬁnqmwwetmlsoau'qmmughﬁ%m|1§33.r 60 S YO IF gure 10

to the pgsi tlisge ofn@¥ MahdlciGor ABHY allle bk ARG (¥ J1SUA | A 1 6
conpar at or 150. The 1 out puts of conparators 150 and 151 are t \
connect ed such as the. error amplifiers 112 and 126 in Figures 8 \~J

and 9, respectively, can be applied 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 151 are then connected
together and are connected to a resistor 161 which is
connected to a 10 volt source. |
The circuit of Figure 10 is a simple two
phase shifted network feeding into a comparator. Thus,
20 the voltages at points A and B in Figuréllo are shown
in Figure 11 as phase-~-shifted voltages superimposed 6n
a common time base. Voltages A and B fluctuate relative
to the dotted line level of the error amplifier output -
which may vary'or bounce due to an unstable syStem and -
25 due to factors such as large in-rush currénté taken by
air conditioning compressors or other motors .on the
same line as the lighting power supply. The novel
circuit of Figure 10, however, produces a notch signal
which starts when the'lepe of voltage A intersects the
30 error amplifier output and terminates when the slope of
the voltage B intersects the error amplifier output.
Thus, a notch signal of the desired duration and position
is produced simply by controlling 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



3 _ _
toget her and are connected to a resistor 161 which is connected to a 10,

volt saurce. The: circuit of Figure 10 is a sinple two phase shifted netmnrk
feeding into a conparator Thus, 20 the voltages at points A and B in

Figure 10 are shown in Figure 11 as phase-shifted voltages superi nposed onigg
a comon tinme base. Voltages A and B fluctuate relative to the dotted |ine .

| evel of the error anplifier output which nmay vary or bounce due to an
unstabl e systemand 25 due to factors sych as large .in-rush currents taken
by air. condltlonlng conpressors or other“ﬂn?ors on the same |line as the

i ght i ng™govery SUBY -o it uI0Vel £ Cid Gl taddi Rl PWSE HbrHUESHe myrRiuces a
notch signal which starts when the slope of voltage Aintersects the 30

error anplifi Sfidihpukt 2 ft%‘i@ﬁ?ﬁ"a‘t%SOW%ﬁq k@%ﬁ%ﬁé‘%@-"t@?@%lh“é’&é B
:jnt ersects '([jha)ﬁrﬂ’kfé’ ﬁmﬁémgdaé gmg,mn_t .orl Bisrora mlfi:h%rgmﬁitﬁt the desired ..
~duration an sitign is 0, uc y cont.r ol I ng .t ase

rel ationshi pspla'hids Btieés“bf ’\r%? t2 atgetsh Asaﬁﬁilaé }ep&ﬁcto&qainr}&d%
the level & thwe aargnadlmﬂplsmﬁr ’muttphﬂ wirghtt kel thef evoshde signal2@s
vol tage out putsg dési£eds desired to increase the notch width, it is

necessary only to raise the average |evel of the reference signal or error
anplifier output. This iThe cibttem ahehg Anwntinn disyeampgititlse

acconpani ed 5wt WEchiad sShfolxed Nimpitghtadrivdie mechensigial as is
desired. The system of the invention is co iﬂl#ﬁ with various controller

Cinputs deri ved #1AFTLET Y TR enete S9 [HHS » AFGEe&Sor s,
occupancy 1M didtesttrrss aant tiee | 1idse . THEB=sE rlmntstswdlndoé)ecmmracaxédt o the

'233& oet g, > MO Imddd QLGP d oA S dldWapatlheds 1Pl OF "

Figure 10, in lieu of or in addition to potentloﬂeter
153. _
Although the present invention has been

15 described in connection with preferred embodiments,
many variations and modifications will become apparent
to those skilled in the art. It is preferred, therefore,
that the present invention be limited not by the specific
disclbsure herein, but only by'the appended claims.



Al t hough the pr esent I nvention has been 15 described in gonnection W th
preferred enbodinents meny variations and nodjfications w |l become S
apparent to those skilled in the art. It is preferred, therefore, that t he

oty by ¢ ITRARFGIIA ARG 25" ™ A\2"S" " gas i senarge fam

en rg|2|ng *cifcutt "corpri*si ng |nduct|ve bal | ast neans connectable to at

| east one gas di scharge |lanp; a source of a.c. power; series swi t chi.ng
nmeans connected in series with said 5 source of a.c. power and sai d,

i nductive ballast nmeans; shunt swi-t ¢ ng neans and series connected%ﬁﬁergy
di vertor inpedance means connectewnﬁtﬂguallel Wi th said inductive ballast
means and in series with said a.c” source and said series switching nmeans;

and switch- 10 ing copt{roj gggnglgeﬁagebeqahg ggbggggrhasc@yaﬁay ng neans |
and to said shung smntchln géiﬁﬁéﬁnc ronously and substantlally

si mul t aneo RGP} $LRE s’a’i’ﬁu H’@s i R§2REaRONERRG 1Pd® I8 *tshunt

swi t chi ng rm@ermt@nérgwsfeisaﬁwgef uampqaads&we@eoqf ad.cG. poweRs; to said 15
i nductive bal | ast neag and to S|nulta§§ ﬁ81¥ n _said erles smntchlng
means and (TR 2aT U SRAPESRPERA. CPRESHES 0 %F&&Ecé"l&" 8t dur at i on
notch i 1® easdurdel dfcycte pdpweheandl sagd wadacttdve dpilliast tmeasas d

i nductive r t rtor inpedance
means I|n1??hg curren?ﬁ%?%ahga§%1%gadgggggg g%ng% gﬁt%%'gééﬁt that both
sai d seri esdkV#Y e0F niRpedascantesssdconnaetedi tohipagatdais vrtd

si mul t aneousd ¥4 ¢] A€t i de ‘EQ@lﬁb%Ciﬂbkngf aﬁhallw 2 132 5% 'c{medance

nmeans is a capacitor. 3. The circuit of claim1 wherein sal \
a.c. source and said series switching means; and sw1tch— &,V_

10 1ing control means connected to said series switching
1zeans and to said shunt switching means to syhchronously
and substantially simultaneously close said series '
swvitching means and open said shunt switching'meansnto
transfer power from said source of a.c. power to.said

15 iaductive ballast heans, and to simultaneousl& open"
said serles sw1tch1ng means and close said shunt sw1tch-
ing means to produce a short duratlon notch in each
half cycle of the voltage wave form applied to ‘said
inductive ballast means; said series connected energy

20 divertor impedance means limiting curreat flow from
said a.c. source in the event that both said series
switching means and said shunt switching means are
sinultaneously closed. |

2. The circuit of claim 2 whernln said
lmpedance means is a capacitor.

3. The circuit of claim 1 wherein said
series switchinz means and said shunt switching means
both consist of first and second anti-parallel connected
controllably conductive devices.

4. The circuit of claim 1 wherein said
switching control weans is operable to control the
duration of said notch, and the position of said notch
within the voltage wave form in order to regulate the

()]

output of said at least one lamp.

&



Y

series switching means and said shunt smntchln means both consist of fjrst
and second anti - par al'l el connect ed con ,Imlum HIJHHMM| ve .devi ces. 4. The
circuit of claim i wherein-said swtchh S operdble to
control the duration of said notch, and t he p03|t|8n of said notch within
the voltage wave formin order to regulate the 5 output of said at |east
one | anp. - 22 - 5. The circuit of claim2 wherein the polarity of the
vol tage wave form applied to said inductigse ballast neans reverses during

sai d notch in said voltage wave form whereby the RMS content of the

vol t age B~applied to sai uctive ballast pgeans_is increased
circuit of claimb5 wherePn &Pﬂ §éFFE%tsR§tEEPﬁB re¥ReTShA- EB?dpeﬁﬁﬁttY
swi t chi ng nmeansfbehb ¢onsage @EvélEsbmaaﬂpseédndoaeaidpﬁndhbeiveonnected

troll abl 6 e
com ol ably CBRSYRELY G5, S85acheo USrEhe HhLePhobR MUOMA' Bliaghl
-~ and the p03|t|waveffgamd WbechbwnEhenRMﬁecogtBageOﬁaVbefUchtﬂgeorder to
regul ate thy 5a§B&EHH b §a&d ahdheeitzeoaelhage Fxéanghfsciﬁﬁﬂéﬁsgﬁ claim 5

- wherein said inductive ballast neans includes ament wi ndi ngs .connected
to said-at |east one |anf- 9Th?h§1€FPéG|Pf091&FE|ﬁtghﬁﬁﬁ%élﬁaégld swi t chi ng
control nmeans bér@@%réthchQngomhhﬁb khe éutatbnnnefswatdhnﬁgcheaasd the

Fﬁsition ot_sakg otg w % E % S oIt ge g@Vﬁ ao&nt gé?eé t8 reggl
e 5 output o 86 Pealt 6hESI fﬁ PRe2BFcBRT | SPRISCWR re|n
sai d series smbbuhrnglabawscandusaudesﬂanuceamtch|ng means both consist of
first and second anti-paral | §,eCQ928GE8%0f claim 6 wherein said
Y . switching control means is operable to control the
o ' duration of said notch, and the position of said notch
within the voltage wave form in order to regulate the
S output of said at least one lamp.

8. The circuit of claim 5 wherein said
inductive ballast means includes filament windings
connected to said at least one lamp. _

9.  The circuit of claim 8 wherein said
switching control means is operabie to control the

~ duration of said notch, and the position of said notch
within the voltage wave form in order to regulate the
5 output of said at least one lanmp.
. | . 10. The circuit of claim 9 wherein said
- series switching means and said shunt switching means
both consist of firet and second anti-parallel connected
controllably conductive devices.

11. The circuit of claim 3 which includes
respective diodes connected in Series with said first
and second controllably conductive devices of said
shunt switching means, and first and second commut¢t1ng

5 - capacitors connected between the respective nodes
between each of said first and second controllably
conductive devices and said first and second diodes
respectively, and the a.c. input side of said series
switching means; said firSt and second commutating



control l-ably conductive devices. 11. The circuit of claim3 which includes.
respective di odes conmnected—in series with'said first and second, .
control | abj i devi ces of said shunt sw tching neans, and first
a@ssecondlmﬂwuﬁgi”wcapaci tors connected between the respective
nodes bet wee i first and second control I ably conductive devices
and said first and second di odes respectively, and the a.c. input side of -
sai d series swtching neans; said first &id~second commut ati ng - 23 - 10
capacitors being operable to coomutate to zero the current in said ngst or
second ntr | NGRS 4V, §%%ﬁ bl i SW ' means£tn
responsget o] %hﬂefé(}oynocﬁcjsgtl on %f{;%al ﬁérg% %r' se%ﬁ]éde?:%n%%%ﬁg%gy conduct i ve
devi ce of sa#urRaRintin#akhi Fgreer. sagendorirelliably evrdwetiveherein
the pol arit y&fidde v @d pdesewvss fOr i aPid ated ©s Sah drésidliiedd Veo bal l ast |
means reversges d%%%ﬂ? said n tch,én sai d vol t age ve forn1 wher eby the RVB
content of tHf & P i 4 LT Y T RRIIR e TERILaRLAS i s

i ncreased. Idndileticve clevicd «f said shwhet eswi schihgwéais hg control neans

is operable to controjl_'z.t hemgéjr f‘cptﬁpfoleieﬁaﬁtﬂ]’w@geef{'ﬁt@%i tion of said

notch within the voltage wave Tormin or regu 65 out put of
said at | eastolaitiamgt the vinktage ctave ofous AppiiRdikr esaidai d i nductive
bal | ast meanshd sl {4 Sod 1 1 24 Nhe M ) Gk S\EIST SO NBEL ks L6 5@ thBdn | @St one
| anp. 15. The cjrcuit of claim 11 which further i1ncludes rate_of rise of

f
current |im¥&ity YRLARES VAW i ki PSR R P reentenh P etid
cont r ol | &bl wodoragses ta ppel icsd/ i o ssaoifd simdhisting sl Taodit ngeaesminss and

increased. W

13. The circuit of claim 12 wherein said
switching control means is operable to control the
duration of said notch, and the position of said notch
within the voltage wave form in order to regulate the

5 output of said at least one lamp. ' '

14. The circuit of claim 13 wherein said
inductive ballast meané includes filament windings
connected to said at least one lamp. _

15. The circuit of claim 11 which further
includes rate of rise of current limiting means in
series with each of said first and second controllably
conductive devices of said shunt switching means, and

5 snubber circuit means for each of said first and second "

controllably conductive devices.

L



h% snubber circuit neans for each of sai d flrst and second control l.ably

conducgtive devlces.‘ - 24 - 16. The circuit “u ug a palr of-

power- line input ‘termnals connected to said su“\m“u ““PM! and _

- wherein said series switching circuit conprises*a Bai k F of first and second
controll ably conductive devices 5 connected in anti-parallel relation to
one anot her and said shunt switchi rg24i ~cuit conprises a pair of third anddy

fourth.controll ab y conductive devices and a pair of first and second
di odes’ connect edGen J&& edrruif péspdadmd bAWingnel prly eblpawenes of said

hird aggd: f h | d d 10 d d
third oos r&i&smi%"%;&ss?nﬁeél%zepﬁgeéﬁé s§¥a%$i¢s§oa$%"aeo Aot ognte
ti- || f troll abl
conduct ve dovies” s whlexeat sR180pEREe S RHER Blnk A SRl E RO | ng
capaci tors hotfyjhaymeioag hﬁansgebnaoeaﬁgwﬂlae aéé’n&uéf{.vé’f Qé@ié’eé’a” 15

of pOV\BI’ l'i ne”li nput -term nal a second term n connec

respecti e kegticltedean anitd- Pbréilémnf-émhtﬁéhywO&Qélcéﬁdﬁxé&wéﬁ& geiy i rst

di ode, and said fourth controllably control- |ably conductive device and
sai d second stiunrte switphdnigyeliycuit. cémprisesuat pair cofi thilfd vdred ef sursti d
control -- 20 lably conductive devices are both controlled rectifiers. 18.

The C|rCU|tG@m$m0dﬂﬁbiU opn@chﬁveedqviaea angeaeprir nefinfirst antl \wadand

capacitor and said connutatl gaC|tors are both substantially Iarger in

capaci-t ance %%&P&nﬁﬁéﬁt 485t ¥ith pespective amd sindlanlpmaled
one ol ekt lf i W eit e L ikpt Lot e for
-\ 10 gaid series connected third controllably conductive device and
said first d;ode connected iﬁ anti-parallel relatioh with said
series connected fourth controllably conductive device and
said second diode; and first and second commutating capacitors-
both having one terminal connected to said first of said pair
15 of_power line input terminals and a second terminalsconnected.
to a respective node between said th;rd controllably conducfive
device and first diode, and said-fcurth controllably control-
- lably conductive device'and Said second diode respectively.
17. The circuit of claim 16”wherein.said control-
20 lably conducfive devices are both controlled rectifiers.
| 18. The circuit of cla;m 16 or 17 wherein said impedence
means is e divertor capaditor and said commutating capacitors
are both substantially larger in capacitance than said |
divertor capacitor.._ |
25 19. The circuit of any one of claims 16 to 18 which
'further includes firing circuit means for firing said :J -

controllably conductive devices in a given sequence, h



wher eby, at—a—gtven—perhrt—-a—the forward conduction [err] wave of each of
said first and second controllably conductive devices, said third and

fourth devi mﬁmmﬂ ””Eumare fired to produce a commutating current 5
due to the first and second conmutating capacitors
respegti vel y through “sai®d tirst and second control l ably conductive devices

respe f%vely to turn off said dewwc2® -and to initiate a notch in the
vol tage wave formapplied to said pair of ballast ternminals, and 10

whereby a si ghakreby,Patducgiiven ﬁbiﬁtsﬂndtﬁér§6r@£rée§6ﬂdu&ﬁf6ﬁQ$é%P|y‘
conductive device 10 termnate said notch, and wher eby, during sai et ch,

“said |npedenwavseaﬁsepchdofesaadrfzestaandhseughdzeontnéllablyo|tage
applied to said pair of ballast termnals. 15 20. The circuit of o
cl ai m 16 whi epnductiwe devicess saidi thindsapdnfounte dévitesge of currenﬂ
limting inductors connected in series with said third controllably

conduct i ve deefRectivelyi areifireqdteioredicre A commntating qurmensi v

circuit of aiye ohe Bhe ELecastEs of thth HFF v Saod, emgitating
itk 225&%&?%%%?#bﬁ’?%%%*@?%%m%%ﬁ%%“ffz@* Snd g of 50
CLiorands | AERRFOLIRY Selic oS adt Ly xr@%iﬁﬁg@f%mwed en,
said devices and to initiate a notch in the voltage wave .
form applied to said pair of ballast terminals, and _ ' U
10 whereby a signal is produced to fire said first or second
controllably conductive device to terminate said notch,
and whereby, during said notch, said impedence means
produces a reversal through zero of the voltage applied
to said pair of ballast terminals. o
15 20. The circuit of claim 16 which further 1nc1uaes
first and second rate. of change of current limiting
- inductors connected in series with said third controllably
conductive device and said first diode, and said fourth -
controllably conductive devioe'and said second'diode, res~ o
20 pectively. | | | | -
21. The circuit of any one of claims 16 to 20 which
further includes a resistoracapacitor snubber circuit
connected in parallel with each of said third and fourth
_controllably conductive devices.
25 1 22. A gas discharge lamp control circuit substantially
as hereinbefore described with reference to and as shown B e

in the accompanying ‘drawings.




