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ABSTRACT OF THE DISCLOSURE

To prevent operation of an inverter starting and

ogcillation contreol c.rouit for one or more fluorescent lamps

(LP1, LP4. LP5; LP6H; LFZ20C, LF21; LEsQ, P31} 1f electrode
filaments (B10, BEl11l: E20, EZ1, wWZJ, E23, E30, RB31, RB32Z2, B33,
R40, E41; ELRO, ES1; B0, HEel) of any one of the lamps should
bhe broken, a high-regsistance d-o path 1is provided which
connects the energy supply source with the control circuit
(STl ST2:. 8T3: RKdb, C43; RE5SDh, REKHo, Ohd, Lhce, Ch7) for the
inverter circuit, so that, 1f one of the electrodes (K10, kll;
ne0, BZ1, E22, E23; E3C, B3, B42, K3iid: BE40G, k4l; KHO, BH],;

BRe0 ., EBE61)Y should e broroker, oscillation of The 1nverter,

typically a half-bridge transistor or MOSKFET clrcult, 1=
prevent ed. The circuit 1is particularly suitabhle o operate
compact fluorescent lamps '‘n which tThe operating voltage 1s 1n
excess of the input voltage supplied to the inverter, and
which requires resonant voltage enhancement during operatilion,

and after i1gnition.
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Jenerate the reguired ignition voltage ftor the discharge iamp,
but also to provide operating voltage therefor.

The referenced publd ioat ton, German FPatent Disclosure
Document DR 43 03 595 b, describes 3 ciroult which has an
inverter to which an ingductancs - Cuapacitance (L) circuit 1s
coupled.  The LOC cirout forms & resonant output clroult,. 1n
which a compact fluaorsscent lamn s connected. The lamp has
filamentary electrodes. Reactive lmpedances are coupled 1n
parallel to the fitaments of the lamg, which prevent excegsgive
current flow through the filaments and hence excessive heating
Of the electrodes during the electrode preheat phase, as well
43 high damping »f the rescnant cirouilt during the ignlition
and operat ing phase, The clrourt as dewcribed operates even
if a lamp electrode has failed, for example 1s broken, silince
the resonant ~iveuit i@ not intecrrupted by the defective lamp
2 lechrode.

For cafety reasons, and under some conditions, 1t 1s
undesired to permit the lamp to start and then to operate with
a broken filament , since it may lead to excessive heating of
components of the lamp, as well as posgsible destruction of the
operat ing circult .

THE INVENTION

Tt is an obiect to provide a clroult to operate one
N1 more low-pressure discharge famps, especlally compact
fluorescent lamps and miniature flucrescent lamps, which will

not operate upon re-energization, when an electrode filament

asg failled.,

J7813-41
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Briefly, & hianh reslistance d-o clrcult path 1s
crovided which couples the control oircult for the ogcillation
circuit, incorporated in the invertsr, o the source of
energyv. This bigh-resistance circuit path includes the
filaments of the electrodes of the lamp. or lamps. Thus., upon
fallure of any one of the ftillaments of the electrodes of the
Lamp, or lanps, lthe d-o olrcocult path wi.ol be 1nterrupted,.
Fhereby disabling the cscolillation control clircuilt and one or
more semiconductor cirvoult elements Thereof., AS s20n as
operat ing enerqgy 1s removed from the ¢lroullt, the inverter
Wwill fail to ogcillate and wil!l not start anymore 1in
oscillation, even 1f the operating energy 1s reestablished,
gince there will be no control signal to the inverter circuit
anymore.,

In general, the filaments of the electrodes of the
fluoregcent lamps are integrated into the high-resistance d-c
circult. More than ote such cilrouits may bhe provided. Under
normal operation. and as scon as the supply voltage 1= turned
ON, the high-resistance d-¢ path ensures thalt the controg
circuit for the inverter becomes actijive, causing the inverter
to oscillate. The lamp electrodes, typically ftormed as colled
filaments, are so connected into the d-c clrcult path that, 1t
any one of the lamp filament vreaks. the {nverter will no
jonger start to osciliats 11, arter Jdisconnection, 1T 18
reconnected and agaio tuarneda DN, The igh-resistance d-d
circuit path reguires addition of only ftew electrical or
electronic components, =o that the entire circuillt can be

placed within the base of & compact flucrescent lamp.

2781 3-41
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Low-pressure digcharge lames, nereinafter for short
fluorescent lamps, are udsually opesrarted from a-o network
supply terminals.  The a-¢ et work voitage is rectified, to
supply enerqgy to the inverter. Typically, the 1nverters are
nalf-bridge controlled semicondurtor inverters having one or
more, 1f more, parallel connected, L7 ocutput circuits, in
which the fluorescent lampe o0 lamps qre @lectirically
integrated. If the inverter has only & single LOC output
civcult in which one o mors sertally commected fluorescent
lamps are connected, then preferably. the clrcult has only a
single hlgh~-reszstance -0 Dpat ., This d-0 path connects, for
example, the positive terminat of a d-o source, for example
the osutput from the rectifier, with the control circuit of the
inverter, the d-c¢ path incluading the serially connected
filaments of the «lectrodes of the filucrsscent lamps. Upon
breakage of any one of the tilaments,. The high resistance d-¢
path is interrupted, and the inverter can no longer begin o
oscillate when the supply voitage 13 reestablished, after
dlisconnect 10r:.

The inverter wmay nave o plurality of parallel
connected LC output cirouwits, which «@are connected to one or
more serially connmected fluorescent Lamps. In such a circult
Arrandgement, as many <d-o Cclrondt o gparhis as there ars LC output
circuitse are preferably provided. et one of the high-
resistance d-¢ paths then has & S0 les olroult of lamp
filaments commected in Che assoclated respective LO output
Circuit cof the fluorescent lampe or lamps.,  The high-resistance

- paths, then, may start from tor examele The pogltive

27813-41]
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terminal of the d-c supply, connected to the input of an AND-
gate, the output of which, in turn, (=2 connected to the
control circuilt of the inverter. This ensures that upon
interruption of any one of the d-¢ paths, for example due to a
deftective lamp <electrode, the inverter cannot start to
oaclllate when beling reconnected to a source of electrical
ererqgy.

DRAWINGS

Kig., 1 1s & highly schemat (o diagram of the circuit
it accordance with the present inventlon, omitting all
elements not necegsary for an understancing of the present
invent ion:

Fig. 2 18 a schematic diagram to operate two
serially connected fluorescant lamps:

Fig. 3 1s a&a sohemalt 1o diagram Lo operate two
parallel connected flucresocent lamps .

Fig., 4 15 a schematic, somewhat more detailled,
dlagram of the circuit of Fig.]l naving pre-heated lamp
electrodes, and a freely oscillating inverter under current
feedback control, started by means of a DIAC:

Fig. 5 1s a schematic diagram of a flucrescent lamp
circult having electrodes that are not preheated and using a
freely oscillating inverter unde; current feedback control
without starting by a DIAC: and

Fig. O 1g a 2ircuit tor a compact tlucrescent lamp
of aboult 23 W nominal rating tfor cperation from a rnetwork

ll“",

voltage of about 170 V.,

2781 3-41
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DETAILED DESCRIPTION

Referring first to Fig. 1:
An inverter which incliudes two transistors T10, T11.
for example MOSFETs, is connected in form of a half-bhridge
circult, energized by a -c source, schematically indicated by
plus and minus symbols . The Inverter g controlled into
agcsclillation by a control cirvrcuilt ST, The common oconnect ion
Ml of the half-bridge inverter formed by transistors T10, T1l
i1e coupled to an LU output cltroudit tormed by capacitor Cli1 and
inductancs Ll. The LC elements form a resonant circuitrt., The
resonance capacitor C11 1s connmected Lo the resonance
inductance L]l and to the poesitive terminal of the d-¢ energy
source, The circult also includes & coupling capacitor C10
Wwhich is connected both to the negat ive terminal of the energy

source and to a zuncticon Al, and then through a resistor K10

to the positive terminal c¢f the d-¢ energy source. The low-

pressure discharge lamnp LEF1, typically & fluorescent lamp, 1S
connected between tdinctions Al and A2, Junction A? is formed
Iy the junction between capacitor Cl1 and inductance Ll.

The electrodes EID, Bl of the lamp LP1 are
filaments and have, each, two electrical terminals, as appears

-

from Pig. 1. One terminal of fillaments EI0O, Ell 1s connected,
respect ively, to the Jjunctions A and Ar. The second
terminals of the filaments BLO, Bll Aare, respectively,
connected to a terminal of the ignition capaclitor Cl12, and to

regpective terminals of a parallel connected capacitor Rll, scC

that both the ignition rcapacitor C17 as well as the resistor

27813-41
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F1l are connecteaed in paralle: to the discharge path of the
lamp LP1.

N accoerdance with a feature of the 1Invention, an
chmic galvanic high-resiatance parth s formed by an additionatl
resistor R12 which is connected o tunction A3 and hence to
the center terminai Ml between transistors T10, Tl1 and the
inductance L1 and, fuvrither, 18 couplsd to the contiyci circult
ST1,

Basic Operation:

Assume lamp LFPI 15 in normal operating condition:
The half-bridge inverter T10D, T1? will start to ogcillate as
soOn as a connection to the energy supply plus and minus 1s
established. By resonant voltags enhancement at ignition
capacitor C12, the necescary ignition voitage will pe
avallable for ignition of the lamp L1, and the lamp will fire
without preheating of the lamp electrodes. During operation,
a high-freguency alternating current will flow between the
junctions M1 and Al over the discharge path of the lamp.
Typically, this high-frequency current has a frequency 1n the
range of bhetween abwoul 0 kHz tao 200 kHz  As seen in Filg. 1,
the rescnant circuit L1, €1 wil: form & Closed Clrcult even
if lamp L1 should be missing, since the lamp electrodes are
not integrated in the resopnant oorouit . The nalf-brildge
inverter, thus, could provide operating voltage even 1f tThe
lanp were missing, or defect ive.

Operation in accordance with the invent 1oi:

wda * o, ALY ittt e, it 4 T F o - ST de dy- §e ¢ | ST It s el v ebare

The d-o path: resigtor R1IGC - filament mBlil -

regsistor Rl1l - fililament Bl1O - regsonance inductance L1 -

2781 3-41
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resistor R1I2Z2, aill galvanically d-¢ commested in gseries, forms
a d-c¢ connection bhetwseaen the posibive terminal of the energy
supply source and the input to the oscillating control cilrcuit
ST1. After the supply cilrouit is energized, supply of control
signals or control voltage to the control system ST will be
over the d-c¢ path, to permlt oscillation ¢f the halt-bridge
inverter including transistors T1IO, TI11. Tf£, 1in operation,
one of the filaments should berealk, the lamp will continue tO
operate and the inverter, once started, will continue to
provide a-¢ supply voltage 1o the lamp. However, as soon as
the energy supply is turned OFF, new re-energization of the
energy supply will not perm:t The Lnverter Lo commence
oscillating, since the d-o path to the oscillation control
circuit STl 18 interrupted. No voltage will be supplled TO
the control circuit 8T, thus inhidibiting the inverter
transistors T10, Til from beginning toe oscillate. of course,
if the lamp should bhe removed from the circuit, again, the
inverter could not =start dpon re-epevglization.

The invention is eqgqually applicable for a plurality
of low-pressure discharge lamps. Flg. £ lliustrates
application of the invention to & cirouit having two
fiuorescent lamps LPZ0, LP21, which are serially connected and
which, also, have a preheating civouilt for the resgspective
electrodes,

The circuit of Fig. 2 has Llwo {tield effect
transistors (FETs) T20, T21 connected in an inverter circult,
supplied from a source of d-¢ energy, and controlled TO

oscillate by an oscilllating controi crrouit 8TZ2. The center

2781 3~-41
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junction M2 of the inverter, 1ncluding *he transistors TZ20,
T21, 1s connected, over an LI output ciroult through a
coupling capacitor CZG, The coupling capaclitor C20 18

connected to the resonance inductance L0, electrode f£ilament
mz3 of fluorescent lamp LPI1, resonance capaciltor CZ1,
electrode filament E2C of the fluorescent lamp LPZ20O, and back
to the positive terminal of the Jd-o¢ aource,

In accordance with & featnre of the present
invention, a d-2 path 1s provided: positive terminal of the
(- gouvurce - the electrode filament kK20 of the low-preggure
discharge lamp LP20 - resistorg RZ1. R2Y - electrode fillament
R21 of low-pressure discharge lamp LP20 - inductance LZ21,
inductively coupled to the resonance inductance LZ20 - the
filament of electrode BZ?22 of tThe low-pressure discharge lamp
LLP21 ~ resistors RZ3 and Rz4 - the f1lament of electrode EZ3
Oof the low-pressure discharge lamp LPZ1 - resonance inductance
L.20 - registor R20 to the input of the oscillation control
circuit STZ.

The circuit, further, includes a capaclitor CZ3 which

is connected to the negative terminal! of the d-c¢ source and

further to the regonahce inductance L20, and to aone terminail

i1

of the filament of electrode HESH A heat ing capacitor CZ22.
together with the electrode filaments KUl, EZZ and the
secondary winding L21, forms a ciosed a-¢ circuit, and
provides for preheating of the lawp electrodes E21, B22 by

high-frequency alternating current, induced in the secondary

winding LZ1.

27813~-41
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If, due to malfunction for exXample, there is failure
of any one of the filaments of the jamp electrodes B20, B21,
R22., B23, then, in accordance with the invention, the d-c
c~onnection to the control oiroult STY will be interrupted, and
renewed reconnection of the supply voltage at terminals plus
and minus will prevent oscillation of the inverter which
includes the transistors TZ0G, TI0

Fig. 3 illustrates the principie of the present
invention for two parallel connected low-pressure discharge

10 tamps, LEP30, LP31.

The half-bridge inverter includes two FETs T30, T31,
controlled to oscillation by an oscillarion control circult
ST3. The center junction M3 of the inverter T30, T31 18
connected to two parallel 1LC output circuits, one for each one
of the fluorescent lamps LF30, L.P31. The first LC output
circuit includes a coupling capacitor CH0, the resonance
inductance L300, and capacitors C3z, <33, which, effectively,

are operating in parallel. The fluorescent lamp LP30 1s

connected in parallel to the resonance capaciltors O 2, CH3.

NI
7~
1 k.-,;

The second IO output circouit includes the coupling
capacitor C31, the resonance [nductance L31 and the
of fectively parallel connected resonance capacitors C34, (35.
The second fluorescent lamp LRP31 is connected in parallel to
the resonance capacitors €34, UHh.

In accordance with a8 feature of the invention, an
AND-gate U is provided, the output of which is connected T O
the input of the oscillation control circuit ST3.  The input
tco the AND-gate U iz connected to two high-resistance d-c

10

77813-41
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paths, which are connected cetween the positive terminal of
the current supply sourcoe and an Input 1o the AND-gate U. The
first high-resistance d-¢ path 1uacludes: the filament of
electrode K30 of lamp LHAQ - 1resistors K34, K3I5 connected 1in
parallel to the capacitor €334 and Lo the discharge path of
lanp LP30 - the {ilament of =lectrode B3l - the resonance
inductance L30 -~ dunction A4 - yesistor RJI0 - Jjunction A6 -~
crie input to AND-gate U, Juanction Ad is also connected
through capacitor €30 to the center Junction M3,

The second high-resistance d-o path 15 formed by:
the filament of electrode RBiZ of lamp LF3l - resistors R36,
R37 connected in parallel to capacitor €35 and to the
discharge path of lamp LF31 - the filament of electrode HE33 -
resonance inductance L3i - junction A% - resistor R32 -
junction A7 ~ ancther input to AND-gste U, Junction Ab 1ig
connected through capacitor 31 to junction M3, so that the
coupling capacitor C31 Ls serjally lntegrated with the
resonance inductance 36 The resigtors R31, R33 are,
respectively, connected between the Jfunctions A6, and A7, and
then to the negative terminal of the d-¢ energy supply source.
Junctions A6, A7 form the inputs to the AND-gate U,

() 3 -

eration, circuit of FiJg.

Upon enerygizat ion, that is, connection of the enerqy
source at terminals pluas and minus, the two parallel connected
d-c paths and the AND-gate Il form a od-¢ supply connectilion
hetween the positive fterminal of Lthe snergy source and the
control circuit ST3, causing the inverter including
transistors T30, T31 to osoillate, and hence operate the

|1i 4‘
% —
“ A
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Lamps . If, however, any one of the two Jd-¢ paths are
interrupted, for exampls Dy break of any one of the filaments
Gt the electrodes K30, WL, ovr kA, kad, rvespecltively, renewed
energlezation of the cilroutt f£rom The supply source plus and
minus will be inhibhited since the ogselllation control circuit
ST3 will not receive operating enerqgy through AND-gate U, thus
preventing osciillation of the o¢oscililatory half-bridge inverter

circuit including the transistors T

30, T31.

Fig. 4 i1llustrvates another embodiment of the
invention, 1in combination with a preheat circuit for the lamp
LP4. The inverter is a freely osciillating current feedback
half-bridge oscillator with tranasistors 40, Q41. The
filaments E40, B4l of lamp LP4 are constiructed as preheatable
filamentary electrodes. The cirouit nas two bi-polar
transistors 40, Q41 connected as & half-prldge inverter
circult, fed by a d-¢ current source. The center tap M4 of
the half-bridge inverter formed by transistors 40, Q41 1s
coupled to an LC output circult formed Dy the primary winding
RK4a of a toroidal transformer RK4 & resonance inductance L4
and A resonance capacitor C42 The resonance capacitor C42 1S
coupled with one of its terminals to the positive source of
the d-c energy supplLy. The olroult In accordance with Fig. 4
additionally has two serially connected coupling capaclitors

.
"

40, C41 coupled to a central Juncticn Ad.  The couplling

capacitor C40 is connected to the collector of the Di-poiar
transistor Q40 and to the positive termlinal of the d-¢ supply

gsource. The coupling capacitor 41 18 connected to the

amitter of the bi-polar transistor @41 and with the negatilve

<7813-41
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terminal of the d-o energy suprply. The low-pressure discharge
lamp LP4 is connected betwe2n the center Junction A8 and the
junction A9, which 1s positioned in the LOC outpul clrcuilt
hetween the resonance inductance L4 Aand the resonance
capacitor C47, so that the lamp 18 included and integrated 1n
the circuit.

Ignition and preheat capacitors C44, (C45 are
serially connected and have a commorn iunction V1. They are
connected in rarallel across the discharge path of the lamp
LP4 to form a parallel ¢ircait . In parallel to the two
capacilitors C44, C45 is & resistor series circult formed by an
ohmic resistor R43 and a positive temperature coefficient
(PTC) resistor KL4. The two igniticon capacitors C44, C45 and
the resistors R43, KL4 have their central junctions V1, V/Z
connectead together,

The oscillation contro! oirouit for the inverter 1s,
egsentially, formed by the taroidal transformer RK4, the
primary winding RK4a of which iz connect=d in the LU output
circuit. It hays two secondary windings, RE4kh and RK4c, which,
respectively, are connected through resiastors R40, R41 to The
hases of the transistors Q40 041 L atart circuit is
provided, formed essentiallv by & DIACD DU4, a capacitor 43
and a diode D4.

ITn accordance with a feature 0f the present
invention, a high-resistance d-c path is provided which
prevents starting of oscillations of the half-bridge inverter
transistors 40, 041 i1f one of “he Tamp electrodes should be

defective by forming an open circult.  This d-c path controls

27813~-41
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charging of capacitor 040, PLo=tarts from the positive
terminal of the energy supelyv gsouar~e — resistor 44 - one
terminal C43a of capaciltor 744 - he other terminal 04360 of
capacltor U4: - Center junction M4 - primary winding RK4a -

inductance .4 - filament of elect rode B4D - regicetors R4 -

FTC resistor KL4d - Filament of electrode B41 - dunction A8 -
ohmic resistor R42 which 1s connected in parallel to the

coupling capacitor £41 - negative terminal of the d-o current
SouUrce ., All elements of tlhy high-veoistance d-o circuit are
serlially connect ed

Ali the above elements of The nigh-resistance d-¢
path, supplying the capacitor as a single chargeable element,
Are seriaily connected.,
Cperat ion

Lel 1T e assumed That the electrodes E4CG, B41 are
in order. Upon énesrglzation, the d-o path which inciudes the
capacitor U433 permits charging of the capacitor C43.  The DIAC
D4, thus, can wprovide Trigger puolses o the base of the oi-

polar transistor 040, wWwhich Lyiguers oscillations of the half-

------

e
—
—
p—
T,
o
—w—‘?n
el
)
-

Dridde inverter 040, (4] inverter 040, 043

operates, capacitor C43 wili discharge over diode TWd to such

,,,,,
<=y
{

an extent that The OIAT DO4 will no onger generate trigger

pulses applied o the bhase of the trargistor 040, The half -
ridge inverter 240, G411 continuss o oscdillate and generates
A Nigh-frequenay alternat bng ourresnt Typical frequencies are
metween apout 20 kHe to J00 ko, This high-fregquenosy current
1s applied betwesern The caonber dunctiorng M4, AR, and, firast

forms A heating current foar bhe i iaments of the electrodes
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E40, E41l, and alzo flows through the hedat indg capacrtor C44 aa
well as over the aold osndustor, o0 PT0 resistor KL4., When
the electiode preheat ing phase taerminates:, the PTC resistor
KL4 becomes highly resiative, so fthat, with the assistance of
the now effective igniticrn Tapaciteor 4% and the LO output
circuit . formed as a rescnant climait o the lamp LP4 will
receive the requisite ignition voltage by resonant voltage

enhancement .

Operaticon, in accordance with the present invent 1on:

1mmlﬂlmmwlm

Tf the laonp LP4 13 opervat ing aad bhecomes defect lve,
=.qg. one of the filaments of "he slectrodes K40, E4l breaks,
then, starting from the cenler terminal M4, and oveyr winding
RK4a, 1.4, and capacitor €42, the collector of transistor 240
will stil! be within a olosed 1O output circult, so that the
inverter 040, Q41 would ¢tiil be opetatlive even with a broken
filament . However, and in accordances with the present
invention, the high-resigstance oo path 13 interrupted 1t the
lamp is defeciive, by breakage 1 one of the filaments. UJpon
re-energlrzation after disconpecting tne ~ircult trom the
energy supply source, no charge wilil bhe applied to the
capacitor (043 throngh the raesistor 44, 85 that The Ccapaclior
~43 will not charge, andd thie cannot provide trigger pulses
for the DIAC DCZ2 . and therebhy start the transistor 40 to
cacillate. Conseguently, the entire half-bridge inverter D40,
041 will not osciilate wnd, if the lamp is defectlve, the

“drcouit will net aperatbe and ne hiigh voltage Wwill appeatr on

the terminals of the Lamgp.
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lml.:

The circuit ivn accovdance with the present invention
ig highly versatile, and Figyg., » 1llustratesg the circuilt
applied to a lamp LPS operating as a cold start fluorescent
lamp, that 1s, without preheating of the filaments.

The supply circult has a freely oscilllating current
feedback inverter clrcult, supplled by a d-C current source.
The circuit inciudes two bl-polas btransistors 50, 051
connected to a center Jjunction M5, Junction Mh l1s connected
over the primary winding REKbS& of a toroildal transformer,
coupling capacitoer €50, a resonance inductance L3, and a
resonance capacitor €5t TJTapacitor R1 13 connected to the
positive supply voltage as 1s the collector of the Uransistor
050. The low-pressure discharge lamp LPS has an individual
parallel circuit formed by resonance capacitor €52 and an
ohmic resistor RH0.

The control circusit for the half-bridge inverter
formed by transistors Q50, 951 is formed by the torolidal
transformer RKS, the primary winding EK5a of which 1s
connected in the LC output ¢ircuit of the inverter. The
gsecondary windings RK5b, RK&%¢ are connected to the Dases Of
the respective transistors @50, 51, which include capacitors
C53, C54 and parallel ccnnected diodss DH0, D531.

Tn accordance with the present invention, a high-
resistance d-c¢ path 1s established which connects the base of
the bi-polar transistor Q51 to the energy source. This high-
resistance d-c path can be traced as follows: Starting from

the positive terminal of the d-o szource - electrode EH0 of

I -

27813-41
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lamp LP5 -~ resistor RO - eledctrade HHI - resonance inductance
LE - ohmic resistor EH1 - Dbase of transistor 0O651.  The base of
transistor 081 1s further connected Yo diode DY1, the parallel
capacitor C54 and the transformer winding RKbhc., Diode D51, as
can be seen from Fig. 5, is connected to the base (51 in d-c
Blocking connection. An additional resistor is provided,
namely a resistor RbLZ, which conriects The base of the filirst
transistor Q0 toe the positive terminal of the d-C¢ source, TO
form a d-¢ connection faor the base of transistor Q50

Uperat 1orn

Uporn energization, the regsistor R5Z and the high-
resistance d-c¢ path cause the transistors @50, Q51 to
ascillate due to spurious disturbances, introduced by a
switching pulse, line nolise or the like. Consequently, the
inverter 50, Q51 will =self-cscillate by the always present
line noise on the plus and minus terminals. This noise 1s
amplified by the posit ive feedback due Lo the secondary
windings REK5h, RK5¢, so that a first one of the two bl-polar
fransistors will pecome conductive, thus initiat ing
oscillation of the inverter.

In accordance with the invention, 1if there is an
interruption in the high-resistance d-¢ path, for example due
to a break in one of the filaments of the electrodes EHRO or
E51, the base electrode of the transistor Q51 will not recelve
a rontrol voltage upon re-energlization of the circult after 1t
has been turned OFF, thus preventing oscilllation of the
inverter formed by transistors Q50, 251 and the Cclrcults

connected thereto.

27813-41
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The dimensioning 2f the var lous component s descr ibed
above depends on the power rating of the iamp, aAnd the energy
supply, schematically indicated by the plus and minus symbols
in the drawing.

Fig. & i1llustrates the complete embodiment of the
circuit to operate a compact fluorescent lamp of, for example,
23 W power rating from a network supply o2f 120 V at 60 Hz.

The components used for the aircutt «f Fig., &6 are listed 1n
the table forming part of this specification.

The circuit has a freely oscillating half-bridge
inverter formed by MOSFETs T, 161 in a curvent feedback
circuit. An electivolybic capacitor Os0, connected to the
output of a rectifier GL, provides the plus and minus 4d-c
enerqy for the circuit. The rectifier GL 18 connected through
& radio noise filter F and a fuse 51 with the power supply.
The center Jjunction Mé of the half-biridgs inverter formed by
the MOSFETs T60, Tel 13 connected to an LC output circult
which, starting from the center terminal M6, 1s connected
through the resonance inductance Leoa and the resonance
capaclitor C61 to the drain connection of the MOSFET TeO. A
coupling capacitor Chd4 and & resonance capacitor Cel are
connected in parallel to the discharge path of the lamp LP6 .7
Two parallel circuite are connected across the electrodes k60,
E61, including a high-resistance reglstor R0 and a PTIC
resistor KL6. The center junction V4 is connected to a center

*A high-resistance resistor Rel 1s oconnected in parallel

to the coupling capacitor b4

27813-41
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junction between two capacitorg C&z, Cé63, which form preheat
and ignition capécitavs* The center junctions V3, V4 between
the capacitors Ce2, C&3 and the resistors Rel, KL6 are
interconnected. In tnis respsct the oirculilt 1s identical to
the circuit of Pig. 4. The inverter formed by MOSFETs T6O0,
T6l includes, essentially, Two secondary windings Leb and Lé6c,
inductively coupled to the resonance inductance Lbea, and
regpectively, connected to The gate =lectrodes of The
transistors T60, Tel. T addition, the Jate electrodes of the
respective transistors are Connected to A low-pass filter R63,
C65 and Red, Coeh, respectively. A evart oircuit is provided
which includegs a DIAC DCUs, capacibtor /7 and a diode Db, as
described in comnnection with Fig 4. The operation of the
clroult likewlsge s simolar to Uthat descyribed in connection
with Fig. 4.

Tn accordance with & teature of the present
inventicn, a high-resistanoe d-o path 18 provided which can be
traced: starting from the positive terminal of the
electrolytic capacitor 0 - filament of electrode B60 of lamp
I.P6 - resistor BE6Q - PTC resistor KlLe - rilament ot electrode
E61 - registor R61 which bridges tThe capacitor Ce64 - resonance
inductance Léa - junctichn M6 - a further resistor Rod -

terminal C&7a of capacitor 7 - termina. Csa7bh of capacitor
ChT7 - negative terminal of the «lactrolytic capacitor Ce60.
The resistor RAZ ie commedcted, further, o the center junction

M6 between the transistors Teld, Tal.

27813-41



10

Eme ™\

CA 02160309 1995-11-17

2160304

Jperation:

Upon f£irst energizing the circult by connecting it
tc a source of a-¢ supply, the inverter wiil receive d-c
energy from the electrolytic capacitor Cnd. The start
capacitor Ch7 138 charged over the ghoave-mentioned d-¢ path, so
that the DIAC DC6& can supply trilager pulses to the gate of the
transistor Tl and thus cause the half-bridge inverter T60,
T61l to oscillate., After oscillation has started, start ing
capaclitor C67 is discharged over Lhe diocde Do To such an
extent that no further trigyger piilses will bhe derived from the
DIAC DC&. The roverter 10, T6l supplles a high-frequency
Alternating current to the LC output ¢lrouit and hence to the
lamp LP6 as well as the parallel circouits connected to the
lamp LP6. Typical frequenci«=a are vetween apout 20 kHz and
700 kHz. Firvst, current wil? flow througn the f£ilaments R60,
E6l, through the heating capacitor Cedy and the PTC resistor
KL6. This heating current is of high frequency. As the PTC
resistor heats, its resistance inoreases. which terminates the
preheat ing phase. The PTC resistor becomes very highly
resistive so that, with the agsistance of the now effective,
that 138, not essentially bri dged, igrnition capacltor C63 and
the LC output circuit, the necessary ignition voltage for the
lamp will be obtained bhy resconant. voltage enhancement .

When the lamp LP& has filred, & nigh-frequency
current will flow over tihe discharge path ¢of the lamp LPb and
a d-co current thvougn the <d- O pati, The amplitude of this d-cC

current 1s less by two orders of magnitude than the a-c

27813-41
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generated by the inverter, 3o that rno interference with the
operation of the lamp will cesult.

In acceordance witin the invention, 1f one of the
filaments of the electrodes EqAQ or E&l should break, the
abhove~described high-resistance Jd-o path 1s interrupted, since
the electrodes E60, Ehl are seriallvy integrated in the d-cC
path. The lamp will continue to functlon so long as 1t 1S
energized, even 1f a filament should break. Upon re-
energizing the lamgp, however, 1T will not be possible to start
the lamp. Upon renewed connection of the circult to ON, the
start ing capacitor C67 will not be charged, and thus no
trigger pulses will be avaiiable from the DIAC DC6 for the
gate of the transistor T&l. Consequently, the half-bridge
inverter Te0, Tl will not start to oscillate.

Various changes and modifications may be made and
the invention is not restricted to the apcve-described
embodiments or examples., The d-o path can be provided 1n
various circuilt arrangements with different types ot
inverters, for example with full-bridge inverters or the llke.
It 1s also possible to incorporate the d-c path in single
transistor blocking oscillators which can be used
advantageously to operate low-pressurs discharge lamps from
low-voltage supply sources. Any features described 1in
connection with anv one of the embodiments, thus, can be used
within the scope of the inventive concept, not only for the
embodiments described but aitso in different circuits.,

Suitable values for a circult as shown in Fig. &6 are
shown in the table below. Hultalie valuss for circults shown

22
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in Figs. 1 to 5 can then be derived by engineering
knowledge, considering the power rating of the lamp involved

and the voltage of the supply source.

Ro0, Rol 100 KO
R62 220 K
R63, R64 680 O
Co0 47 pF
Col, CoZ2 10 nF
Co3 4,7 nF
Co4 47 nF
Co5, Cob 0.8 nF
Co7 100 nF
ToO, Tol MOSFET, IRFU224
Loa 1.2 mH

According to one aspect of this invention there 1is
provided operating circuilt for operation of one (LP1l; LP4;
LP5; LP6) or more than one (LP20, LP21; LP30, LP31)
low-pressure discharge lamp or lamps from a source of
d-c electrical energy, having an inverter circuit coupled to
sald source and providing high-frequency a-c operating
energy for said lamp or lamps, said inverter circuit
including at least one semiconductor element (T10, T11; T20,
T21; T30, T31; Q40, Q41; Q50, O51; Te0, To6l) connected in an
oscillatory circuit; an inverter starting and oscillation
control circuit (ST1; ST2; ST3; RK4b; C43; RK5b, RK5c; C54;
Loc, C67) providing oscillation starting and maintenance
control signals to at least one semiconductor element (T10,
T1l1l; T20, TZ21; T30, T31; Q40, Q41; Q50, Q51; TeO, Te6l), said

operating circuit comprising, in accordance with the

invention, means for inhibiting application of starting and
oscilllation maintenance control signals to the at least one
semiconductor element (T10, T11; T20, T21; T30, T31; Q40,
Q4l; Qo50, Q351; TeO, Tel) of the inverter circuit, said
circult means including at least one high-resistance

d-c circuit path coupling the oscillation control circuit
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"(ST1; ST2; ST3; RK4b; C43; RK5b, RK5c; Ch4; L6c, C67) to the
at least one semiconductor element (T10, T11, T20, T21; T30,
T31; 040, Q41; 050, (051; Te6e0O, T6l) of the inverter to said
source, sald high-resistance d-c¢ path including all the
filaments of the electrodes (E10, E11l; E20, E21, E22, E23;
E30, E31, E32, E33; E40, E41; E50, E51; Eo60, E6l) of the
lamp or lamps (LPl; LP4, LP5; LP6; LP20, LP21; LP30, LP31),
whereby, upon failure of any one of the filament of the
electrodes (E10, E11,;, EZ20, E21, E22, E23; E30, E31, E32,
E33; E40, E41; E50, E51; E60, E6l), the d-c circuit path
will be interrupted, thereby decoupling said oscillation
control circuit (ST1l; STZ2; ST3; RK4b, C43; RKS5b, RK5c; C54;
Loc, Co67) from the at least one semiconductor element (T10,
T11l; T20, T21; T30, T31; Q40, Q41; Q50, Q51; Te60, T61l) and
inhibiting oscillation upon reenergization of the operating

circult from the d-c energy supply.

- 22a -
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THE EMBODIMENTS OF THE INVENTION TH WHICH AN EXCLUSIVE

FROPERTY OR PRIVILEGE I&H CLAIMED ARE DEFINED AS FOLLOWS:

1. Operating cirowuit for operation of one (LP1: LP4,
LP5; LF6) or move than one (L0, LEP21:. LF3I0, LFPI1Y low-
pregssure discharge lLamp o camps Trom a source of d-c
celectrical energy, having

an inverter circuit coupled o sald scurce and providing
high-frequency a-¢ operating enerygy “or sald lamp or lamps,

sald inverter clroull noluding

at least one gsemiconductor element (T10, Tl11, T20, T21,;
T30, T31,; 040, 41; O50, Q51 T6O, Teal) connected in an
osolllatory circuit,

Aan inverter starting and oscillation control circuilt
(ST1; ST2Z2; 5T3; RK4bh; C43; RKbhbh, RKbhHo, Ohd, Lec, C6T7)
providing oscillation starting and maintenance control signals
to at least one semiconductor element (T10, T1l. TZ2O0, T21.
T30, T31; 040, Q41 OO, D51, THO, Telj,

sald operating cilirowit comprising, n accordance with the
invent ion,

means for inhibiting application of starting and
cscillation maintenance control signals o the at least one
semiconductor element [T10, Til,; Tz20, TZi., T30, T31, Q40, 041,
50, Ob1,; Te0, Tel) of the nverter ciroutlt,

sald clrcull means 1nciuding

at least one high-regsistance d-o circuit path coupling

the osclliation control circult (ST1; HT.; ST4; RK4D, C43,

3
L4}
i
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RK5b, RK5c; C54; L6c, C67) to the at least one semliconductor
element (T10, Tl11; T20, T21; T30, T31l; Q40, Q41; Q50, Q51;
T60O, T6l) of the inverter to sald source,

said high-resistance d-c¢ path including all the filaments
of the electrodes {(E10, Ell; E20, E21, E22, E23; E30, E3l, E32,
E33; E40, E41; EB50, ES51; E60, E6l1) of the lamp or lamps (LP1l;
LP4, LP5; LP6; LP20, LP21; LP30, LP31),

whereby, upon falilure of any one of the filament of the
electrodes (E10, Ell; E20, E21, E22, E23; E30, B31l, E32, E33;
E40, E41; E50, ES51; E60, E6l1l), the d-c circuilt path will be
interrupted, thereby decoupiing sald osclllation control
circuit (STl; ST2; ST3; RK4b, C43; RKS5b, RKSc; C54; Léc, C67)
from the at least one semiconductor element (T10, T11l; TZ20,
T21; T30, T31; Q40, Q41; Q50, Q51; T60, T6l) and inhibiliting
oscillation upon reenergization of the operating circuit from

the d-~c energy supply.

2. The circult of claim 1, wherein the inverter circuilt
is a half-bridge inverter;

at least one LC output circult being connected to the
half-bridge inverter, said lamp or lamps (LPl; LP4, LP5; LP6;
LLP20, LP21; LP30, LP31) being connected in sald LC output
circult;

wherein each of the electrodes (E10, Ell; E20, E21, E22,
E23; E30, E31, E32, E33; E40, E41; E50, E51; E60, E6l) of the

lamps 1nclude filaments;
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wherein each of said filaments (E10, Ell1l; E20, E21, B22,
E23; B30, E3l1l, E32, E33; BE40, E41l; E50, E51; E60, E61l) is
connected 1in series, in said high-resistance d-c¢ path; and

wherein sald high resistance d-c¢ path provides a
connection for the control circult (ST1; ST2; ST3; RK4b, C43;
RK5b, RK5c; C54; Lbc, C67) of the inverter with the source of

d-c energy.

3. The circuit of claim 1, wherein at least two
serially c¢onnected 1ow-pres§ure discharge lamps (LP20, LP21)
are provided, connected in an LC output circuit from the
inverter;

the electrodes (E20, E21, E22, BE23) of the serially
connected low-pressure discharge lamps (LP20, LP21) all being
formed by filaments and serially connected 1n said high
resistance d-c path; and

wherein the high-resistance d-c¢ path connects the control

circuit (ST2) of the inverter with the source of d-c energy.

4. The circult of claim 1, wherein the inverter
includes a plurality of parallel connected LC output circulilts:
each LC output circuilt includes at least one low-pressure
discharge lamp (LP30, LP31);
one each high-resistance d-c circuit path being provided
for each LC output circuit, 1n which the low pressure

discharge lamp (LP30, LP31), or lamps, connected to the
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respective output circuits have all thelr electrodes formed as

filaments, and serially connected in the respective high-

resistance d-¢ paths;

an AND-gate (U) 1s provided, connecting the high-
resistance d-c paths with the inputs to the AND-gate and to a

voltage supply source; and
wherein the output of the AND-gate (U) is connected to

the control circult (ST3) for the inverter.

5. The circuilt of claim 1, wherein the inverter 1s a

hl

half-bridge inverter.

6. The circuilt of claim 1, wherein the inverter 1s a

freely oscillating current feedback 1nverter.

7. The circuit of claim 1, wherein the inverter

comprises an.oscillation controlled inverter, controlling the

osclllations thereof.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS
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