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| 10 e 3W1t¢h1ﬂ8 means forgeneratmg a high frequency current out of said

15 - ... . Thei Invention also relates toa compact ﬂuorescent lamp comprising such

nt’lo‘hrélates to a ballast circuit suitable for high fr#gesrey —
" of a fluorescent |anp conprising - AC i nput term nal®sfor '>
to a mains source of a low frequency AC voltage, - rectifying ---

uppggd AcyEes said AC input ternminals for rectifying said |ow
ncy AC vol tage, - reservoir cap&mtlve nmeans coupl ed tol&M2.999Put .

d I ik ?/W . a DG AC- converter conpri SI ng - DC i nput
pled 0 sal d reservoft—ecapaci-tive neans - t ching neans for

al s cou
ting a high frequency fcyrr BEPLAGELL SHERTS 1 ectS | ed AC vol t age,”
. (! Description : paged ..\.... to paged .&......

wt Clann(s) pag,ed JI....topaged .5.....,

M} A.nlfart pagcd .. 10 pa.qod T |
DATH OF RECEIPT ..., e iae e,

The i invention relates to a ballast circuit smtable for high frequency
operauon of a fluorescent lamp comprising
- AC mputtenmnalsforcouphngtoamams source of a low frequency AC : |
- .voltage, .
5 - rectifying means coupled across said AC input termmals for recufymg

said low frequency AC Vvoltage, . - - L
- Teservoir capacitive means coupled to an output of satd rectrfymg means,
- a DC-AC-converter compnsmg

- DC input terminals ‘coupled to said reservoir capacmve means, - S

... Tectified AC voltage, ... .
- = a load circuit compnsmg lamp connection temunals and coupled to sa1d
- _afeedbackcrrcmtcouphngtheloadclrcmttoanACmputtermmal

:- NS

Aballastcxrcurtasdefinedmthcﬁrstparagmphrsdescnbedeuropean
Patent Application 92203651 2. Depending on the configuration of the DC-AC-
converter the feedbaok circuit may comprise .components, but can also be a the. load
circuit and an AC input terminal having an impedance substantrally equal to zero, It has
beenfoundthatsuchaballastcrrcmthasarelatrvelyhtghpowerfactor, when used to
operate a fluorescent lamp of low power. In case a fluorescent lamp consuming a
relatively high power is operated with the ballast circuit, however, the power factor is
often relatively low or even does not comply with government standards as to line
current distortion.

The i mventton has for its object to provide a ballast cu'cuit that is surtable
for operating fluorcscent lamps consuming a relatively high power, with a relatrvely
high power factor,

aballastclrcurt 3o e )
el i " 1ot - :-..‘»
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circuit conprising |anp connecti en—terinals-and coupled to said._
1iNg neans, - - a feedback circuit CQ?PEhmHH e Io d circuit to an AC

ermnal. The invention also rel ates ‘ﬁ%rescent | anp
[ flned in the
§b§€ii%frCUIt

sing such a ballast circuit. A baIIast
piﬁﬂgn BﬁeliogsfgLLgfﬁohnofu{ﬁg n_;ﬁi converter t he fee
Bl havi ng. ot deiess W deniCiba e s Gl S droPdta ot (0 |
S uaboslexbmwasdompﬁsmg eaphaﬁve meah$and/ inductiveomesin)edid fcapacitive ilagsy Used |
mperate a quorescent IOM/pomer In case a fluorescent |anp
¥s uni heing coupled between sald nE input terminals and said inductive means being coupled
between said capacitive means and said rectifying means. : .
5 During lamp operation the reservoir capacitive means are charged via the é
* * feedback circuit and the booster means to such a potential that no peak shaped currents
‘are drawn from the mains source when the amplitude of the low frequency AC voltage |
:' is near its maximum. The suppression of these peak shaped currents means a substantial _
4 improvement of the power factor. . . - S '. |
10 - -+ To prevent the fluorescent lamp from mrrymg a DC-current d\mng ]amp
operation, it is advantageous when the feedback circuit comprises a capacitor.
In a favourable-embodiment of a ballast circuit according to the invention
J] said rectifying means comprise a first series arrangement of two diodes connecting said
| _DCinputterminalsandafurtherseri&samngeméntoftwodiodesconnecﬁngsaidi)C
f 15 input terminals, said capacitive means and said inductive means comprised in said - ...
5 booster means being connected in series between a first jupcﬁon point between the two
I diodes of the first series arrangement and a second junction point between the two .
1

diodes of the second series arrangement. In this embodiment the recnﬁer means . . ..
comprise a diode bridge and the booster means are connecting the inp\it terminals of -
20 this diode bridge. This favourable embodiment is a relatively simple circuit that was -
found to prov1de a comparatively high power factor. - . it eltmre w nreliag
o ~.In a further favourable embodiment of a ballast qrcmt accordmg to the
; . invention said rectifying means comprise a series arrangement of two diodes connecting
] said DC input terminals and said reservoir capacitive means comprise a series -, .-
25 arrangement of two capacitors connecting said DC input terminals, said capacitive
means and said inductive means comprised in said booster means being connected in
series between a first junction point between the two diodes and a second junction point
between the two capacitors. - '
The rectifying means and the reservoir capacmve means in this further favourable
30 embodiment form a voltage doubler. This feature makes the further favourable embodi-
ment very suitable for use when the amplitude of the low frequency AC voltage is
relauvely low with respect to the lamp voltage. -~ ... . o g o
‘It was found that, if in the embodiments described inthelasttwou- :
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_ ely hi gh power is operated with the bal'last—circuit, however, the
B actor is often relatively |ow or e\ﬂmﬁsd&%s@ggn RepIRY Iy wth

nt standards as to line current di s nvention has for
ect to provide a ballast circuit th %lﬂﬂ for Operating
qqmzlarmxs consuning a relativegy hi a refgard,y®9 high
actor. 2 This object is achieved in that the bal | ast ci rcwt S :

pacapraphethyféedback circuit is connected to one of the two Juneuon points, a very
efficient energy feedback was reahzed -

Polluuon of the source of low frequency AC voltage by high frequency
currents can be avo:ded by filter means being coupled between said AC input terminals
and said rectifying means. '

Other objects, features and advantages of the invention will be apparent
from the following description and appended claims when consxdered in eonjuncnon
with the accompanymg drawing in which: Do D T -

Flgure 1 shows a compact fluorescent lamp control circuit embodymg the

invention; - - UL ot w0 e e e L

Figure 2 shows an alternative embodimént of the mput clrcum'y for the
control circuit of Figure 1; - - ST DATIATR ey

Figure 3 shows a flow of current through the circuit of Flgure 1 with one
of a pair of switching elements conducting; and =~ - =~ . .U Dol oW

- Figure 4 shows a flow of current through the circuit of Figure 1 with the
second of the pair of switching elements conducting.

Referring to Figure 1, there is shown a compact fluorescent lamp LA -~
coupled to an LC resonant circuit comprising inductor L2 and capacitor C6. Connected
in parallel with lamp LA is a positive temperature coefficient resistor PTC which is in
series circuit with a capacitor C7 which provides protection for resistor PTC. Resistor
PTC enables the electrode windings of lamp LA to heat before full voltage is applied -
thereto. Also, connected in parallel with the primary winding of transformer T1 is

' resistor R8. This resistor bypasses current around the primary which leads to a lower

self-oscillation frequency for the circuit and results in higher current through inductor -
L2 and lamp LA. : oo

Connected to the resonant circuit comprising inductor L2 and capacitor C6
is the primary of transformer T1. One secondary, W1, of transformer T1 is connected
by way of resistor R3 to the base of transistor Q1. The other secondary, W2, of
transformer T1 is connected through resistor R4 to the base of transistor Q2.
Transistors Q1 and Q2 provide a high frequency DC to AC converter for operating
lamp LA. Capacitors C9 and C10 are connected between the base and emitter of
transistors Q1 and.Q2, respectively. The resistors R2, RS, R6, R7 and capacitor C11

~ and diac D3 form the starting circuits for pulsing transistors Q1 and Q2 into operation




f nmeans conpri sing capaC|t|ve means and i nductive neans, said

.i ve neans bei ng coupl ed between saiTdis Algei Has BeenReplarehal s and sai d
j-ve means bei ng coupl ed between said ' ns.-and said

v.,;.yll ng nmeans. During | anp operation the acitive neans are
EOpPHA2Y.7E8 f eedback circuit and #he booster neans to suct8.42[892nti al
: peak shaped currents are drawn from the nmai ns source when the

w;tetho tedited Highvffeqaency ResistorsVR6 and R7 providera le&gmmlrc'ﬂile

esSi 0 of t hese peak shaped currents neans, a substan r ovenent
e ¥ camtemck HRnds 1esiSoR &e (When: cApaFitor, néEﬁF "Frb -

:’ :ﬁigorrpgirﬁlwsér‘?éa capaC| t or. Qﬁp’ﬂ dntYaVO?Iﬂg.%fl l(sj%ﬁp) (Bj&éﬁgﬁbggr
Ui t accor di ngWith ttansiston\Qintondacting, the primary of transformer T1 in time will
I 5 begin to operate in the associated non-linear region of its hysteresis curve. When it
does, the circuitry becomes ready for conduction through the next half cycle of the high
frequcncy voltage produced by the disclosed control circuit. With transistor Q1
conducting when the non-linear operation begins, conduction through secondary W1 to
e its base is cut off. As a result, the next half cycle of the high frequency voltage will
. 10 produce conduction through the secondary W2, of transistor T1 connected through
res1storR4tothebaseoftransnstorQ2totum1tondunngthatha1fcycle
chetdmdesmmdDSueconncctedmparallelw:thupamtorCSm
serve as a limit to the maximum voltage which can build up on electrolytic capacitors
. C2 and C3. These electrolytic capacitors are connected in parallel with the half bridge
15 diodes D1 and D2. Capacitors C2 and.C3 provide a so-called "voltage dopb;i_q_gf' o
operation for the circuit. - ... .x. et e i e ape e Egeo
~ Energy returning from thc resonant circuit by way of capacitor C4 and CS
and dxodcc D1 and D2 is operative to develop a voltago across inductor L1A. This
voltage is provided to electrolytic capacitors C2 and C3 and adds to the AC lineina
20 voltage. By proper choice of capacitors C4 and CS the half bridge inverter circuit will
© actlike a high frequency boost converter to raise the voltage on each of the electrolytic
buffer capacitors to a value above the peak line voltage. This improves the circuit .
pmmnjhmn:amdtemuxshzﬁmsmnnmthmmmmkm.Thchhpmwcdpowcrﬁm@xrmnms
the circuit draws much lower input current. Capacitor C8 acts as a snubbing capacitance
25 for shaping the high frequency AC pulse.

First capacitor CIA is coupled from the input terminals 11 and 13 to the
junction 15 between diodes D1 and D2. First inductor L1A is coupled from input 13 to
the junction 17 between electrolytic capacitors C2 and C3. In this way, first capacitor
C1A and first inductor L1A provide current paths for the charging of electrolytic
capacitors C2 and C3. In this way, the so-called "voltage doubling® effect is provided
by capacitors C2 and C3 for proper operation of lamp LA, Capacitor C1B and inductor
LIB provide an LC filter for keeping high frequency signals off the input lines to the
ballast circuit. Capacitor C1B is coupled in parallel with capacitor C1A and inductor .

i R e I L AT




"'ectlfyl ng means conprise a first serre?aﬁrmﬁgmfenf-of two di odes

fct.ing said DC i nput termnals and a,”tlsug Del mel A S8 r angenent of two
Bs.connecting said DC input term nals, a!;ﬁm lmﬂi ve. means and said

rntlve means conprised in said booster nnected in series
re junction point betwe the S eries
gﬁ@‘n?i a second junction point bet ween the two di odég lgfﬁ’P?

8 o BB S5
P t hat mﬁ°“§§mﬂflﬂ§@%ﬁ&h@fa@lﬁ’@6ﬁ&ﬁmﬂ is arelatively sinple

was_found to provide a conparativel {”hl gh power factor. In a

her f avour ablneFigrioli the halfdiridgethas been replaced;i bridge Dd-Phe .
1o SR 380 Lirb i Wl oD W PR 1Bas EiaS oy ABRGAF WP bich > 0des
£S5 the circuit of Figure 1, the voltage doubling effect was not required and capacitor C3
was eliminated. Capacitor C1A and mductor L1A were connected to the dlagonals of
the full bridge. '
A description of the theory of operation of the circuit of Figure 1 will be
' understood by those skilled in the art by reference to Figures 3 and 4. For purposes of
f 10 this explanation, it is assumed that a single pulse from diac D3 has tumed transistor QI
on. It is also assumed that a sufficient DC supply voltégé has been developed across
o 3 capacitors C2 and C3 to sustain self-oscillation. For purposes of this explanation, the :.
% line voltage across terminals 11 and 13 is assumed to be near the zero voltage crossing.

. With transistor Q1 conducting capacitor C2 acts as a voltage source (see Figure 3).. -
8 15 which supplies current from the collector to the emitter of transistor Q1 through the”

E primary of transformer T1, inductor L2 and the lamp load network consisting of

& capacitors C6, C7, lamp LA and resistor P_I'C. As shown in Figure 3, this curreat also
flows 'ttnrough"'dépacitor C4, junction 15, capacitor C1A and inductor L1A. Current

i |  through the primary of transistor T1 when transistor Q1 is conducting, causes current to
20 flow through secondary winding W1 of transformer T1 to reinforce the base emitter -

] current supply of transistor Q1 thus holding Q1 in its conductive state by positive .
4@ feedback. ‘As a result, current builds up through the aforementioned components. The
rate of rise of this current is mainly controlled by the inductance of inductor L2. The
_ current continues to rise until the hysteresls of the core of transformer T1 reaches a first
,. 25 non-linear region. - - - ¢ oo v o . e T g
! - As the transformer action of transformer T1 becomes non-linear the base
drive from secondary W1 drops off sharply turning off transistor Q1 and current through
the primary of transformer T1 ceases. When this occurs, linear transformer action
returns to transformer T1 by the abrupt loss of its primary current. As a result, -
secondary winding W2 induces current into the base emitter junction of transistor Q2
f thus tuming that transistor on. With transistor Q2 conducting, capacitor C3 acts as a
[ voltage source (see Figure 4) which supplies current through inductor L1A, capacitor
' C1A, junction 15, capacitor C4, the lamp load network (consisting of capacitors C6 and




PC i nput terminals and said reservoir capacitive means conprise a

£ .arrangenent of two capacitors connecting said DC input termnals,
f-apacitive nmeans and said inductive neans conprised in said booster
'belng connected in series between a first junction point between the
ee31M8 a second junction poigit between the two capag¢g8ii@i®92The
Tylng means and the reservoir capacitive neans in this further - -

{07 g 1A g d PR stSrOPTC ) iR, 5 phitiary fiary GPbanifofher Bl apkes the
e

mer favourabl e enbodi - nment very sui for use when the anplitude of

¥ dwongiethessalloctaremitter uactions of transister 2} This,gurrent thypugh theo t he | anp

a%ﬁmaﬁ ol Bindifih $1'ddfles chfrehtvo' v BHBAEH HR"elorlfesy Witidiflg W2 b e ' ast two

[ transformer T1 to reinforce the base emitter current supply of transistor Q2 by positive

; feedback. As was the case when transistor Q1 was conductmg, current builds up in the

primary'of transformer T1 until it begins to operate in the second non-linear region of

its the hysteresis curve. When this occurs, the base drive for transistor Q2 drops off and

the transistor becomes non-conducting. This action of transistor Q2 ceases the flow of

f. current through the primary of transformer T1 which causes secondary winding W1 to
£10  again provide currents to the base of transistor Q1. This turns that transistor back to its

4 conducting condition to self perpetuate the oscillation cycle. As a result, transistors Ql

mulQQlhusuunonandcﬁfahunﬂﬁb%o;mmhmeahaumhngcmuuuthnn@mlhelmmp
load network. - . .
Having succasfully started self oscillation in the circuit, the frequency of

, ’ 15 operation is determined by the non-hneanty of the hysteresis curve of transformer T

f} " together with the shape and magnitude of the primary current of transformer T1

~ produced by the lamp load network and inductor L2, the base currents for transistors Ql
and Q2, the RC delay networks (R3, C9 and R4, C10) at the bases of transistors Ql and
Q2 and the swuchmg times of transistors Ql and Q2 . .

20 .. .-In the self oscillating state, alternaung current ﬂows from mpacltors C2
and CS asa result of the alternate onloffcondmons of transistors Q1 and Q2. This . .
alternating current flows through lamp filaments F1, and F2, capacitor C6, inductor L2
and the primary of transformer of T1. Resistor PTC which is in series with capacitor C7

provides extra resistive loading on the series resonant LC circuit consisting of inductor

25 L2 and capacitor C6 which, as mentioned, allows for preheating of the filaments F1 and

4 F2. As resistor PTC heats up, its resistance increases. This causes voltage to increase
across capacitor C6 until lamp LA which is in parallel with capacitor C6 ignites. After
lamp ignition, the lamp loads down the resonant LC circuit and current through the

3 lamp is basically controlled by inductor L2, the lamp arc voltage, the input supply

f 30 voltage on capacitors C2 and C3 and the self oscillation frequency of the circuit.

It should be apparent that various modifications of the above will be

evident to those skilled in the art and that the arrangement described herein is for

|, illustrative purposes and is not to be considered restrictive. .

duki pioinr 2ol
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Pgraphs the feedback circuit is connected to one of the two junction

- a very efficient energy feedback was realized.. Pollution of the

- of | ow frequency AC voltage by high frequency currents can be

filter means being coupl ed between said AC input termnals And

; r&HXf rreans Ot her obj ects, 7f eatures and advant agesi&12.4982 }
t| on V\A I I apparent fromthe foI | owi ng description and appended

conS| de;‘lisSheemz;me Wit h Ww ng i n_
L 0 e

1. Ballast circuit suitable for high frequency operation of a fluorescent lamp
comprising . : : _ :
| - AC input terminals for coupling to a mains source of a low frequency AC
] o 'volmgc, R
E 5 - rectifying means coupled across said AC input temunals for rectifying
- said low frequency AC voltage, & Y
- . reservoir capacitive means coupled to an output of said. recufymg means,
- .. a DC-AC-converter comprising
| - DC input terminals coupled to said reservoir capacitive means,
10 - switching means for generating a high frequency current out of said
| rectified low frequency AC voltage, |
- a load circuit comprising lamp connection terminals and coupled to said
switching means, :
- a feedback circuit coupling the load circuit to an AC input terminal,
15 characterized in that the ballast circuit is further provided with booster means
E comprising capacitive means and inductive means, said capacitive means being coupled
between said AC input terminals and said inductive means being coupled between said
: capacmve means and said rectifying means.
2. Ballast circuit as claimed in claim 1, wherein said feed back circuit comprises
20 a capacitor. . ‘ ' |
3. Ballast circuit as claimed in claim 1 or 2, wherein said rectifying means
comprise a first series arrangement of two diodes connecting said DC input terminals
and a further series arrangement of two diodes connecting said DC input terminals, said
capacitive means and said inductive means comprised in said booster means being
connected in series between a first junction point between the two diodes of the first
series arrangement and a second junction point between the two diodes of the second
. series arrangement.
Ballast circuit as claimed in claim 1 or 2, whereinsaidrecnfyinx meens '

R

R

S
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1 SNOWS a CoNnpact T ooreEscert anp—control TR CUi t enbodyl ng Eh

Btion; Figure 2 shows an alternative enbodi m CI rcuitry

.-'he control circuit of Fi gure 1; Figure 3 Sm‘m‘m‘m“‘\l“ rent -

B gh the circuit of Figure 1 with one of a pai+ of sw #chfng® elements
kucting; and Figure 4 shows a flow of current through the circuit of -

A A o ool there i Shovb a compact 11 uor escent IBLHIIR coupl ed
B cbinghie 180k Srfebivienf SRt etk ARSI sl DR pbF BARI 40T 1 o
¢ S'said resevoiRicapucitivel iieans comprise a series arrangement of two capacitors
| connecting said DC input terminals, said capacitive means and said inductive means
'~ comprised in said booster means being connected in series between a first junction point
5 between the two diodes and a second junction point between the two capacitors.
| 5. Ballast circuit as claimed in claim 3 or 4, wherein said feedback circuit is
connected to the first junction point.

"',-

6. . Ballast circuit as claimed in claim 3 or 4, wherein said feedback circuitis - -
connected to the second junction point. - oo e
10 7. Ballast circuit as claimed in one or more of the precedmg claxms, wherein
filter means are coupled between said AC input terminals and said rectifying means.
8. Compact fluorescent lamp comprising a ballast circuit according to one or
. more of the preceding claims.

2
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"ies circuit with a capacitor C7 which provides protection for resistor
tC. Resi stor PTC enables the el ectrode windings of lanp LA to heat before
veltage is applied thereto. Al so, connected in parallel with the r"‘

‘rrary W gﬂ gigq of transformer Tl is resistor R8. This resistor g*gasses
Er he primary which |l ead? to a | ower self-oscill b8l

'-;quenc for the circuit and results in higher current through inductor L2
{ @Mnect ed to the resonant circuit conprising-inductor L2 and
kpaci t ! ﬂéﬂ rimary of transformer T1l. One secondary, W, of.

@ﬁctiﬁ _ %H%ggnect ed by way of resistor R3 to the base of transistor
.. The other secondary, W2, of transformer T1 is connected through

sistor R4 to the base of transistor. . Transistors QL and @ provide a
fogh frequency DC to AC converter for operating

A compact fluorescent lamp in combination with a high frequency DC-AC - l
converter in which a feedback capacitor is coupled between a source of low frequency '
AC voltage and the converter to imPrqve the power factor of the combination.,

_____'____-———————__’——_’—-_
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anp LA, Capacitors CO and Cl0 are connected between the base and emtrer
¥ transistors QL and 2, respectively. The resistors R2, RS, R6, R7 And
fpacitbr Cll and diac D3 formthe starting circuits for  pulsing
ransistors QL and Q intooperation 4 at the desired hi gh freque
esistors R6 and R7 provide a vol tage divider circuit which is unbal anced
B/ capacitor Cl1 and resistor Fqcé en capacitor Cl1 charges sufficiently,
Eac D3 is caused to turn on. pul ses transistor QL into operation.
¥th transistor QL conducting, the primary of transformer T1 in time wll

FIG./

P1C
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to operate in the associated non-linear region of its hysteresis
.-Mhen it does, the circuitry becones ready for conduction through the
hal f cycle of the high frequency voltage produced by the disclosed -

ol circuit. Wth transistor QL conducting when the non-linear .
tion begins, conduction thr h secondary WL to its base is cut off.
Fa result, the next half cycle ﬁ the high frequency voltage will pre
Biduct i on through the secondary, W2, of transistor T1 connected t hr obgh
Eistor R4 to the base of transistor @ to turn it on during that half-
¥l e. Zener diodes D4 and DS are connected in parallel with capacitor CS
§ serve as a linmt to the maxi rum vol tage whi ch can build up on
5rctrolyt|c capacitors C2 and C37 These electrolytic capacitors are .
Snnected in parallel with the hal f bri dge di odes D and D2. CapaC|tors C2
id C3 provide a so-called "voltage doubl i ng" '

e F162
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peratlon for the CIrCUIt Energy ' o fhe resonant _Cl
y of -capacitor C4 and CS. and di odes D and D2 i's operative; to.
ol tage across inductor L1A: This voltage is provided to el ectfoly
apacitors C2 and C3 and adds to the ACline in a-voltage. By proper
f- capacitors C4 and CS the half ‘&_ge inverter circuit will act 1§k
I gh frequency boost converter t i se. the vol tage on each of the - .- _
el ectrol ytic buffer capacitors to a val ue above t'he peak |ine voltage.” Thi's
%%i nproves the circuit power factor and reduces in |ine current harnonics.
e?The i nproved power facgpr neansethe circuit draws nuch [ower input current.
" Capacitor C8 acts as_dSs \paci tance for shaping the high frequency

- AC pul se. First cap pled fromthe input termnals 11 and 13
to the _

e

PIC, FI ,F2

——

“‘---~_\~‘~“;\\

This Shee

Wi




£tion 15 between diodes D and D2. First inductor L1A is coupled from o
0t 33 to the junction 17 between electrolytic capacitors C2 -and .C3. I'n
5 may, first capacitor CLA and first inductor L1A provide cuirent paths’
L the charging of electrolytic capacitors G and C3. In this way, the 7 °°:
tcal |l ed "vol tage doubling” effect is provided by capacitors C2 and C3 for. =
bper operation of lanmp LA CapaC| oAéle and i nductor ‘L1B provide an LC

Eter for keeping high. frequency Si s off the input lines to the

Flast circuit. Capacitor CIB is coupled'in parall el with capacitor ClA
#l i nduct or 5. ' :

(<=4
[~

~
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L1B is coupled in series wth inductor LI A Fuse F is connected to
13 to provide protection against high current fault condltlons. %

2, the half bridge has been replaced by the ful+-hridge D - D4. Sl nce this
circuit was used with a lanp requiring less v |ﬂ;d§3¥tﬁhﬁ]§‘&jﬁ}@r eLth

the circuit of Figure 1, the voltage dodbling Je Eetcrisgisn NaL

capacitor C3 was elim nat ed. Capaci tor Cl1A an P%ﬂfim:*t@p L1A ﬁﬁ&ﬁétéd !
to the diGigevihAmangement ful | bridge. A descript nnrﬁf«;&@ . LHE t?fpag?d”
operation of the circuit of Figure 1 will be un e,ﬁsutha E N @ki’ﬂ{deéd"/ir

the art by reference to Figures 3 and 4. For purposes of t#iegd e ﬁpmdm,

it is assumed that a single pulse fromdiac 5@ tﬁ nﬁd t ransi st or Cﬂ on.
It is also assuned that a sufficient DC suppl *ﬂ SEREn.. HN¥| o | oped
across

The invention relates to a ballast circuit suitable for high frequency
operation of a fluorescent lamp comprising '
- AC input terminals for coupling to a mains source of a low frequency AC
voltage,
- rectifying means coupled across said AC input terminals for rectifying
said low frequency AC voltage, _ '
- reservoir capacitive means coupled to an output of said rectifying means,
- a DC-AC-converter comprising
- DC input terminals coupled to said reservoir capacitive means,
- sﬁmﬁng means for generating a high frequency current out of said
rectified AC voltage, '
- a load circuit comprising lamp connection terminals and coupled to said
switching means,
- a feedback circuit coupling the load circuit to an AC input terminal.
The invention also relates to a compact ﬂuorescent. lamp comprising such
a ballastz circuit. .
A ballast circuit as defined in the first paragraph is described in European
Patent Appﬁﬁtidn 92203651.2. Depending on the configuration of the DC-AC-
converter the feedback circuit may comprise components, but can also be a the load
circuit and an AC input terminal having an impedance substantially equal to zero. It has
been found that such a ballast circuit has a relatively high power factor, when used to
operate a fluorescent lamp of low power. In case a fluorescent lamp consuming a
relatively high power is operated with the ballast circuit, however, the power factor is
often relatively low or even does not comply with government standards as to line
Current distortion.
The invention has for its object to provide a ballast circuit that is suitable

for operating fluorescent lamps consuming a relatively high power, thh a ;'elatlvely

high power factor. AT
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. i 8
capacitors C2 and C3 to sustain self-oscillation. For mL{r : EET
expl anation, the line voltage across termnals 11 and }3}is assurred to]lb
near the zero voltage crossing. Wth transistor QL condu¢ti®@ REHANG of 2
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result, current builds up through the afdrenentioned conponents. The
During lamp operation the reservoir capacitive means are charged via the

feedback circuit and the booster means to such a potential that no peak shaped currents
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are drawn from the mains source when the amplitude of the low frequency AC voltage
is near its maximum. The suppression of these peak shaped currents means a substantial
improvement of the power factor. _

To prevent the fluorescent lamp from carrying a DC-current during lamp
operation, it is advantageous when the feedback circuit comprises a capacitor.

In a favourable embodiment of a ballast circuit according to the invention
said rectifying means comprise a first series arrangement of two diodes connecting said
DC input terminals and a further series arrangement of two diodes connecting said DC
input terminals, said capacitive means and said inductive means comprised in said
booster means being connected in series between a first junction point between the two
diodes of the first series arrangement and a second junction point between the two
diodes of the second series arrangement. In this embodiment the rectifier means
comprise a diode bridge and the booster means are connecting the input terminals of
this diode bridge. This favourable embodiment is a relatively simple circuit that was
found to provide a compératively high power factor.

In a further favourable embodiment of a ballast circuit according to the
invention said rectifying means comprisé a series arrangement of two diodes connecting
said DC input terminals and said reservoir capacitive means comprise a series
arrangement of two capacitors connecting said DC input terminals, said capacitive -
means and said inductive means comprised in said booster means being connected in
series between a first junction point between the two diodes and a second junction point
between the two capacitors. -

The rectifying means and the reservoir capacitive means in this further favourable
embodiment form a voltage doubler. This feature makes the further favourable embodi-
~ ment very suitable for use when the arriplitude of the low fréquency AC voltage is
relatively low with respect to the lamp voltage. ,
It was found that, if in the embodiments described in the last two
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rate of rise of this current is mainly controlled by thg¢ u “ xéelhog Z»HEE
<inductor L2. The current continues to rise until the hy t reS|s “of "the kofe
of transformer Tl reaches a first non-linear region. Asithe ¢ pajid Qyoger
action of transformer T1l becones non-linear the base dr{vge from secondayy
WL drops off sharply turning off transisfor QL and currenttThrougtr-the-
primary of transformer Tl ceases. Wen this occurs, |ingar transformer
action repiapfaphtie RBdHaRk FRtuil is hnbbted EPbHOLE U{lsﬁvd)funbﬁﬁl ih@3RE WeBUT T €N .
As a result, secondary wi nding W2 induces current into the base em tter
junction efficientga¢rgy deedback was realized. ng t hat tran5| stor on. Wth transistor

@ conducting, cap cts _as e 4) which
supplies current t ?#%{)@ﬁ i(ﬁdﬁecf%’}miﬁ , g‘ﬁﬁ%r fﬂl‘gfﬁ;ﬁ%gi‘%\#f e?lcy
capaci t or cfdenté bgh b&BVoil&P By Titfer'Rickind BERS 'cﬁﬁpl&ﬂ befweenRaidi AQ rxﬁp@ﬁet%ﬂﬁals
and said rectifying means.
Other objects, features and advantages of the invention will be apparent

from the following description and appended claims when considered in conjunction
with the accompanying drawing in which:

Figure 1 shows a compact fluorescent lamp control circuit embodying the
invention;

Figure 2 shows an alternative embodiment of the input circuitry for the

- control circuit of Figure 1;

Figure 3 shows a flow of current through the circuit of Figure 1 with one
of a pair of switching elements conducting; and

Figuré 4 shows a flow of current through the circuit of Figure 1 with the
second of the pair of switching elements conducting.

Referring to Figure 1, there is shown a compact fluorescent lamp LA
coupled to an LC resonant circuit comprising inductor L2 and éipacitor C6. Connected
in parallel with lamp LA is a positive temperature coefficient resistor PTC which is in
series circuit with a capacitor C7 which provides protection for resistor PTC. Resistor
PTC enables the electrode windings of lamp LA to heat before full voltage is applied
thereto. Also, connected in parallel with the primary winding of transformer T1 is
resistor R8. This resistor bypasses current around the primary which leads to a lower
self-oscillation frequency for the circuit and results in. higher current through inductor
L2 and lamp LA. |

Connected to the resonant circuit comprising inductor L2 and capacitor C6
is the primary of transformer T1. One secondary, W1, of transformer T1 is connected
by way of resistor R3 to the base of transistor Q1. The other secondary, W2, of
transformer T1 is connected through resistor R4 to the base of transistor Q2.
Transistors Q1 and Q2 provide a high frequency DC to AC converter for operating

2 lamp LA. Capacitors C9 and C10 are connected between the base and emitter of
transistors Q1 and Q2, respectively. The resistors R2, RS, R6, R7 and capacitor C11
and diac D3 form the starting circuits for pulsing transistors Q1 and Q2 into operation
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transi st owhiGR isiuahadanoéd bprdpacitor C11 and resistor R2. When capacitor C11 charges
sufficiently, diac D3 is caused to turn on which pulses transistor Q1 into operation.

With transistor Q1 conducting, the primary of transformer T1 in time will
begin to operate in the associated non-linear region of its hysteresis curve. When it
does, the circuitry becomes ready for conduction through the next half cycle of the high
frequency voltage produced by the disclosed control circuit. With transistor Q1
conducting when the non-linear operation begins, conduction through secondary W1 to
its base is cut off. As a result, the next half cycle of the high frequency voltage will
produce conduction through the secondary, W2, of transistor T1 connected through
resistor R4 to the base of transistor Qz to turn it on during that half cycle.

Zener diodes D4 and DS are connected in paralle]l with capaéitor CSto
serve as a limit to the maximum voltage which can build up on electrolytic capacitors
C2 and C3. These electrolytic capacitors are connected in parallel with the half bridge
diodes D1 and D2. Capacitors C2 and C3 provide a so-called "voltage doubling"
operation for the cir.cuit.. '

Energy returning from the resonant circuit by way of capacitor C4 and CS
and diodes D1 and D2 is operative to develop a voltago across inductor L1A. This
voltage is provided to eléztrolyﬁc capacitors C2 and C3 and adds to the AC line in a
voltage. By proper choice of capacitors C4 and CS the half bridge inverter circuit will
act like a high fréiluency boost converter to raise the voltage on each of the electrolytic
buffer capacitors to a value above the peak line voltage. This improves the circuit
power factor and reduces in line current harmonics. The iniproved power factor means
the circuit draws much lower input current. Capacitor C8 acts as a snubbing capacitance
for shaping the high frequency AC pulse.

First capacitor ClA is coupled from the input terminals 11 and 13 to the
junction 15 between diodes D1 and D2. First inductor L1A is coupled from input 13 to
the junction 17 between electrolytic capacitors C2 and C3. In this way, first capacitor
C1A and first inductor L1A provide current paths for the charging of electrolytic
capacitors C2 and C3. In this way, the so-called "voltage doubling" effect is provided
by capacitors C2 and C3 for proper operation of lamp LA. Capacitor C1B and inductor
LIB provide an LC filter for keeping high frequency signals off the input lines to the
ballast circuit. Capacitor C1B is coupled in parallel with capacitor C1A and inductor
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the circuit of Figure 1, the voltage doubling effect was not required and capacitor C3

was eliminated. Capacitor C1A and inductor L1A were connected to the diagonals of
the full bridge.

A description of the theory of operation of the circuit of Figure 1 will be
understood by those skilled in the art by reference to Figures 3 and 4. For purposes of
this explanation, it is assumed that a single pulse from diac D3 has turned transistor Ql
on. It is also assumed that a sufficient DC supply voltage has been developed across
capacitors C2 and C3 to sustain self-oscillation. For purposes of this explanation, the
line voltage across terminals 11 and 13 is assumed to be near the zero voltage crossing.
With transistor Q1 conducting capacitor C2 acts as a voltage source (see Figure 3)
which supplies current from the collector to the emitter of transistor Q1 through the
primary of transformer T1, inductor L2 and the lamp load network consisting of
capacitors C6, C7, lamp LA and resistor PTC. As shown in Figure 3, this current also
flows through capacitor C4, junction 15, capacitor C1A and inductor L1A. Current
through the primary of transistor T1 when transistor Q1 is conducting, causes current to
flow through secondary winding W1 of transformer T1 to reinforce the base emitter
current supply of transistor Q1 thus holding Q1 in its conductive state by positive
feedback. As a result, current builds up through the aforementioned components. The
rate of rise of this current is niainly controlled by the inductance of inductor L2. The
current continues to rise until the hysteresis of the core of transformer T1 reaches a first
non-linear region.

As the transformer action of transformer T1 becomes non-linear the base
drive from secondary W1 drops off sharply turning off transistor Q1 and current through
the primary of transformer T1 ceases. When this occurs, linear transformer action
returns to transformer T1 by the abrupt loss of its primary current. As a result,
secondary winding W2 induces current into the base emitter junction of transistor Q2

 thus turning that transistor on. With transistor Q2 conducting, capacitor C3 acts as a
voltage source (see Figure 4) which supplies current through inductor L1A, capacitor
C1A, junction 15, capacitor C4, the lamp load network (consisting of capacitors C6 and
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primary of transformer T1 until it begins to operate in the second non-linear region of
its the hysteresis curve. When this occurs, the base drive for transistor Q2 drops off and
the transistor becomes non-conducting. This action of transistor Q2 ceases the flow of
current through the primary of transformer T1 which causes secondary winding W1 to
again provide currents to the base of transistor Q1. This turns that transistor back to its
conducting condition to self perpétuate the oscillation cycle. As a result, transistors Q1
and Q2 thus turn on and off alternately to produce alternating current through the lamp
load network.

Having successfully started self oscillation in the circuit, the frequency of
operation is determined by the non-linearity of the hysteresis curve of transformer T1
together with the shape and magnitude of the primary current of transformer T1
produced by the lamp load network and inductor LZ, the base currents for transistors Q!
and Q2, the RC delay networks (R3, C9 and R4, C10) at the bases of transistors Ql and
Q2 and the switching times of transistors Q1 and Q2. '

~ In the self oscillating state, alternating current flows from capacitors C2
and C3 as- a result of the alternate on/off conditions of transistors Q1 and Q2. This
alternating current flows through lamp filaments F1 and F2, capacitor C6, inductor L2
and the primary of transformer of T1. Resistor PTC which is in series with capacitor C7
provides extra resistive loading on the series resonant LC circuit consisting of inductor
L2 and capacitor C6 which, as mentioned, allows for preheating of the filaments Fl and
F2. As resistor PTC heats up, its resistance increases. This causes voltage to increase
across capacitor C6 until lamp LA which is in parallel with capacitor C6 ignites. After
lamp ignition, the lamp loads down the resonant LC circuit and current through the
lamp is basically controlled by inductor L2, the lamp arc voltage, the input supply
voltage on capacitdrs C2 and C3 and the self oscillation frequency of the circuit.

It should be apparent that various modifications of the above will be
evident to those skilled in the art and that the arrangement described herein is for

illustrative purposes and is not to be considered restrictive.
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circuit. It should be apparent that various nodifications of the above wll
be evident to those skilled in the art and that the arrangenent described
herein is for illustrative purposes and is not to be considered _
restrictive. 7 Clainms: 1. Baljast circuit suitable for high
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1. Ballast circuit suitable for high frequency operation of a fluorescent lamp
comprising

- AC input terminals for coupling to a mains source of a low frequency AC
voltage, .

- rectifying means coupled across said AC input terminals for rectifying

said low frequency AC voltage,

- reservoir capacitive means coupled to an output of said rectifying means,

- a DC-AC-converter comprising ' '

- DC input terminals coupled to said reservoir capacitive means,

- switching means for generating a high frequency current out of said
rectified low frequency AC voltage,

- 2 load circuit comprising lamp connection terminals and coupled to said
switching means,

- a feedback circuit coupling the load circuit to an AC input terminal,
characterized in that the ballast circuit is further provided with booster means
comprising capacitive means and inductive means, said capacitive means being coupled
between said AC input terminals and said inductive means being coupled between said
capacitive means and said rectifying means.

2. Ballast circuit as claimed in claim 1, wherein said feed back circuit comprises
a capacitor. _
3. Ballast circuit as claimed in claim 1 or 2, wherein said rectifying means

comprise a first series arrangement of two diodes connecting said DC input terminals
and a further series arrangement of two diodes connecting said DC input terminals, said .
capacitive means and said inductive means comprised in said booster means being

connected in series between a first junction point between the two diodes of the first

© series arrangement and a second junction point between the two diodes of the second

series arrangement.

4. Ballast circuit as claimed in claim 1 or 2, wherein said rectifying means

-

*



- AC input termnals for coupling to a mains source of a |ow frequency
AC vol tage, - ‘rectifying means coupl ed across sal
for rectifying said | ow frequency AC voltage, - e:
nmeans coupled to an output of said rectifying neans, Bzﬂw)rﬂlm H e'rter
conprising - DC input termnals coupled to said reser capaal Uisvesmneans,
- switching neans for generating a high frequency current out of said
rectified | ow frequency AC voltage, - a8 oad circuit conprising |anp

connection termnals and coupled to said sw tching neans,
comprise a series arrangement of two dnodes connecting said DC input terminals and

said reservoir capacitive means comprise a series arrangement of two capacitors
connecting said DC input terminals, said capacitive means and said inductive means
comprised in said booster means being connected in series between a first junction point
between the two diodes and a second junction point between the two capacitors.

5. Ballast circuit as claimed in claim 3 or 4, wherein said feedback circuit is
connected to the first junction point.

6. Ballast circuit as claimed in claim 3 or 4, wherein said feedback circuit is
connected to the second junction point.

7. Ballast circuit as claimed in one or more of the preceding claims, wherein
filter means are coupled between said AC input terminals and said rectifying means.
8. Compact fluorescent lamp comprising a ballast circuit according to one or

more of the preceding claims.




-+ a feedback circuit coupling the load circuit to an AC input_terginal,
~characterized in that the ballast circuit is further provided with booster
means conprising capacitive nmeans and inductive nmeans, said capacitive
means bei ng coupl ed betweeh said AC input ternminals and said inductive
means bei ng coupl ed between said capaci¢ive neans and said rectifying

means. 2. Ballast circuit as clainmed in claim1, wherein said feed
back ci rﬂg%!%lrises a capacitor. 3. Bal last circuit as claimed in
claim1 or 2, erein sai;d rectifying nmeans conprise a first series

ar r angenilitcugfartapgenientdes connecting said DC i nput terminals and a further
series arrangenent of two di odes connecting said DC input termnals, said
capacitive means and sai d inductive neans conprised in said booster neans
bei ng

A compact fluorescent lamp in combination with a high frequency DC-AC
converter in which a feedback capacitor is coupled between a source of low frequency

AC voltage and the converter to improve the power factor of the combination.
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connected in series between aifirst junction point between the two di odes

of the first series arrangenent .and a‘'second junction point between the two
di odes of the second series arrangenent. 4

. Ball ast circuit as clai ned
inclaiml or 2, wherein said rectifying neans = 8 conprise a series
arrangenent of two diodes connecting said DC input termnals and said
reservoir capacitive neans conpris

a series arrangenent of two capacitors
connecting said DC input termnals, said capacitive neans and said
i nductive neans
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conprised in said booster neans being connected in series between a first
-junction point between the two di odes and a second junction point between
the two capacitors. 5. Ballast circuit as clainmed in claim3 or 4,
wherein said feedback circuit is connected to the first junction point. 6.
Ballast circuit as clained in claim3 gr_4, wherein said feedback circuit
is connected to the second junction point. 7. Ball ast circuit as
claimed in one or nore of the preceding clains, wherein filter neans are
coupl ed between said ACinput termnals and said rectifying neans. 8.
Conmpact fluorescent |anp conprising a ballast circuit according to one or
nore of the preceding clains.
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