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The invention relates to a ballast circuit suitable for high frequency 
operation of a fl.u0rescent lamp comprising 

AC input terminals for coupling to a mains source of a low frequency AC · 
. wltage, 

rectifying means coupled ~ss said AC input terminals ~r ~ .. · 
said low frequency AC voltage, _ · · ·· . ... . . . .. .. . · .... _. 

reservoir capacitive means coupled to an output of said rectifying means, . , . . . . . . . . . ... . . . . . ..· · ... , ... a DC-AC-converter comprislllg . ··.\ ·. . ... , ... 
-B.~ input.~. coupl!d to.~ reservoir capacitive means, , , . 

. . ...... ;· .. - switching means for genemting a .high frequency current out of said ··' ~. ... .. . . ....... .. • . '·· • • • . . .• •.t ~ ".. . . • • • . 

---~- ..... :~ . . . rectified AC .voltage, .... ~ _ ... ·: ·. ... . . . . . . . 0 ' • ·: • ' • • • •••" "·• ' ••• • • .,.. •A • ·,~ "• "• • ' 0 •• ~ '· ·.··.:· :"""i.:.. .,;.-:· .·.·;··:· .~:e . 
. - a load circuit comprising lamp connection terminals and coupled to said -- . . .. ~ . . ' . .,.. . . . . . .. . 

·: . r . ~~ ~, ·- - . -·.: ... -.: ···:. . .. ~<;;::- ...... ii'..:: 
a feedback circuit coupling the load circuit to an AC input terminal. , .,.· . • .. • . " .• ·' ... ,. .. • .• · . . • • . '· • . • • I ~ .· '• "-•··· ... • ' : 

.... ·. The invention also relates to ;,. compact fluorescent lamp comprising such . . . . . . .. _, . . . . . ... ,. ~ ' .. ,. . . . . . . . . . . .. 

A ballast circuit as defined in the first parapaph is described in European • ... ••••• • .. ..... .. :. • •• - •• •••• • • • • • • • : • ; ..:.··- ••• : - •• ••••• 9- ••• ·-- :• Patent Application 92203651.2. Depending on the ~don¢ the DC-AC-. r • • • • • <: •• ·•. • .:. • • 0 \. 4 • • • • 
•, • • • •· ~ .':: •.#oo" •" • •' • • •." ~·, • • 

converter .the f~ ~ ?-Y comp~.~~~,but ~al~~~ !¥.load · 
circuit and an AC input terminal ha~ 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 powm:. 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 aovemment standards as to line 
current distortion. 

The invention bu for its object to provide a ballast circuit that is suitable . 
. ..... ,. .. ~ ... .,.. ...... ••:~ ...... ''"" for operatina fluorescent lamps consumin& a relatively hiah power, with a relatively ----------hip power factor• . r , · l~i £M ta'tft tt.;vq.,,~. •. 

Thr1iimt1i11r .,. -· · ·•·· . 
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This object is achieved 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. 

5 During· lamp operation the reservoir capacitive means are charged via the 

10 

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 

improvement of the power factor. ······. · -· , ... ,. 

To prevent the fluorescent .lamp from carrying a DC-clJ!fC!lt durina lamp 

operation, it is advantageous when. the feedback ciicUii" 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 connectifta said 

DC input terminals and a further series arrangement of two diodes connecting said DC 

15 input terminals, ·said capacitive means and said inductiye means compri •. 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 junctio~ point .between the ~ ... 

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 ,_. 

· 20 this diode bridge. This favourable embodiment is a relatively simple circuit that was . . : 

found to provide a comparatively J.Ugh power factor •. :~·.: ,~·[ , ... · :i ·<'t::~·:e :.: :'t\-;::.::d 

:~~·. ··.'re ': ·. · In• further favourable embodi~t of a ballast circuit according 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. :l·~ : 1 •...•• ~ • 

·.. 25 arrangement of two capaciton 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 

be~een the two capaciton. · · · .. · 

The rectifyina means and the reservoir capacitive means in this further favourable 

30 embodiment fonn 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 

relatively low with respect to the lamp voltage. ,. .. . .... . ' ' \ ~· :._,,_;,; .\• . 

·It was found that, if in the embodiments described In .the lut .twQ -~) · ..... "" ":" 
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paragraphs the feedback cirCuit is ·connected· to one of the two junction.points, a very · 

efficient energy feedback was rea.Jimt. 

· Pollution of the source of low frequency AC voltage by high frequency 

currents can be avoided 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 considered in conjunction 

with the accompanying drawing in which: .. _<c: · :·_·7,_. ~-

.. ·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 Figtire 1; · ·· .. ···· ::+-.. ~ ,.: .. ~~.,·· · .. 

Figure 3 shows a flow of current throUgh the circuit of Figure 1 with one 

of a pair of switching elements conducting; and .,_,. : .. · · '·, _;,: :. ~ '>.·. 

· ··Figure 4 shows a flow· of ciment through the circuit of Figure 1 With the . 

second of the pair of sWitching elements conducting. 

Referring to ·F~ 1," there' is shc>Wn a compact fluorescent lamp LA 

coupled to an LC reSe>nant circuit comprising inductor L2 and capacitor C6. ·Connected 

in parallel. with lamp LA is a positive temperature coemcient resistor 'PTC which is in 

~ 20 series circuit with a capacitor C7 which Provides j>rotectioD for ·resistor PrC. Resistor 

Pl'C enables thC ·electrode wilidings of lamp LA to ·heat before full wltage ·is applied ,: 

thereto. Also, connected in parallel With the primary winding of transforiner Tl is 

·'· 

· resistor R8. This resistor bypUses current around the .. primary which leads to a lower · 

self-oscillation frequency· for the circuit Ind tesultS 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 Tl. One secondary, Wt, of transformer Tl is connected 

by way of resistor R3 to the base of transistor Ql. 1be other secondary, W2, of 

transformer Tl is connected through resistor R4 to the base of transistor Q2. 

Transiston Ql and ·Q2 provide a high frequency DC to AC converter for operating 

lamp LA. Capaci~ C9 and ClO are connected between the base and emitter of 

transistors Ql and.Q2, respectively. The.resistors R2, RS, R6, R7 and capacitor. Cll 

and diac D3 form the· startina circuits· for. pu1s1na transiston Q l and Q2 into operation 

.' ~·· l~. .·. ' ; 
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at the desired high frequency. Resistors R6 and R7 provide a voltage divider circuit 

which is unbalanCecl by capacitor Cll and resistor R2. When capacitor Cll charges 

sufficiently, diac D3 is caused to tum on which pulses transistor Ql into opemtion. · ... 

With transistor Ql conducting, the. primary of transformer Tl 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 Q 1 

conducting when the non-linear operation begins, conduction through secondary Wl to 

its base is cut off. As a result, the next half cycle of the high frequency voltage will 

10 produce conduction through .the second81}', \\'2, ~f transistor. Tl ~ through 

resistor R4 to the· base of transistor .Q2 to tum Jt on d~g that ~cycle... . 

Zener diodes D4 and DS are connected in parallel wi~ capacitor CS to 

serve as a limit to the maximum voltage w~ ~ build up on electro!~ capacito~ 

. C2 and C3. These electrolytic_ ca~~ are co~ected .in.~ with the ~bridge 

15 diodes Dl and D2. CapacitorsC2 a~cl;~ provide_a ~ ~yoltage,doµb~g" , , 

operation for the circuit. · . :.~ : ~:t<>'· ;: .. ': ~ .. , ; . ·:: ·:; ·': : : ::::~:> · ~r .. ·· ;· ., ·.:: 'f" •,; ··• ;;.;y . ., , 

. :· .. · ..... -~-. ··· Energy returning t)'om -~ _resonant _tjrcuit by way_ of capaci~r C4 and c_s 

and diodes J?.1 and P2 is ~~ye to ~evelop a voltago ~ .~uctor LIA. This 
voltage is provided to ~lytic capaci~ ~ ~d C3 ~d acf~~to. ~e -~~ .liru.' .. in a 

20 voltage. By_ proper choice of..capacitors ~ .. and cs .the half ~ridge-~~~~~ 

act like a~ frequency ~t m,nv~.to. raise ~-v~~tage· on-~ _o(.~_~lytic 

buffer capacitors to a value_ above the peak ~-v~~e.,.~ ~es ~-~t ·--.. 

power. factor_ and reduces in line current -~onics. Th~ improv~ ~ fac:tr?r means 
the circuit dmws much lower input current. Capacitor CS acts as a snubbing capacitance 

25 for shaping the high frequency AC pulse. 

First capacitor CIA ii coupled from the input terminals 11 and 13 to the 

junction lS between diodes DI and D2. First inductor LlA is coupled from input ·13 to 

the junction 17 between electrolytic capacitors C2 and Cl. In this way, first capacitor 

CIA and first inductor LIA provide current paths for the char&inl 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 ClB and inductor 

UB provide an LC filter for keepina hi&h frequency sipals off the ~ut_,lines to the 

r~- ballut circuit. Capacitor ClB is coupled in parallel with_capaci~r~C~~.,~--~~~~r. 

' ' 
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LlB is coupled in series with inductor- LlA. Fuse F is connected to terminal 13 to 

provide protection against high current fault conditions. 

In Figure 2, the half bridge has been replaced by the full bridge Dl-04. 

Since this circuit was used with a lamp requiring less voltage than the lamp used with 

the circuit of Figure 1, the voltage doubling effect was not required and capacitor C3 

was eliminated. Capacitor ClA and inductor LlA were connected to the diagonals of 

the full bridge. 

A description of the theory of operation of the circuit of Figure 1 will be 

. 1,1nderstood by those ski11ed in the art by reference to Figures 3 and 4. For purposes of 
10 this explanation, it is assumed that a single pulse from diac D3 has ~eel 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 Ql conducting capacitor C2 acts as a voltage source (see FigUre 3) _., ·-··: 

IS which supplies current· from the collector to the emitter of transistor Ql through the .. 

primary ·of tranSformer Tl, inductor L2 aitd the lamp load network consisting of 

capacitors C6, ·f?7, ·lamp·LA and resistor Pl'C. As shown in Figure 3, this current also . 

If , flows through cilpacitor C4, junction ts, capacitor ClA and inductor LlA.·Current : . . 

thlough the primary of transistor Tl when transistor Ql is conducting, causes current to 

.~ . 20 flow through secondary winding Wl of transformer Tl to reinforce the base emitter .-:~ 

current supply of transistor Ql thus hOlding Ql 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 mainly eontrolled by the inductance of inductor L2. The 

current continues to rise until the hysteresis of the core of transformer Tl reaches a first 
2S non-linear region •. ·. ··, , .. · · · · ·:.! -,_ .. · · ·. · .: . , · _:.-·· j.£1(; 

· As· the transformer action of transformer Tl becomes non-linear the base 

drive from secondary WI drops off sharply turning off transistor Ql and current through 

the primary of transformer Tl ceases. When this occura, linear transformer action 

returns to transformer Tl 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 turnina that transistor on. With transistor Q2 conductin11 capacitor C3 acts as a 

voltage source (see Figure 4) which supplies current through inductor LlA, capacitor 

::~ ClA, junction lS, capacitor C4, tho lamp load network (consistlq of capacitors C~ and 
~\ 

··-

:·: 
_; 



.. ~·· ·-----------·· 

6 18.12.1992 

'c1, lamp LA and resistor P'rC.,) induCtor L2, the primary of transformer Tl and 

·i through the.collector-emitter junctions of transistor Q2. This current through the 

:·:· primary of transistor Tl causes current to flow through the ~ winding W2 of 

transformer Tl to reinforce the base emitter current supply of transistor Q2.bY positive 

feedback. As was the case when transistor Ql was conducting, current builds up in the 

primary of transformer Tl 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 actio~ of, ~sistor Q2 ceases the flow of 

current through the primary of transformer Tl which causes secondary winding Wl to 

again provide currents to the base of transistor Ql •. This turns that transistor back to its 
·.· ..... . . ·:· .. ·- .... '· . ... .. . . . ... ... . - . . .. .· ~-

conducting condition to self~~ the .. oscillation· cycle. As a result, transistors Ql 

and Q2 thus ~ on and off alternately to produce alternating current through the lamp 
.... ' - ... ... ... . .. ., . - . 

load network. . . . ,. ·-~"':- ...... . 
. '· , · ... ,:.· . .. · 

Having successfully ~. ~ osciJlation in the circuit, the frequency of . ,.. . . . . . . ... -. . . . .. - ... . .. .. . . . 

15 operation is determined "y th~ .. !l«>n-.~ of ~e h~ curve of transformer n .. .;:· ..... ·.··-~ · .. ~'·· --~·,······ .. · .. •· ...... -~ ... ... . ·-

together with the shape an,d magnitude o( the Pii!narY current of transformer Tl 
. . ...... •··~····· 

produced by the ~P load network and.Uiductor L2, the base currents for transistors Ql 
- . . . . .... ··~ --·.· ,. ..... . ~ ·- ··. .' :.· . ·. ··- ,,._ .. -- .. -...... ·... ~·:,.. 

and Q2, the RC delay_n~ks.(R3, C9 and R4, ClO) at the bases of transistors Ql and 

Q2 and the swik.:hing times of transistors Ql and Q2 •. , ... _,, , . - .. , ........ . 
. • ~ ... ~ .. "1:)1 . .. :- .. , • ~ . · .. ·. . . '""-· '. . •· -...... ..... . • ·. · .• • : 

20 ::: .. ; .. _ :'. .-: .. : ... ':.InJhe ~ osci~~!f.ing sua~,~~f?.~ ~t J~.~~ -~~ ~~rs C2 

and. C3 as a result of the alternate on/off coliditions of transistors Ql. and Q2. This .. . .. 
. . • . . ... . •.. .....• . ~ .•·. ····u . .,. :· - ....... ,..> ...... ~., •"<·'·'·' ... ,.~~ ... ~.· ... ""~···• ... -:.::.V.·~.;. • ., .... -·· "'i) ,._~ .• ~. 

alternating current ~s ~&h.laJJlP ~~ .. :f.1.~~. ~-' ~~~,,<::.~~ ~~¥~ B .. 
and the primary of transformer. of n. Resistor PTC which is in series with capacitor C7 . . . . .. . . . -~., . . .. ..... ··~·· 

provides extra resistive loading on the series resonant LC circuit consisting of inductor 
• I• • '"'·· • •• ·•••·•••· • • • -.•." • "••' .• •• • • 

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

F2. As resistor PTC heats up, its resistance incieases. This causes voltage to increase 

across capacitor C6 until lamp LA which .is in parallel with capacitor C6 ignites. A~ 

lamp ignition, the lamp loads down the resonant LC circuit and current through the . 

lamp is basically controlled by inductor I.2, the lamp arc voltage, the input supply 

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 restrictiyo. _,, :.,~ .~,. : 

.· :• ., 
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Ballast circuit suitable for high frequency operation of a fluorescent lamp 

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

uo1hlll'•, •.(... ., .. .,., 1.-.;v -· : . : : .. ~. 

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, 

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 

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 I, 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 fint series arrangement of two diodes connectina said DC input terminals 

and a further series arrangement of two diodes connecting said DC input terminals, said 

capa~tive means and said inductive means comprised in said booster means being 

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

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

s,.:: series arrangement. 
~... · .. -:~< . 

Ballast circuit as claimed in claim 1 or 2, wherein said rectifyins means 
• • .". : ··.:·. ~!' 

l 
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} comprise a series arrangement of ~ 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. 

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. · . . (" · . .. . . :· · · ·~ ..... , . 
10 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. 
•,~ ; 
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