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controlled ballast system  for a lighting system comprising one or more gas
discharge tubes, said This invention relates to electronic ballast sys-
ballast system comprising a frequency control cir- tems for gas discharge
tubes, particularly but not   cuit connectable to a power source for
establishing exclusively fluorescent type gas discharge tubes.  5   an
oscillation control signal; a switching network Electronic ballast systems
for gas discharge     feedback coupled to said frequency control circuit
tubes and for fluorescent tubes in particular are   for establishing a
repetitive pulsating current re- known in the art, including ballast
systems for     sponsive to said oscillation control signal, said pul-
operating a plurality of fluorescent discharge tubes.  sating current
having a frequency established by However, in many prior art ballast
systems, the   10  said frequency control circuit; an induction circuit
gain of included switching circuits must be ad-      coupled to said
frequency control circuit and said justed or matched which results in the
addition of   switching network for generating a voltage across components
such as potentiometers. or additional    the  gas discharge tube(s) when
connected to the electronic circuits to maintain substantially equal -
system  and responsive to said pulsating current outputs of component power
transistors irrespec-   15  established by said switching network; and gain
tive of their individual current gain. Addition of such  control means for
maintaining the gain value of elements adds to the overall volume and cost
of      said switching network at a predetermined level, such prior art
ballast systems.                      characterised in that the gain
control means forms Additionally, in many prior art ballast systems  part
of the induction circuit and is coupled to said which operate at more than
double the line fre-   20  switching network in negative feedback relation
for quency, the operating frequency is not constant      automatically
regulating said gain value at said and varies with supply voltage or load
current, or   predetermined level responsive to a magnetic cou- possibly
with both. Such prior art systems due to    pling with said pulsating
current, and in that the this frequency variability may cause a flicker
effect  frequency control circuit is arranged to produce the when one of a
multiplicity of. fluorescent lamps is  25   oscillation control signal at a
predetermined fre- electrically removed from  the overall circuit. In
quency unaffected by changes in the number of some cases, where one of the
fluorescent lamps is    gas discharge tubes connected to the induction
removed from  the circuit, a second fluorescent      circuit. tube may be
entirely extinguished.                       The invention will be further
described with In EP-A-0 085 505  an electronic frequency   30  reference
to the accompanying drawing in which stabilised, gain controlled ballast
system  for flu-  the single figure is a circuit diagram of a frequency
orescent lighting systems is disclosed comprising:  .  stabilized automatic
gain controlled ballast system (a) a first transformer connectable to a
power    according to a preferred aspect of the invention source and
comprising primary and secondary       and designed to operate two
fluorescent discharge winding for establishing an oscillation signal;  35
tubes. Obviously, however, the system can be de- (b) first and second
transistors coupled for feed-  signed to operate any number of tubes
without back to said first transformer for switching a    departing from
the scope of the present invention. current signal responsive to said
oscillation sig-    Referring now to the Figure, there is shown nal;
frequency stabilized automatic gain controlled bal- (c) first and second
inverter transformers  each   40  last system  10 having power source 12
for ac- *  having a tapped winding for establishing an in-    tuation of at
least one of a pair of gas discharge duced voltage signal responsive to
said current   tubes 40 and 40'. Gas discharge tubes 40 and 40' signal and
a pair of secondary windings;          may be standard fluorescent type
systems having (d) first and second coupling capacitors con-     first and
second filaments 42, 44 and 42', 44', nected to said tapped windings of
said first and   45  respectively... *       second inverter transformers
respectively, and        Additionally, and as will be described in follow-
connectable to the first filament(s) of said gas    ing paragraphs, ballast
system  10 provides for a discharge. tube or tubes, if more than one, for
frequency control mechanism which allows for fre- discharging said induced
voltage signal to said   quency stabilization having the advantage of
allow- first filament(s); and,    .                 5o  ing system  10 to
operate  in a normal manner (e) first and second capacitance tuning
circuits  .  without bothersome flicker when either of gas dis- coupled to
said tapped windings and secondary     charge tubes 40 or 40' is
electrically deleted from windings of said inverter transformers for modi-
system 10. fying the resonant frequency and duty factor of       Referring
now to the Figure, electronic ballast the signal pulse generated in said
inverter trans-  ss  system 10 having power source 12 for actuating at
formers.                                          least one of gas
discharge tubes 40 or 40' includes According to the present invention,
there is     frequency control circuit 11 coupled to power provided an
electronic, frequency stabilised, gain   source 12 for establishing a
constant oscillation 2  
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predetermined frequency. In still further  DC supply, with the opposing end
of bridge circuit overall concept, ballast system 10 includes switch-    18
providing DC power input to filter network 36. ing network 13 which is
electrically connected to        Filter network 36 includes choke element
32 frequency control circuit 11 for establishing a pul-  coupled in series
relation to rectification circuit  18 sating current responsive to the
substantially con-   5   and a pair of filter capacitors 28 and 34 coupled
to stant oscillation signal emitted at the predetermined  opposing ends of
choke element 32. First filter frequency. Induction circuitry 15 is coupled
to both  capacitor 28 is electrically connected on one end frequency
control circuit 1  and switching network  to output line 38 and choke
element 32 and on an 13 in order to generate a predetermined voltage
opposing end to ground 30, as is shown in the across gas discharge tubes 40
and 40' responsive   to  Figure. As can be seen, choke element 32 is to the
pulsating current established by switching    coupled in series relation
with full wave bridge network 13. As will be detailed in following para-
circuit 18 and power input line 41. Choke element graphs, and in accordance
with the present inven-    32 is further coupled on one end to first filter
tion, induction circutry 15 includes automatic gain  capacitor 28 and
output line 38, and on an oppos- control circuitry 17 for maintaining a
gain value of  15  ing end to second filter capacitor 34. Second filter
switching network 13 t0 a predetermined level.       capacitor 34 is
connected to choke element 32 and Referring further to the Figure, there is
shown  power input line 41, as well as ground 30. In power source 12 to
provide electrical power for      combination, second filter capacitor 34
with choke frequency stabilized automatic gain control elec-    element 32
functions to average out the 120 Hz tronic ballast system 10. In the
embodiment shown   20  pulsating DC voltage supplied by full wave bridge in
the Figure, power source 12 is seen to be an AC   circuit 18. Additionally,
this combination maintains source of a standard voltage such as 120, 240,
or    the current drawn by system  10 at an average 270 volts, or any
acceptable standardized AC pow-    value without creating a power factor
which is ei- er supply voltage. In general concept, power         ther
unacceptably leading or unacceptably lagging. source 12 may be a DC power
electrical source   25   Disadvantageous lead or lag may be found wherein
applied internally or externally to system 10 in a   a large inductance
were used or a large capaci- manner well-known in the art by removal of
bridge    tance as the sole filtering means for smoothing the circuitry and
filtering elements to be described in  pulsating DC voltage. following
paragraphs. For purposes of illustration,      For purposes of
illustration, if choke element power source 12 will in following
paragraphs, be   30  32 were not incorporated within system 10, second
designated an AC power source for the embodi-        filter capacitor 34
would draw an increased current ment to be described.
commonly referred to as a surge current on each Power for system  10 is
supplied by power        cycle as capacitor 34 began to charge. By incor-
source 12 through switch 14 which may be a           poration of choke
element 32, the inductance standardized switch element such as a single
pole,  35  stores energy during each cycle to supply current single throw
switch mechanism.                       for initial charging of second
filter capacitor 34 Power is input through power line 16 to rec-     which
provides a smooth average current as seen tification circuit 18 which is
used for providing full  by power source 12. wave rectification of the
power source AC voltage.       In the embodiment herein provided, the
values Rectification circuit 18 may be a full wave bridge   40  of first
filter capacitor 28 and choke element 32 circuit well-known and standard in
the art. Full     have been selected such that the combination of wave
bridge circuit 18 may be formed by diode        elements 28 and 32 are
tuned for 360 hz and form elements 20, 22, 24 and 26 for providing the nec-
a third harmonic filter for a 120 hz pulsating DC essary rectification of
AC voltage from  power       voltage supplied by full wave bridge circuit
18. In a source 12.                                      45  specific
operating system, first filter capacitor 28 Rectification of full wave
bridge circuit 18 pro-  may be a 250 volt non-polarized 2.0 microfarad
vides a pulsating DC voltage signal passing on       capacitor.
Additionally, choke element 32 may be output line 38 which is applied to
filter network 36.  an inductor of approximately 97.0 millihenrys. Sec-
Filter network 36 filters the pulsating DC voltage   ond filter capacitor
34 is a commercially available passing from rectification circuit 18 and is
elec-   50   100.0 microfarad, 250.0 volt capacitor. trcally coupled to
bridge circuit 18 by output line    The current signal passing through
power input 38.                                                 line 41 is
inserted to bias resistor 52 as well as In overall concept to be further
described in    bias capacitor 54 which are coupled in parallel following
paragraphs; filter circuit or network 36   relation each with respect to
the other. Bias resistor averages out the pulsating DC voltage signal to
55   52 and bias capacitor 54 are electrically coupled to provide a
substantially continuous smoothed signal   center tap line 60 of
oscillation control transformer for system 10. Rectification or bridge
circuit 18 is  43 of frequency control circuit 11. Oscillation con- coupled
to ground 30 to be the return path for the  trol transformer 43, as is
seen, includes primary 
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and a pair of secondary windings 47       as well as independent of the
current drawn by the and 48 coupled to power source 12 and induction
load. Hence, system  10 operates at a stable fre- circuitry. 15. As can be
seen, oscillation control   quency predetermined by the component values of
transformer primary winding 45 is center tapped by   circuit elements 48
and 50 and is independent of power input line 41. Secondary winding 47 of
os-   5   variations which may occur elsewhere in system cillation control
transformer 43 is center tapped by  10, in the load, or in an external
power distribution center tap line 60. Oscillation control transformer
system. 43 is thus coupled to power source 12 and has           In one
operating embodiment, oscillation con- center tap primary winding 45, as
well as a pair of  trol transformer primary winding 45 may be a wind-
secondary windings 47 and 48 where secondary   io  ing of 7.0 turns of
number 26 wire, which is center winding 47 is also center tapped by center
tap line  tapped by power input line 41 with 3.5 turns on 60. The center
tap provided by center tap line 60    each side of the tap. Second
oscillation control to second secondary winding 47 establishes the
transformer secondary winding 47 may be a wind- oscillation signal of
opposing polarity when taken   ing of 5.0 turns of number 26 wire which is
center with respect to the center tap.                 15  tapped by center
tap fine 60, such that there are Bias resistor 52 and bias capacitor 54
establish  2.5 turns on each side of the center tap. First a bias voltage
to initiate the oscillation when sys-  secondary winding 48 may be a
winding of 150.0 tern 10 is initially energized. In one operating sys-
turns of number 28 wire and oscillation control term, bias resistor 52 may
have a value approximat-  transformer 43 has been successfully operated ing
470 X 103 ohms and bias capacitor 54 may   20   when such is a ferrite core
transformer which is approximate 1.0 microfarads.
operable in a saturation mode during activation of Current limiting
resistor 56 and blocking diode  gas discharge tubes 40 and 40'. 58 in
series combination is connected to center tap     Electronic ballast system
10 includes switching line 60. Although not important to the inventive
network 13 having a pair of transistors 70 and 70' concept as herein
described, current limiting resis-   25  coupled in feedback relation to
oscillation control tor 56 may have a value approximating 15.0 ohms
transformer 43. This allows switching a current with a dissipation rating
of approximately 0.5 watts.  signal responsive to the oscillation signal
produced. The series combination of current limiting re-   Referring to
secondary winding 47 of oscillation sistor 56 and blocking diode element 58
provides     control transformer 43, current entering on center for a
return to ground for the oscillation signal   30  tap line 60 is divided
and flows through both first generated in second oscillation control
transformer  transistor line 62 and second transistor line 64. secondary
winding 47 once system  10 has gone        First and second transistors 70
and 70' include into an oscillation phase.
respectively bases 72, 72', emitters 76, 76', and In essence, the
previously described combina-    collectors 74, 74'. First and second
transistors 70 tion provides for the initiation of the operation of  35
and 70' may be of the NPN type. ballast system  10 when switch 14 is placed
in a        Current on first and second transistor lines 62 closed
position.                                     and 64 flow respectively to
base elements 72 and Frequency control circuit 11 including oscilla-  72'
of first and second transistors 70 and 70'. One tion control transformer 43
further includes oscilla-  of first and second transistors 70 and 70' will
tion control capacitor 50 coupled in parallel relation   40   undoubtedly
have a slightly higher gain than the to first secondary winding 48. For
illustrative pur-  other, and will be turned "on" to the conducting poses
only, oscillation control capacitor 50 may     state first. When either of
first or second transistors have a value approximating 0.001 microfarads.
70 or 70' becomes conducting, such holds the The value of oscillation
control capacitor 50    other transistor in a non-conducting state for the
and the inductance provided by first secondary   45  time interval during
which one of the transistors 70 winding 48 establishes a predetermined
frequency    or 70' is in the conducting state or "on" state. value for the
oscillation signal. The parallel com-    Assuming for the purposes of
illustration that bination of the inductance of the first secondary
second transistor 70' goes into the conducting winding 48 of oscillation
control transformer 43 with  state, the voltage level of second transistor
collec- oscillation control capacitor forms a resonant circuit  50  tor 74'
is then brought into the neighborhood of for creating a stable frequency of
oscillation for  second transistor emitter element 76' within ap- system
10. The inductance of first secondary wind-  . proximately 1.0 volts. As is
seen in the circuit ing 48 is determined by the number of turns in the
Figure, emitter element 76' is electrically coupled winding and the
characteristics of the core material  to inverter transformer gain control
secondary about which such is wound. Since the frequency of  55   winding
81 which is itself coupled to ground 30. oscillation is determined by
elements 48 and 50, it  Thus, the current path for the base drive current
is 



is clearly seen that the frequency is thus indepen-  completed. Emitter
element 76 of first transistor 70 dent of the voltage at which system 10
operates,    is coupled to inverter transformer gain control sec- 4    7
EP 0 186 931 B1                       8 ondary winding 80 which is, as in
the case of          primary winding 45 and coupling line 68 to first
secondary winding 81, coupled to ground 30.              section 98 of
second inverter transformer primary Induction circuitry 15 includes
inverter trans-    winding 84 and to second transistor tap line 92, former
78 electrically coupled to switching network    then flowing into collector
74' of second transistor 13 as previously described. Additionally, inverter
5   70'. transformer 78 is further connected to frequency           The
collector current which flows through os- control circuit 11 with inverter
transformer 78 hav-   cillation control- transformer primary winding 45 ing
a tapped pair of primary windings 82 and 84 as     during each half cycle
generates the magnetic flux well as a multiplicity of secondary windings
102,      which saturates the core of oscillation control trans- 104, 106,
and inverter transformer gain control sec-   10  former 43. The maximum
current which can flow ondary windings 80 and 81. Induction circuit 15
through primary winding 45 is determined by the further includes a pair of
coupling capacitors 86      applied voltage divided by the sum of the
imped- and 88 which are connected in series relation to       ance of one
half the primary winding 45, the im- respective primary windings 82 and 84,
as well as      pedance of first section of first inverter transformer gas
discharge tubes 40 and 40'.                   is   primary winding 94 or
first section of second in- Thus, inverter transformer 78 includes first
in-   verter transformer primary winding 98, and the verter transformer
primary winding 82 and second      impedance of either first or second gain
control inverter transformer primary winding 84, with one      secondary
windings 80, 81. side of each of primary windings 82 and 84 being
When the current stops increasing, the mag- coupled to opposing ends Of
oscillation control   20   netic flux reverses, determining the frequency
of transformer primary winding 45 through lines 66        oscillation which
changes very little with input volt- and 68, respectively.
age. As the magnetic flux collapses when satura- As will be described,
primary windings 82 and      tion is reached, the voltage induced in first
secon- 84 of inverter transformer 78 are tapped in a man-     dary winding
48 of oscillation control transformer ner to provide an auto-transformer
configuration. In   25   48 has a frequency equal to the square root of the
particular, first inverter transformer primary winding  product of the
inductance of first secondary wind- 82 is tapped by transistor tap line 90
which elec-     ing 48 and the capacitance of oscillation control trically
connects a portion of first inverter trans-   capacitor 50, times twice the
value of  [err] . Since this former primary winding 82 to collector 74 of
first    is a forced oscillation produced by the impulse of transistor 70.
Thus, oscillation control transformer   30   current in the primary winding
45, the voltage gen- primary winding 45 is coupled through line 66 to
erated in first secondary winding 48 is reduced by first section 94 of
first inverter transformer primary  the step down turns ratio of second
secondary winding 82 to tap line 90 which is then coupled to     winding 47
to first secondary winding 48. Although first transistor collector 74. In
like manner, an op-  the voltage wave shape in first secondary winding
posing end of oscillation control transformer pri-  35   48 is
substantially a sine wave, the voltage applied mary winding 45 is coupled
through line 68 to first   to base drive line 62 or 64 from second
secondary section 98 of second inverter transformer primary      winding 47
is squared off by the clipping effect of winding 84, which is then coupled
to second tran-      the diode action of the base-emitter junction of first
sistor tap line 92 connected to second transistor      transistor 70 or
second transistor 70'. Thus, it is of collector 74'.
40   an essentially constant amplitude during the con- Unlike some prior
art systems, where the satu-     duction time and is approximately linear
during the rating transformer is driven by the magnitude of a     "off"
time. The duty factor remains constant be- feedback voltage, the subject
electronic ballast sys-  tween the limits of operation determined by the
line tem 10 is current driven. During one half cycle, the   voltage.
collector current of first transistor 70 is in a feed-   45  When second
transistor 70' is switched "on", a back mode with oscillation control
transformer pri-    current flows from power input line 41 through the mary
winding 45 since it flows from power input        center tap of oscillation
control transformer primary line 41 through one half of oscillation control
trans-  winding 45 passing through one-half of winding 45 former primary
winding 45 being then coupled by        onto line 68. The current then
passes through first line 66 to first section 94 of first inverter trans-
50   section 98 of second inverter transformer primary former primary
winding 82 where it then flows          winding 84 to second transistor tap
line 92 and through first transistor tap line 90 into collector 74  then to
second transistor collector 74'. Since sec- of first transistor 70.
ond transistor 70' is "on", current. flows from col- Likewise, during
alternate half cycles collector   lector 74' to emitter 76' which is
coupled to second 



current of second transistor 70' is in a feedback   55  inverter
transformer gain control secondary winding mode to oscillation control
transformer primary       81 and then to ground 30, which completes the
winding 45 since collector current flows from power   current path through
transistor element 70'. Collec- input line 41 through oscillation control
transformer  tor current drawn by second transistor 70' forces a 5    9
EP 0 186 931 B1                     10 current to flow through a portion of
oscillation con-  tern is in oscillation. ,rol transformer primary winding
45 and induces          The center tap of oscillation control transformer
voltages in oscillation control transformer secon-    secondary winding 47
is negative with respect to dary windings 47 and 48. The induced voltage in
ground 30, however, such is positive with respect oscillation control
transformer first secondary wind-   5   to the emitter voltage of either
first or second ing 48 establishes an oscillation frequency within
transistors 70 or 70'. In general, for an oscillatory system 10.
Additionally, an induced voltage is gen-   circuit to function properly,
transistors used in prior erated in second oscillation control transformer
art systems must be either matched very closely secondary winding 47 which
has a predetermined        each to the other, or the gains of the
transistors phase such that the transistor 70 or 70' which was   10
adjusted with external components such that they in the "off" state will be
biased such that it turns  result in a matched gain. Obviously, such
methods "on". The transistor 70 or 70' which was in the       add to the
cost and complexity of such circuits. "on" state is on the opposing end of
winding 47          Frequency stabilized automatic gain control and such
transistor will be biased such  that it is   ballast system 10 provides for
a unique method of turned to the "off" condition.                   15
achieving gain control without the requirement for Relative to the example,
current may now flow     matching of transistors or the manual adjustment
of from one end of oscillation control transformer sec-  gains with
external components, as is common in ondary winding 47 through line 62 to
base 72 of      the art. Ballast system 10 includes automatic gain first
transistor 70 turning it to an "on" state. Current  control circuitry 17
including a pair 80 and 81 of for first transistor 70 flows from power
input line 41   20  the multiplicity of secondary windings of inverter
through the center tap of oscillation control trans-  transformer 78.
Inverter transformer gain control former primary winding 45 and through
one-half of     secondary windings 80 and 81 are coupled to winding 45 to
line 66 coupling it to first section 94  emitter elements 76 and 76' of
first and second of inverter transformer first primary winding 82.
transistors 70 and 70', respectively, as is clearly Current then flows
through first transistor tap line   25  shown in the Figure. As will be
shown in following 90 to collector 74 of first transistor 70. Since tran-
paragraphs, secondary windings 80 and 81 of auto- sistor 70 is in the "on"
state, current flows from    matic gain control circuit 17 are wound in a
pre- collector 74 to emitter 76 and passes through first   determined
manner to provide a negative feedback inverter transformer gain control
secondary winding   voltage to each of emitter elements 76 and 76' of 80 to
ground 30.                                 30  first and second transistors
70 and 70'. When col- As has been shown, this process is a repetitive
lector current flows through first section 94 of pri- one which causes a
continual oscillation as long as   mary winding 82, an induced voltage is
generated power source 12 is coupled to system 10 through       in first
inverter transformer gain control secondary switch 14.
winding 80 and is phased such that it negatively As is known from classical
transistor theory,   35   biases emitter 76 of first transistor 70 with
respect the emitter current of a transistor is the combina-   to ground 30
to provide a negative feedback for tion of the base current and the
collector current. In  first transistor 70. This referenced feedback
voltage the operation of ballast system 10, the base current  is
proportional to the current drawn through first component of the emitter
current, for example,        section 94 of primary winding 82 which is the
transistor 70 when it is in an "on" state, flows from    40  collector
current of first transistor 70. Similarly, on ground 30 into blocking diode
58 and then through     alternate half cycles, the collector current for
sec- current limiting resistor 56 and into tap line 60,    ond transistor
70' flows through first section 98 of through half the winding of
oscillation control trans-  second primary winding 84 which provides nega-
former secondary winding 47, and line 62 to base     tive feedback for
second transistor 70'. 72. From base 72, current flows through transistor
45  Since the collector currents of first and second emitter 76 and into
inverter transformer gain control  transistors 70 and 70' are a function of
the base secondary winding 80 and then back to ground 30.     current and
the gain of the respective transistors, During the next half cycle, when
second transistor   and assuming that the base current of each transis- 70'
is in the "on" state, base current flows from    tor 70 and 70' is
substantially equal, the difference ground 30 through blocking diode 58,
current limit-  50  in collector currents is proportional to the gain of
ing resistor 56, and center tap line 60 to secondary  each transistor 70
and 70'. By providing negative winding 47. Current in winding 47 passes
through     feedback proportional to the collector current, the 



line 64 to base 72' of second transistor 70' and     gain of each
transistor 70 and 70' may be regu- then through base-emitter junction 72',
76' to sec-  lated to a predetermined value. Since the negative ond
inverter transformer gain control winding 81   55  feedback limits the gain
of each transistor to a and then to ground 30. Thus, as has now been
predetermined value which is less than the mini- shown. a complete path for
the base current is       mum  gain of the transistor as specified by the
established during each half cycle when the sys-      manufacturer, the
gain of each transistor as seen 6    11                 EP0186931B1
12 'the circuit will be substantially identical.      tion, voltage in
primary sections 94 and 98 are The base current flowing through current
limit-  added respectively to secondary voltages incurred ing resistor 56
and center tap line 60 follows a     in secondary winding sections 96 and
100. symmetrical path through each of the transistor         Referring now
to inverter transformer 78, it is circuits and therefore, the current for
practical pur-   5   seen that current flows through primary section 98
poses will be substantially identical. The apparent  through collector 74'
of transistor 70' which for transistor gain will be the same for both
transistors  example is in a conducting state. When switching 70 and 70',
and is automatically controlled by the   takes place, transistor 70' goes
to a non-conducting negative feedback generated in first inverter trans-
state which causes a rapid change in current and former gain control
secondary winding 80 and sec-   10  produces a high voltage in primary
section 98 ond inverter transformer gain control secondary
approximating 240.0 volts and in secondary section winding 81.
100 approximating 80.0 volts, which are added The respective polarities of
the emitter feed-   together by virtue of the auto-transformer configu-
back voltages appearing between first inverter       ration. This added
voltage is then seen at second transformersecondary winding 80, or second
in-  15  coupling capacitor 88. In like manner, a high volt- verter
transformer gain control secondary winding    age is induced in primary
section 94 similar to the 81 and ground 30, and the base drive voltages
voltage value of section 98. Section 96 provides for appearing between base
72 or 72' and ground 30       a voltage similar in value to that for
winding section are negative, however, their relative magnitudes are  100,
since the windings generated in the auto- such that the base voltage is
positive with respect   20  transformer configured windings 94 and 96 are
to the emitter feedback voltage during the conduc-   added together and
applied to gas discharge tube tion time of transistors 70 or 70'. During
the "off"  40 through first coupling capacitor 86. time, both the base
voltage and the emitter feed-        Voltage induced in first primary
winding 82 back voltage are 'positive with respect to ground    when first
transistor 70 is switched to an "off" state potential but the difference in
voltage between   25  is substantially equal in magnitude, but opposite in
them is such that the base 72 or 72' is biased       polarity, to that
induced in winding 82 when second negatively by approximately 2.5 volts
with respect   transistor 70' is switched to an "off" state. Thus, it to
its corresponding emitter 76 or 76', which pro-   is seen that an
alternating voltage is generated at vides for a fast fall time and a short
storage time  the predetermined frequency established by fre- and
therefore, a low dissipation in transistors 70   30  quency control circuit
11. In a similar manner, the and 70'. As the DC voltage applied  through
power    voltage induced in second primary winding 84 is input line 41
increases with an increase in input AC  also alternating at the
predetermined frequency voltage from power source 12, both the base volt-
and approximately 180  out of phase with the age and the emitter feedback
voltage increase in     voltage generated in first primary winding 82,
since magnitude but their relative difference remains con-   35  only one
transistor 70 or 70' is in an "on" or "off" stant and is essentially equal
to 0.7 volts for the  state at one time interval. type of transistor and
power output chosen.              First and second coupling capacitors 86
and 88 Inverter transformer 78 in the embodiment         are connected to
tapped inverter transformer pri- shown and described, is a ferrite core
material type  mary windings 82 and 84, respectively, of inverter
transformer having a 0.040 inch (1 mm) gap to add   40  transformer 78.
Capacitors 86 and 88 are also reluctance to the magnetic path of
transformer 78    coupled to first filaments 42 and 42' of gas dis- and
prevent the magnetic material from going into    charge tubes 40 and 40'
for discharging the in- saturation. Specifically, in an operating system
10,  duced voltage signal. Secondary filament heater inverter transformer
primary windings 82 and 84      windings 102 and 106 are coupled in series
relation have respective first sections 94 and 98 formed by   45  to each
of first and second coupling capacitors 86 76.5 turns and respective second
sections 96 and     and 88, respectively, for discharging the sum of the
100 formed with 16 turns. Gain control secondary     induced voltages in
primary sections 94 and 98 windings 80 and 81 are formed with 3.0 turns
each.   and secondary sections 96 and 100 into gas dis- Heater secondary
windings 102, 104 and 106 of        charge tubes 40 and 40'. inverter
transformer 78 may be made up of 2.0  so        As is clearly seen,
secondary filament heater 



turns each.                                          windings 102 and 104
of inverter transformer 78 As has been previously stated, tapped inverter
heat filaments 42 and 44 of gas discharge tube 40. transformer primary
windings 82 and 84 are tapped    In a similar manner, secondary filament
heater win- in a manner to provide an auto-transformer type      dings 104
and 106 of inverter transformer 78 heat configuration with first sections
94 and 98 acting as   55  filaments 44' and 42' of gas discharge tube 40'.
primary windings and second sections 96 and 100         The induced voltage
which is discharged in acting as secondary windings in this type of auto-
fluorescent tubes 40 and 40' causes a current to transformer configuration.
In this type of configura-  flow from filaments 42 and 42' to filaments 44
and 7    13                 EP 0 186 931 B1                     14 44',
respectively. Both filaments 44 and 44' are        transformer (78) coupled
to said switching net- coupled to ground 30 through filament lead 108.
work (13) and said frequency control circuit Second filaments 44 and 44' of
gas discharge         (11), said inverter transformer (78) having a tubes
40 and 40' are connected in parallel each to      tapped pair of primary
windings (82,84) and a the other through lines 108 and 110.            5
multiplicity    of    secondary    windings Secondary filament heater
winding 104 is             (80.81,102,104,106); and a pair of coupling ca-
coupled in parallel relation with second filaments       pacitors (86,88)
connected in series relation 44 and 44' of gas discharge tubes 40 and 40'.
each with one of said primary windings (82,84) Similarly, filament heater
secondary windings 102       and with the or one of the gas discharge tubes
and 106 are connected in parallel to the first fila-  10  (40,40') if more
than one; characterised in that ments 42 and 42', respectively. Thus, first
filaments   said automatic gain control means (17) corn- 42 and 42' are
heated by filament heater windings        prises a pair (80.81) of said
secondary win- 102 and 106, and second filaments 44 and 44'
dings of said inverter transformer (78) wound share heater current from
heater filament secon-         to provide a negative feedback voltage to
the dary winding 104, which is coupled to ground 30 to  15   switching
network (13). provide a current path for the induced discharge current.
3. A ballast system  according to claim  1 or 2, characterised in that the
frequency control cir- cuit (11) includes an oscillation control trans- 20
former (43) having a primary winding (45) and Claims
a pair of secondary windings (47,48), said pri- mary winding (45) being
connected to said 1. An electronic, frequency stabilised, gain con-
induction circuit (15) and being connected or trolled ballast system  for a
lighting system        connectable to said power source (12). comprising
one or more gas discharge tubes,  25 said ballast system  comprising a
frequency      4. A ballast system according to claim 3, charac- control
circuit (11) connectable to a power          terised in that said frequency
control circuit source (12) for establishing an oscillation con-     (11)
includes an oscillation control capacitor trol signal; a switching network
(13) feedback      (50) coupled to a first secondary winding (48) coupled
to said frequency control circuit for   30   of said oscillation control
transformer, said ca- establishing a repetitive pulsating current re-
pacitor (50) having a predetermined capaci- sponsive to said oscillation
control signal, said   tance value for establishing said predetermined
pulsating current having a frequency estab-          frequency of said
oscillation signal. lished by said frequency control circuit (11)  an
induction circuit (15) coupled to said frequency   35  5. A ballast system
according to claim 4, charc- control circuit.(11) and said switching
network      terised in that said oscillation control trans- (13) for
generating a voltage across the gas        former (43) includes a secondary
winding (47), discharge tube(s) when connected to the sys-         said
secondary winding having a centre tap tern and responsive to said pulsating
current        (60) to said power source (12), and being established by
said switching network (13); and   40  connected at its opposite ends (62,
64) to said gain control means (17) for maintaining the          switching
network (13). gain value of said switching network (13) at a predetermined
level, characterised in that the   6. A ballast system according to claim
3, 4 or 5, gain control means (17) forms part of the in-
characterised in that the oscillation control duction circuit (15) and is
coupled to said   45     transformer (43) comprises a ferrite core.
switching network (13) in negative feedback relation for automatically
regulating said gain  7. A ballast system according to claim 6, charac-
value at said predetermined level responsive to     terised in that said
oscillation control trans- 



a magnetic coupling with said pulsating cur-         former (43) is
operational in a saturation mode rent, and in that the frequency control
circuit  50  when said gas discharge tube(s) is or are (11) is arranged to
produce the oscillation con-     actuated. trol signal at a predetermined
frequency un- affected by changes in the number of gas         8  A ballast
system  according to any one of discharge tubes connected to the induction
claims 1 to 6, characterised in that the switch- circuit (15).
55       ing network (13) includes at least a pair of transistors (70, 70')
coupled to said frequency 2. A ballast system according to claim 1, wherein
control circuit (11) and to said induction circuit the induction circuit
(15) includes an inverter      (15). 8    13                 EP 0 186 931
B1                       14 44', respectively. Both filaments 44 and 44'
are         transformer (78) coupled to said switching net- coupled to
ground 30 through filament lead 108.           work (13) and said frequency
control circuit Second filaments 44 and 44' of gas discharge          (11),
said  inverter transformer (78) having a tubes 40 and 40' are connected in
parallel each to        tapped pair of primary windings (82.84) and a the
other through lines 108 and 110.              5       multiplicity    of
secondary    windings Secondary filament heater winding  104 is
(80,81,102,104,106): and a pair of coupling ca- coupled in parallel
relation with second filaments        pacitors (86,88) connected in series
relation 44 and 44' of gas discharge tubes 40 and 40'.             each
with one of said primary windings (82.84) Similarly, filament heater
secondary windings 102         and with the or one of the gas discharge
tubes and 106 are connected in parallel to the first fila-  10  (40,40') if
more than one; characterised in that ments 42 and 42', respectively. Thus,
first filaments     said automatic gain control means (17) com- 42 and 42'
are heated by filament heater windings         prises a pair (80,81) of
said secondary win- 102 and 106, and second filaments 44 and 44'
dings of said inverter transformer (78) wound share heater current from
heater filament secon-          to provide a negative feedback voltage to
the dary winding 104. which is coupled to ground 30 to   15   switching
network (13). provide a current path for the induced discharge current.
3. A ballast system  according to claim  1 or 2, characterised in that the
frequency control cir- cuit (11) includes an oscillation control trans- 20
former (43) having a primary winding (45) and Claims
a pair of secondary windings (47,48). said pri- mary winding (45) being
connected to said 1. An electronic, frequency stabilised, gain con-
induction circuit (15) and being connected or trolled ballast system  for a
lighting system         connectable to said power source (12). comprising
one or more gas discharge tubes,  25 said ballast system  comprising a
frequency       4. A ballast system according to claim 3. charac- control
circuit (11) connectable to a power           terised in that said
frequency control circuit source (12) for establishing an oscillation con-
(11) includes an oscillation control capacitor trol signal; a switching
network (13) feedback        (50) coupled to a first secondary winding (48)
coupled to said frequency control circuit for   30    of said oscillation
control transformer, said ca- establishing a repetitive pulsating current
re-       pacitor (50) having a predetermined capaci- sponsive to said
oscillation control signal, said     tance value for establishing said
predetermined pulsating current having a frequency estab-
frequency of said oscillation signal. lished by said frequency control
circuit (11); an induction circuit (15) coupled to said frequency   35   5.
A ballast system according to claim 4. charc- control circuit (11) and said
switching network       terised in that said oscillation control trans-
(13) for generating a voltage across the gas          former (43) includes
a secondary winding (47), discharge tube(s) when connected to the sys-
said secondary winding having a centre tap tem and responsive to said
pulsating current          (60) to said power source (12), and being
established by said switching network (13); and   40  connected at its
opposite ends (62, 64) to said gain control means (17) for maintaining the
switching network (13). gain value of said switching network (13) at a
predetermined level, characterised in that the    6. A ballast system
according to claim 3, 4 or 5, gain control means (17) forms part of the in-
characterised  in that the oscillation control duction circuit (15) and is
coupled to said   45      transformer (43) comprises a ferrite core.
switching network (13) in negative feedback 



relation for automatically regulating said gain   7. A ballast system
according to claim 6. charac- value at said predetermined level responsive
to       terised in that said oscillation control trans- a magnetic
coupling with said pulsating cur-          former (43) is operational in a
saturation mode rent, and in that the frequency control circuit  50   when
said gas discharge tube(s) is or are (11) is arranged to produce the
oscillation con-      actuated. trol signal at a predetermined frequency
un- affected by changes in the number of gas          8. A ballast system
according to any one of discharge tubes connected to the induction
claims 1 to 6, characterised in that the switch- circuit (15).
55      ing network (13) includes at least a pair of transistors (70. 70')
coupled to said frequency 2. A ballast system according to claim 1, wherein
control circuit (11) and to said induction circuit the induction circuit
(15) includes an inverter       (15). 8    15      .  EP 0 186 931 B1
16 9. A ballast system according to claim 8, charac-       transformateur
inverseur (78) relie audit reseau terised in that the emitter element
(76,76') of    de commutation (13) et audit circuit de corn- each of said
transistors (70, 70') is connected     mande de fr6quence (11), ledit
transformateur to the automatic gain control means (17) incor-
inverseur (78) comportant une paire d'enroule- porated in the induction
circuit (15).      5       ments primaires a prises (82,84) et une multi-
plicit6    d'enroulements     secondaires 10. A ballast system according to
claim 9 and as       (80,81,102,104,106); et une paire de condensa-
dependent on any one of claims 3 to 7,              teurs de couplage
(86,88) relies chacun en characterised in that the base elements (72,
serie avec l'un desdits enroulements primaires 72') of the two transistors
(70, 70') are coupled   10  (82,84) et avec le tube, ou l'un des tubes s'il
to the opposite ends of the second secondary        en existe plusieurs, 3
decharge dans un gaz winding (47) of the oscillation control trans-
(40,40'); caract6ris6 en ce que les moyens de former (43).
commande automatique de gain (17) compren- nent une paire (80,81) desdits
enroulements 15      secondaires dudit transformateur inverseur (78)
Revendications                                          enroules de facon a
fournir une tension de reaction n6gative au reseau de commutation 1.
Systeme ballast electronique a commande de          (13). gain et stabilise
en fr6quence, destine a un systeme d'eclairage comprenant un ou plu-  20
3. Systeme ballast selon la revendication 1 ou 2, sieurs tubes a d~charge
dans un gaz, ledit          caract6rise en ce que le circuit de commande
systbme ballast comprenant un circuit de corn-      de frequence (11)
comprend un transformateur mande de fr6quence (11) apte a etre reli6 a
de commande d'oscillation (43) comportant un une source d'6nergie (12) pour
6tablir un si-       enroulement primaire (45) et une paire d'en- gnal de
commande d'oscillation; un r6seau de   25   roulements secondaires (47,48),
ledit enroule- commutation (13) coupl6 r6activement audit          ment
primaire (45) 6tant reli6 audit circuit d'in- circuit de commande de
fr6quence pour 6tablir       duction (15) et 6tant reli6 ou apte a etre
relie a un courant pulsatoire repetitif en reponse audit.   ladite source
d'6nergie (12). signal de commande d'oscillation, ledit courant pulsatoire
ayant une frequence 6tablie par ledit  3o  4. Systeme ballast selon la
revendication 3, ca- circuit de commande de frequence (11); un
racteris6 en ce que ledit circuit de commande circuit d'induction (15)
couple audit circuit de    de fr6quence (11) comprend un condensateur
commande de frdquence (11) et audit reseau          de commande
d'oscillation (50) relie a un pre- de commutation (13) pour engendrer une
ten-         mier enroulement secondaire (48) dudit trans- sion aux bornes
du (des) tube(s) a d6charge   35    formateur de commande d'oscillation,
ledit dans un gaz lorsqu'il(s) est (sont) relie(s) au     condensateur (50)
ayant une valeur de capaci- systeme et reagissant audit courant pulsatoire
te pr6d6termin6e en vue d'6tablir ladite fre- 6tabli par ledit reseau de
commutation (13); et     quence predeterminee dudit signal d'oscilla- des
moyens de commande de gain (17) pour            tion. maintenir la valeur
de gain dudit r6seau de   40 commutation (13) A un niveau predetermine,
5. Systeme ballast selon la revendication 4, ca- caracteris6 en ce que les
moyens de comman-         ract6ris6 en ce que ledit transformateur de de de
gain (17) font partie du circuit d'induc-     commande d'oscillation (43)
comprend un en- tion (15) et. sont couples audit r6seau de com-
roulement secondaire (47), ledit enroulement 



mutation (13) suivant une relation de contre-  45   secondaire ayant une
prise centrale (60) relide r6action de fagon a reguler automatiquement
A ladite source d'energie (12) et etant relie a ladite valeur de gain audit
niveau pr6d6termine     ses extremit6s oppos6es (62,64) audit r6seau en
reponse a un couplage magn6tique avec            de commutation (13). ledit
courant pulsatoire, et en ce quo le circuit de commande de frequence (11)
est.prevu de   50  6. Systeme ballast selon la revendication 3, 4 ou facon
a produire le signal de commande d'os-        5, caract6rise en ce que le
transformateur de cillation A une frequence pr6d6termin6e qui
commando d'oscillation (43) comprend un nWest pas affectee par des
modifications du         noyau de ferrite. nombre de tubes a decharge dans
un gaz relies au circuit dOinduction (15).        ss  7. Systeme ballast
selon la revendication 6, ca- . ract6ris6 en ce. que ledit transformateur
de 2. Systeme ballast selon la revendication 1, dans       commande
d'oscillation (43) est operationnel lequel le circuit d'induction (15)
comprend un      dans un mode saturation lorsque ledit (lesdits)    17
EP0186931B1                         18 f   tube(s) a d6charge dans un gaz
est (sont)           Kupplung mit dem pulsierenden Strom, zu re- active(s).
gulieren, und dass die Frequenzsteuerschal- tung (11) zum Erzeugen des
Oszillationsstou- 8  Systeme ballast selon I'une quelconque des
ersignals mit einer vorbestimmten Frequenz revendications 1 a 6,
caracteris6 en ce que le   5  unbeeinflusst durch die Aenderung der Anzahl
reseau de commutation (13) comprend au              mit dem Induktionskreis
(15) verbundenen Ga- moins une paire de transistors .(70,70') relies
sentladungsrehren, eingerichtet ist. audit circuit de commande de fr6quence
(11) et audit circuit d'induction (15).              2. Ballastsystem nach
Anspruch 1, bei dem der ro     Induktionskreis (15) einen mit dom
Schaltnetz- 9. Systeme ballast selon la revendication 8, ca-        werk
(13) und der Frequenzsteuerschaltung ract6rise en  ce que  l'6lement
d'6metteur          (11) gekoppelten Umkehrtransformator (78), (76,76') de
chacun desdits transistors (70,70')     wetcher Umkehrtransformator ein
angezapftes est. relie aux moyens de commande automati-         paar
Primarwickiungen (82, 82) und eine Viel- quo de gain (17) incorpores dans
le circuit  is     zahl von Sekundarwicklungen (80, 81, 102, d'induction
(15).                                   104, 106) hat, und ein Paar
Kopplungskonden- satoren (86, 88), jeder in serielle Beziehung 10. Systeme
ballast selon la revendication 9 et tel     mit einer der Primarwicklungen
(82, 84) und quo dependant de t'une quelconque des re-           mit der
oder, falls  mehrere, einer der vendications 3 a 7, caract6rise en ce quo
les   20  Galsentladungsr6hre(n) (40, 40') geschaltet, 6l6ments de base
(72,72') des deux transistors      aufweist, dadurch gekennzeichnet, dass
das (70,70') sont reli6s aux extremites opposees        automatische
Verstgrkungsregelungsmittel (17) du second enroulement secondaire (47) du
ein Paar der Sekundarwicklungen (80, 81) des transformateur de commande
d'oscillation (43).      Umkehrtransformators (78), gewickelt um dem 25
Schaltnetzwerk (13) eine negative RUckkopp- lungsspannung zu liefern,
aufweist. AnsprUche 3. Ballastsystem  nach Anspruch 1 oder 2, da- 1.
Elektronisches, frequenzstabilisiertes, verstar-     durch gekennzeichnet,
dass die Frequenzsteu- kungsgeregeltes Ballastsystem  fUr ein Be-   30
erschaltung (11) einen Oszillationssteuertrans- leuchtungssystem mit einer
oder mehreren Ga-        formator (43) mit einer Primarwicklung (45)
sentladungsrohren, welches Ballastsystem eine       und einem Paar
Sekundarwicklungen (47, 48) mit einer Energiequelle (12) verbindbare Fre-
umfasst, die Primarwicklung (45) mit dem In- quenzsteuerschaltung (11) zum
Erzeugen ei-         duktionskreis (15) verbunden und mit der Ener- nes
Oszillationssteuersignals, ein mit der Fre-  35  giequelle (12) verbunden
oder verbindbar ist. quenzsteuerschaltung ruckkoppelnd verbunde- nes
Schaltnetzwerk (13) zum Erzeugen eines       4. Ballastsystem nach Anspruch
3, dadurch ge- sich wiederholenden, auf das Oszillationssteu-
kennzeichnet, dass die Frequenzsteuerschal- ersignal ansprechenden
pulsierenden Stromes,        tung (11) einen an die erste Sekundarwicklung
wobei dieser pulsierende Strom eine von der   40    (48) des
Oszillationssteuertransformators ge- Frequenzsteuerschaltung (11)
festgesetzte Fre-      koppelten  Oszillationssteuerkondensator (50) quenz
hat; einen an die Frequenzsteuerschal-         umfasst, dieser Kondensator
(50) einen vorge- tung (11) und an das Schaltnetzwerk (13) ge-
gebenenKapazitatswert zum  begrunden der 



koppelten Induktionskreis (15) zum  Erzeugen        vorgegebenen  Frequenz
des Oszillationssi- einer Spannung Uber der Gasentladungsrohre-   45
gnats aufweist. (n) wenn diese mit dem System verbunden ist und ansprechend
auf den durch das Schalt-        5. Ballastsystem nach Anspruch 4, dadurch
ge- netzwerk (13) festgelegten pulsierenden Strom;      kennzeichnet, dass
der Oszillationssteuertrans- und ein Verstarkungsrogelungsmittel (17) zum
formator (43) eine Sekundarwicklung umfasst, Aufrechterhalten des
Verstarkungsgrades des   so    diese Sekundarwicklung eine Mittenanzapfung
Schaltnetzwerks (13) auf einem vorgegebenen         (60) zur Energiequelle
(12) aufweist und mit Wert aufweist, dadurch gekennzeichnet, dass
den entgegengesetzten Enden (62, 64) mit das Verstarkungsregelungsmittel
(17) einen          dam Schaltnetzwerk (13) verbunden ist. Teil des
Induktionskreises (15) bildet und in negativer RUckkopplungsbeziehung  an
das   55  6. Ballastsystem nach Anspruch 3, 4 oder 5, da- Schaltnetzwerk
(13) gekuppelt ist um den Ver-       durch gekennzeichnet, dass der
Oszillations- starkungsgrad automatisch auf den vorgegebe-
steuertransformator (43) einen Ferritkern auf- nen Wert, ansprechend auf
eine magnetische          waist.    19                  EP.0 186 931 B1
20 Ballastsystem  nach Anspruch 6, dadurch ge- - kennzeichnet, dass der
Oszillationssteuertrans- formator (43) in Sattigung betrieben ist wenn die
Gasentladungsr6hre (n) in Betrieb ist oder sind.
5 8. Ballastsystem nach einem der Anspruche 1 bis 6, dadurch
gekennzeichnet, dass das Schalt- netzwerk (13) mindestens ein Paar mit der
Frequenzsteuerschaltung (11) und dem Induk-   10 tionskreis gekoppelte
Transistoren (70, 70') umfasst. 9. Ballastsystem  nach Anspruch 8, dadurch
ge- kennzeichnet, dass das Emitterelement (76,   15 76') vom jedem der
Transistoren (70, 70') mit dem in den Induktionskreis (15) eingeglieder-
ten automatischen Verstarkungsregelungsmittel (17) verbunden ist. 20 10.
Ballastsystem nach Anspruch 9 und soweit ab- hangig von einem  der
AnsprUche 3 bis 7, dadurch gekennzeichnet, dass die Basisele- mente (72,
72') der zwei Transistoren (70, 70') mit den entgegengesetzten Enden der
zweiten   25 Sekundgrwicklung (47) des Oszillationssteuer- transformators
(43) verbunden sind. 30 35 40 45 50 55    


