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and more particularly to a circuit for driving a pair of bipolar transistors of a ballast

inverter, .
_ Conventional ballast inverters, such as the push-pull type, employ bipolar
5 power transistors having relatively high switching losses when driven into deep

& saturation during other than maximum load cbnditions. Switching losses vary based on
load conditions imposed on the ballast inverter and are difficult to minimize for all load
conditions. The relatively high switching losses also result in the transistors operating at
relatively high temperatures which are typically above 60°C. Such relatively high

10 " operating temperatures require heat sinks thereby raising the inverter manufacturing
cost.

In selecting/designing the base driving circuit for a ballast inverter,
characteristics/parameters of the power transistors such as current gain must be
carefully chosen for achieving desired ballast operating characteristics. Different types

15 of bipolar transistors can have different characteristics/parémeters and therefore cannot
be readily substituted for one another for a given base driving circuit.

Significant voltage transients can also appear across the bipolar transistors
during turn-on of the lamp ballast. These voitage transients when applied across the
bipolar transistors can result in transistor failure.

20 Conventional ballast inverters also can employ Baker clamps in order to
more quickly turn-off the bipolar transistor, that is, to more closely simulate the
switching speed of a field effect transistor. The Baker clamp, however, requires use of
a relatively expensive high voltage fast recovery diode further increasing power losses.

A typical base driving scheme for a conventional ballast inverter also

25 requires the bipolar transistors have a constant, forced current gain. In other words, the
base current is maintained in a fixed relationship relative to the collector or emitter
current. Use of such bipolar transistors limit the range of equivalent bipolar transistors
which can be employed within the ballast inverter design, that is, hmxts standardization
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# Generally speaking, in accordance with the invention, a driving circuit for
bipolar transistors in which each transistor has at least a base and a minority carrier
charge includes a reference voltage device for producing a reference voltage associated

15 with each transistor, a current supply for supplying current to the base of each transistor
based on the associated reference voltage and a feedback circuit associated with each
transistor for varying the reference voltage associated with that transistor based on the
minority carrier charge stored in the latter.

By varying the reference voltage associated with each transistor based on

20 the minority carrier charge stored in the latter, each transistor is prevented from being

deeply saturated. Switching losses during no-load conditions are therefore minimized.

The reduction in the amount of stored minority carriers within each transistor results in

svﬁtching of each bipolar transistor much more quickly. The switching times of the

bipolar transistors approach the switching times of a field effect transistor.

The present invention need not employ Baker clamps in its base driving
scheme and therefore avoid the relatively high power losses associated with this clamp.
The reduced switching losses also result in the transistors operating at lower
temperatures.

The self correcting feedback circuits can maintain the transistors in lightly
saturated conductive states. Each feedback circuit is independent of one another. The
transistors used in the driving scheme therefore need not have the same operating
characteristics. In fact, a wide range of bipolar transistors having different operating
characteristics can be employed in the driving scheme of the present invention. In
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5 The feedback circuit includes a switching device associated with each

transistor. The switching device is responsive to the conductive state of the associated
transistor for controlling when reduction of the associated reference voltage occurs. The
switching device and capacitor associated with each transistor are preferably connected
~ in parallel. The level of current supplied to the base of each transistor by the current
10 supply is directly proportional to the associated reference voltage.

+ In another feature of the invention, the reference voltage device further

includes a conduction control device associated with each transistor for controlling the

_increase of current supplied to the base of and thereby reducing power losses during
conduction of that transistor. The conduction control device and storage device

15 associated with each transistor are typically serially connected together.

In accordance with yet another feature of the invention, a stabilizing =
device associated with each transistor limits decremental variation to only one reference
voltage at any instant in time. The stabilizing device and reference voltage device are
preferably connected in parallel with each other. The stabilizing device typically

20 includes a diode.

Still other objects and advantages of the invention will, in part, be
obvious, and will, in part, be apparent from the specification.

The invention éccordingly comprises several steps and a relation of one or
more of such steps with respect to each of the others, and the device embodying

25 features of construction, combination of elements and arrangements of parts which are
adapted to effect such steps, all is exemplified in the following detailed disclosure, and
the scope of the invention will be indicated in the claims.

30 For a fuller understanding of the invention, reference is had to the
following description taken in combination with the accompanying drawings, in which:
Fig. 1 is a schematic diagram of a ballast which includes a bipolar
transistor base.driving circuit in accordance with one embodiment of the invention; and
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voltage source 100. Ballast 10 also includes a rectifier 300 for rectifying the filtered

10 a.c. voltage, an inverter 400 for converting the rectified a.c. voltage produced by

* rectifier 300 into a high frequency a.c. voltage. Inverter 400 includes a base drive

| circuit 500 for driving a pair of bipolar power transistors Q1 and Q2 of inverter 400,
The high frequency a.c. voltage produced by inverter 400 is supplied to a lamp load

. 600 for powering of the latter.

15 EMI filter 200 includes a varistor V1 whxch is connected to a first end of
an inductor L1A and a first end of an inductor L1B. The other ends of inductors L1A
and L1B are connected to either end of a capacitor C1. A capacitor C7 is connected at

“one end to the junction between inductor L1B and capacitor C1 and at its other end to
earth ground (e.g. to a grounded ballast can). The output voltage of filter 200 is

20 produced across capacitor C1 and is then rectified by rectifier 300.

Rectifier 300 includes four diodes D1, D2, D3 and D4. The anode of
diode D1 and cathode of diode D2 are connected to the junction between inductor LIA
and capacitor C1. The anode of diode D3 and cathode of diode D4 are connected at a
first junction joining capacitors C1 and C7 and inductor L1B together. The cathodes of

25 diodes D1 and D3 are connected together at a second junction. The anodes of diodes D2
and D4 are also connected together. The junctions between the cathodes of diodes D1
and D3 and the anodes of diodes D2 and D4 serve as the outputs of rectifier 300 and
are connected to a buffer (e.g. electrolytic) capacitor C11, the latter of which is shown
within inverter 400. Alternatively, capacitor C11 can be viewed as part of and across

30 the output of rectifier 300. -

Inverter 400, which is of the push-pull oscillator type, also includes an
inductor L2 connected at one end to the junction joining capacitor C11 and the anodes
of diodes D2 and D4 together. A resistor R1 is connected to the junction joining
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5 transistor Q2, a collector of an NPN transistor Q5 and an emitter of a bipolar NPN
transistor Q1. The other end of resistor R3 is connected to a base of transistor Q2, an

emitter of a bipolar NPN transistor Q4 and one end of a resistor RS.

The other end of resistor of R2 is connected to the junction joining a base
~ of transistor Q5, a collector of an NPN transistor Q8 and a resistor R9. The anodes of a
10 pair of diodes D5 and D8 are connected to the other end of resistor R9. The emitter of
‘ transistor Q5 is connected to one end of a resistor R6 and a base of transistor Q8. The
other end of resistor R6 is connected to the anodes of a pair of diodes D6 and D7 and
an emitter of transistor Q8. The cathode of diode D6 is connected to one end of a
capacitor C2, a base of a bipolar NPN transistor Q3, one end of an inductor TW and
15 one end of a resistor R4. Inductor TW, which is the tertiary winding of a transformer
T1, is commonly referred to as the base winding (i.e. the base winding for supplying
~ power to the bases of transistors Q1 and Q2). The other end of capacitor C2 is
connected to the cathode of diode D5 and a collector of transistor Q3. The emitter of
transistor Q3 is connected to the other end of resistor R4 and a base of transistor Q1.
20 The cathode of diode D7 is connected to one end of a capacitor C3, a
base of transistor of Q4, the other end of resistor RS and the other end of tertiary
winding TW of transformer T1. The other end of capacitor C3 is connected to the
cathode of diode D8 and a collector of transistor Q4. Resistors R2, R4, RS, R6 and R9,
diodes DS, D6, D7 and D8, capacitors C2 and C3, tertiary winding TW of transformer
25 TI1 and transistors Q3, Q4 and Q8 serve together as base drive circuit 500 for bipolar
transistors Q1 and Q2 as further discussed below.
o Connected to a collector of transistor Q2 is a first end of a capacitor C13
and a first end of primary winding PW. The other end of capacitor C13 is connected to
one end of a capacitor C15. The other end of capacitor C15 is connected to a collector
30 of transistor Q1 and the other end of primary winding PW.
A secondary winding SW of transformer T1 is connected at one end to a
pair of first ends of a capacitor C20 and a capacitor C22, The other ends of secondary
winding SW and capacitors C20 and C22 serve as the outputs for inverter 400 to which
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capacitor C1, is supplied to rectifier 300 for rectification of the a.c. voltage across

capacitor C1. The rectified a.c. voltage produced by rectifier 300 is stored across buffer

10 (e.g. electrolytic) capacitor C11. The peak voltage across capacitor C1 appears across

capacitor C11. The voltage across capacitor C11 serves as the bus voltage for inverter

* 400. Typically, the bus voltage is about 150 volts or about 345 volts when the voltage
applied to filter 200 by voltage source 100 is about 120 volts or about 277 volts,
respectively. The bus voltage is applied to center tap TP3 of primary winding PW.

15 Inductor L2 serves as a current radio frequency choke providixig constant
current to inverter 400. Capacitors C20 and C22 serve as ballasts for lamps LL1 and
LL2, respectively. Typically, the voltage across secondary winding SW of transformer
T1 is about 550 volts RMS; the lamp current flowing through each of capacitofs C20
and C22 being approximately 180 milliamperes at steady state full load conditions.

20 Primary winding PW resonates with capacitors C13 and C15 to produce a
desired resonant tank/tuned oscillating frequency. Transistors Q1 and Q2 are switched
by base drive circuit 500 for refreshing capacitors C13 and C15 and primary winding
PW of the resonant tank circuit.

The ignition scheme for starting the resonant tank circuit (i.e. initiating
25 oscillation) includes resistors R1 and R3. Current flows through resistors R1 and R3 for
§~ proper bias of transistors Q1 and Q2 in initiating oscillation of the resonant tank circuit
% (i.e. for initial switching of transistors Q1 and Q2).

Capacitors C2 and C3 are charged and discharged at different times.

There are no periods of time when capacitors C2 and C3 are both charging or when
both capacitors C2 and C3 are both discharging. Following discharge, capacitors C2
and C3 are neither charging nor discharging (referred to hereinafter as "idling"). The .
operational sequence of each capacitor C2 and C3 includes charging (during '
approximately 1/2 of each oscillation cycle) followed by discharging (during

REPLACED
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D5, capacitor C2, tertiary winding TW, resistor RS, base-emitter junction of transistor
Q2 and inductor L2 before returning to capacitor C11. The forward base current for
switching transistor Q2 is based on the voltage across capacitor C2 as further explained
below. '

10 Capacitor C3 begins to charge once transistor Q2 is completely turned
OFF and continues to charge until transistor Q1 begins to turn OFF. Current for
charging of capacitor C3 flows from capacitor C11 through resistors R1, R2 and R9, -
diode D8, capacitor C3, tertiary winding TW, resistor R4, the base-emitter junction of
transistor Q1 and inductor L2 before returning to capacitor C11. The forward base

15 current for transistor Q1 is based on the voltage across capacitor C3 as further
explained below.

. As transistor Q2 or Q1 is being turned OFF, a large spike or reverse base
current from the transistor being turned OFF sufficient for turning ON the other
transistor (Q1 or Q2) is sensed by resistor R4 or RS, respectively. The voltage

20 developed across resistor R4 or RS, as transistor Q2 or transistor Q1 begins to turn
OFF, is sufficient to turn ON sensing transistors Q3 or Q4, respectively. The reverse
base current of transistor Q2 or Q1 now flows, in part, through the emitter-coliector
path of transistor Q4 or Q3, respectively. For each oscillation of the resonant tank .
circuit, discharge current from capacitor C3 flows along a path which includes the

25 collector-emitter path of transistor Q4, the base-collector junction of transistor Q2,
primary winding PW, the collector-base junction of transistor Q1, resistor R4 and
tertiary winding TW before returning to capacitor C3. Similarly, during each oscillation
of the resonant tank circuit, discharge current from capacitor C2 flows along a path
which includes the collector-emitter path of transistor Q3, base-collector junction of

30 transistor Q1, primary winding PW, collector-base junction of transistor Q2, resistor RS
and tertiary winding TW before returning to capacitor C2.

During one-half of each oscillation cycle of the resonant tuned circuit,
capacitor C3 serves to set the voltage across resistor R6. During the other half cycle of
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During one-half of each oscillation cycle, éapacitor C3 controls (i.e.
establishes) the voltage developed across and therefore the current flowing through
resistor R6. During the other half cycle of each oscillation, capacitor C2 controls (i.e.
establishes) the voltage developed across and therefore the current flowing through
resistor R6.

Shortly after the resonant tank circuit begins to oscillate, a voltage of
sufficiently high amplitude develops across the resonant tank circuit to turn ON
transistor Q5. Current for forward biasing of transistor Q2 flows from tertiary winding

" TW along a path which includes resistor RS, the base-emitter junction of transistor Q2,

the collector-emitter path of transistor QS, resistor R6 and diode D6 before returning to
tertiary winding TW. Current for forward biasing of transistor Q1 flows from tertiary
winding TW along a path which includes resistor R4, the base-emitter junction of
transistor Q1, the collector-emitter path of transistor QS5, resistor R6 and diode D7
before returning to tertiary winding TW. In other words, current for forward biasing by
the transistor Q1 or Q2 always flows through resistor R6. By controlling the current
flowing through resistor R6, capacitors C2 and C3 control the forward base drive of
transistors Q1 and Q2, respectively. The average voltage across capacitors C2 and C3 is
maintained at a relatively constant value during smdy-state operation of lamp load 600.
Of particular importance are the two self-correcting feedback circuits for
maintaining transistors Q1 and Q2 in relatively lightly saturated, conductive states. The
discharge paths of capacitors C2 and C3 serve as respective feedback circuits. The first
feedback path (i.e. discharge path of capacitor C3) includes the collector-base junction
and therefore the minority carrier charge stored in a collector of transistor Q1. When
more or less current flows into the base of transistor Q1 during a push-pull cycle, the
amount of minority carrier charge stored in the collector of transistor Q1 varies. ‘During
discharge of capacitor C3 such variation in stored minority carrier charge of collector
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Similarly, the voltage across capacitor C2 following discharge reflects changes

in the amount of minority carrier charge stored in the collector of transistor Q2 based
10 on variations in power consumption of lamp load 600. When transistor Q2 is
temporarily driven into deep saturation due to a reduction in power consumed by lamp
load 600, the minority carrier charge of the collector of transistor Q2 increases thereby
lowering the level of voltage to which capacitor C2 discharges. When the power
- consumed by lamp load 600 increases, the minority carrier charge in the collector of
15 transistor Q2 decreases thereby raising the voltage level to its capacitor C2 discharges.
Transistor Q8' limits the current flowing through resistor R6 during the
. separate charging of capacitors C2 and C3. When the voitage across resistor R6 is
sufficient to turn ON transistor Q8, a portion of the current flowing into the base of
transistor Q5 is now diverted through the collector-emitter path of transistor Q8 into the
20 junction joining the anode of diodes D6 and D7 and resistor R6 together. By limiting
the flow of current into the base of transistor QS, the emitter current of transistor Q5 |
during forward biasing of transistors Q1 and Q2 is limited to a predetermined level.
The voltage across resistor R6 is designed to be greater than the voltage
across resistor RS during forward biasing of transistor Q2 and to be greater than the
25 voltage across resistor R4 during forward biasing of transistor Q1. The voltage
developed across resistor R6 is limited by transistor Q8 (i.e. limited by the level of
transistor Q5 emitter current) so that the voltage developed across resistor RS during
charging of capacitor C2 is insufficient to turn ON transistor Q4. By preventing
transistor Q4 from being turned ON, discharging of capacitor C3 during charging of
30 capacitor C2 is prevented. Similarly, the voltage developed across resistor R4 during
charging of capacitor C3 is insufficient to turn ON transistor Q3. Discharge of capacitor
C2 during charging of capacitor C3 is therefore prevented.

By preventing capacitor C2 from discharging while capacitor C3 is being
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ctor L2 connected js S plaged junction joining capacitor Cl1 and
anodes of di odes D2 Il " er. Aresistor RL is connected to the
K ion joinin c he cathodes of diodes D1 and D3 and a

_ 5
- tap PHRA D780 i nductor PWtoget herl0 | nductor PWserves as2444.1993

prijgary winding of a transformer T1. The other end of resistor Rl is
corlfiect ed tcbarged; transisiog Q8rserves &a stgbilize rscillator operatiqn. /Ihat iy drapsistar Q8si st or
R3

' andrev 8 uni RS hinale oFcRRRATCY Imbhill SER IO vl altof 27
bol ar  N@bistor REStesiilfing (il a 1VRE of trifsisteQ1 Forwazd ibaseocurtént beingaooéew esl to a

@ of transistor @, an enitter of a bipolar NPN transistor 81 and one
bf a r eums OB trawsistan@1 oThere iena changedsithe yeltage acposs sapasiipE24WNng t he

405 oiing, 2P ARGk RUShAUGE (3P Trdhsil) GE b6 RbveRs ABMtoE S St o1

from discharging while capacitor C2 is being charged and therefore serves to stabilize

oscillator operation during the charging of capacitor C2. That is, transistor Q8 prevents
the untimely discharge of capacitor C2 imposing a very low voltage across resistor R6
resulting in a level of transistor Q2 forward base current being too low to turn ON
10 transistor Q2. There is no change in the voltage across capacitor C3 during charging
and discharging of capacitor C2. Transistor Q8 can also be viewed as diverting the flow
- of current away from capacitors C2 and C3 during charging of these capacitors.
‘Resistor R9 serves to control the shape of the voltage waveform across
‘resistor R6 to permit transistors Q1 and Q2 to be driven into deeper saturation (i.e.
15 smaller emitter-collector voltage drop) so as to decrease transistor conduction losses.
In accordance with an alternative embodiment of the invention, a ballast |
20, as shown in Fig. 2, is similar in construction and operation to ballast 10 of Fig. 1.
Those elements of ballasts 10 and 20 of similar construction and operating in a similar
.manner have been identified by like reference numerals and will not be further
20 discussed herein. The differences between ballast 20 and ballast 10 relate to the
protection of transistors Q1 and Q2 and the discharge (feedback) and charging paths of
capacitors C2 and C3.
Base driving circuit 700 of ballast 20 includes resistor R2 connected to the
anodes of diodes D9, D10 and D11. The cathode of diode D11 is connected to the
25 junction joining one'éi'ld of inductor L2, the collectors of a pair of bipblar NPN
transistors Q6 and Q7 and thé emitters of transistors Q1 and Q2 together. The cathode
of diode D9 is connected to the anode of a diode D14 and the base of transistor Q7.
The cathode of diode D10 is connected to the anode of a diode D15 and the base of
» transistor Q6. The emitter of transistor Q7 is connected to the junction joining the base
30 of transistor Q2, resistors R3 and RS and the emitter of transistor Q4 together. The
x emitter of transistor Q6 is connected to the emitter of transistor Q3, the base of
transistor Q1 and one end of resistor R4.

The cathode of diode D14 is connected to one end of a resistor R8 and the

. H
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10 p@r, of diodes D5 and D8 are connected to the other end of resistor R.
@ritter of transistor 6 is connected to one end of a resistor R6 and a
base gpf transistor (B. The other end of resistor R6 is connected _to the
& of aPB&i21.482di odes D6 and D7 and Hn enitter of transi stor24(b‘.-{]9ﬂ$e
cat h@le of diode D6 is connected to one end of a capacitor C2, a base of a

v NPNanodg efiasdipde B 7. The obweicrst obiresistar RS isr conpecied;toroncoend feapagitos
Y Rics 8l Suckit offiaillsiop h%k%mga%fpldaq'&%ﬁ jstohhdiial (Y el

b, commonly referred to as e base wnding (I.e. the base wnding for
i ng pjunetiorn jpinihg chpasiter OB, thecbase of oansistir Qi résBlor R51andh ferrite beadof
gdtor C2 is connected to th? cat hode of, diode D5 and a coJl ector of

stor By togethere the other gnd of feraiteshead Risisi conpestecotor one end ofrfertdifher end
iStsor'vaxAﬂh?%W base of transistor QL. 20 : The cat hode of

D7 ©i s conrfected to one end of a capacitor C3, a base of transistor of

4, tQe ot her endrif catlelessfatiodedD #51i5 ¢dnnected o theraiodé of diode DI andnoherepdTW
of tr@nsformer T1. The ot her end of,oéqaﬂeigi,tor C3 i.s connected, tqQ the
cathofle of of adesister RAdThe cathodecoffi dhsonnegted ¢ thejuacignyjoining R4, Rs,
R6 an

Ro ang RO gididficr €8; tBbasddr RiMkisbh QI 2RAHrY WiRiding TW hnFesibtb RuAbertite)dl N
The other end of resistor R7 is connected to the junction joining capacitor C2 and the
10 collector of transistor Q3 together.
Resistors R2, R4, RS, R7 and RS, diodes 159, D10, D11, D14, DlS, D16
- and D17, capacitors C2 and C3, transistors Q3, Q4, Q6 and Q7, ferrite bead Bl and
tertiary winding TW in combination serve as a base drive circuit 700 for switching ON
; and OFF transistors Q1 and Q2.
15 | Aside from base drive circuit 700, ballast 20 also differs from ballast 10
: in that the junction joining the anodes of diodes D2 and D4 and inductor L2 together is
also connected through a pair of diodes D12 and D13 to a pair of taps TP1 and TP2 of
primary winding PW, respectively. Ballast 20 is capable of powering a lamp load 800
-which includes fluorescent lamps LL1, LL2, LL3 and LLA. Ballast 20 includes
20 capacitors C20, C22, C24 and C26 for ballasting lamps LL1, LL2, LL3 and LIA4,
; respectively. .
Operation of ballast 20 is substantially the same as previously described
with respect to ballasf 10 in that capacitors C2 and C3 provide reference voltages for
_ establishing (controlling) the forward base current supplied to transistors Q2 and Ql,
:" 25 respectively. Current for charging capacitor C3 flows from capacitor C11 through
I resistors R1 and R2, diodes D and D14, resistor R8, capacitor C3, ferrite bead B1,
tertiary winding TW, resistor R4, base-emitter junction of transistor Q1 and inductor L2
before returning to capacitor C11. Current for charging capacitor C2 flows from
§  capacitor C11 through resistors R1 and R2, diodes D10 and D15, resistor R7, capacitor
B ;30 C2, tertiary winding TW, ferrite bead B1, resistor RS, base-emitter junction of
' transistor Q2 and inductor L2 before returning to capacitor C11.
The discharge (feedback) path of capacitor C3 includes the loop formed
by capacitor C3, emitter-collector path of transistor Q4, base-collector junction of
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T1l and transi storsr}@shee@lameklmlasarve toget her as base drive circuit

for” bi pol ar transi st as further discussed bel ow. Connected
a col |l ector of transi irst end of a capacitor Cl13 and a
t end PHAP21.782y wi e ot hr end of capacitor C1324s11.1993

ected to one end of a capacitor Cl5. The other end of capacitor Cl5 is
cofhect eg W&mswstmoQﬁgpﬁmaryS@inding PWh, siolieator-bizlse junttion of dransistoe Q1 , gesistes mar y
wi @i ng A secondary w_ndi SW of ngforgrer T1 1sS.CQ at one
enfl 10 a pR# KAy yaing 18 a0 Terti Deed BT The gisEharme CoRARERT B 80, 11e

"ol CT IR0 arny ety o3 Sofituneifpasi e o (e
600 i transisiersQ3, pasercotibctot juncticn oftransistersQL) primary wirding PW, collector-
5 base junction of transistor Q2, resistor RS, ferrite bead Bl and tertiary winding TW.
Ballast 20 eliminates the need for resistor R6 of ballast 10 by now having
capacitors C2 and C3 control the voltages across resistors R4 and RS, respectively. In
other words, resistors R4 and R5 now each serve two purposes. Similar to ballast 10,
resistors R4 and RS determine when to turn ON transistors Q3 and Q4 for initiating
10 discharge of capacitors C2 and C3 for purposes of feedback as discussed above,
respectively. Additionally, resistors R4 and RS are also used to determine the level of
forward base current for transistors Q2 and Q1 by capacitor C2/resistor R7 and
capacitor C3/resistor R8 controlling the voltages developed across resistors R4 and RS,
respectively. |
15 The forward base current flowing into the base of transistor Q1 also flows
through and is determined based on the voltage developed across resistor RS. The
voltage developed across resistor RS is designed to be substantially equal to the voltage
across the series combination of resistor R8 and capacitor C3. The forward base current
flowing into transistor Q2 also flows through and is determined based on the voltage
20 developed across resistor R4. The voltage developed across resistor R4 is designed to

be substantially equal to the voltage across the series combination of resistor R7 and

capacitor C2. _
By including resistor R8, .the shape of the voltage waveform developed
across resistor RS also can be changed to permit transistor Q1 to be driven into deeper
25 saturation (i.e. smaller emitter-collector voltage drop) so as to decrease conduction loss

of transistor Q1. Similarly, resistor R7 also serves to reshape the voltage waveform
developed across resistor R4 to permit transistor Q2 to be driven into deeper saturation
so as to reduce conduction loss of transistor Q2. As can readily be appreciated, in an
alternative embodiment of the invention resistors R7 and R8 can be short-circuited

30 provided higher conduction losses can be tolerated. |

Ballast 20 unlike ballast 10 also includes ferrite bead B1, that is, an

inductor. Ferrite bead B1 serves to increase the rise time of the current spike created by
the flow of reverse base current of transistor Q1 or Q2 flowing through tertiary winding
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across secon ary W ofr mer
developed across resistor R4 dunng charging and discharging of capacitor C3 is
insufficient to turn ON transistor Q3 and thereby permit discharge of capacitor C2. In
other words, diode D17 pfevents capacitor C2 from discharging when capacitor C3 is
being charged and therefore serves to stabilize oscillator operation (i.e. prevent the
push-pull oscillator from being turned OFF). There is no change in the voltage across
capacitor C2 during charging and discharging of capacitor C3, that is, the voltage
across capacitor C2 is maintained at the same level during its idling state.

Diode D16, similar to diode D17, prevents capacitor C3 from discharging
when capacitor C2 is being charged. More particularly, the voltage across capacitor C2 |
and resistor R7 is limited to the threshold voltage of diode D16 during charging of

capacitor C2. The voltage across resistor RS is designed to be equal to the voltage

across diode D16 and therefore can never exceed the threshold voltage of diode D16

~ when capacitor C2 is being charged. Therefore, when capacitor C2 is being charged,

transistor Q4 cannot be turned ON and therefore prevents discharge of capacitor C3. In
other words, capacitor C3 is prevented from discharging when capacitor C2 is being
charged and therefore serves to stabilize oscillator operation (i.e. prevents oscillator
from being turned OFF). There is no change in the voltage across capacitor C3 during
charging and discharging of capacitor C2, that is, the voltage across capacitor C2 is
maintained at the same level during its idling state.

The source of current for forward biasing transistor Q1 is produced by
tertiary (base) winding TW, The path of forward base current for transistor Q1 flows
from tertiary winding TW through resistor R4 through the base-emitter junction of
transistor Ql, the collector-emitter path of transistor Q7, resistor RS and ferrite bead Bl
before returning to tertiary windin_g TW. The forward base current for transistor Q2,
which is also produced by tertiary TW, flows from tertiary winding TW through ferrite
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s about 550 volts eetHps BeegReplarad r ent f | owi ng t hr ough each of

icitors C20 and C22 ' ' tely 180 mllianperes at steady state
i | oad conditions. Primary winding PWresonates with

ici. t or SPEA32RME2/C15 to produce a desitged resonant tank/tuned23spi 993t i ng

uency. Transistors QL and Q2 are switched by base drive circuit 500 for
leshi ngbedBL, fesistor ®53 bagiderhilter ?\ﬁdﬁ&i b BaNsistb QR Neolldélorlentitier patis anant
or

circuit. The ignition schene starting the resonant tank circuit
i ni t fraRsisier Q9 andgesistpr R4 hefore metuming; to tegtiary avinding TWd R3. Current

i ng osol 1 121eRs Pz DB el vl apypibbel bephted o PTG,
tchi ng aid TPARSiprintir§ willding PWkkceeSQHROVAIAES akrds §iforaC El . SimilgAg, and
! l_har ed at different tines. There are no periods of tinme when capacitors

ind & diode RY3rwilhawm QN when b volge etween dapscTRDand T3 dngreater shas the h
ol scharelriss o SelySf G SConsRitly. e migneite rirBhColfubal o @
sec@ience oiimting) PWARSdiverted o capiditord I1nwhedeer theablthgeodiffétsnce Between the
collectors of transistors Q1 and Q2 exceeds a predetermined level. Any undesired
voltages (e.g. voltage spikes) which appear across primary winding PW are diverted
10 from transistors Q1 and Q2 thereby protecting these transistors.

In accordance with yet another alternative embodiment of the invention,
resistor R2 can be short-circuited, diode D11 can be open circuited and diodes D9 and
D10 can be replaced with a corresponding pair of resistors in order to reduce the

_number of components and particularly the number of diodes required. As can also be

15 readily appreciated, the source for bias_ing transistors Q6 and Q7 need not be derived
from the junction formed by capacitor C11 and the cathodes of diodes D1 and D3. For
example, biasing of transistors Q6 and Q7 can be provided from the junction between
the collectors of transistors Q6 and Q7 or from a tap of inductor L2.

As now can be readily appreciated, ballast 10 and ballast 20 each provide

20 two discharge/feedback paths which are independent of one another. Transistors Q1 and
Q2 need not have the same characteristics, such as, but not limited to, current gain,
storage time or saturation voltage.

Unlike conventional base driving schemes in which high switching losses
can occur during no load conditions, the present invention by sensing changes in the

25 minority carrier charge stored in the collectors of the power transistors avoids deep |
saturation of the power transistors. Switching losses during no load conditions are
therefore minimized.

Power losses associated with transistors Q1 and Q2 regardless of load
conditions are minimized. Base drive circuits 500 and 700 can accommodate a wide

’ 30 range of input voltages while maintaining lossless operation with minimum loss of
i power during switching of transistors Q1 and Q2. Ballasts 10 and 20 substantially
eliminate overshoot of tank voltage when the resonant tank is turned ON. The need for
a Baker clamp (and the relatively high power losses accompanying the Baker clamp) is
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bximately 1/2 of each oscillation cycle) followed by discharging

ng 7 approximately 1/20 of each oscillation cycle) followed by
hg (during approximately 1/2 of each oscillation cycle) before

ht i ng tRRRAf2L8Pi ng sequence. Capaci tifr C2 begins to charge Q4d4.1993
Bi stor QL is conpletely turned OFF and continues to charge until

bi st or elitnibated by base dtivercicduiits S00rahd IP00! Dbsses ircbase dirive cirBie 500 and°200
from cag hrough resistors Rl, R2 and R9, diode D5

fitor @&° agﬁii{%l%% &) gd eegveptianal base daiving sehemeninasmaych; as fbe leyel of
o ba ALY Ayl PRl S S R AR LY oot e,

'S base
s capaci tor C2.38asé drivereircuits ($0@iand 70D allso/do A6t employ a proportiofil @aivirigor

gi n% ts%hgmhgl,rtﬂgt ig,n rcneaix}tarirallirr]\?aséo%;tan% fci)rséeg (c):u lnettgea!iry fgrutgxg %gwer transistors.
The forced current gain of transistor Q1 and/or Q2 can vary based on and to
accommodate variations in lamp load 600 or 800 and/or transistor characteristics.

‘The base driving scheme in accordance with the present invention
provides base current to individual power switching bipolar transistors. The amount of
10 forward base drive is dependent on lamp load 600 or 800. In other words, the switching
characteristics vary based on lamp load 600 or 800 in response to detection of lightly
saturated conditions of transistors Q1 and Q2. Detection of such lightly saturated
conditions is based on detection of a signal representing the storage of collector
minority carriers in either transistor Q1 or Q2. This signal flows within the feedback
15 path during discharge of the associated reference capacitor (i.e. capacitor C2or C3).

The base driving scheme in accordance with the invention therefore
results in switching of bipolar transistors much more quickly by reducing the amount of
stored minority carriers within the power transistors. Advantageously, the switching
times of the bipolar transistors approach the switching times of a field effect transistor
. 20 FED.

It will thus been seen that the objects set forth above, among those made
apparent from the preceding description, are efficiently attained and since certain
changes may be made in the above constructions without departing from the spirit and

_ scope of the invention, it is intended .that all matter contained in the above description
25 and shown in the accompanying drawings shall be interpreted as illustrative and not in a
; limiting sense. "

It is also to be understood that the following claims are intended to cover
all of the generic and specific features of the invention herein described, and all
9 statements of the scope of the invention which, as a matter of language, might be said
£ 0 1o fall therebetween.
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argi ng of capacitor C3 flows from capacitor Cl1 through resistors Rl,
d RO, diode D8, capacitor C3, tertiary winding TW resistor R4, the
e tt PHA @hcA82on of transistor QL apg i nductor L2 before re24ilhilgg3to
tor Cl1. The forward base 15 current for transistor QL is based on
ol t agCIAIMSs capacitor C3 as further explained bel ow. As transistor

QL is being turned OFF, a IaTS‘m—ke—eHe#eLse base current from
ransi stor being turned OFF suf ffgi i

turn| ng ON t he ot her
i st o ensed by re d respectively. The
'y e 2 I@MGL"EEMEFII Ss 'resi stor IH" u ansi stor @ or
i St O rn OFF, is ‘urn ON sensing

i stors 4, respectively. The reverse base current of transistor
: QL nowflows in part, through the emtter-collector path of

i stor yQ4 or B, Al &Af gtcir&@ ?r r die'orGAbre &%ﬁﬁs&s‘ﬂ&s, {zach"tf‘an%fs fpnant

gcircui t di scharge curren om capaclito ng a path which
des thnvfﬁg abdse ant @r minority earripatiargé, domprisingt or Q4, the base-col | ect or

Juncgion of t ransisto refer%ce voltage means for producing a reference voltage associated with
each transistor; '
5 current supply means for supplying current to the base of each transistor
based on the associated reference voltage; and
feedback means associatéd with each transistor for varying the reference
voltage associated with that transistor based on the minority carrier charge stored in the
latter. "
10 2. The driving circuit of claim 1, wherein the reference voltage means
includes a storage device for each of the transistors, the voltage across each storage

device serving as the reference voltage for the associated transistor.

3. The driving circuit of claim 2, wherein a capacitor serves as the storage
device.
15 4. The driving circuit of claim 1, 2 or 3, wherein the feedback means

includes switching means associated with each transistor responsive to the conductive

state of that transistor for controlling when a change in the associated reference voltage

occurs. _

S. Driving circuit according to claim 3 and 4, wherein the switching means
20 and capacitor associated with each transistor are coupled.

6. Driving circuit according to any of the previous claims, wherein the

current supply means includes current control means for controlling the level of current

supplied to the base of each transistor.

7. Driving circuit according to any of the previous claims, wherein the level
25 of current supplied to the base of each transistor by said current supply means is

proportional to the associated reference voltage.

8. Driving circuit according to any of the previous claims, further including

stabilizing means associated with each transistor for limiting variation to only one

nd continues to charge until transistor QL begins to turn OFF. Current

}7
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ertiary winding TWbefore returning to capacitor C3. Simlarly,

ng each oscillation of the resonant tank circuit, discharge current

) capacPHA 207821 ows al ong a path whi th includes the col | ect G4 bhil99%r

} of transistor (3, base-collector junction of 30 transistor QL, primary
i ng P\\teferehtevoltapelat any jinstant iotimef transi stor @, resistor R5 and

Piains s Aeren B il e Wopltet U

h 8
fet_the oyl ROfr aR/eRNT; 61830 O clifent BWAY Tork B aré}ascewlﬁgem aid

t tuned circuit,” capacitor C2 serves to set the
kage acincludes assesticondBetor dénicesol t age across resistor R6 set by capacitor

cad g, ?(e)f %@egngorggpglfﬁ oy rrat o lenging algxgol%]gaﬁs%'s%rogndtfﬁﬁmlgt&%ﬁ across

according to one or more of the previous claims, coupled to said bipolar transistor.
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vol t.age drop across di ode D7. Sinil arly, the voltage devel oped across
Estor R6 5 duri ng the other half cycle of oscillation is designed to be¢ .
tloxi mately equal to the sumof the voltages across capacitor C2 and

stor ROpHASZ.78® vol tage drop across i@ ode D6. During one-habi, af1993ch
| lation cycle, capacitor C3 controls (i.e. establishes) the voltage

| oped aaw therefore the current flow ng through 10 resistor R6.
ing the other half cycle of each oscillation, capacitor C2 controls

. est abDrivingsgircuitfor bimmmmrmqwbaMmsmmmMe@ﬂmmémh eircuit.r ent

i ng through resistor R6. Shortly after the resonant tank circuit begins

jscil | ate, a voltage of sufficiently high anplitude devel ops across the
pnant tank circuit to turn ON 15 transisto_r . Current for forward

i ncgudes resistor R5 the base-emtter junction of transistor 2, the

Thing Lo tertiar ﬂﬁ%&ﬁsﬁaﬁv@&ﬁ@%@@% it T3 w8 REE i aet ot or

| ows fripResitér, thawihy a reference voltage device for producing a reference voltage associated
with each transistor. A tertiary winding, serving as the base winding for the bipolar
transistors, supplies current to the base of each bipolar transistor based on the associated

5 reference voltage. Separate feedback circuits associated with each transistor carry a

" feedback signal reflecting the minority carrier charge stored in the associated transistor.
The reference voltage associated with each transistor varies based on the associated
feedback signal.

!
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ding TWalong a path which includes resistor R4, the base-emtter

ctioh of 20 transistor QL, the collector-emtter path of transistor
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Is reflected in the | evel to which capacitor C3 discharges. For
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increases thereby lowering the |evel of_ ybltage to which c pzi’éwc)_tn,
di scharges. \Wen the power consune lﬁﬂﬁ “Tgad 600 i ncreakseFE, the mry
mnority carrier charge in the collector of 15 transistor degp?,é’ié:’e@i’*""ﬂ
thereby raising the voltage level to itsy capacitor C2 di scharges.
Transistor @B |limts the current flow ng through resistor. '

separate ar.gi itors.

6. o st FVEh et FGABRF Badiarerl taglase Sl Bionided P
into the base of transistor @ is now diverted through the
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anode of diodes D6 and D7 and resistor R6 together. By limting the flow of
current -into the base of transistor 6, the emtter current of transistor
@ during forward biasing of transistors QL and @ is limted to a
predeterm ned |l evel. The voltage across resistor R6 is designed to be
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Conventional ballast inverters, such as the push-pull type, employ bipolar
5 power transistors having relatively high switching losses when driven into deep
" saturation during other than maximum load conditions. Switching losses vary based on
load conditions imposed on the ballast inverter and are difficult to minimize for all load
conditions. The relatively high switching losses also result in the transistors operating at
relatively; high temperatures which are typically above 60°C. Such relatively high
10 operating tcmperafures require heat sinks thereby raising the inverter manufacturing
cost. | |
_ . In selecting/designing the base driving circuit for a ballast inverter,
éharacteristicslparametérs of the power transistors such as current gain must be
carefully chosen for achieving desired ballast operating characteristics. Different types
15. of bipolar transistors can have different charactexistics/paranieters and therefore cannot
be feadily substituted for one. another for a given base driving circuit. |
Significant voltage transients can also appear across the bipolar transistors
during turn-on of the lamp ballast. These voltage transients when applied across the
bipolar transistors can result in transistor failure. |
20 Conventional ballast inverters also can employ Baker clamps in order to
more quickly turn-off the bipolar transistor, that is, to more closely simulate the
switching speed of a field effect transistor. The Baker clamp, however, requires use of
a relatively expensive high voltage fast recovery diode further increasing power losses.
A typical base driving scheme for a conventional ballast inverter also
25 requires the bipolar transistofs have a constant, forced current gain. In other words, the
base current is maintained in a fixed relationship relative to the collector or emitter
current. Use of such bipolar transistors limit the range of equivalent bipolar transistors
which can be employed within the ballast inverter design, that is, limits standardization
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prevented. Simlarly, the voltage devel cboed across resistor|{R4 during
charging of capacitor C3 is insufficient*to turn ON transistor (X.
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5 should permit a relatively wide range of different bipolar transistors to be used while

e

optimizing (i.e. minimizing) switching losses regardless of load conditions. The driving
scheme should also minimize the possibility of relatively large voltage transients '
appearing across the transistors and avoid the need for Baker clamps in providing
reiatively high speed switching of the bipolar transistors. |

10 -

Generally speaking, in accordance with the invention, a driving circuit for
bipolar transistors in which each transistor has at least a base and a minority carrier
charge includes a reference voltage device for producing a reference voltage associated

15 with each transistor, a current supply for supplying current to the base of each transistor
based on the associated reference voltage and a feedback circuit associated with each
-transistor for varying the reference voltage associated with that transistor based on the
minority carrier charge stored in the latter.

By varying the reference voltage associated with each transistor based on

20 the minority carrier charge stored in the latter, each transistor is prevented from being
deeply saturated. Switching losses during no-load conditions are therefore minimized.
The reduction in the amount of stored minority carriers within each transistor results in
sw.itching of each bipolar transistor much more quickly. The switching times of the
bipolar transistors approach the switching times of a field effect transistor. '

25 The present invention need not employ Baker clamps in its base driving
scheme and therefore avoid the relatively high power losses associated with this clamp. -
The reduced switching losses also result in the transistors operating at lower
temperatures.

The self correcting feedback circuits can maintain the transistors in lightly

30 saturated conductive states, Each feedback circuit is independent of one another. The
transistors used in the driving scheme therefore need not have the same operating
characteristics. In fact, a wide range of bipolar transistors having different operating

characteristics can be employed in the driving scheme of the present invention. In
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switching device and capacitor associated with each transistor are preferably connected
in. parallel. The level of current supplied to the base of each transistor by the current
10 supply is directly proportional to the associated reference voltage.
In another feature of the invention, the reference voltage device further
includes a conduction control device associated with each transistor for controlling the
_ increase of current supplied to the base of and thereby reducing power losses during
conduction of that transistor. The conduction control device and storage device
15 associated with each transistor are typically serially connected together.
In accordance with yet another feature of the invention, a stabilizing
device associated with each transistor limits decremental variation to only one reference
: i/oltage at any instant in time. The stabilizing device and reference voltage device are
preferably connected in parallel with each other. The stabilizing device typically
20 includes a diode.
Still other objects and advantages of the invention will, in part, be
obvious, and will, in part, be apparent from the specification.
The invention éccordingly comprises several steps and a relation of one or
more of such steps with respect to each of the others, and the device embodying
25 features of construction, combination of elements and arrangements of parts which are
adapted to effect such steps, all is exemplified in the following detailed disclosure, and -

the scope of the invention will be indicated in the claims.

30 For a fuller understanding of the invention, reference is had to the
following description taken in combination-with the accompanying drawings, in which:
Fig. | is a schematic diagram of a ballast which includes a bipolar

transistor base driving circuit in accordance with one embodiment of the invention; and
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r QL and one end of resistor R4. The cat hode of diode D14 is
to one end of a resistor R8 and the
As shown in Fig. 1, a ballast 10, in accordance with a first embodiment

of the invention, includes an electromagnetic interference (EMI) filter 200 for power
factor correction and harmonic content reduction of an a.c. current drawn from an a.c.
voitage source 100. Ballast 10 also includes a rectifier 300 for rectifying the filtered
a.c. voltége, an inverter 400 for converting the rectified a.c. voltage produced by
rectifier 300 into a high frequency a.c. voltage. Inverter 400 includes a base drive
circuit 500 for driving a pair of bipolar power transistors Q1 and Q2 of inverter 400.
The high frequency a.c. voltage produced by inverter 400 is supplied to a lamp load

. 600 for powering of the latter. -

15

20

30

. EMI filter 200 includes a varistor V1 which is connected to a first end of
an inductor L1A and a ﬁrst end of an inductor L1B The other ends of inductors L1A
and L1B are connected to exther end of a capacitor C1. A capacitor C7 is connected at
one end to the junction between inductor L1B and capacitor C1 and at its other end to
earth gmmd (e.g..toa grounded ballast can). The output voltage of filter 200 is
produced across capacitor Cl1 and is then rectified by rectifier 300.

| Rectifier 300 includes four diodes D1, D2, D3 and D4. The anode of
diode D1 and cathode of diode D2 are connected to the junction between inductor L1A
and capacitor C1. The anode of diode D3 and cathode of diode D4 are connected at a
first junction joining capacitors C1 and C7 and inductor L1B together. The cathodes of
diodes D1 and D3 are connected together at a second junction. The anodes of diodes D2
and D4 are also connected together. The junctions between the cathodes of diodes D1
and D3 and the anodes of diodes D2 and D4 serve as the outputs of rectifier 300 and
are connected to a buffer (e.g. electrolytic) capacitor C11, the latter of which is shown
within inverter 400. Alternatively, capacitor C11 can be.viewed as part of and across
the output of rectifier 300.

Inverter 400, which is of the push-pull oscﬂlator type, also includes an
inductor L2 connected at one end to the junction joining capacitor C11 and the anodes
of diodes D2 and D4 together. A resistor R1 is connected to the junction joining
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5 transistor Q2, a collector of an NPN transistor Q5 and an emitter of a bipolar NPN
transistor Q1. The other end of resistor R3 is connected to a base of transistor Q2, an
emitter of a bipolar NPN transistor Q4 and one end of a resistor RS. '

. | The other end of resistor of R2 is connected to the junction joining a base
of transistor Q3, a collector of an NPN transistor Q8 and a resistor R9. The anodes of a

10 pair of diodes D5 and D8 are connected to the other end of resistor R9. The emitter of
transistor Q5 is connected to one end of a resistor R6 and a base of transistor Q8. The
other end of resistor R6 is connected to the anodes of a pair of diodes D6 and D7 and
an emitter of transistor Q8. The cathode of diode D6 is connected to one end of a
capacitor C2, a base of a bipolar NPN transistor Q3, one end of an inductor TW and

15 one end of a resistor R4. Inductor TW, which is the tertiary winding of a transformer
T1, is commonly referred to as the base winding (i.e. the base winding for supplying

~ power to the bases of transistors Q1 and Q2). The other end of capacitor C2 is

connected to the cathode of diode D5 and a collector of transistor Q3. The emitter of
transistor Q3 is connected to the other end of resistor R4 and a base of transistor Ql..

20 The cathode of diode D7 is connected to one end of a capacitor C3, a
base of transistor of Q4, the other end of resistor RS and the other end of tertiary
winding TW of transformer T1. The other end of capacitor C3 is connected to the
cathode of diode D8 and a collector of transistor Q4. Resistors R2, R4, RS, R6 and R9,
diodes D5, D6, D7 and D8, capacitors C2 and C3, tertiary winding TW of transformer

25 T1 and transistors Q3, Q4 and Q8 serve together as base drive circuit 500 for bipolar
transistors Q1 and Q2 as further discussed beiow. _

Connected to a collector of transistor Q2 is a first end of a capacitor C13
and a first end of primary winding PW. The other end of capacitor C13 is connected to
one end of a capacitor C15. The other end of capacitor C15 is connected to a collector

30 of transistor Q1 and the other end of primary winding PW.

A secondary winding SW of transformer T1 is connected at one end to a
pair of first ends of a capacitor C20 and a capacitor C22. The other ends of secondary
winding SW and capacitors C20 and C22 serve as the outputs for inverter 400 to which
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C3, ferfite rary wn resi stor ase-emtter
junction afrawn dydilter @00 @lom vdltagecsoataar 1002 Capacitor C7 of filter 200 serves as a

common mode capacitor to ground. The output of filter 200, that is, the .voltage across

capa1citor C1, is supplied to rectifier 300 for rectification of the a.c. voltage across
carpacitor C1. The rectified a.c. voltage produced by rectifier 300 is stored across buffer

10 (e.g. electrolytic) capacitor C11. The peak voltage across capacitor C1 appears across
capacitor C11. The voltage across capacitor C11 serves as the bus voltage for inverter
400. Typically, the bus voltage is about 150 volts or about 345 volts when the voltage
applied to filter 200 by voltage source 100 is about 120 volts or about 277 volts,
respectively. The bus voltage is applied to center tap TP3 of primary winding PW.

15 Inductor L2 serves as a current radio frequency choke providing constant
current to inverter 400. Capacitors C20 and C22 serve as ballasts for lamps LL1 and
LL2, respectively. Typically, the voltage across secondary winding SW of transformer
T1 is about 550 volts RMS; the lamp current flowing through each of capacitors C20
and C22 being approximately 180 milliamperes at steady state full load conditions.

20 Primary winding PW resonates with capacitors C13 and C15 to produce a
desired resonant tank/tuned oscillating frequency. Transistors Q1 and Q2 are switched
by base drive circuit 500 for refreshing capacitors C13 and C15 and primary winding
PW of the resonant tank circuit.

The ignition scheme for starting the resonant tank circuit (i.e. initiating

25 oscillation) includes resistors R1 and R3. Current flows through resistors R1 and R3 for
proper bias of transistors Q1 and Q2 in initiating oscillation of the resonant tank circuit
(i.e. for initial switching of transistors Q1 and Q2). |

Capacitors C2 and C3 are charged and discharged at different times.
There are no periods of time when capacitors C2 and C3 are both charging or when

30 both capacitors C2 and C3 are both discharging. Following discharge, capacitors C2
and C3 are neither charging nor discharging (referred to hereinafter as "idling"). The
operational sequence of each capacitor C2 and C3 includes charging (during

approximately 1/2 of each oscillation cycle) followed by discharging (during
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5 charging capacitor C2 flows from capacitor C11 through resistors R1, R2 and R9, diode

D5, capacitor C2, tertiary winding TW, resistor RS, base-emitter junction of transistor
Q2 and inductor L2 béfore returning to capacitor C11. The forward base current for
switghing transistor Q2 is based on the voltage across capacitor C2 as further explained
beiow. |

L0 Capacitor C3 begins to charge once transistor Q2 is completely turned
OFF and continues to charge until transistor Q1 begins to turn OFF. Current for
charging of capacitor C3 flows from capacitor C11 through resistors R1, R2 and RO,
diode D8, capacitor C3, tertiary winding TW, resistor R4, the base-emitter junction of
transistor Q1 and inductor L2 before returning to capacitor C11. The forward base

15 current for transistor Q1 is based on the voltage across capacitor C3 as further
explained below.

As transistor Q2 or QI is being turned OFF, a large spike or reverse base
current from the transis;or being turned OFF sufficient for turning ON the other
transistor (Q1 or Q2) is' sensed by resistor R4 or RS, respectively. The voltage

20 developed across resistor R4 or RS, as transistor Q2 or transistor Q1 begins to turn
OFF, is sufficient to turn ON sensing transistors Q3 or Q4, respectively. The reverse
base current of transistor Q2 or Q1 now flows, in part, .through the emitter-collector
path of transistor Q4 or Q3, respectively. For each oscillation of the resonant tank |
circuit, discharge current from capacitor C3 flows along a path which includes the

25 collector-eniitter path of transistor Q4, the base-collector junction of transistor Q2,
primary winding PW, the collector-base junction of transistor Q1, resistor R4 and
tertiary winding TW before returning to capacitor C3. Similarly, during each oscillation
of the resonant tank circuit, discharge current from capacitor C2 flows along a path
which includes the collector-emitter path of transistor Q3, base-collector junction of

30 transistor Ql, primary winding PW, collector-base junction of transistor Q2, resistor RS
and tertiary winding TW before returning to capacitor C2.

During one-ﬁalf of each oscillation cycle of the resonant tuned circuit,

capacitor C3 serves to set the voltage across resistor R6. During the other half cycle of
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,‘ During one-half of each oscillation cycle, capacitor C3 controls (i.e.

est;blishes) the voltage developed across and therefore the current flowing through

10 resistor R6. Du-fing the other half cycie of each oscillation, capacitor C2 controls (i.e.
establishes) the voltage developed across and therefore the current flowing through
resistor R6.

Shortly after the resonant tank circuit begins to oscillate, a voltage of

sufficiently high amplitude develops across the resonant tank circuit to turn ON

15 transistor Q5. Current for forward biaSing of transistor Q2 flows from tertiary winding
TW along a path which includes resistor RS, the base-emitter junction of transistor Q2,
the collector-emitter path of transistor Q5, resistor R6 and diode D6 before returning to
tertiary winding TW. Current for forward biasing of transistor Q1 flows from tertiary
winding TW along a path which includes resistor R4, the base-emitter jﬁnction of

20 transistor Ql, the collector-emitter path of transistor QS, resistor R6 and diode D7
before retdming to tertiary winding TW. In other words, current for forward biasing by
the transistor Q1 or Q2 always flows through resistor R6. By controlling the current
flowing through resistor R6, capacitors C2 and C3 control the forward base drive of
transistors Q1 and Q2, respectively. The average voltage across capacitors C2 and C3 is

25 maintained at a relatively constant value during steady-state operation of lamp load 600.

Of particular importance are the two self-correcting feedback circuits for .

maintaining transistors Q1 and Q2 in relatively lightly saturated, conductive states. The
discharge paths of capacitors C2 and C3 serve as respective feedback circuits. The first
feedback path (i.e. discharge path of capacitor C3) includes the collector-base junction

30 and therefore the minority carrier charge stored in a collector of transistor Q1. When
more or less current flows into the base of transistor Q1 during a push-pull cycle, the
amount of minority carrier charge stored in the collector of transistor Q! varies. During

discharge of capacitor C3 such variation in stored minority carrier charge of collector
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stored in the collector of transistor Q1 decreases thereby raising the voltage level to

which capacitor C3 discharges.
_ = Similarly, the voltage across capacitor C2 following discharge reflects changes
iﬂ the amount of minority carrier charge stored in the collector of transistor Q2 based
10 on variations in power consumption of lamp load 600. When transistor Q2 is
temporarily driven into deep saturation due to a reduction in power consumed by lamp
load 600, the minority carrier charge of the collector of transistor Q2 increases thereby
lowering the level of voltage to which capacitor C2 discharges. When the power
- consumed by lamp load 600 increases, the minority carrier charge in the collector of
15 transistor Q2 decreases thereby raising the voltage level to its capacitor C2 discharges.
Transistor Q8 limits the current flowing through resistor R6 during the
. separate charging of capacitors C2 and C3. When the voltage across resistor R6 is
' _Sufﬁcient to turn ON transistor Q8, a portion of the current flowing into the base of
transistor QS is now diverted through the collector-emitter path of transistor Q8 into the
20 junction joining the anode of diodes D6 and D7 and resistor R6 together. By limiting
the flow of current into the base of transistor QS5, the emitter current of transistor Q5
during forward biasing of transistors Q1 and Q2 is limited to a predetermined level.
The voltage across resistor R6 is designed to be greater than the voltage
across resistor RS during forward biasing of transistor Q2 and to be greater than the
25 voltage across resistor R4 during forward biasing of transistor Qi. The voltage
developed across resistor R6 is limited by transistor Q8 (i.e. limited by the level of
transistor Q5 emitter current) so that the voltage developed across resistor RS during
charging of capacitor C2 is insufficient to turn ON transistor Q4. By preventing
transistor Q4 from being turned ON, discharging of capacitor C3 during charging of
30 capacitor C2 is prevented. Similarly, the voltage developed across resistor R4 during
charging of capacitor C3 is insufficient to turn ON transistor Q3. Discharge of capacitor
C2 during charging of capacitor C3 is therefore prevented.
By preventing capacitor C2 from discharging while capacitor C3 is. being
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15

oscillator operation during the charging of capacitor C2. That is, transistor Q8 prevents
the untimely discharge of capacitor C2 imposing a very low voltage across resistor R6
réleting in a level of transistor Q2 forward base current being too low to turn ON
transistor Q2. There is no change in the voltage across capacitor C3 during charging
and discharging of capacitor C2. Transistor Q8 can also be viewed as diverting the flow
of current away from capacitors C2 and C3 during charging of these capacitors.
Resistor R9 serves to control the shape of the voltage waveform across
resistor R6 to permit transistors Q1 and Q2 to be driven into deeper saturation (i.e.
smaller emitter-collector voltage drop) so as to decrease transistor conduction losses. '
In accordance with an alternative embodiment of the invention, a ballast

© 20, as shown in Fig. 2, is similar in construction and operation to ballast 10 of Fig. 1.

20

Those elements of ballasts 10 and 20 of similar construction and operating in a similar

-manner have been identified by like reference numerals and will not be further

discussed herein. The differences between ballast 20 and ballast 10 relate to the
protection of transistors Q1 and Q2 and the discharge (feedback) and charging paths of
capacitors C2 and C3.

Base driving circuit 700 of ballast 20 includes resistor R2 connected to the

~ anodes of diodes D9, D10 and D11. The cathode of diode D11 is connected to the

25

- 30

junction joining one end of inductor L2, the collectors of a pair of bipolar NPN
transistors Q6 and Q7 and the emitters of transistors Q1 and Q2 together. The cathode
of diode D9 is connected to the anode of a diode D14 and the b_ase of transistor Q7.
The cathode of diode D10 is connected to the anode of a diode D15 and the base of
transistor Q6. The emitter of transistor Q7 is connected to the junction joining the base
of transistor Q2, resistors R3 and RS and the emitter of transistor Q4 together. The
emitter of transistor Q6 is connected to the emitter of transistor Q3, the base of
transistor Q1 and one end of resistor R4,

The cathode of diode D14 is connected to one end of a resistor R8 and the
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The other end of resistor R7 is connected to the junction joining capacitor C2 and the

10 collector of transistor Q3 together.

Resistors R2, R4, RS, R7 and RS, diodes D9, D10, D11, D14, D15, D16
and D17, capacitors C2 and C3, transistors Q3, Q4, Q6 and Q7, ferrite bead Bl and
tertiary winding TW in combination serve as a base drive circuit 700 for switching ON
and OFF transistors Q1 and Q2.

15 Aside from base drive circuit 700, ballast 20 also differs from ballast 10
in that the junction joining the anodes of diodes D2 and D4 and inductor L2 together is
also connected through a pair of diodes D12 and D13 to a pair of taps TP1 and TP2 of '
primary winding PW, respectively. Ballast 20 is capable of powering a lamp load 800
which includes fluorescent lamps LL1, LL2, LL3 and LLA. Ballast 20 includes

20 capacitors C20, C22, C24 and C26 for ballasting lamps LL1, LL2, LL3 and LL4,
respectively. )

Operation of ballast 20 is substantially the same as previously described
with respect to ballast 10 in that capacitors C2 and C3 provide reference voltages for
establishing (contiiblling) the forward base current supplied to transistors Q2 and QI,

25 respectively. Current for charging capacitor C3 flows from capacitor C11 through

" resistors R1 and R2, diodes D9 and D14, resistor RS, capacitor C3, ferrite bead Bl,

tertiary winding TW, resistor R4, base-emitter junction of transistor Q1 and inductor L2
before returning to capacitor C11. Current for charging capacitor C2 flows from
capacitor C11 through resistors R1 and R2, diodes D10 and D15, resistor R7, capacitor

E: 30 ¢, tertiary winding TW, ferrite bead Bl, resistor RS, base-emitter junction of

transistor Q2 and inductor L2 before returning to capacitor Cl11.
The discharge (feedback) path of capacitor C3 includes the loop formed
by capacitor C3, emitter-collector path of transistor Q4, base-collector junction of
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5 base junction of transistor Q2, resistor RS, ferrite bead Bl and tertiary winding TW.
Ballast 20 eliminates the need for resistor R6 of ballast 10 by now having

capacitors C2 and C3 control the voltages across resistors R4 and RS, respectively. In -
other words, resistors R4 and RS now each serve two purposes. Similar to ballast 10,
res"ist‘ors R4 and RS determine when to turn ON transistors Q3 and Q4 for initiating

10 discharge of capacitors C2 and C3 for purposes of feedback as discussed above,
respectively. Additionally, resistors R4 and RS are also used to determine the level of
forward base current for transistors Q2 and Q1 by capacitor C2/resistor R7 and
capacitor C3/resistor R8 controlling the voltages developed across resistors R4 and RS,
respectively. .

15 The forward base current flowing into the base of transistor Q1 also flows
through and is determined based on the voltage developed across resistor RS. The
voltage developed across resistor RS is designed to be substantially equal to the voltage
across the series combination of resistor R8 and capacitor C3. The forward base current
ﬂowir}g into transistor Q2 also flows through and is determined based on the voltage

20 deveiéped across resistor R4. The voltage developed across resistor R4 is designed to
be substantially equal to the voltage across the series combination of resistor R7 and
capacitor C2. _

. By including resistor R8, the shape of the voltage waveform developed
across resistor RS also can be changed to permit transistor Q1 to be driven into deeper

25 saturation (i.e. smaller emitter-collector voltage drop) so as to decrease conduction loss
of transistor Q1. Similarly, resistor R7 also serves to reshape the voltage waveform

"developed across resistor R4 to permit transistor Q2 to be driven into deeper saturation
s0 as to reduce conduction loss of transistor Q2. As can readily be appreciated, in an
alternative embodiment of the invention resistors R7 and R8 can be short-circuited

30 provided higher conduction losses can be tolerated.

Ballast 20 unlike ballast 10 also includes ferrite bead Bl, that is, an
inductor. Ferrite bead B1 serves to increase the rise time of the current spike created by

the flow of reverse base current of transistor Q1 or Q2 flowing through tertiary winding
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déveloped_ across resistor R4 during charging and discharging of capacitor C3 is

10 insufficient to turn ON transistor Q3 and thereby permit discharge of capacitor C2. In
other words, diode D17 prevents capacitor C2 from discharging when capacitor C3 is
being charged and therefore serves to stabilize oscillator operation (i.e. prevent the
push-pull oscillator from being turned OFF). There is no change in the voltage across
capacitor C2 during charging and discharging of capacitor C3, that is, the voltage

15 across capacitor C2 is maintained at the same level during its idling state.

Diode D16, similar to diode D17, prevents capacitor C3 from discharging _
when capacitor C2 is being charged. More particularly, the voltage across capacitor C2
and resistor R7 is limited to the threshold voltage of diode D16 during charging of
capacitor C2. The volﬁge across resistor RS is designed to be equal to the voltage

20 across diode D16 and therefore can never exceed the threshold voltage of diode D16

~ when capacitor C2 is being charged. Therefore, when capacitor C2 is being charged,

transistor Q4 cannot be turned ON and therefore prevents discharge of capacitor C3. In
other words, capacitor C3 is prevented from discharging when capacitor C2 is being
charged and therefore serves to stabilize oscillator operation (i.e. prevents oscillator

25 from being turned OFF). There is no change in the voltage across capacitor C3 during
charging and discharging of capacitor C2, that is, the voltage across capacitor C2 is
maintained at the same level during its idling state.

The source of current for forward biasing transistor Q1 is produced by

_ tertiary (base) winding TW. The path of forward base current for transistor Q1 flows

-30 from tertiary winding TW through resistor R4 through the base-emitter junction of
transistor Q1, the coll_pctor-emitter path of transistor Q7, resistor RS and ferrite bead Bl . '
before returning to tertiary winding TW. The forward base current for transistor Q2,
which is also produced by tertiary TW, flows from tertiary winding TW through ferrite



storage time or saturation voltage. Unlike conventional base driving
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of tank voltage wh@ioddDI12easilinant ONawker thet voltagel dédélopedebenvesan thps TR Baker
CLAMP (a0 4 P53 o piimaty winding PW exceeds the voltage actoss capaitbr C11. Simiiay,
5 diode D13 will turn ON when the voltage between taps TP2 and TP3 is greater than the
voltage across capacitor C11. Consequently, the magnetizing current of primary
winding PW is diverted to capacitor C11 whenever the voltage difference between the
collegtdrs of transistors Q1 and Q2 exceeds a predetermined level. Any undesired
_ vol;ages (e.g. voltage spikes) which appear across primary winding PW are diverted
{0 from transistors Q1 and Q2 thereby protecting these transistors.

In accordance with yet another alternative embodiment of the invention,
resistor R2 can be short-circuited, diode D11 can be open circuited and diodes D9 and
D10 can be replaced with a corresponding pair of resistors in order to reduce the

_number of components and particularly the number of diodes required. As can also be
15 readily appreciated, the source for biasing transistors Q6 and Q7 need not be derived
from the junction formed by capacitor C11 and the cathodes of diodes D1 and D3. For
example, biasing of transistors Q6 and Q7 can be provided from the junction between
the collectors -of transistors Q6 and Q7 or from a tap of inductor L2.

As now can be readily appreciated, ballast 10 and ballast 20 each provide

20 two discharge/feedback paths which are independent of one another. Transistors Q1 and
Q2 need not have the same characteristics, such as, but not limited to, current gain,
storage time or saturation voltage.

Unlike conventional base driving schemes in which high switching losses
can occur during no load conditions, the present invention by sensing changes in the

25 minority carrier charge stored in the collectors of the power transistors avoids deep |
. saturation of the power transistors. Switching losses during no load conditions are
therefore minimized.

Power losses associated with transistors Q1 and Q2 regardless of load
conditions are minimized. Base drive circuits 500 and 700 can accommodate a wide

30 range of input voltages while maintaining lossless operation with minimum loss of
power during switching of transistors Q1 and Q2. Ballasts 10 and 20 substantially
eliminate overshoot of tank voltage when the resonant tank is turned ON. The need for
a Baker clamp (and the relatively high power losses accompanying the Baker clamp) is
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B The base driving scheme in accordance with the present invention

pr"ov.ides base current to individual power switching bipolar transistors. The amount of
10 forward base drive is dependent on lamp load 600 or 800. In other words, the switching

characteristics vary based on lamp load 600 or 800 in response to detection of 'lightly

saturated conditions of transistors Q1 and Q2. Detection of such lightly saturated

conditions is based on detection of a signal representing the storage of collector

minority carriers in either t_g;nsistor Q1 or Q2. This signal flows within the feedback
15 path during discharge of the associated reference capacitor (i.e. capacitor C2 or C3).

The base driving scheme in accordance with the invention therefore
results in switching of bipolar transistors much more quickly by reducing the amount of
stored minority carriers within the power transistors. Advantageously, the switching
times of the bipolar transistors approach the switching times of a field effect transistor

20 (FET). :

It will thus been seen that the objects set forth above; among those made
apparent from the preceding description, are efﬁciently attained and since certain
changes may be made in the above constructions without departing from the spirit and
scope of the invention, it is intended that all matter contained in the above description

25 and shown in the accompanying drawings shall be interpreted as illustrative and not in a
limiting sense.

It is also to be understood that the following claims are intended to cover
all of the generic and specific features of the invention herein described, and all
statements of the scope of the invention which, as a matter of language, might be said

30 to fall therebetween. |
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will thus;ﬁ%ﬁipieen that the objects set forth above, anbng those nade
appar ent ) e preceding description, are efficiently attained and since
certain changes may be made in the above constructions w thout departing .
fromthe spirit and scope of the invention, it is intended that all matter
contained in the above descr,iption 25 and shown in the acconpanyi ng

drawi ngs shall be interpreted as illustrative and not in a limting sense.
It is also to be understood that the following clains are intended to cover
all of the generic and specific features of the invention herein described,

and all statements of the scope of the invention which, as a matter of
| anguage, lmi ght be Asdrving circuit for one or more bipolar transistors, each transistor

having a base and a minority carrier charge, comprising:
. reference voltage means for producing a reference voltage associated thh
each transistor; '
5 . current supply means for supplying current to the base of each transistor
based on the associated reference voltage; and
feedback means associated with each transistor for varying the reference
volfage associated with that transistor based on the minority carrier charge stored in the
latter.
10 2. The driving circuit of claim 1, wherein the reference voltage means
| mcludes a storage device for each of the transistors, the voltage across each storage
" device serving as the reference voltage for the associated trans_xstor.

3. The driving circuit of claim 2, wherein a capacitor serves as the storage.
device.
15 4. The driving circuit of claim 1, 2 or 3, wherein the feedback means

includes switching means associated with each transistor responsive to the conductive

state of that transistor for controlling when a chahge in the associated reference voltage

occurs.

5. Driving circuit according to claim 3 and 4, wherein the switching means
20 and capacitor associated with each transistor are conipled. |

6. Driving circuit according to any of the previous claims, wherein the

current supply means includes current control means for controlling the level of current

supplled to the base of each transistor.

7. Driving circuit according to any of the previous claims, wherein the level
25 of current supplied to the base of each transistor by said current supply means is

proportional to the associated reference voltage.

8. Driving circuit according to any of the previous élaims, further including

stabilizing means associated with each transistor for limiting variation to only one
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ransi :
carrier char MH (‘@@U‘&‘ erence vol tage neans for producigg-a
reference vol itikaAs! 1A%k *W th each transistor; 5 GULL.8
supply means for supplying current to t base of each transipt rztf‘aé'é'éf’
the associ ated reference voltage; and feedback neans associ atediw._th.each

transi st OFef%r%ceV%ﬁnﬁig?%&Eﬁf%@&?mfiﬁﬁﬁ@.'VO' t age -associ ated with {hat

7

transi st or based o carrier charge stored in the e
9. The driving circuit of claim 8, wherein the stabilizing means is further

operable for diverting the flow of current away from the reference voltage means and
~ includes a semiconductor device. .
5 10. Ballast inverter, comprising a bipolar transistor and a driving circuit
according to one or more of the previous claims, coupled to said bipolar transistor.



10 2. The driving circuit of claim1, wherein thertref
vol tage neans includes a storage device for edch of the trahstsHacEMENhSHEET.

vol t age across each storage device serving as the reference vpltage Tor the
associ ated transistor. 3. The driving circuit of clajm®s: puhermyn

a capacitor serves as the storage devic 15 4. Thei dci vi ng

circuit of claimi1, 2 or 3, wherein the *feedback neans i ncl udes—sw-tehirg—!
NMeans asSOLLZ C\ﬁd.th each transistor responsive to the conductive state of
that tran idpgr control ling when a change in the associ ated reference —

voltage o i i ; 1Y ARy jd" batadt iRvride ¢ ' : 4,
wher ei n tﬁgﬂgl\?mgtc?ﬁ?lrﬁéorn%l%gr %h éﬁ‘étg% @gpam ttolr asggiglagtd %@%ﬁ%ggﬁﬂg .
transi stor are coupl ed. 6. Driving circuit according to any of the
previ ous clainms, wherein the current supply nmeans includes current control
means for controlling the Ievel of current supplied to the base of each
transistor. 7. Driving circuit according to any of the previous
clainms, wherein the |evel '

' A driving circuit for bipolar transistors suitable for use in a ballast

inverter, having a reference voltage device for producing a reference voltage associated:
with_each transistor. A tertiary winding, serving as the base winding for the bipolar
tr;nsistors,_ supplies current to the base of each bipolar transistor based on the associated

5 reference voltage. Separate feedback circuits associated with each transistor carry a
feedback signal reflecting the minority carrier charge stored in the associated transistor.
The reference voltage associated with each transistor vanes based on the associated
feedback signal.

10 Figure 1



25 of current supplied to the base of each transistor by said current
.supply neans is proportional to the associated reference voltage. 8. _
Driving circuit according to any of the previous clains, further including
stabilizing nmeans associated with each transistor for limting.variation to
only one 17 reference vol tage at ani instant in tinme. 9. The
driving circuit of claim8, wherein thé stabilizing nmeans is further
operable for diverting the flow of current away fromthe reference voltage
means and includes a sem conductor device. 5 10. Bal | ast inverter,
conprising a bipolar transistor and a driving circuit according to one or
nore of the previous clains, coupled to said bipolar transistor.
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