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1
TWO-MODE ELECTRONIC BALLAST

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to electronic ballasts for
gas discharge lamps, particularly to ballasts wherein the
load is powered by way of a seriesexcited parallel-
loaded resonant L-C circuit

2. Descripuon of Prior Art

There are two predominant types of clectronic bal-
lasts for gas discharge lamps: (2) a first type may be
referred-to a8 the parsilel-resonant type and involves
the use of a curreat-excited (i.c., parallel-excited) parsai-
lel-losded resonant L-C circuit; and (b) a secad type
that may be referred-to as the series-resonant type and
involves the use of a voltage-excited (i.c., series-excited)
paraliei-loaded resonant L-C citcuit

An example of the parzlici-resonant type of elec-

ronic ballasts is described in U.S. Pat. No. 4,277,726 w0
Burke. An example of the scrics-resonant type of elec-
rronic ballasts is described in U.S. Pat. No. 4,538,095 to
Nilssen. .

Of these two types of clectronic ballasts, the parailel-
resonant type is conducive to yielding a stable casy-to-
control self-oscillating inverter-type ballast; whereas
the series-resonant type, aithough potentially simpler
and more efficient, is harder 10 control in that it has a
natural tendency 10 seif-destruct in case the lamp load
be removed.

To miagate this tendency to self-destruct under no-
load conditions, various protection circuits have been
developed, such as for instance described in U.S. Pat
No. 4,638,567 1o Nilssen.

GENERAL PURPOSE OF PRESENT
INVENTION '

The general purpose of the present invention is that
of provicing & method for cost<ffectively controlling
the operation of a scries-resonant slectronic inverter-
type ballast for {lucrescent lamps.

SUMMARY OF THE INVENTION

1. Objects of the Invention

An object of the present invention is the provision of
a cost-cffective control arrangcruent for attaining
proper operation of an clectronic ballast wherein the
lamp 0ad is powered by way of a senes-excited pri-
dominantly parallel-loaded resonant L-C circuit.

This as well a3 other objects. features and advantages
of the present invention will become apparent from the
following description and claims.

2. Bref Description

A self-oscillating invener-type fluorescent lamp bai-
last has two modes of operation: (a) a first mode in
which the inversion frequency is about 70 kHz and is
resopant with a first tuned L-C circuit by which power
ia supplied to the cathodes of the fluorescent lamp; and
(b) a second mode in which the invertion frequency is
about 30 kHz 20d is resonant with a second tuned L-C
circuit by which main lamp power is supgplied.

When the ballast is ipitally powered-up, it starts
operation in its fist mode, thereby providing cathode
heating power without yet providing main lamp power.
About one second later, after the cathodes have reached
full incandescence, the inverter sutomatically changes
into its second mode, thereby providing main lamp
power while at the same ime removing cathode heating
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power. If for some reason the lamp were 91 to ignite
within about 10 miili- seconds, the inverter reverts back
into its first mode; theveafler cycling (with a period of
about one second) between ifs two modes uniil the lamp
does ignite.

Thus, the first tuned L-C circuit 13 res~nant at 70 kHz;
and, due to inherent frequency-selectivity characteris-
tics, this first tuned circuit provides cathode heating
power only when being excited at or near 70 kHz, Like-
wise, the second tuned L-C circuit provides main lamp
stardng voltage and operating power only when being
excited at or aear 30 kHz

BRIEF DESCRIPTION OF THE DRAWING

The. drawing diagrammatically illustrates the circuit
arrangement of the invention in its preferred embodi-
wm~nt.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

1. Details of Construction

The drawizg :=uemadcally illustrates the preferred
embodiment of the invention in the form of 2 hsaif-
bridge inverter-type two-mode electronic ballast for a
fluorescent lamp.

In the drawing, 277 Volt/60 Hz power line voltage
from an ordinary electric uality power line PL is pro-
vided to the AC power input terminals of a rectifier and
filter means RFM, the DC output from which is applied
between a B+ bus and 2 B— bus.

A filtét capacitor FCa is connected between the B+
bus and a junction J1; a filter capacitor FCb is con-
nected between junction J1 and the B— bus. A tank
capacitor TC is cornected berween junction J1 and a
junction J2. An auxiliary inductor Al is conrecied be-
tween junction J2 and & junction ]3; and & main tenk
tnductor T1 is connected between junction J3 and a
junction J4.

Junction J4 is contiected with a junction J3 by way of
series-connected primary windings SCTap and SCTbp
of saturable current transformers SCTa and SCTV, re-
sreciively.

A {irst main inve: ter transistor Qa it connected with
11s collector to the B+ bus and with its emitter to junc-
toa JS; a second main inverter transistor Qb is con-
nected with its collector 1o junction J3 and with it
emitter to the B— bus. .

Secondary winding SCTas of saturable current trans-
former SCTa is connected between the base of transis-
tor Oe and 2 junction Ja. A capacitor Ca is connected
between junctions Ja and J5. A Zener diode Za is con-
nected with its snode to junction Ja and with its cathode
to junction J5. An auxiliary treasistor AQa is connected
with its collector to junction Ja and with its emitter to
junction J5. A resistor Ra is connected between the B+
bus and the base of transistor Qa. The base of auxiliary
transistor AQa is designated &

Secondary winding SCTbs of satursble current trans-
former SCTDb is connected between the base of transis-
tor Qb and a junction Jb. A capacitor Cb is connected
between junction Jb and the B— bus. A Zener diode Zb
is connected with its anode to junction Jb and with itss
cathode to the B— bus. An auxiliary transistor AQb is
connected with its collector to junction Jb and with its
emitter 10 the J— bus. A resistor Rb is connected be-
tween juncaor I% and the base of wansistor Qb. The
base of auxiliary transistor AQb is designated b.

3 - 399



3
Tank inductor 11 has a sccondary winding SWt,
which has s center tap CTt connected with the ~ollec-
tor of a control tranusior CQ. The emitter of contro}
transistor CQ is connected with the B— bus.

The terminais of secondary winding SWt are con-
nected with the cathodes of two diodes D1 and D2;
whoese anodes are connected with the terminals of a
secondary winding SWc of a control transformer T
which secondary winding has a center tap CTc con-
nected with the B— bus

A floorescent lamp FL has two thermionic cathodes
TCx and TCy; which has power input terminsls x—x
and y—vY, respectively. One of the power inpat termi-
nals of cathode TCzx is connected with junction J1 by
way of primary winding PWc¢ of congol transformer
T One of the power input terminals of cathode TCy is
conpected with junction J2.

Power input terminsis x—x and y—y of cathodes
TCx and TCy are connected with power ocutput termi-
nals x—x and y—y of secondary windings SWx and
SWYy of auxiliary inductor Al all respectively; which
secondary windings have seriesconnected capacitors
Cz and Cy, 1is0 respectively.

A resistor R1 is connected between the B+ bus and
a junction J& and & czpscitor C1 is connected between
junction J6 and the B— bus. A resistor R2 and a Diac

D+ are connected in series between junction J6 and the

base of coatrol transistor CQ. A resistor K3 is con-
nected between the base of transistor CQ and the B—
bus.

A resistor R4 is connected between junctiomJ6 and
the collector of a mansistor Qc, whose emitter is con-
nected with the B— bus. A resistor RS is counected
between the bese of transistor Qc and the b— bas. A
resistor R§ is connected between the base of transistor
Qc and 1 junction J7. A capacitor C2 is connected be-
twees junction J7 and the B— bus. A diode D3 is con-
nected with its anode to the anode of diode D2 and with
its cathode to junction J7.

Countrol transformer Tc also has two secondary wind-
iegs SWa and SWb. The terminais of secondary wind-
ing SWs are connected between bese 3 of transigtor
AQa and junction J5; the terminals of secondary wind-
ing SWb are connected between ibc B— bus and bese b
of transistor AQb.

2. Details of Operation

The operation of the circuit arrangement schemati-
cally illustrated by the drawing may be explained as
follows.

In the arrangement of the drawing, ordinary 277
Volt/60 Hz power line voltage is provided from the
power line (PL) and is 7ectified and filtered by conven-
tional rectifier and filter means RFM such as to provide
a DC voitage between the B+ and the B— buses, witn
the B+ bus carrying the positive polariry.

The half-bridge inverter, which priacipally consists
of capacitors FCa and FCb, transistors Qa and Qb, and
satursble current feedback transformers SCTa and
SCTb, is self-oecillating and functions in a2 substantially
ordinary manner, such as for instance described in con-
junction with FiG. 8 of U.S. Pat. No. Re. 31,758 w0
Nilssen.

The output of the haif-bridge inverter is provided to
and between junctions J1 and J4& between which junc-
tions are conascted in scries: tank capacitor TC, tank
inductor T1, and auxiliary inductor Al.

Auxiliary inductor Al is tuned to about 70 kHz by
way of capacitors Cx and Cy; which two capacitnTs are
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connected with the secondary windings of the auxiliary
inductor as well a8 with the loads connected to the
output of these secondary windings, Thus, only when
lamp cathodes TCx and TCy are indeed connected with
the two secondary windings is the auxiliary inductor
tuned to about 70 kFHz. Ay a result, at about 70 kHz, the
suxiliary inductor appears like a paallel-resonant cir-
cuit a8 viewed from between junctions 12 and J3.

Tank inductor TT is tuned to series-resonate with tank
capacitor TC at about 30 kHz; which is to say that the
total impedance between junctions J1 and J4 sppears
substantially like a series-resonant ciurcnit at about 30
kHz.

At 30 kHz, the impedance of auxiliary inductor Al is
inductive and relatively small, and is at that frequency
simply considered ss a smalil part of tank inductor TI.

At 70 kHz, the impedance of tank capacitor TC is
capacitive and relatively amail, whereas the impedance
ot tank inductor T1 it inductive and relatively high.

Thus, when the mverter oscillates at 70 kHz, its out-
put voltage is applied by way of high-impedance tank
inductor T1 to the parallel-resonant circuit represented
by auxiliary inductar Al; which parsilel-resonant cir-
cuit then operates to power the two thermionic calh-
odes of fluorescent lamp FL. During this mode, the
power provided to these two cathodes is about two
watts, and tbe magnitude of the current then drawn
from the inverter output is quite small. Ay a result, the
magnitude of the 70 XHz voltage resulting across tank
capacitor TC is very small.

On the other hand, when the inverter oscillates at 30
kHz, essentiaily no power is provided to the thermionic
cathodes. However, at that frequency, the resonant
series-tuned L-C circuit then loadizg the inverter’s out-
put causes a 30 kHz voltage of very large magnitude to
develop across the tank capecitor. The magnitude of
this 30 kHz voitage is 30 large a3 10 cause the fluores-
cent lamp to ignite; whereafter the magnitude of the 30
kHz voltage across the tank capacitor will be deter-
mined by the current-voitage characteristices of the
fluorescent lamp. In reality, at the 30 kHz serics-reso-
pance, the cutput provided from the output terminals to
the fluorescent lamp (i.e., from junctions J1 and J2) will
essentially be a 30 kHz constant-magnitude current.

The frequency of inverter oscillation is determined
by the samurstion characteristics of ssturable current
transformers SCTa and SCT) in conjunction with the
magnitude of the voltage presented to their secondary
windings SCTas and SCThe.

The magnitude of the voltage presented to secondary
windings SCTss and SCTbs will be determined by the
base-emitter voltage of transistors Qa and Qb in combi-
nation with the magnitude of the voltage present at
junctions Ja and Jb as referenced to the emitters of
transistors Qa and Qb, respectively.

With no coatrol signals provided to the bates 2 and b
of auxiliary transistors AQa and AQb, the magnitude of
the voltage at junctions Ja and Jb will be determined by
the Zener voltages of Zener dicdes Za and Zb; which
Zener voltages are chosen to be about 4.0 Volt each,
However, when sufficient control current is provided
to each of bases 2 and b, transistors AQa and AQb be-
come conductive and therefore operative to shunt
Zener diodes Za and Zb, thereby to cause the magni-
tudes of the voitages at junctions Ja and Jb to become
very low (about 1.0 Volt each).

Thus, absent control curtents at bases a and b, the
inverter will oscillate at about 70 kHz; whereas, with
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control currents, the inverter will oscillate at about 30
YHz.

When the inverter i3 initially powered-up, no lamp
current is flowing through the primary winding of con-
troi transformner Tc and control transistor CQ is non-
conductve; which means that no control curreats are
provided to bascs a and b of transistors AQa and AQb.
Thus, when initially powered-up, the inverter will initi-
ate oscillations at a frequency of about 70 kHz.

However, after about one second, capacitor C1 will
have reached a vol high enough to cause Diac D4
to break down; which, ia tum, causes capacitor C1 to
discharge into the base of control transistor CQ, thereby
causing this transistor to become conductive.

Control transistor CQ will remain ccaductive for a
period of about 10 milli-seconds; and, during this per-
iod, current from secondary winding SWt of tank in-
ductor T1 will flow through secoudary winding SWc of
cantzol transformer Tc; thereby—wvia secondary wind-
ings SWa and SWb on contro} transformer Tc—provid-
ing control currents to bases a and b of transistors AQa
and AQb; thereby causing capacitors Ca and Cb to
discharge to a voltage level of about { Volt; thereby, in
., to cause the inverter’s oscillating frequency to
become about 30 kHz.

With the inverter {requency at 30 kHz, the magnmxdc
of the voltage provided between the lamp’s cathodes
becomes large enough to cause lamp ignition within the
13 milli-second period; which, in tumn, gives rise (0 the
flow of lamp current; which lamp current flows
through primary winding PWc of control transformer
Tc, thereby continuing to provide control currents o
bases a and b of transistors AQa and AQb; thersby
contizuing to maintain toe inverter's oscillation fre-
quency at 30 kHz

On the other hand, if the fluorescent larcp were to fail
1o ignite within the {0 milli-second time-window during
which the coatrol transistor CQ be conductive, control
currents ic bases a and b would not be sustained;
thereby causing the inverter to revert to its 70 kHz
ocacillating frequency.

In short, with a properly operatioaal fluorsscent lamp
connected, the ballast arrangement of the drawing oper-
ates as follows.

(1) Upon initial connection to the power line, the
inverter starts oscillating at 2 70 kHz frequency; which.
via a 70 kHz resonating circuit associated with auxliary
inductor Al, tharefore causes cathode heatdag power to
be provided to the thermionic cathodes of the fluores-
cent lamp.

(2) After about one second, at which time the cath-
odes are fully thermionic, cortrol transistor CQ sud-
denly becomes conductive and thereafter remains con-
ductve for a period of about 10 milli-seconds. With
transistor CQ conductive, control current is provided to
auxiliacy trassustors AQa/AQb; which then become
conductive, thereby to cause 2 reduction in the magni-
tudes of the voltages across caracitors Ca/Ch; which,
in turn, causes the frequency of inverter oscillation o
reduce to 30 kHz and to remain at 30 kHz for at least 10
milli-seconds.

(3) With the inverter oscillating at 30 kHz, series-
resonance occurs between tank capacitor TC snd tank
inductor TI (including the net inductance of auxiliary
inductor Al and its associated circuitry); which series-
resonance, due (o socalled Q-multiplication effects,
resuits in a high-magnitude 30 kHz voliage developing
across the tank capacitor.
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(4) The high-magnitude 30 kHz voltage developing
across the tank capacitor is applied across the fuores-
cent lamp and, because its cathodes are already thermi-
onic, causes it to ignite immediately. The resulting lamp
current will then, via control transformer Tc, continue
to provide control current to auxiliary transistors AQa-
/AQb; thereby, even after the initial [0 millisecond
period, ensuring that the inverter’s frequency of oscilla-
ton remains at 30 kHz.

(5) When the inverter is operating at 30 kHz, essen-
tially no power is being delivered to the cathodes of the
fluorescent l2mp, thereby providing for unproved en-
ergy efSiciency as compared with the situation where
cathode power be supplied on 8 continuous basis.

(6) If the lamp were to be removed or if lamp current
otherwise were to fail to flow, control current would
cease 10 be provided to auxiliary transistors AQa/AQb,
thereby causing the invertec’s oscillation frequency to
revert to 70 kHz. Thus, as fong as no lemp curr=mt is
flowing, the invcriar will aiternate between (wo modes:
a first mode of oscillating at 70 kHz and a second mode
of oscillating at 30 kHz, spending about one second
(1000 milli-seconds} at 70 kHz for each 10 miiliscconds
at 30 kHz.

3. Additional Comments

(a) To protect against poasible self-destruction of the
inverter circuit (which might occur if the circuit were
to operate for a period of time without t2ing connected
with a properly functioning lamp load), it may be ad-
vantageous lo connect a voltage-limiting means, such as
a Varistor; in parallel with the tank capacitor.

(b) For further details refative to the bissing arrange-
ment used in connection with main inverter transistors,
Qa/Qb, reference is made to FIG. 3 of U.S. Pat. No.
4,307,353 to Nilssen.

(c) By providing for additional levels of adjustment
for the magnitude of the bias voltage (i.c., the voluage
across capacitors Ca/Cb), corresponding adjustment of
the magnitude of lamp current may be attaincd, thereby

" to provide for lamp dimming.

(d) It is bolieved that the present invention and its
scveral attendant advantages and feacures will be under-
stood from the preceeding description. However, with-
out-departing from the spirgiof the invention, changes
may be made in its form and in the cnnstruction and
interrelationships of its component parts, the form
herein presented merely representing the prcfcncd em-
boediment.

1 claim:

1. An arrangement comprising:

seif-oscillating inverter means connected with a

source of DC voitage and operative to provide an
inverter volitage at an inverter output, the inverter
voltage having a frequency, the inverter means
being self-oscillating by way of positive 12edback
merus and having conuol means operative in re-
sponse 1o a control input to controi the scif-oscilia-
tion frequency;

gas discharge lamp mesans hnvmg (i) main lamp ter-

minals operative 10 receive main lamp operating
power, and (ii) thermionic cathode means having
cathode terminaly cperative to receive caxhodc
beating power;

impedance means connected in circuit between the

inverter output, the main lamp terminals, and the
cathede terminals, the impedance means being
operative to supply from the inverter cutput maip
iamp operating power (0 the main lamp terminaly
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and cathode heating power to the cathade termi-
nais, the amount of main lamp operating power and
the amount. of cathode heating power supplied
both being dependent on the frequency of the in-
verter voltage; and s
control means operative o provide the coatrol inpet
in such manner 2s to control the frequency of the
inverter voitage, thereby o control the amount of
main lamp operating power as well 23 the amount
of cathode heating power. 10
2. The arrangement of claim 1 wherein: (i) the
smount of cathode hesting power suppilied ta the cath-
ode erminals is a first function of the frequency of the
mverter voltage, and (i) the amount of main lamp oper-

ating power is 8 second function of the frequency of the 15 .

inverter voltage, the second function being substan-
tively different from the first fincticn.

3. The suarangement of claim 2 wherein the amount of
cathode heating power supplied decreases as the

smmount of main lamp operating power incresses. 20.

4. The arrangement of ciaim 1 wherein the inapedance
means comprises a frst and & second tuned circuit
means, the first tuned circuit meana being operative to
determine the smount of cathode heating power being
supplied to the cathode terminais, the second tuned 25
qmmtwbengommwdammethemoum
of main lamp operating power being supplied to the
mair lamp terminals.

S. The atrangement of claim 1 combined with current
sensing means connecied in circuit with the maip lamp 30
terminals as weil as with the control means, the carrent
sensing means being operative to sense lamp current
flowing between the msin lamp terminals and, In re-
sponse to this lamp current, to provide st least part of
the control input. s

6. T arrengement of claim 1 wherein the impedance
me=ns comprises a series-tuned L-C circuit connected
across the inverter outpat.

7. An arrangement cowmprising:

8
amount of cathode heating powsr hit 3 substantive
amount of lamp operating power at the second

8. An arrangement comprising:

inverter means connected with a source of DC voit-
age 2ad operative 10 provide an inverter voltage at
an inverter output, the inverter voltage baving a
frequency, the inverier means having control
means operative in response (O a control input to
control this frequency;

gas discharge lamp means mvmg (i) main lamp ici-
minals operative to receive main lamp operating
power, and (i) thermucnic cathode means baving
cathode terminals operative to receive cathode
heating power;

impedance mesnt connected in circuit between the
inverter output, the main lamp lerminals, and the
cathode terminals, the impedance means being
operative to supply from the inverter output main
lamp operating power to the main lamp terminals
and cathode hesting power to the cathode termi-
nals, the magnitude of the main lamp operating
voltage and the magnitude of the cathode heating
voltage both being dependent on the frequency of
the inverter voltage; and

control means operative to provide the control input
in such manner as to control the frequency of the
inverter voltage between a first frequency and a
second frequency;

such that the arrangement is operative 10 provide: (i)
at the first frequency, a substaniive magnitude of
cathode heating voltage but only 2 negligible mag-
nitude of main lamp operating voltsge, and (i) at
the secona frequency, a substantive magnitude of
main lamp operating voltage.

9. In & power supply mesns connectad with and oper-

mvempmapdhchngehmp.thchmphnvinga
pair of main [amp terminals and s cathode. the cathode
hmgamdamodemmmmpmvanmt

inverter means conuected with a scurce of DC volt- 40 comprising:

age and operative to provide an inverter voltage at
an inverter cutpat, the iaverter voltage having a
frequency, the inverter means having comtrol
means operative m respons: 4 & coatrol inpu::o
control this frequency; 45
gas discharge lamp means having: (i) main lamp ter-
minais operative to receive main lamp operating
power, axd (i) thermionic cathode mcans kaving
cathode terminals operative t0 reccive cathode
heating power; 50
mpedl.nccnumconneaadmarcml between the
inverter output, the main lamp terminals, and the
cathode term™als, the impedance mesns being
operative o supply from the inverter output main
lamp operating power to the main lamp terrinaly 53
and cathode beating power to the cathode termi.
nals, the amount of main lamp operating power sos
the amount of cathode heating power supplied
both being dependent on the frequency of the in-
verter voltage: and 0
control mesns operative 1o provide the control input
ig such manner as to control the frequency of the
mverter voltage between a first frequency and a
second frequency;
such that the armangament is operxtive to provide: (i) 65
& subgtantive amount of cathode heating power but
only a negligible amount of main lamp operating
power at the first frequency, and (i) a negligible

(1) control input means operative in response to a
control input to cagse the power supply means to
function in cither of two modes:
(:)tﬁrnm&wherdn:(i)aﬁruuthodevoluge
is provided to the catbode terminals, and (ii) a
first lamp voitage is provided to the main lamp
tcmmh.themmudeonhcﬁmumpvoluge
being insufficient t0 cause lamp ignition; and

(b) a second mode wherein: (i) 2 second cathode
voltage is provided to the cathodes, the magni-
tude of the second cathode voltage being sub-
stantially lower than that of the firt cathode
voltage, and (ii) & second lamp voltage is pro-
vided to the main Jamp terminals, the magnitude
of the second lamp voltage being sufficient to
cause lamp iguition; and

{2) control cutput means connected with the control
input mesns and operative to provide the control
input, therely 10 cavse the power supply means to
exist in the first mode for a period cf time before
causing it to change to the second mode.

10. The improvement of claim 9 wherein the magni-

mdeoftheaeeondhnxpvolhseumhstmmﬂyhxgcr
than that of the first lamp voltage.

11. The improvement of claim 9 wherein the first

lamp voitage has a first frequency and the second lamp
voltage has a second frequency, the first frequency
being different from the secood frequency.
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